INTERNATIONAL ISO/IEC/
STANDARD IEEE
8802-11

First edition
2012-11-01

AMENDMENT 4
2015-09-01

Information technology —
Telecommunications and.information
exchange between systems — Local and
metropolitan area networks — Specific
requirements —

Part 11:

Wireless LANPmedium access control
(MAC) and‘physical layer (PHY)
specifications

AMENDMENT 4

Technologies de l'information — Télécommunications et échange
d'information entre systémes — Réseaux locaux et métropolitains —
Exigences spécifiques —

Partie 11: Spécifications du contréle d'accés du milieu sans fil (MAC) et
de la couche physique (PHY)

AMENDEMENT 4

PN Reference number
Iso I EC ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)
NG ()

<©IEEE



https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

© IEEE2013

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from 1SO, IEC or IEEE at the respective
address below.

1ISQO r‘np\}/righf office IEC Central Office Institute of Electrical and Electronics. l:ng,j,r\nnrc’ lnc
Case postale 56 3, rue de Varembé 3 Park Avenue, New York

CH-1211 Geneva 20 CH-1211 Geneva 20 NY 10016-5997, USA

Tel. +412274901 11 Switzerland E-mail stds.ipr@ieee.org

Fax + 41 22 749 09 47 E-mail inmail@iec.ch Web www.ieee.org

E-mail copyright@iso.org Web www.iec.ch

Web www.iso.org
Published in Switzerland

ii © |IEEE 2013 — All rights reserved



https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members,of
ISO or IEC participate in the development of International Standards through technical committees established
by the respective organization to deal with particular fields of technical activity. ISO and IEC.technical
committees collaborate in fields of mutual interest. Other international organizations, governmental*and non-
governmental, in liaison with ISO and |IEC, also take part in the work. In the field of informationtechnology, ISO
and IEC have established a joint technical committee, ISO/IEC JTC 1.

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards
through a consensus development process, approved by the American National, Standards Institute, which
brings together volunteers representing varied viewpoints and interests to achieve) the final product. Volunteers
are not necessarily members of the Institute and serve without compensation. While the IEEE administers the
process and establishes rules to promote fairness in the consensus development process, the IEEE does not
independently evaluate, test, or verify the accuracy of any of the information contained in its standards.

The main task of ISO/IEC JTC 1 is to prepare International Standards. Draft International Standards adopted
by the joint technical committee are circulated to national bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the national bodies casting a vote.

Attention is called to the possibility that implementation 6bthis standard may require the use of subject matter
covered by patent rights. By publication of this standafd, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. ISO/IEEE is not responsible for identifying essential
patents or patent claims for which a license may, be required, for conducting inquiries into the legal validity or
scope of patents or patent claims or detetmining whether any licensing terms or conditions provided in
connection with submission of a Letter of Assurance or a Patent Statement and Licensing Declaration Form, if
any, or in any licensing agreements are reasonable or non-discriminatory. Users of this standard are expressly
advised that determination of the validity of any patent rights, and the risk of infringement of such rights, is
entirely their own responsibility. Rurther information may be obtained from ISO or the IEEE Standards
Association.

Amendment 4 to ISO/IEC/IEEE 8802-11 was prepared by the LAN/MAN of the IEEE Computer Society (as
IEEE 802.11-2013). It was' adopted by Joint Technical Committee ISO/IEC JTC 1, Information technology,
Subcommittee SC 6, -Telecommunications and information exchange between systems, in parallel with its
approval by the ISOHNEC national bodies, under the “fast-track procedure” defined in the Partner Standards
Development Organization cooperation agreement between ISO and IEEE. IEEE is responsible for the
maintenance of_this document with participation and input from ISO/IEC national bodies.

© |EEE 2013 — All rights reserved iii
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Abstract: The purpose of this amendment is to improve the IEEE 802.11™ wireless local area
network (WLAN) user experience by providing significantly higher basic service set (BSS)
throughput for existing WLAN application areas and to enable new market segments for operation
below 6 GHz including distribution of multiple multimedia/data streams.

Keywords: 256-QAM, beamforming, IEEE 802.11ac™, multi-user MIMO, noncontiguous
frequency segments, very high throughput, wider bandwidth
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in al standards and may be found under the

heading " Important NOIIcE® or "Tmportant NoficeS and Disclamers concerning TEEE  Standards
Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

|EEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use) are
developed within IEEE Societies and the Standards Coordinating Committees of the |IEEE Standards
Association (“IEEE-SA”) Standards Board. |EEE (“the Ingtitute’) develops its standards)through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the“fina product.
Volunteers are not necessarily members of the Institute and participate without compensation from |EEE.
While |EEE administers the process and establishes rules to promote fairness in the consensus devel opment
process, | EEE does not independently evaluate, test, or verify the accuracy of any obthe information or the
soundness of any judgments contained in its standards.

|EEE does not warrant or represent the accuracy or content of the material ‘contained in its standards, and
expressy disclaims all warranties (express, implied and statutory)not included in this or any other
document relating to the standard, including, but not limited to, the\warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy,, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditionsrelating to: results; and workmanlike effort.
| EEE standards documents are supplied “AS 1S’ and “WITH)ALL FAULTS.”

Use of an |EEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the |EEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about-through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any-person or entity nor is |EEE undertaking to perform any duty owed by any
other person or entity to anether. Any person utilizing any |EEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of acompetent professional in determining the appropriateness of a given IEEE
standard.

IN NO EVENTD SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an |EEE standard is translated, only the English version published by IEEE should be considered the
approved | EEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its

committees and shall not be considered to be, or be relied upon as, aformal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on |EEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of |EEE Standards documents are welcome from any interested party, regardiess of
membership affiliation with IEEE. However, |IEEE does not provide consulting informatioh) or advice
pertaining to |EEE Standards documents. Suggestions for changes in documents should be,in‘the form of a
proposed change of text, together with appropriate supporting comments. Since |EEE standards represent a
consensus of concerned interests, it is important that any responses to comments and.duestions also receive
the concurrence of a balance of interests. For this reason, |IEEE and the members’of its societies and
Standards Coordinating Committees are not able to provide an instant response.to comments or questions
except in those cases where the matter has previously been addressed. For thelsame reason, |EEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an |IEEE
standard is welcome to join the relevant |EEE working group.

Comments on standards should be submitted to the following addtess:

Secretary, |EEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of |EEE Standards documents shotild consult all applicable laws and regulations. Compliance with
the provisions of any |IEEE Standardsdocument does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. |EEE, dees not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

|EEE draft and/approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by |EEE and are adopted for awide variety of both public and private uses. These
include beth use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the‘promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.

Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual, non-

commercial useonly. To arrange for payment of licensing fees, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to
photocopy portions of any individual standard for educational classroom use can also be obtained through
the Copyright Clearance Center.
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Updating of IEEE Standards documents

Users of |IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,

corraanda—ararrata  An official 1TECE Ansiumanont At arng ot 1t oancicte of tha atierant odition of tha
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document together with any amendments, corrigenda, or errata then in effect.

Every |EEE standard is subjected to review at least every ten years. When a document is more than ten
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to
determine that they have the latest edition of any |IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website (at http:/
ieeexplore.ieee.org/xpl/standards.jsp or contact | EEE at the address listed previously. For moreinformation
about the IEEE-SA or IEEE's standards development process, visit the IEEE-SA Website at http://
standards.ieee.org.

Errata

Errata, if any, for all |IEEE standards can be accessed on the IEEE-SA Websitéat-the following URL : http://
standards.ieee.org/findstds/erratalindex.html.  Users are encouraged teXcheck this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no‘position is taken by the | EEE with respect to the
existence or validity of any patent rights in connection-therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted L etter of /A ssurance, then the statement islisted on the IEEE-
SA Website at http://standards.ieee.org/about/sash/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter iswilling or unwilling te.grant licenses under patent rights without compensation or
under reasonable rates, with reasonable teyms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist forwhich a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential” Patent Claims for which a license may be required, for conducting
inquiries into the legal validity. op scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connéction with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable-or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely their
own responsibility.«Further information may be obtained from the |EEE Standards A ssociation.
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Introduction

This introduction is not part of IEEE Std 802.11ac™-2013, IEEE Standard for Information technology—
Telecommunications and information exchange between systems—Loca and metropolitan area networks—

SpECITic requirtements—part 11, wWireless CLAN Medium Access comrol (MAC) and Physical Layer (PHY)
Specifications—Amendment 4: Enhancements for Very High Throughput for Operation in Bands below 6 GHz.

The purpose of this amendment is to improve the IEEE 802.11 wireless local area network (WLAN) user
experience by providing significantly higher basic service set (BSS) throughput for existing WLAN
application areas and to enable new market segments for operation below 6 GHz including distribution of
multiple multimedia/data streams.
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in bold italic. Four editing instructions are used: change, delete, insert, and replace. Change is used to make corrections
in existing text or tables. The editing instruction specifies the location of the change and describes what is being changed
by using strikethreugh (to remove old material) and underscore (to add new material). Delete removes existing material.
Insert adds new material without disturbing the existing material. Deletions and insertions may require renumbering. If

this NOTE will not be carried over into future editions because the changes will be incorporated into the base standard.!

INotes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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3. Definitions, acronyms and abbreviations

3.1 Definitions

Delete the following definition from 3.1 (note that the definition is inserted with changes into 3.2):

medium access control (MAC) management protocol data unit (MMPDU)

Insert the following definitions into 3.1 in alphabetic order:

aggregate medium access control (MAC) protocol data unit (A-MPDU) subframe: A portiogofan A-
MPDU containing a delimiter and optionally containing an MPDU plus any necessary padding.

contiguous transmission: A transmission that uses only one frequency segment.

downlink multi-user multiple input, multiple output (DL-MU-MIMO): A technigue by which an access
point (AP) with more than one antenna transmits a physical layer (PHY) protoeol data unit (PPDU) to
multiple receiving non-AP stations (STASs) over the same radio frequencies,“wherein each non-AP STA
simultaneously receives one or more distinct space-time streams.

frequency segment: A contiguous block of spectrum used by a transmission.
multi-user multiple input, multiple output (MU-MIMOQ): A technique by which multiple stations

(STAs), each with one or more antennas, either simultaneously transmit to a single STA or simultaneously
receive from a single STA independent data streams overithe same radio frequencies.

NOTE—IEEE 802.11 supports only downlink (DL) MU-MIMO. See DL-MU-MIMO.

multi-user (MU) physical layer (PHY) protocol data unit (PPDU): A PPDU that carries one or more
PHY service data units (PSDUSs) for one .orimore stations (STAS) using the downlink multi-user multiple
input, multiple output (DL-MU-MIMO) technique.

noncontiguous transmission: A transmission that uses nonadjacent frequency segments.

single-user (SU) physical layer (PHY) protocol data unit (PPDU): A PPDU with a format that is capable
of carrying only a single.RHY service data unit (PSDU), or no PSDU.

3.2 Definitions:specific to IEEE 802.11

Change the. following definitions in 3.2:

O-ane-the-CGH PU-is-transmitted-using-a
MH%#&H%speetm#ma;Iedeﬁmd—m—elaHse&&ela%eég—%elause%@rOne of the following PPDUs:
a) A Clause 18 PPDU transmitted using the transmit spectral mask defined in Clause 18.
b) A Clause 19 orthogonal frequency division multiplexing (OFDM) PPDU transmitted using the

- R\A
=aa - Dot

transmit spectral mask defined in Clause 19.

2 Copyright © 2013 IEEE. All rights reserved.
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c¢) A high-throughput (HT) PPDU with the TXVECTOR parameter CH BANDWIDTH equal to
HT _CBW?20 and the CH OFFSET parameter equal to CH_OFF_20 transmitted using the 20 MHz
transmit spectral mask defined in Clause 20.

d) A very high throughput (VHT) PPDU with TXVECTOR parameter CH_BANDWIDTH equal to

CBW?20 transmitted using the 20 MHz transmit spectral mask defined In Clause 22.

A Clause 18 PPDU transmitted by a VHT STA using the transmit spectral mask defined in
Clause 22.

f) A HT PPDU with the TXVECTOR parameter CH_BANDWIDTH equal to HT_CBW?20 and the
CH_OFFSET parameter equal to CH_OFF 20 transmitted by a VHT STA using the 20 MHz
transmit spectral mask defined in Clause 22.

L

20 MHz physical layer (PHY) eervergenceproecedere-{PEER)-protocol data unit (PPDU): AClause 16
PPDU, Clause 18 PPDU_(when using 20 MHz channel spacing), Clause 17 PPDU, Clause 19 orthogonal

frequency division multiplexing (OFDM) PPDU, e¢ Clause 20 20 MHz high-throughput (HT) PPDU with
the TXVECTOR parameter CH_BANDWIDTH equal to HT_CBW20_or Clause 22 20 “MHz very high
throughput (VHT) PPDU with the TXVECTOR parameter CH_BANDWIDTH equal-to.CBW?20.

40 MHz mask physical layer (PHY) eenvergeneceprecedure{PEGP)-protocal data unit (PPDU): One
of the following PPDUs:

1) aA 40 MHz high-throughput (HT) PPDU (TXVECTOR parameter CH_BANDWIDTH equal

to HT_CBW40)_transmitted using the 40 MHz transmit spectral mask defined in Clause 20.;
2) aA 40 MHz non-HT duplicate PPDU (TXVECTOR parameter CH_BANDWIDTH equal to
NON_HT_CBWA40)_transmitted by a non-very-high-throughput (non-VHT) STA using the
40 MHz transmit spectral mask defined in Clause 20.-oe+

3) A 40 MHz non-HT duplicate PPDU (TX¥ECTOR parameter CH_BANDWIDTH equal to
CBWA40) transmitted by a very high throughput (VHT) STA using the 40 MHz transmit
spectral mask defined in Clause 22.

4) aClause20-A 20 MHz HT PPDU. with the TXVECTOR parameter CH_BANDWIDTH equal
to HT_CBW20 and the CH»OFFSET parameter equal to either CH_OFF 20U or
CH_OFF_20L transmitted using the 40 MHz transmit spectral mask defined in Clause 20.

A 20 MHz VHT PPDU with the TXVECTOR parameter CH_BANDWIDTH equal to CBW20
transmitted using the 408MHz transmit spectral mask defined in Clause 22.

A 40 MHz VHT PPDU with the TXVECTOR parameter CH_BANDWIDTH equal to CBW40
transmitted using-the 40 MHz transmit spectral mask defined in Clause 22.

A 40 MHzZ HT PPDU (TXVECTOR parameter CH_BANDWIDTH equal to HT_CBWA40)
transmitted by a VHT STA using the 40 MHz transmit spectral mask defined in Clause 22.

A 20:MHz non-HT PPDU (TXVECTOR parameter CH BANDWIDTH equal to CBW20)
transmitted using the 40 MHz transmit spectral mask defined in Clause 20.

A 20 MHz non-HT PPDU (TXVECTOR parameter CH_ BANDWIDTH equal to CBW?20)
transmitted by a VHT STA using the 40 MHz transmit spectral mask defined in Clause 22.

=

e

=

|

)

40 MHz physical layer (PHY) eenvergeneeproecedure{RPEGP)-protocol data unit (PPDU): A 40 MHz
high-throughput (HT) PPDU (TXVECTOR parameter CH_BANDWIDTH equal to HT_CBWA40), or a

40 MHz non-HT duplicate PPDU (TXVECTOR parameter CH_BANDWIDTH equal to NON_HT_CBW40

or TXVECTOR parameter CH BANDWIDTH equal to CBW40)-as-definedHn-Clause20, or a 40 MHz very

high throughput (VHT) PPDU (TXVECTOR parameter CH_BANDWIDTH equal to CBWA40).
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https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

IEEE
Std 802.11ac-2013 LOCAL AND METROPOLITAN AREA NETWORKS—AMENDMENT 4: ENHANCEMENTS

high-throughput (HT) null data packet (NDP) announcement: A physical layer (PHY) eenvergenee
proecedure{PLECP)-protocol data unit (PPDU) that contains one or more +HTC frames (i.e., frames with an
HT {high-threughput-Control field) that have the HT NDP Announcement subfield equal to 1.

parameters that consrsts of modulation order (e g., BPSK QPSK, 16-QAM, 64-QAM, and 256 QAM) and
forward error correction (FEC) coding rate (e.g., 1/2, 2/3, 3/4, 5/6)_and, depending on the context, the

number of space-time streams.

non-high-throughput (non-HT) duplicate: A transmission format of the physical layer (PHY) that
duplicates a 20 MHz non-HT transmission in two adjaeent-or more 20 MHz channels and allows a station
(STA) in a non-HT basic service set (BSS) on eitherchannel-any one of the 20 MHz channels to receive'the
transmission. A non-HT duplicate format is one of the following:

1) 40 MHz non-HT duplicate: A transmission format of the PHY that replicates ar20.MHz non-
HT transmission in two adjacent 20 MHz channels.

2) 80 MHz non-HT duplicate: A transmission format of the PHY that replicates a 20 MHz non-
HT transmission in four adjacent 20 MHz channels.

3) 160 MHz non-HT duplicate: A transmission format of the PHY that‘teplicates a 20 MHz non-
HT transmission in eight adjacent 20 MHz channels.

4) 80+80 MHz non-HT duplicate: A transmission format of the PHY that replicates a 20 MHz

non-HT transmission in two frequency segments of four<adjacent 20 MHz channels where the
two frequency segments of channels are not adjacent.

non-high-throughput (non-HT) duplicate physical layer (PHY) eenvergence—procedure—(RPECR)
protocol data unit (PPDU): A PPDU transmitted by a Clause 20_or Clause 22 physicaHayer{(PHY?} with
the TXVECTOR FORMAT parameter equal to NONAKT and the CH_BANDWIDTH parameter equal to
NON_HT_CBW40, CBW40, CBW80, CBW160, or TBW80+80.

non-high-throughput (non-HT) physical layer’(PHY) eervergenee—precedure{PECR}-protocol data
unit (PPDU): A Clause 20 or Clause 22 physicatayer{(PHY-PPDU with the TXVYECTOR FORMAT

parameter equal to NON_HT.

payload protected (PP) aggregate~medium access control (MAC) service data unit (A-MSDU): An
A-MSDU that is protected withCTR with CBC-MAC Protocol (CCMP) or Galois Counter Mode Protocol
(GCMP) but does not include.the A-MSDU Present field (bit 7 of the QoS Control field) in the construction
of the additional authentication data (AAD).

per-frame sequence counter: For Temporal Key Integrity Protocol (TKIP), the counter that is used as the
nonce in the derivation of the per-frame encryption key. For Counter mode with Cipher-block chaining
Message authientication code Protocol (CCMP) or Galois Counter Mode Protocol (GCMP), the per-frame
initialization, vector (1V).

robust:Security-network-association- (RSNA-) capable equipment: A device that contains a station
(STA) that is able to create RSNAs. Such a device might use pre-RSNAs because of configuration. Notice
that RSNA-capable does not imply full compliance with the RSNA Protocol Implementation Conformance
Statement (PICS). A legacy device that has been upgraded to support Temporal Key Integrity Protocol
(TKIP) might be RSNA-capable, but is not compliant with the PICS if it does not also support Counter mode
with Cipher-block chaining Message authentication code Protocol (CCMP)_using CCMP-128.

secondary channel: A 20 MHz channel associated with a primary channel used by high-throughput (HT)
stations (STAs) for the purpose of creating a 40 MHz channel_or used by very high throughput (VHT)
stations (STAs) for the purpose of creating the primary 40 MHz channel.

4 Copyright © 2013 IEEE. All rights reserved.
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signaling and payload protected (SPP) aggregate medium access control (MAC) service data unit
(A-MSDU): An A-MSDU that is protected with CTR with CBC-MAC Protocol (CCMP)_or Galois Counter
Mode Protocol (GCMP) and that includes the A-MSDU Present field (bit 7 of the QoS Control field) in the
construction of the additional authentication data (AAD).

Insert the following definitions in 3.2 in alphabetic order:

80 MHz mask physical layer (PHY) protocol data unit (PPDU): A PPDU that is transmitted using the
80 MHz transmit spectral mask defined in Clause 22 and that is one of the following:

a) An 80 MHz very high throughput (VHT) PPDU (TXVECTOR parameter CH_BANDWIDTH equal
to CBW80)

b) An 80MHz non-high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter
CH_BANDWIDTH equal to CBW80)

¢) A 20MHz non-HT, high-throughput (HT), or VHT PPDU (TXVECTOQOR parameter
CH_BANDWIDTH equal to CBW20)

d) A 40 MHz non-HT duplicate, HT, or VHT PPDU (TXVECTOR parameter~€H_BANDWIDTH
equal to CBW40)

80 MHz physical layer (PHY) protocol data unit (PPDU): A Clause 22{80¥MHz very high throughput
(VHT) PPDU (TXVECTOR parameter CH_BANDWIDTH equal to CBW80) or a Clause 22 80 MHz non-
high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter €H -BANDWIDTH equal to CBW80).

160 MHz mask physical layer (PHY) protocol data unit (PRDY): A PPDU that is transmitted using the
160 MHz transmit spectral mask defined in Clause 22 and that is0ne of the following:

a) A 160 MHz very high throughput (VHT) PPDU (TXVECTOR parameter CH_BANDWIDTH set to
CBW160)

b) A 160 MHz non-high-throughput (non<HT) duplicate PPDU (TXVECTOR parameter
CH_BANDWIDTH equal to CBW160)

¢) A 20MHz non-HT, high-throughput (HT), or VHT PPDU (TXVECTOR parameter
CH_BANDWIDTH equal to CBW.20)

d) A 40 MHz non-HT duplicate;~HT, or VHT PPDU (TXVECTOR parameter CH_BANDWIDTH
equal to CBW40)

e) An 80 MHz non-HT duplicate or VHT PPDU (TXVECTOR parameter CH_BANDWIDTH equal to
CBWS80)

160 MHz physical layer’/(PHY) protocol data unit (PPDU): A Clause 22 160 MHz very high throughput
(VHT) PPDU (TXVECTOR parameter CH_BANDWIDTH equal to CBW160) or a Clause 22 160 MHz
non-high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter CH_BANDWIDTH equal to
CBW160).

80+80\VIHz mask physical layer (PHY) protocol data unit (PPDU): A PPDU that is transmitted using the
80+80.MHz transmit spectral mask defined in Clause 22 and that is one of the following:

a)  An 80+80 MHz very high throughput (VHT) PPDU (TXVECTOR parameter CH_BANDWIDTH
set to CBW80+80)

b) An 80+80 MHz non-high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter
CH_BANDWIDTH set to CBW80+80)

80+F80 MHZ physical fayer (PHY) protocol data unit (PPDUJ A Clause 22 80+80 MIHZ very high
throughput (VHT) PPDU (TXVECTOR parameter CH_BANDWIDTH equal to CBW80+80) or a
Clause 22 80+80 MHz non-high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter
CH_BANDWIDTH equal to CBW80+80).

Copyright © 2013 IEEE. All rights reserved. 5
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bandwidth signaling transmitter address (TA): A TA that is used by a very high throughput (VHT)
station (STA) to indicate the presence of additional signaling related to the bandwidth to be used in
subsequent transmission in an enhanced distributed channel access (EDCA) transmission opportunity
(TXOP). It is represented by the IEEE medium access control (MAC) individual address of the transmitting

VYHT-STAbutwithrthetdividuat/Groupbitsetto

basic service set (BSS) basic very high throughput (VHT) modulation and coding scheme (MCS) and
number of spatial streams (NSS) set (BSS basic VHT-MCS and NSS set): The set of MCS and NSS
tuples that are supported by all VHT stations (STAs) that are members of a VHT BSS.

beamforming steering matrix: A matrix that describes the mapping of space-time streams to transmit
antennas and for which the values have been determined using knowledge of the channel between
transmitter and receiver with the goal of improving reception at the receiver.

dynamic bandwidth operation: A feature of a very high throughput (VHT) station (STA) in which the
request-to-send/clear-to-send (RTS/CTS) exchange, using non-high-throughput (non-HT) duplicate physical
layer (PHY) protocol data units (PPDUS), negotiates a potentially reduced channel width (compared to the
channel width indicated by the RTS) for subsequent transmissions within, the) current transmission
opportunity (TXOP).

end-of-frame (EOF) pad: The 0 to 3 octets used to pad an aggregate\medium access control (MAC)
protocol data unit (A-MPDU) to the last octet of the associated physical layer convergence procedure
(PLCP) service data unit (PSDU) when the A-MPDU is carried in-a very high throughput (VHT) physical
layer (PHY) protocol data unit (PPDU).

high-throughput (HT) beamformee: An HT station (STA) that receives an HT physical layer (PHY)
protocol data unit (PPDU) that was transmitted using-a.beamforming steering matrix and that supports an
HT transmit beamforming feedback mechanism as déscribed in either 9.29.2 or 9.29.3.

high-throughput (HT) beamformer: An HT<station (STA) that transmits an HT physical layer (PHY)
protocol data unit (PPDU) using a beamforming steering matrix.

medium access control (MAC) managément protocol data unit (MMPDU): The unit of data exchanged
between two peer MAC entities, using services of the physical layer (PHY), to implement the MAC
management protocol. The MMPDU is transported in one or more management MPDUs. The MMPDU
might include a Mesh Contrgl_field or Management MIC element, but does not include a MAC header, an
frame check sequence (ECS), or any other security encapsulation overhead.

NOTE—The MMPDU ,oceupies a position in the management plane similar to that of the MAC service data unit

(MSDVU) in the data plane. The MMPDU can be fragmented (under certain circumstances) and in that case is carried in
multiple management MPDUs. This illustrates the similarity of the MMPDU to the MSDU.

multi-user~(MU) beamformee: A non-access-point (non-AP) station (STA) that receives a physical layer
(PHY) pratocol data unit (PPDU) that was transmitted using a multi-user beamforming steering matrix and
that supports the very high throughput (VHT) transmit beamforming feedback mechanism with a VHT null
data packet (NDP) Announcement frame that includes more than one STA Info field as described in 9.31.5.

multi-user (MU) beamformer: An access point (AP) station (STA) that transmits a physical layer (PHY)
protocol data unit (PPDU) using a multi-user beamforming steering matrix.

non-bandwidth signaling transmitter address (TA): An address in the TA field of an medium access

control (MAUL) protocol data unit (MIFDU) Tnwnich the Indaividual/Group DIT has the value U.

non-high-throughput (non-HT): A modifier meaning neither high-throughput (HT) nor very high
throughput (VHT).

6 Copyright © 2013 IEEE. All rights reserved.
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non-primary channel: In a 40 MHz, 80 MHz, 160 MHz, or 80+80 MHz very high throughput (VHT) basic
service set (BSS), any 20 MHz channel other than the primary 20 MHz channel.

physical layer (PHY) protocol data unit (PPDU): The unit of data exchanged between two peer PHY
" et I - . o . sttt
protocol (PLCP) and physical medium dependent (PMD) sublayers, the format of the PPDU is defined by
the PLCP.

primary 20 MHz channel: In a 40 MHz, 80 MHz, 160 MHz, or 80+80 MHz very high throughput (VHT)
basic service set (BSS), the 20 MHz channel that is used to transmit 20 MHz physical layer (PHY) protocol
data units (PPDUs). In a VHT BSS, the primary 20 MHz channel is also the primary channel.

primary 40 MHz channel: In an 80 MHz, 160 MHz, or 80+80 MHz very high throughput (MHT) basic
service set (BSS), the 40 MHz channel that is used to transmit 40 MHz physical layer (PHY), protocol data
units (PPDUSs).

primary 80 MHz channel: In a 160 MHz or 80+80 MHz very high throughput (VHF) basic service set
(BSS), the 80 MHz channel that is used to transmit 80 MHz physical layer (PHY) protocol data units
(PPDUs).

primary access category (AC): The access category (AC) associated with'the enhanced distributed channel
access function (EDCAF) that gains channel access.

secondary 20 MHz channel: In a 40 MHz very high throughput (VM T) basic service set (BSS), the 20 MHz
channel adjacent to the primary 20 MHz channel that together.form the 40 MHz channel of the 40 MHz
VHT BSS. In an 80 MHz VHT BSS, the 20 MHz channel_adjacent to the primary 20 MHz channel that
together form the primary 40 MHz channel of the 80 MKz VHT BSS. In a 160 MHz or 80+80 MHz VHT
BSS, the 20 MHz channel adjacent to the primary 20MHz channel that together form the primary 40 MHz
channel of the 160 MHz or 80+80 MHz VHT BSS. In a VHT BSS, the secondary 20 MHz channel is also
the secondary channel.

secondary 40 MHz channel: In an 80 MHz very high throughput (VHT) basic service set (BSS), the
40 MHz channel adjacent to the primary 40 MHz channel that together form the 80 MHz channel of the
80 MHz VHT BSS. In a 160 or 80+80 MHz VHT BSS, the 40 MHz channel adjacent to the primary 40 MHz
channel that together form the primary 80 MHz channel.

secondary 80 MHz chanrel: In a 160 MHz or 80+80 MHz very high throughput (VHT) basic service set
(BSS), the 80 MHz chanhel not including the primary 20 MHz channel, that together with the primary
80 MHz channel forms the 160 MHz or 80+80 MHz channel of the 160 MHz or 80+80 MHz VHT BSS.

secondary access category (AC): An access category (AC) that is not associated with the enhanced
distributedchannel access function (EDCAF) that gains channel access.
NOTE=-Traffic associated with a secondary AC can be included in a multi-user (MU) physical layer (PHY) protocol

data unit (MU PPDU) that includes traffic associated with the primary AC. There could be multiple secondary ACs at a
given'time.

user: An individual or group of stations (STASs) identified by a single receive address (RA) in the context of
single-user multiple input, multiple output (SU-MIMO) or multi-user multiple input, multiple output
(MU-MIMO).

Very high throughput (VH T ) Dasic Service Set (BSS)T A BSS in whith a Beacon frame ransmittied by a
VHT station (STA) includes the VHT Operation element.
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very high throughput (VHT) beamformee: A VHT station (STA) that receives a VHT physical layer
(PHY) protocol data unit (PPDU) that was transmitted using a beamforming steering matrix and that
supports the VHT transmit beamforming feedback mechanism as described in 9.31.5.

very tighthroughput (v T beamformer—A-VHT statiom(STA)that tranmsmits = vHT physicattayer
(PHY) protocol data unit (PPDU) using a beamforming steering matrix.

very high throughput modulation and coding scheme (VHT-MCS): A specification of the VHT physical
layer (PHY) parameters that consists of modulation order (e.g., BPSK, QPSK, 16-QAM, 64-QAM, 256-
QAM) and forward error correction (FEC) coding rate (e.g., 1/2, 2/3, 3/4, 5/6) and that is used in a VHF
PHY protocol data unit (PPDU).

very high throughput (VHT) multi-user (MU) physical layer (PHY) protocol data unit (RPDU): A
VHT PPDU with a format that is capable of carrying up to four PHY service data units (PSRUs) for up to
four users and is transmitted using the downlink multi-user multiple input, multiple output (DL-MU-MIMO)
technique.

very high throughput (VHT) physical layer (PHY) protocol data unit (PPDU)> A PPDU transmitted
with the TXVECTOR parameter FORMAT equal to VHT.

very high throughput (VHT) single medium access control (MAC)-protocol data unit (VHT single
MPDU): An MPDU that is the only MPDU in an aggregate MPDU _(A-MPDU) carried in a VHT physical
layer (PHY) protocol data unit (PPDU) and that is carried in an A-MPDU subframe with the EOF subfield of
the MPDU delimiter field equal to 1.

very high throughput (VHT) single-user-only (SU-only) béamformee: A VHT beamformee that does not
receive VHT multi-user (MU) physical layer (PHY) pretocol data units (PPDUS).

very high throughput (VHT) single-user-only (SU-only) beamformer: A VHT beamformer that does not
transmit VHT multi-user (MU) physical layer (RHY) protocol data units (PPDUs).

very high throughput (VHT) single-user\(SU) physical layer (PHY) protocol data unit (PPDU): A VHT

PPDU transmitted with the TXVECTOR parameters FORMAT equal to VHT and GROUP_ID equal to 0 or
63.

3.3 Abbreviations and acronyms
Change the following abbreviation in 3.3:

PPDU PLCP protocol data unit or PHY protocol data unit

Insert the\following abbreviations into 3.3 in alphabetic order:

BW bandwidth

BRLE-MU-MIMO downlink multi-user multiple input, multiple output
EOF end-of-frame

GCMP Galois Counter Mode Protocol

GID group identifier

MU multi-user

MU-MIMO multi-user multiple input, multiple output

NSS number of spatial streams

STF Short Training field

8 Copyright © 2013 IEEE. All rights reserved.
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SuU single-user
SU-MIMO

single-user multiple input, multiple output
VHT very high throughput

Copyright © 2013 IEEE. All rights reserved.
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4. General description

4.3 Components of the IEEE 802.11 architecture

4.3.4 Distribution system (DS) concepts
4.3.4.3 Robust security network association (RSNA)
Change the first paragraph of 4.3.4.3 as follows:

An RSNA defines a number of security features in addition to wired equivalent privacy (WEP) and
IEEE 802.11 authentication. These features include the following:

— Enhanced authentication mechanisms for STAs
— Key management algorithms
— Cryptographic key establishment

— Enhanced data cryptographic encapsulation mechanisms, such as Counter mede with Cipher-block
chaining Message authentication code Protocol (CCMP), Galois Countér’Mode Protocol (GCMP),
and, optionally, Temporal Key Integrity Protocol (TKIP).

— Fast basic service set (BSS) transition (FT) mechanism
— Enhanced cryptographic encapsulation mechanisms for robust‘management frames

Insert the following subclause, 4.3.10a, after 4.3.10:
4.3.10a Very high throughput (VHT) STA

This subclause summarizes the normative requirements for an IEEE 802.11 VHT STA stated elsewhere in
this standard.

The IEEE 802.11 VHT STA operates in frequency bands below 6 GHz excluding the 2.4 GHz band.

A VHT STA is an HT STA that, in addition to features supported as an HT STA, supports VHT features
identified in Clause 8, Clause 9, Clause 10, Clause 13, Clause 18, and Clause 22.

The main PHY features in a\VHT STA that are not present in an HT STA are the following:
— Mandatory support-for 40 MHz and 80 MHz channel widths
— Mandatory support for VHT single-user (SU) PPDUs
— Optionatsupport for 160 MHz and 80+80 MHz channel widths
— Optional support for VHT sounding protocol to support beamforming
— Optional support for VHT multi-user (MU) PPDUs
—_~Optional support for VHT-MCSs 8 and 9

The main MAC features in a VHT STA that are not present in an HT STA are the following:
— Mandatory support for the A-MPDU padding of a VHT PPDU
— Mandatory support for VHT single MPDU

— Mandatory support for responding to a bandwidth indication (provided by the VECTOR
l

naramoatare Cll DANMMOAADTLEL IN- NMNON LIT and DVANL DANMOD\AIADTREL IN - NMNON LITY 30 A nAn
PoaiTCICTo O _ D7 XN VY T T T _ TN _INOTN_ T O DN _D7AUND Vv I T _ N _ NGO TN _ T i o TToTT

HT and non-HT duplicate RTS frame
— Optional support for MPDUs of up to 11 454 octets

10 Copyright © 2013 IEEE. All rights reserved.
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— Optional support for A-MPDU pre-end-of-frame (pre-EOF) padding (see 9.12.2 (A-MPDU length
limit rules)) of up to 1 048 575 octets

— Optional support for VHT link adaptation

Most VHT features, among other benefits, increase the maximum throughput achievable between two VHT
STAs over that achievable using HT features alone. The VHT features are available to VHT STAs
associated with a VHT AP in a BSS. A subset of the VHT features is available for use between two VHT
STAs that are members of the same IBSS. Similarly, a subset of the VHT features is available for use
between two VHT STAs that have established mesh peering. A subset of the VHT features is available for
use between two VHT STAs that have established a TDLS link.

The support for VHT transmit beamforming sounding and VHT MU PPDUs in a VHT AP and more-than
one VHT STA within a VHT BSS enables the optional use of downlink MU multiple input, multiple output
(DL-MU-MIMO). With DL-MU-MIMO the AP can create up to four A-MPDUs, each carrying MPDUs
destined for an associated MU-capable STA. The AP uses group identifiers (GIDs) to signal potential
recipient STAs. The AP transmits the A-MPDUs simultaneously in separate space-time istreams such that
each recipient STA is able to demodulate the space-time streams carrying its A-MRBW. The simultaneous
transmission of A-MPDUs in a single VHT MU PPDU provides a means to increase aggregate throughput
over that achieved by sending the A-MPDUs in separate SU PPDUs.

The use of certain HT features, such as RIFS, is not permitted for STAs Opgrating as VHT STAs.

4.5 Overview of the services

4.5.4 Access control and data confidentiality services

4.5.4.1 General

Change the last paragraph of 4.5.4.1 as follows:

An RSNA uses the IEEE 802.1X authentication service along with enhanced data cryptographic
encapsulation mechanisms, such as TKIP,—-ard CCMP, and GCMP to provide access control. The IEEE
802.11 station management entity\(SME) provides key management via an exchange of IEEE 802.1X

EAPOL-Key frames. Data confidentiality and data integrity are provided by RSN key management together
with the enhanced data cryptographic encapsulation mechanisms.

4.5.4.7 Replay detectioh
Change 4.5.4.7 as\follows:

The replay-detection mechanism defines a means by which a STA that receives a data or protected Robust
Management frame from another STA can detect whether the received frame is an unauthorized
retransmission. This replay protection mechanism is provided for data frames for STAs that use enhanced
data cryptographic encapsulation mechanisms. The replay protection mechanism is also provided for robust
mahagement frames for STAs that use CCMP, GCMP, and Broadcast/Multicast Integrity Protocol (BIP).

4.5.4.9 Robust management frame protection

Change the second and third paragraphs of 4.5.4.9 as follows:

Management frame protection protocols in an infrastructure BSS or IBSS apply to robust management
frames after RSNA PTK establishment for protection of individually addressed frames is completed and

Copyright © 2013 IEEE. All rights reserved. 11
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after delivery of the IGTK to protect group addressed frames. Robust management frame protection is
implemented by CCMP, GCMP, BIP, and the SA Query procedure.

Management frame protectlon protocols in an MBSS apply to |nd|vrdually addressed frames after

cu IIVd.L.y

in Table 8-38. Robust management frame protection is |mplemented Iey—wrth CCMP and GCMP.

4.9 Reference model
4.9.1 General
Insert the following paragraph after the first paragraph of 4.9.1:

The description of the VHT PHY in Clause 22 is provided as one layer and is not separated, into PLCP and
PMD sublayers.

12 Copyright © 2013 IEEE. All rights reserved.
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5. MAC service definition

5.1 Overview of MAC services

5.1.2 Security services
Change the first, second, and fifth paragraphs of 5.1.2 as follows:

Security services in IEEE Std 802.11 are provided by the authentication service and the CCMP, GCMP, and
BIP mechanisms. The scope of the security services provided is limited to station-to-station data and rohust
management frame transmissions. When CCMP_or GCMP is used, the data confidentiality service' is
provided for data frames and individually addressed robust management frames. For the purposes of this
standard, CCMP_and GCMP are-is viewed as a-logical services located within the MAC sublayet.as shown
in the reference model, Figure 4-14 (in 4.9). Actual implementations of CCMP and GCMP are transparent to
the LLC and other layers above the MAC sublayer.

The security services provided by CCMP_and GCMP in IEEE Std 802.11 are as follgws:
a) Data Confidentiality;
b)  Authentication; and
¢) Access control in conjunction with layer management.

BIP provides message integrity and access control for group addréssged robust management frames.

During the authentication exchange, both parties exchange authentication information as described in Clause
11 and Clause 12.

The MAC sublayer security services provided by<CCMP, GCMP, and BIP rely on information from
nonlayer-2 management or system entities. Management entities communicate information to CCMP,
GCMP, and BIP through a set of MAC sublayer'management entity (MLME) interfaces and MIB attributes;
in particular, the decision tree for CCMP.GCMP, and BIP defined in 11.8 is driven by MIB attributes.

5.2 MAC data service specification
5.2.2 MA-UNITDATA.request

5.2.2.2 Semantics of\the service primitive
Change the fifth-paragraph of 5.2.2.2 as follows:

The data parameter specifies the MSDU to be transmitted by the MAC sublayer entity. ForHEEE-Std-862-11;
£The length of the MSDU shall be less than or equal to the value shown in Fable-8-8aTable 8-13c.

Copyright © 2013 IEEE. All rights reserved. 13
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6. Layer management

6.1 Overview of management model

Insert the following paragraph after the third paragraph of 6.1:

The description of the VHT PHY in Clause 22 is provided as one layer and is not separated into PLCP and
PMD sublayers.

6.3 MLME SAP interface

6.3.3 Scan

6.3.3.3 MLME-SCAN.confirm

6.3.3.3.2 Semantics of the service primitive

Insert the following rows at the end of the untitled table describing BSSDesctiptions in 6.3.3.3.2:

Name Type Valid range Description IBSS adoption
VHT Capabilities | As defined in As defined in The values from the VHT Do not adopt
frame format 8.4.2.160 Capabilities element. The

parameteris present if
dot11VHTOptionimplemented
is-ttue and a VHT Capabilities
element was present in the
Probe Response or Beacon
frame from which the
BSSDescription was
determined. The parameter is
not present otherwise.

VHT Operation As defined in As defined’in The values from the VHT Adopt
frame format 8.4.2.161 Operation element. The
parameter is present if
dot11VHTOptionimplemented
is true and a VHT Operation
element was present in the
Probe Response or Beacon
frame from which the
BSSDescription was
determined. The parameter is
not present otherwise.

6.3.4 Synchronize

6.3.4.2 MEME-JOIN.request

6.3.4:2.2 Semantics of the service primitive

Change the primitive parameter list in 6.3.4.2.2 as follows:
The primitive parameters are as follows:

MLME-JOIN.request(
SelectedBSS,

JoinFailureTimeout,
ProbeDelay,
OperationalRateSet,
HTOperationalMCSSet,

14 Copyright © 2013 |IEEE. All rights reserved.
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Operational VHTMCS NSSSet,

VendorSpecificlnfo

)

tsertthefottowmgrow beforethe-Verdor Specificinforow i the parameter tabte m6:34-2:2;

strained so that the
MCS values are
expressible using the
encoding described for
the Supported VHT-

Name Type Valid range Description
OperationaVHTMCS | Set of <VHT-MCS, As defined in the Rx The set of VHT-MCS values for each
_NSSSet NSS> tuples, con- VHT-MCS Map and number of spatial streams that the STA

Rx Highest Sup-
ported Long Gl Data
Rate subfields in the
Supported VHT-MCS
and NSS Set field in

MCS and NSS Set
field in 8.4.2.160.3

8.4.2.160.3

desires to use for communication within the
BSS. This set is a superset of the <VHT-
MCS, NSS> tuples in the BSS basic VHT-
MCS and NSS set (see 10.39.7).

The parameter is present if
dot11VHTOptionimplemented is, tfue and
not present otherwise.

6.3.4.2.4 Effect of receipt

Insert the following paragraph at the end of 6.3.4.2.4:

If the MLME of a VHT STA receives an MLME-JOIN.request primitive'with a SelectedBSS parameter
containing a BSSDescription with a Basic VHT-MCS and NSS Set field\in the VHT Operation element that
contains any unsupported <VHT-MCS, NSS> tuple, the MLME\Yesponse in the resulting MLME-
JOIN.confirm primitive shall contain a ResultCode parameter that\is’not set to the value SUCCESS.

6.3.7 Associate

6.3.7.2 MLME-ASSOCIATE.request

6.3.7.2.2 Semantics of the service primitive

Change the primitive parameter list in 6.3.7.2.2 as follows:
The primitive parameters are as follows:

MLME-ASSOCIATE.request(
PeerSTAAddress,

AssociateFailureTimeout,

Capabilitylnformation,
ListenInterval,
Supported Channels,
RSN,

QoSCapability,

Content of FT Authentication elements,
SupportedOperatingClasses,

HT Capabilities,
Extended Capabilities,
20/40 BSS Coexistence,
QoSTrafficCapability,
TIMBroadcastRequest,
EmergencyServices,

DMG Capabilities,
Multi-band local,
Multi-band peer,
MMS,

Copyright © 2013 IEEE. All rights reserved.
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VHT Capabilities,
VendorSpecificinfo

)

o o0

tsertthefottowmgrow beforethe-Verdor Specifictnforow i the parameter tabte m6:377:2:2;

Name Type Valid range Description
VHT Capabilities As defined in VHT As defined in Specifies the parameters in the VHT
Capabilities element 8.4.2.160 Capabilities element that are supported by

the STA. The parameter is present if
dot11VHTOptionimplemented is true and
not present otherwise.

6.3.7.3 MLME-ASSOCIATE.confirm
6.3.7.3.2 Semantics of the service primitive
Change the primitive parameter list in 6.3.7.3.2 as follows:

The primitive parameters are as follows:
MLME-ASSOCIATE.confirm(

ResultCode,
Capabilitylnformation,
AssociationlD,
SupportedRates,
EDCAParameterSet;
RCPI.request,
RSNI.request;
RCPI.response,
RSNI.response,
RMEnabledCapabilities,
Caontent of FT Authentication elements,
SupportedOperatingClasses,
HT Capabilities,
Extended Capabilities,
20/40 BSS Coexistence,
TimeoutlInterval,
BSSMaxldlePeriod,
TIMBroadcastResponse,
QoSMapSet,
QMPFPolicy,
DMG Capabilities,
Multi-band local,
Multi-band peer,
MMS,
VHT Capabilities,
VendorSpecificlnfo

)

16 Copyright © 2013 IEEE. All rights reserved.
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Insert the following row before the VendorSpecificlnfo row in the parameter table in 6.3.7.3.2:

Name Type Valid range Description
VHT Capabilities As defined in VHT As defined in Specifies the parameters in the VHT
Capabilities efement 8.4.2.160 Capabilities element thaf are supported by

the AP. The parameter is present if
dot11VHTOptionimplemented is true and
the VHT Capabilities element is present in
the Association Response frame received
from the AP. The parameter is not present
otherwise.

6.3.7.4 MLME-ASSOCIATE.indication

6.3.7.4.2 Semantics of the service primitive

Change the primitive parameter list in 6.3.7.4.2 as follows:

The primitive parameters are as follows:
MLME-ASSOCIATE.indication(

PeerSTAAddress,
Capabilitylnformation,
ListenInterval,

SSID,

SupportedRates,

RSN,

QoSCapability,

RCPI,

RSNI,
RMEnabledCapabilities,
Contentof'FT Authentication elements,
SupportedOperatingClasses,
DSERegisteredLocation,
HT Capabilities,
Extended Capabilities,
20/40 BSS Coexistence,
QoSTrafficCapability,
TIMBroadcastRequest,
EmergencyServices,
DMG Capabilities,
Multi-band local,
Multi-band peer,

MMS,

VHT Capabilities,
VendorSpecificinfo

)

Copyright © 2013 IEEE. All rights reserved.
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Insert the following row before the VendorSpecificlnfo row in the parameter table in 6.3.7.4.2:

Name Type Valid range Description
VHT Capabilities As defined in VHT As defined in Specifies the parameters in the VHT
Capabilities efement 8.4.2.160 Capabilities element thaf are supported by

the STA. The parameter is present if
dot11VHTOptionimplemented is true and
the VHT Capabilities element is present in
the Association Request frame received
from the STA. The parameter is not present
otherwise.

6.3.7.5 MLME-ASSOCIATE.response
6.3.7.5.2 Semantics of the service primitive
Change the primitive parameter list in 6.3.7.5.2 as follows:

The primitive parameters are as follows:
MLME-ASSOCIATE.response(

PeerSTAAddress,
ResultCode,
Capabilitylnformation,
AssociationlID,
EDCAParameterSet,
RCPI,
RSNI,
RMEnabledCapabilities,
Content of FT_Authentication elements,
SupportedOperatingClasses,
DSERegisteredLocation,
HTCapabilities,
Extended Capabilities,
20740 BSS Coexistence,
TimeoutlInterval,
BSSMaxldlePeriod,
TIMBroadcastResponse,
QoSMapSet,
QMFPolicy,
DMG Capabilities,
Multi-band local,
Multi-band peer,
MMS,
VHT Capabilities,
VendorSpecificinfo

)

Insert the following row before the VendorSpecificlnfo row in the parameter table in 6.3.7.5.2:

Name

Type

Valid range

Description

VHT Capabilities

As defined in VHT

As defined in

Specifies the parameters in the VHT

loidids 1 "
CAPYAUTITUTS TITITICTIU

Q-4 Ja¥al
0.5.2.1UU

\,apablhtlco CITITITI It t: |qt alrc SuUppul tcd by
the AP. The parameter is present if
dot11VHTOptionimplemented is true and
not present otherwise.

18
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6.3.8 Reassociate

6.3.8.2 MLME-REASSOCIATE.request

o000

Change the primitive parameter list in 6.3.8.2.2 as follows:

The primitive parameters are as follows:
MLME-REASSOCIATE.request(

NewPCPorAPAddress,
ReassociateFailureTimeout,
Capabilitylnformation,
ListenInterval,
Supported Channels,
RSN,
QoSCapability,
Content of FT Authentication elements,
SupportedOperatingClasses,
HT Capabilities,
Extended Capabilities,
20/40 BSS Coexistence,
QoSTrafficCapability,
TIMBroadcastRequest;
FMSRequest,
DMSRequest,
EmergencyServices,
DMG Capabilities,
Multi-band local,
Multiband peer,
MMS,
VHT Capabilities,
VendorSpecificinfo

)

Insert the following row befare the VendorSpecificlnfo row in the parameter table in 6.3.8.2.2:

Name Type Valid range Description

VHT Capabilities As defined in VHT As defined in Specifies the parameters in the VHT
Capabilities element 8.4.2.160 Capabilities element that are supported by
the STA. The parameter is present if
dot11VHTOptionimplemented is true and
not present otherwise.

6.3:8.3 MLME-REASSOCIATE.confirm
6.3.8.3.2 Semantics of the service primitive

Change the primitive parameter list in 6.3.8.3.2 as follows:

The primitive parameters are as follows:
MLME-REASSOCIATE.confirm(
ResultCode,
Capabilitylnformation,

Copyright © 2013 IEEE. All rights reserved. 19
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AssociationlD,
SupportedRates,
EDCAParameterSet,
RCPI.request,

RSNtTequest;
RCPI.response,
RSNI.response,
RMEnabledCapabilities,
Content of FT Authentication elements,
SupportedOperatingClasses,
HT Capabilities,
Extended Capabilities,
20/40 BSS Coexistence,
TimeoutlInterval,
BSSMaxlIdlePeriod,
TIMBroadcastResponse,
FMSResponse,
DMSResponse,
QoSMapSet,
QMFPolicy,

DMG Capabilities,
Multi-band local,
Multi-band peer,

MMS,

VHT Capabilities,
VendorSpecificInfe

)

Insert the following row before the VendorSpecificlnfo row in the parameter table in 6.3.8.3.2:

Name Type Valid range Description
VHT Capabilities As defined in VHT. As defined in Specifies the parameters in the VHT
Capabilities element 8.4.2.160 Capabilities element that are supported by

the AP. The parameter is present if
dot11VHTOptionimplemented is true and
the VHT Capabilities element is present in
the Reassociation Response frame received
from the AP. The parameter is not present
otherwise.

6.3.8.4 MLME-REASSOCIATE.indication
6.3.8.4.2 Semantics of the service primitive
Change the primitive parameter list in 6.3.8.4.2 as follows:

The’primitive parameters are as follows:
MLME-REASSOCIATE.indication(
PeerSTAAddress,
CurrentAPAddress,
Capabilitylnformation,

Listenlntenval,
SSID,
SupportedRates,
RSN,

20 Copyright © 2013 IEEE. All rights reserved.
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QoSCapability,

RCPI,

RSNI,
RMEnabledCapabilities,

Contentof FTAuthenticatiometements;
SupportedOperatingClasses,
DSERegisteredLocation,
HT Capabilities,

Extended Capabilities,
20/40 BSS Coexistence,
QoSTrafficCapability,
TIMBroadcastRequest,
FMSRequest,

DMSRequest,
EmergencyServices,

DMG Capabilities,
Multi-band local,
Multi-band peer,

MMS,

VHT Capabilities,
VendorSpecificinfo

)

Insert the following row before the VendorSpecificlnfo row in‘the-parameter table in 6.3.8.4.2:

Name Type Valid range Description
VHT Capabilities As defined in VHT As defined in Specifies the parameters in the VHT
Capabilities element 8.4.2.160 Capabilities element that are supported by

the STA. The parameter is present if
dot11VHTOptionimplemented is true and
the VHT Capabilities element is present in
the Reassociation Request frame received
from the STA. The parameter is not present
otherwise.

6.3.8.5 MLME-REASSOCIATE response

6.3.8.5.2 Semantics of theservice primitive

Change the primitive-parameter list in 6.3.8.5.2 as follows:

The primitive parameters are as follows:
MLME-REASSOCIATE.response(

PeerSTAAddress,
ResultCode,
Capabilitylnformation,
AssociationlD,
EDCAParameterSet,
RCPI,

RSN,
RMEnabledCapabilities,

Copyright © 2013 IEEE. All rights reserved.
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Extended Capabilities,
20/40 BSS Coexistence,
Timeoutinterval,
BSSMaxIdlePeriod,

FHviBroadcastResporse;
FMSResponse,
DMSResponse,
QoSMapSet,
QMPFPolicy,

DMG Capabilities,
Multi-band local,
Multi-band peer,
MMS,

VHT Capabilities,
VendorSpecificinfo

)

Insert the following row before the VendorSpecificlnfo row in the parameter tablelin 6.3.8.5.2:

Name Type Valid range Description
VHT Capabilities As defined in VHT As defined in Specifies the parameters in the VHT
Capabilities element 8.4.2.160 Capabilities element that are supported by

the AP. The parameter is present if
dot11VHTOptionimplemented is true and
not present otherwise.

6.3.11 Start

6.3.11.2 MLME-START.request

6.3.11.2.2 Semantics of the service primitive

Change the primitive parameter list in 6,3:11.2.2 as follows:

The primitive parameters are as folows:
MLME-START.request(

SSID,

SSIDEnNcoding,
BSSType,
BeaconPeriod,
DTIMPeriod,

CF parameter set,
PHY parameter set,
IBSS parameter set,
ProbeDelay,
Capabilitylnformation,
BSSBasicRateSet,
OperationalRateSet,
Country,

IBSS DFS Recovery Interval,
EDCAParameterSet

22

DSERegisteredLocation,
HT Capabilities,
HT Operation,
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BSSMembershipSelectorSet,

BSSBasicMCSSet,

HTOperationalMCSSet,
Extended Capabilities,

LA AL ]

U4V Doo LUEAISLETIUE,

Overlapping BSS Scan Parameters,

MultipleBSSID,
Interworkinglnfo,

AdvertismentProtocollnfo,
RoamingConsortiumlinfo,

Mesh 1D,

Mesh Configuration,
QMPFPolicy,

DMG Capabilities,
Multi-band,

MMS,

DMG Operation,
Clustering Control,
CBAP Only,

PCP Association Ready,

VHT Capabilities,

VHT Operation,
VendorSpecificinfo

)

Insert the following rows before the VendorSpecificlnfo réw in the parameter table in 6.3.11.2.2:

Name Type Valid'range Description
VHT Capabilities As defined in VHT Asdefined in Specifies the parameters in the VHT
Capabilities element 8:4:2.160 Capabilities element that are supported by
the STA. The parameter is present if
dot11VHTOptionimplemented is true and
not present otherwise.
VHT Operation As defined in. VAT As defined in Provides additional information for
Operation element 8.4.2.161 operating the VHT BSS. The parameter is
present if dot11VHTOptionimplemented is
true and not present otherwise.

6.3.11.2.4 Effect of receipt

Insert the following paragraph before the last paragraph of 6.3.11.2.4:

If the MLME-of a VHT STA receives an MLME-START.request primitive with a Basic VHT-MCS and
NSS Set-field in the VHT Operation parameter containing any unsupported <VHT-MCS, NSS> tuple, the
MLME:response in the resulting MLME-START.confirm primitive shall contain a ResultCode parameter
thatis-not set to the value SUCCESS.

Copyright © 2013 IEEE. All rights reserved.
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6.3.19 SetKeys

6.3.19.1 MLME-SETKEYS.request

o ao-a o o

LOCAL AND METROPOLITAN AREA NETWORKS—AMENDMENT 4: ENHANCEMENTS

Change the following row in the untitled table describing SetKeyDescriptors in 6.3.19.1.2 as follows:

Name

Type

Valid range Description

Key ID

Integer

0-3 shall be used Key identifier
with WEP, TKIP,
and-CCMP_and
GCMP; 4-5 with
BIP; and 6-4095 are
reserved.

6.5 PLME SAP interface

6.5.4 PLME-CHARACTERISTICS.confirm

6.5.4.2 Semantics of the service primitive

Change 6.5.4.2 as follows (note that the entire untitled parameter-table is not shown):

The primitive provides the following parameters:
PLME-CHARACTERISTICS.confirm(

aSlotTime,

aSIFSTimé,
aSignalExtension,
aCCATime,
aCEAMIdTime
aPHY-RX-START-Delay,
aRxTxTurnaroundTime,
aTxPLCPDelay,
aRxPLCPDelay,
aRxTxSwitchTime,
aTxRampOnTime,
aTxRampOffTime,
aTxRFDelay,
aRxRFDelay,
aAirPropagationTime,
aMACProcessingDelay,
aPreambleLength,
aRIFSTime,
aSymbolLength,
aSTFOneLength,
aSTFTwoLength,
aLTFOneLength,
aLTFTwoLength,

aPl CPHeaderl ength

24

aPLCPSigTwoLength,
aPLCPServicelLength,
aPLCPConvolutional TailLength,
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aMPDUDurationFactor,
aMPDUMaxLength,
aPSDUMaxLength,
aPPDUMaxTime,

atgSTimeE;

aDTT2UTTTime,

aCWmin,

aCWmax,
aMaxCSIMatricesReportDelay,
aMaxTODEtrror,
aMaxTOAEtrror,
aTxPmdTxStartRFDelay,
aTxPmdTxStartRMS,

aTxPHYDelay.

aRxPHYDelay,
aTxPHYTxStartRFDelay,

aTXPHYTxStartRMS
)

The values assigned to the parameters is-are as specified in the PLME SAP ifiterface specification contained

wrthln each PHY subclass of thrs standard iFh&parameter—aMPDHDuraﬂmFaeter—r&neHased—b%Pl%

aRSPUN an PPD Vi ... aD a

Het—used—by—aH—PH%ésdeﬁﬂed—\mamsstaHdard— Not aII parameters are used bv aII PHYs defrned wrthrn

this standard.

Name Type Description

aCCATime integer ForClause 14 through Clause 19 PHYs and Clause 21 PHYs, tFhe
maximum time (in microseconds) the CCA mechanism has available to
assess the medium within every time slot to determine whether the medium
is busy or idle._For Clause 20 and Clause 22 PHYSs, the maximum time (in
microseconds) that the CCA mechanism has available to detect the start of
a valid IEEE 802.11 transmission within the primary channel and to assess
the energy on the medium within the primary, secondary, secondary40
(Clause 22 PHY only), and secondary80 (Clause 22 PHY only) channels
that fall inside the operating channel, in order to determine the values of the
STATE and channel-list parameters of the PHY-CCA.indication primitive.

aCCAMidTime integer For Clause 22 PHYs, the maximum time (in microseconds) the CCA
mechanism has available to assess the medium to determine whether an
IEEE 802.11 transmission is present on a non-primary channel.

aRxTxTutnaroundTime integer The maximum time (in microseconds) that the PHY requires to change
from receiving to transmitting the start of the first symbol.

When transmitting a non-VHT PPDU, the Fhe following equation is used
to derive aRXTxTurnaroundTime:

aTxPLCPDelay + aRxTxSwitchTime + aTxRampOnTime + aTxRFDelay.
When transmitting a VHT PPDU, the following equation is used to derive
aRxTxTurnaroundTime:

aTxPHYDelay + aRxTxSwitchTime + aTxRampOnTime.

aTxPLCPDelay integer Fhe-When transmitting a non-VHT PPDU, the nominal time (in
microseconds) that the PLCP uses to deliver a symbol from the MAC

interface to the transmit data path of the physical medium dependent
(PMD)

aRxPLCPDelay integer Fhe-When receiving a non-VHT PPDU, the nominal time (in
microseconds) that the PLCP uses to deliver the last bit of a received frame
from the PMD receive path to the MAC.
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Name Type Description
aRxTxSwitchTime integer Fhe-When transmitting a non-VHT PPDU, the nominal time (in

microseconds) that the PMD takes to switch from Receive to Transmit.
When transmitting a VHT PPDU, the nominal time (in microseconds) that

the PHY takes to switch from Receive to Transmit

aTxRampOnTime integer Fhe-When transmitting a non-VHT PPDU, the maximum time (in
microseconds) that the PMD takes to turn the Transmitter on.

When transmitting a VHT PPDU, the maximum time (in microseconds)
that the PHY takes to turn the Transmitter on.

aTxRampOffTime integer Fhe-When transmitting a non-VHT PPDU, the nominal time (in
microseconds) that the PMD takes to turn the Transmit Power Amplifier
off.

When transmitting a VHT PPDU, the nominal time (in microseconds) that
the PHY takes to turn the Transmit Power Amplifier off.

aTxRFDelay integer Fhe-When transmitting a non-VHT PPDU, the nominal time (in
microseconds) between the issuance of a PMD_DATA.request primitive to
the PMD and the start of the corresponding symbol at the airvinterface. The
start of a symbol is defined to be 1/2 symbol period prior to.thé center of
the symbol for FH, or 1/2 chip period prior to the centerof the first chip of
the symbol for DS, or 1/2 slot time prior to the centefefithe corresponding
slot for infrared (IR).

aRxRFDelay integer Fhe-When receiving a non-VHT PPDU, the nominal time (in
microseconds) between the end of a symbol ‘at’the air interface to the
issuance of a PMD_DATA .indication primitive to the PLCP. The end of a
symbol is defined to be 1/2 symbol period after the center of the symbol for
FH, or 1/2 chip period after the center gf‘the last chip of the symbol for DS,
or 1/2 slot time after the center of the.corresponding slot for IR.

aTxPmdTxStartRFDelay integer Fhe-When transmitting a.non-VHT PPDU, the delay (in units of 0.5 ns)
between PMD_TXSTART.Tequest being issued and the first frame energy
sent by the transmitting port, for the current channel.

aTxPmdTxStartRMS integer Fhe-When transmitting a non-VHT PPDU, the RMS time of departure error
(in units of 0.5-0s), where the time of departure error equals the difference
between TIME_OF DEPARTURE and the time of departure measured by
a reference'entity using a clock synchronized to the start time and mean
frequencyrof the local PHY entity’s clock.

aTxPHYDelay integer Whenttransmitting a VHT PPDU, the nominal time (in microseconds) that
thelPHY uses to deliver a symbol from the MAC interface to the air
ibterface.

aRxPHYDelay integer When receiving a VHT PPDU, the nominal time (in microseconds) that the

PHY uses to deliver the last bit of a received frame from the end of the last
OFDM symbol at the air interface to the MAC.

aTxPHYTxStartRFDelay integer When transmitting a VHT PPDU, the delay (in units of 0.5 ns) between
PMD_TXSTART.request being issued and the first frame energy sent by
the transmitting port, for the current channel.

aTxXPHYTxStartRMS integer When transmitting a VHT PPDU, the RMS time of departure error (in units
of 0.5 ns), where the time of departure error equals the difference between
TIME_OF DEPARTURE and the time of departure measured by a
reference entity using a clock synchronized to the start time and mean
frequency of the local PHY entity’s clock.

6.5.8 PEME-TXTIME.confirm
€Change 6.5.8.1 and 6.5.8.2 as follows:
6.5.8.1 Function

This primitive indicates the time required to transmit the PPDU described in the corresponding PLME-
TXTIME.request.

When the TXVECTOR parameter FORMAT in the corresponding PLME-TXTIME.request primitive is
VHT, the primitive also provides the number of octets, per user, required to fill the PPDU.
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6.5.8.2 Semantics of the service primitive

This primitive provides the following parameters:
PLME-TXTIME.confirm(

TATHVE
PSDU_LENGTHI]
)

The TXTIME represents the time, in microseconds, required to transmit the PPDU described in the
corresponding PLME-TXTIME.request primitive. If the calculated time includes a fractional microsecond, &
non-DMG STA rounds the TXTIME value up to the next higher integer. A DMG STA does not round'the
TXTIME value up or down (see 21.12.3).

The PSDU_LENGTHTI] parameter is an array of size TXVECTOR parameter NUM_USERS.,Each value in
the array indicates the number of octets required to fill the PPDU for the user represented by that array
index. The parameter is present only when the TXVECTOR FORMAT parameter is VHT !
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7. PHY service specification

7.1 Scope

Insert the following paragraph at the end of 7.1:

The description of the VHT PHY in Clause 22 is provided as one layer and is not separated into PLCP and
PMD sublayers.

7.2 PHY functions
Insert the following paragraph at the end of 7.2:

The description of the VHT PHY in Clause 22 is provided as one layer and is not separated into PLCP and
PMD sublayers.

7.3 Detailed PHY service specifications
7.3.2 Overview of the service
Insert the following paragraph at the end of 7.3.2:

The description of the VHT PHY in Clause 22 is provided as on€ layer and is not separated into PLCP and
PMD sublayers.

7.3.4 Basic service and options
7.3.4.5 Vector descriptions

Insert the following rows at the end of Table 7-4:

Table 7-4—Vector descriptions

Parameter Associate vector Value

GROUP_ID_MANAGEMENT PHYCONFIG_VECTOR Specifies membership status and STA
position for each of the group IDs as
described in 8.5.23.3

PARTIAIK_AID_LIST_GID00 PHYCONFIG_VECTOR Includes the list of partial AIDs, of
which the STA is an intended
recipient, associated with group 1D 0.
The settings of the PARTIAL_AID are
specified in 9.17a).

PARTIAL_AID_LIST_GID63 PHYCONFIG_VECTOR Includes the list of partial AIDs, of
which the STA is an intended
recipient, associated with group ID 63.
The settings of the PARTIAL_AID are
specified in 9.17a).
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Table 7-4—Vector descriptions (continued)
Parameter Associate vector Value
CTSTEN_TO_GIDUU PHYCONFIG_VECTOR VVRen true, mdicates to the PHY not 10
filter out PPDUs with GROUP_ID
field equal to the value 0.
LISTEN_TO_GID63 PHYCONFIG_VECTOR When true, indicates to the PHY not to
filter out PPDUs with GROUP_ID
field equal to the value 63.

7.3.5 PHY-SAP detailed service specification

7.3.5.2 PHY-DATA.request

7.3.5.2.2 Semantics of the service primitive

Change 7.3.5.2.2 as follows:

The primitive provides the following parameters:
PHY-DATA . request(

DATA,_
USER_INDEX

)

The DATA parameter is an octet of value X'00' to X'EF

The USER_INDEX parameter (typically identified\as u for a VHT STA; see NOTE 1 at the end of Table 22-
1) is present for a VHT MU PPDU and indicates the index of the user in the TXVECTOR to which the
accompanying DATA octet applies; otherwise; this parameter is not present.

7.3.5.3 PHY-DATA.indication
7.3.5.3.3 When generated
Change 7.3.5.3.3 as follows:

The PHY-DATA.indication primitive is generated by a receiving PHY entity to transfer the received octet of
data to the local-MAC entity. Fhe-For a non-VHT PPDU, the time between receipt of the last bit of the
provided octet from the WM and the receipt of this primitive by the MAC entity is the sum of aRxRFDelay
+ aRxPLCPDelay. For a VHT PPDU, the time between receipt of the last bit of the last provided octet from
the WM-and the receipt of this primitive by the MAC entity is aRxPHYDelay.

73.5.6 PHY-TXSTART.confirm
7.3.5.6.3 When generated

Change 7.3.5.6.3 as follows:

This primitive is issued by the PHY to the MAC entity once all of the following conditions are met:
— The PHY has received a PHY-TXSTART.request primitive from the MAC entity.
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— Fhe-When transmitting a non-VHT PPDU, the PLCP has issued PMD.TXSTATUS.request primitive
if dotllMgmtOptionTODActivated is true and the TXVECTOR parameter TIME_OF _
DEPARTURE_REQUESTED in the PHY-TXSTART.request(TXVECTOR) primitive is true.

— The PHY is ready to begin accepting outgoing data octets from the MAC.

7.3.5.11 PHY-CCA.indication
7.3.5.11.2 Semantics of the service primitive

Change the fourth paragraph, and insert the new table (Table 7-5), one new paragraph, and two new
figures (Figure 7-1 and Figure 7-2) at the end of 7.3.5.11.2 as follows:

When STATE is IDLE or when, for the type of PHY in operation, CCA is determined by a single-¢hannel,
the channel-list parameter |s absent. OtherW|se it carries a set indicating which channels”are busy;

Rary ary}._ The channel-list parameter in
a PHY- CCA |nd|cat|on prlmltlve qenerated bv a VHT STA contains at most a single~element. Table 7-5
defines the members of this set.

Table 7-5—The channel-list parameter elements

channel-list element Meaniing
rimar For an HT STA that is not a VHT, STA, indicates that the primary 20 MHz

channel is busy.
For a VHT STA., indicategthat the primary 20 MHz channel is busy

according to the rules$pecified in 22.3.19.5.3.

secondary For an HT STA that is not a VHT STA., indicates that the secondary
channel is busy.

For a VHT STA, indicates that the secondary 20 MHz channel is busy
according:to the rules specified in 22.3.19.5.4.

secondary40 Indicates that the secondary 40 MHz channel is busy according to the rules
speeified in 22.3.19.5.4.

secondary80 Indicates that the secondary 80 MHz channel is busy according to the rules
specified in 22.3.19.5.4.

The relationship of the channel-list parameter elements to the 40 MHz, 80 MHz, and 160 MHz BSS
operating channefsis illustrated by example in Figure 7-1. The relationship of the channel-list parameter
elements to the'80+80 MHz BSS operating channel is illustrated by example in Figure 7-2.
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Figure 7-2—The channel-list parameter element for 80+80 MHz channel width

7.3.5.11.3 When generated

Change 7.3.5.11.3 as folloWs:

For Clause 14 through Clause 21 PHYs, tFhis primitive is generated within aCCATime of the occurrence of
a change in the status of the channel(s) from channel idle to channel busy or from channel busy to channel
idle_or when the-elements of the channel-list parameter change; otherwise, this primitive is generated when
the status of.the channel(s) changes from channel idle to channel busy or from channel busy to channel idle
or when'the’elements of the channel-list parameter change. This includes the period of time when the PHY is
receiving data. Refer to specific PHY clauses for details about CCA behavior for a given PHY.

NOTE—For the VHT PHY, the timing information is omitted here and is defined in 22.3.19.5.

If the STA is an HT STA but not a VHT STA and the operating channel width is 20 MHz, the PHY

maintains the channel busy indication until the period indicated by the LENGTH field has expired, where
the LENGTH field is

— Inavalid SIG fiefd it the format of the PPDU TS NON_HT
— Inavalid HT-SIG field if the format of the PPDU is HT_MF or HT_GF

Copyright © 2013 IEEE. All rights reserved. 31



https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

IEEE
Std 802.11ac-2013 LOCAL AND METROPOLITAN AREA NETWORKS—AMENDMENT 4: ENHANCEMENTS

If the STA is an HT STA but not a VHT STA and the operating channel width is 40 MHz, the PHY
maintains the channel busy indication until the period indicated by the LENGTH field has expired, where
the LENGTH field is

— Inavalid SIG field if the format of the PPDU is NON_HT and the PPDU is received in the primary

channel

— Inavalid HT-SIG field if the format of the PPDU is HT_MF or HT_GF provided that the PPDU is
either a 20 MHz PPDU received in the primary channel or a 40 MHz PPDU

7.3.5.13 PHY-RXEND.indication
7.3.5.13.2 Semantics of the service primitive

Insert the following list item and note at the end of the list of error conditions after the second paragraph
of 7.3.5.13.2:

— Filtered. This value is used to indicate that during the reception of the PPDU, the\PPDU was filtered
out due to a condition set in the PHYCONFIG_VECTOR.

NOTE—The filtered condition might occur in a VHT STA due to GROUP_IDr PARTIAL_AID filtering in
the PHY layer.
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8. Frame formats
8.2 MAC frame formats
8.2.3 General frame format
Change Figure 8-1 as follows:
Octets: 87959
2 2 6 6 6 2 6 2 4 variable 4
Frame Duration Address Address Address Sequence Address QoS HT Frame FCS
Control /ID 1 2 3 Control 4 Control | Control Body.
- |
MAC Header

Figure 8-1—MAC frame format

Change the second paragraph of 8.2.3 and delete the entire Table 8-0a (represented here by only its title)
as follows:

The Frame Body field is of variable size, constrained as defined in 8.2.4 7.1, Fhe-maximum-frame-body-size
1 1 v nadmun 1 Y2 e-8-03)b

8.2.4 Frame fields

8.2.4.1 Frame Control field
8.2.4.1.3 Type and Subtype fields

Change Table 8-1 as follows:

Jable 8-1—Valid type and subtype combinations

PR | desotiption | b7b6b5b4 Subtype description
01 Control 0000-6464-0011 Reserved
01 Control 0100 Beamforming Report Poll
01 Control 0101 VHT NDP Announcement

8.2.4.1.8 More Data field

Insert the following paragraph after the sixth paragraph (“The More Data field is 1 in individually
addressed frames ...”") of 8.2.4.1.8:

The More Data field is set to 1 in individually addressed frames transmitted by a VHT AP to a VHT STA
when both support the TXOP power save feature (as determined from their VHT Capabilities elements) to
indicate that at least one additional buffered BU is present for the STA. See 10.2.1.19.
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8.2.4.1.10 Order field

Change the second bullet in the dashed list of the first paragraph of 8.2.4.1.10 as follows:

VHT for the FORMAT parameter of the TXVECTOR to indicate that the frame contains an HT

Control field.
8.2.4.2 Duration/ID field
Change the fourth paragraph of 8.2.4.2 as follows:
The Duration/ID fields in the MAC headers of MPDUs in an A-MPDU all carry the same.value. The

Duration/ID fields in the MAC headers of MPDUs in A-MPDUs carried in the same VHT MUPPDU all
carry the same value.

8.2.4.3 Address fields
8.2.4.3.8 TA field
Change 8.2.4.3.8 as follows:

The TA field contains an IEEE MAC individuat-address that identifies the STA that has transmitted, onto
the WM, the MPDU contained in the frame body field. If the Individual/Group bit is 0, then the TA field is
the individual address of the STA: otherwise, the TA field is . a‘tandwidth signaling TA, indicating that the
frame carries additional information in the scrambling. séquence (see 8.3.1.2, 9.7.6.6, and 9.7.10).—Fhe

8.2.4.5 QoS Control field
8.2.4.5.4 Ack Policy subfield

Change the first row in Table 8-6 as follows:

Table 8-6—Ack Rolicy subfield in QoS Control field of QoS data frames

Bits in QoS Control field

Meaning
Bit5 Bit 6

0 0 Normal Ack or Implicit Block Ack Request.

In a frame that is a non-A-MPDU frame_or VHT single MPDU:

The addressed recipient returns an ACK or QoS +CF-Ack frame after a short
interframe space (SIFS) period, according to the procedures defined in 9.3.2.8 and
9.19.3.5. For a non-DMG STA, this is the only permissible value for the Ack Policy
subfield for individually addressed QoS Null (no data) frames.

r-a-frame-that-is-partofar-A-MPBUOtherwise:
The addressed recipient returns a BlockAck MPDU, either individually or as part of
an A-MPDU starting a SIFS after the PPDU carrying the frame, according to the

TITETTOTO
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Change 8.2.4.6, including inserting new text, one new figure (Figure 8-5a), and two new subclause titles
and moving two existing tables (without renumbering at this time), as follows:

8.2.4.6 HT Control field

8.2.4.6.1 General

The HT Control field is always present in a Control Wrapper frame and is present in QoS Data and
management frames as determined by the Order bit of the Frame Control field as defined in 8.2.4.1.10.

NOTE—The only Control frame subtype for which HT Control field is present is the Control Wrapper frame. A contrel
frame that is described as +HTC (e.g., RTS+HTC, CTS+HTC, BlockAck+HTC or BlockAckReq+HTC) impliestthe use
of the Control Wrapper frame to carry that control frame.

The format of the 4-octet HT Control field is shown in Figure 8-5.

BO-Bi5 Bi6B17 B18B19 B20B21 B22B23 B24 B25B28 B29 B30 B3t
. Calibration Calibration cSH AC-
Adaptation Pesition S Reserved s Anneunee- Reserved BEI c ; Mere-
Bits: 16 2 2 2 2 kS 4 Y Y Y
BO B1 29 B30 31
. AC RDG/More
VHT HT Control Middle Constraint PPDU
Bits 1 29 1 1

Figure 8<5——HT Control field

The HT Control field has two forms, the'HT variant and the VHT variant. The two forms differ in the format
of the HT Control Middle subfield\déscribed in 8.2.4.6.2 for the HT variant and in 8.2.4.6.3 for the VHT
variant and in the value of the VHIT subfield.

The VHT subfield of the. T Control field indicates whether the HT Control Middle subfield is the VHT
Variant or the HT Variant. The VHT subfield is set to 1 to indicate that the HT Control Middle subfield is
the VHT Variant and is set to 0 to indicate that the HT Control Middle subfield is the HT Variant.

The AC Constraint subfield of the HT Control field indicates whether the mapped AC of an RD data frame
is constrained-to a single AC, as defined in Table 8-12.

Table-8-12 remains unchanged.

The RDG/More PPDU subfield of the HT Control field is interpreted differently depending on whether it is
transmitted by an RD initiator or an RD responder, as defined in Table 8-13.

Table 8-13 remains unchanged.

8.2.4.6.2 HT variant

The format of the HT Control Middle subfield of the HT variant HT Control field is shown in Figure 8-5a.
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B1 B15 Bl16 B17 B18 B19 B20 B21 B22B23 B24 B25 B28 B29
ink . . . . HT NDP
— Calibration | Calibration S/
Adaptation | =S -cinr- | oo~ | Reserved S Announce Reserved DEI
Control Position Sequence Steerin ment
Bits: 1 2 2 2 2 1 4 1

Figure 8-5a—HT Control Middle subfield of the HT variant HT Control field

The format of the Link Adaptation Control subfield of the HT variant HT Control field is defined in
Figure 8-6.

BO Bl B2 BS B6 B8 B9 B15
Reserved TRQ MAI MFSI MFB/ASELG.
Bits: 1 1 4 3 7

Figure 8-6—Link Adaptation Control subfield

The text from “The subfields of the Link Adaptation Control subfield £ is shown in Table 8-9.”
(including Table 8-7, Table 8-8, Figure 8-7, and Figure 8-8) remains uncharged.

Change the note in Table 8-9 as follows (note that the body of the table’is omitted here):

Table 8-9—ASEL Command and ASEL Data subfields

Interpretation of ASED

ASEL Data
Command

ASEL Command

NOTE—If the HT variant HT Control fi€ld is carried in a sounding PPDU, then the value of the ASEL
Data field contains the remaining number‘of sounding frames following the current one. If null data packet
(NDP) sounding frame is used, then-the value in the ASEL Data field contains the number of NDPs
following a non-NDP+HTC. The HT NDP Announcement subfield in the HT Control field is set to 1 to
indicate NDP sounding.

The Calibration Positiorrand Calibration Sequence subfields of the HT variant HT Control field are defined
in Table 8-10.

The Calibration_Sequence subfield identifies an instance of the calibration procedure. The subfield is
included in.each frame within a calibration procedure, and its value is unchanged for frames within the same
calibratien.procedure.

Table-8-10 remains unchanged.

The CSlI/Steering subfield of the HT variant HT Control field indicates the type of feedback, as shown in
Table 8-11.

Table 8-11 remains unchanged.

The HT NDP Announcement subfield of the HT variant HT Control field indicates that an NDP will be
transmitted after the frame (according to the rules described in 9.31). It is set to 1 to indicate that an NDP
will follow; otherwise, it is set to 0.
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The DEI subfield is 1 bit in length and is set by the transmitting STA to indicate the suitability of the
corresponding MSDU or A-MSDU to be discarded if there are insufficient resources at the receiving STA. If
there are insufficient resources, a STA that receives an MPDU whose DEI subfield is equal to 1 carrying all
or part of an MSDU or A- MSDU should discard the MSDU orany MSDUs contarned wrthrn the A- MSDU

the DEI subfield is reserved The mechanisms for determrnrng whether the resources are msuffrcrent or
when to discard MSDUs or A-MSDUs are beyond the scope of this standard.

Insert the following subclause, 8.2.4.6.3 (including Figure 8-8a, Figure 8-8b, Figure 8-8¢, Table 8-13a,
and Table 8-13b), after 8.2.4.6.2:

8.2.4.6.3 VHT variant

The format of the HT Control Middle subfield of the VHT variant HT Contrglfi€ld is shown in Figure 8-8a.

Bl B2 B3B5 B6B8 B9B23 B24B26 B27 B28 B29

MSI/ MESI/ Coding FB Tx Unsolicited
Reserved | MRQ | 5Tec | GID-L MFB GID-H Type Type MFB

Bits: 1 1 3 3 15 3 1 1 1
Figure 8-8a—HT Control Middle subfield of the VHT variant HT Control field

The subfields of VHT variant HT Control field.are defined in Table 8-13a.

Table 8-13a—VHT variant HT Control field subfields

Subfield Meaning Definition
MRQ VHT-MCS Set to 1 to request VHT-MCS feedback (solicited MFB); otherwise,
feedback request setto 0.
MSI/STBC MRQ sequence If the Unsolicited MFB subfield is 0 and the MRQ subfield is 1, the
identifier/STBC MSI/STBC subfield contains a sequence number in the range 0 to 6
indication that identifies the specific MCS feedback request.

If the Unsolicited MFB subfield is 0 and the MRQ subfield is 0, the
MSI/STBC subfield is reserved.

If the Unsolicited MFB subfield is 1 and the MFB does not contain the
value representing “no feedback is present,” the MSI/STBC field
contains the Compressed MSI and STBC Indication subfields as
shown in Figure 8-8b.

The STBC Indication subfield indicates whether the estimate in the
MFB subfield is computed based on a PPDU using STBC encoding:
Set to 0 if the PPDU was not STBC encoded
Set to 1 if the PPDU was STBC encoded

The Compressed MSI subfield contains a sequence number that

identifies the specific MCS feedback request. It is in the range 0 to 3 if
STBC Indication equals 0 or in the range 0 to 2 if STBC Indication
equals 1.

Otherwise, the MSI/STBC subfield is reserved.
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Table 8-13a—VHT variant HT Control field subfields (continued)

Subfield

Meaning

Definition

MESI/GID-L

MFB Sequence
identifier/LSBs of
group ID

IT the Unsolicited MFB subtield 1S 0, the MEFSI/GID-L subTield
contains the received value of MSI contained in the frame to which the
MFB information refers.

If the Unsolicited MFB subfield is 1, the MFB does not contain the
value representing “no feedback is present,” and the MFB is estimated
from a VHT MU PPDU, then the MFSI/GID-L subfield contains the
lowest 3 bits of group 1D of that PPDU from which the MFB was
estimated (bit O of the group ID appears in the lowest numbered bit of
the field MFSI/GID-L). If the unsolicited MFB is estimated freman
SU PPDU, the MFSI/GID-L subfield is set to all ones.

Otherwise, this subfield is reserved.

MFB

NUM_STS, VHT-
MCS, BW and
SNR feedback

MFB subfield is interpreted as defined in Table-8-18b. This subfield
contains the recommended MFB. The combination of VHT-MCS=15
and NUM_STS=7 indicates that no feedback is’present.

GID-H

MSBs of group ID

If the Unsolicited MFB subfield is 1,théMFB does not contain the
value representing “no feedback is‘present,” and the unsolicited MFB
is estimated from a VHT MU PPDU, then the GID-H subfield contains
the highest 3 bits of group ID.6f the PPDU from which the unsolicited
MFB was estimated (bit 3-of'the group 1D appears in the lowest
numbered bit of the field GID-H). If the unsolicited MFB is estimated
from an SU PPDU, the.GID-H subfield is set to all ones.

Otherwise, thig’subfield is reserved.

Coding Type

Coding type of the
measured PPDU

If the Unsglicited MFB subfield is 1 and the MFB does not contain the
value representing “no feedback is present,” the Coding Type subfield
contgins.the Coding information (0 for BCC and 1 for LDPC) of the
PPDU from which the unsolicited MFB was estimated.

Otherwise, this subfield is reserved.

FB Tx Type

Transmission type
of the measured
PPDU

If the Unsolicited MFB subfield is 1, the MFB does not contain the
value representing “no feedback is present,” and FB Tx Type subfield
is 0, then the unsolicited MFB is estimated from a VHT PPDU with
RXVECTOR parameter BEAMFORMED equal to 0.

If the Unsolicited MFB subfield is 1, the MFB does not contain the
value representing “no feedback is present,” and the FB Tx Type
subfield is 1, then the unsolicited MFB is estimated from a VHT
PPDU with RXVECTOR parameter BEAMFORMED equal to 1.

Otherwise, this subfield is reserved.

UnsolicitedMFB

Unsolicited VHT-
MCS feedback
indicator

Set to 1 if the MFB is not a response to an MRQ.
Set to 0 if the MFB is a response to an MRQ.
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The format of the MSI/STBC subfield when the Unsolicited subfield is 1 is shown in Figure 8-8b.
B3 B4 B5
Compressed MSI STBC Indication
Bits: 2 1
Figure 8-8b—MSI/STBC subfield when the Unsolicited MFB subfield is 1
The format of the MFB subfield in the VHT variant HT Control field is shown in Figure 8-8c.
B9 B1l1 B12 B15 B16 B17 B18 B23
NUM_STS VHT-MCS BW SNR
Bits: 3 4 2 6
Figure 8-8c—MFB subfield in the VHT variant HT.€ontrol field
The subfields of the MFB subfield in the VHT variant HT Control-Aigld are defined in Table 8-13b.
Table 8-13b—MFB subfield in the VHT variant HT Control field
Subfield Meaning Definition
NUM_STS Recommended Indicates’the recommended NUM_STS as defined in 9.28.3.
NUM_STS The'NUM_STS subfield contains an unsigned integer representing the
number of space-time streams minus 1.
VHT-MCS Recommended Indicates the recommended VHT-MCS as defined in 9.28.3.
VHT-MCS The VHT-MCS subfield contains an unsigned integer in the range 0 to 9
representing a VHT-MCS Index value (defined in 22.5).
BW Bardwidth of the | If the Unsolicited MFB subfield is 1, the BW subfield indicates the
recommended bandwidth for which the recommended VHT-MCS is intended, as
VHT-MCS defined in 9.28.3:

Set to 0 for 20 MHz
Set to 1 for 40 MHz
Set to 2 for 80 MHz
Set to 3 for 160 MHz and 80+80 MHz.
If the Unsolicited MFB subfield is 0, the BW subfield is reserved.

SNR Average SNR Indicates the average SNR, which is an SNR averaged over data
subcarriers and space-time streams.

The SNR is averaged over all the space-time streams and data
subcarriers and is encoded as a 6-bit twos complement number of
SNR_average - 22, where SNR_average is the sum of the values of
SNR per frequency tone (in decibels) per space-time stream divided by
the product of the number of space-time streams, as indicated in the

NVt —STSsubfietdandthe mumberof frequency tones represemntedin
the bandwidth in which the MFB was estimated. This encoding covers
the SNR range from -10 dB to 53 dB in 1 dB steps.
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8.2.4.7 Frame Body field

8.2.4.7.1 General

Change 8:247- 1 mctudingmsertmya ew tabte(Tabte 8=13¢);as fottows:

The Frame Body is a variable-length field that contains information specific to individual frame types and
subtypes The m|n|mum Iength of the frame body is 0 octets The maX|mum Iength of the frame body |s

The maximum MMPDU, MSDU, A-MSDU, and MPDU sizes supported by the recmlent(s) for the
PPDU format in use, as specified in Table 8-13c

— The maximum PPDU duration (e.g., HT MF L-SIG L LENGTH, HT GF, VHT: or DMG
aPPDUMaxTime (see Table 8-13c); any nonzero TXOP Limit; any requlatory. constraints (e.qg.,
CS4-msBehavior))

The fields present in the MAC header (e.g., QoS Control, Address 4, HT Control)
The presence of security encapsulation (e.q., TKIP, CCMP or GCMP Header and MIC)
— The presence of Mesh Control fields (see 8.2.4.7.2)

NOTE 1—In an A-MSDU, the Mesh Control field is located in the A-MSDU<Subframe Header (see Figure 8-33). In an
MMPDU, the Mesh Control field is located within the MMPDU (see 8.5.18). Stich Mesh Control fields need to be taken
into account if a maximum A-MSDU or MMPDU size constraint applies as well as if a maximum MPDU size constraint
applies.

NOTE 2—TKIP is not allowed with A-MSDUs (see 11.1.6).0r MMPDUs (see 11.4.4.1) and, therefore, need not be
taken into account if a maximum A-MSDU or MMPDU size“constraint applies.

Table 8-13c—Maximunv'data unit sizes (in octets) and
durations (in microseconds)

Non-HT non-VHE
non-DMG PEBY HT PPDU VHT PPDU DMG PPDU
and non=HT
duplieate PPDU
MMPDU size 2304 2304 See NOTE 1 2304
MSDU size 2304 2304 2304 7920
A-MSDU size 3839 or 4065 (see 3839 or 7935 (see See NOTE 3 7935
NOTE 2) or 7935 also Table 8-124)
(HT STA, see also
Table 8-124) or
N/A (non-HT STA,
see also 9.11)
MPDU size See NOTE 4 See NOTE 5 3895 or 7991 or See NOTE 5
11 454 (see also
Table 8-183v)
PSDU size (see | 213-1(Clause 16, see 2161 4 692 480 (~22216) 2181
NOTE 7) Table 16-2) (See Table 20-25) (See Table 22-29) (See Table 21-17)
212_1 (others, see
Table 17-5, Table 18-
7, Table 19-8)
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Table 8-13c—Maximum data unit sizes (in octets) and
durations (in microseconds) (continued)
Non-HT non-VHT
non-DMG PPDU HT PPDU VHT PPDU DMG PPDU
and non-HT
duplicate PPDU
PPDU duration See NOTE 6 5484 (HT_MF; see 5484 2000
(see NOTE 7) 9.23.4) or 10 000 (see Table 22-29) (see Table 21-31)
(HT_GF; see
Table 20-25)

NOTE 1—No direct constraint on the maximum MMPDU size; indirectly constrained by the maximum MPDU size
(see 8.3.3.1).

NOTE 2—Indirect constraint from the maximum PSDU size: 212-1 octets minus the minimum QoS Data MPDU
overhead (26 octets for the MAC header and 4 octets for the FCS).

NOTE 3—No direct constraint on the maximum A-MSDU size; indirectly constrained by the.maximum MPDU size.

NOTE 4—No direct constraint on the maximum MPDU size; indirectly constrained by.th€ maximum MSDU/
MMPDU or (for HT STAs only) A-MSDU size.

NOTE 5—No direct constraint on the maximum MPDU size; indirectly constrained*by the maximum A-MSDU size.

NOTE 6—No direct constraint on the maximum duration, but an L_LENGTH value above 2332 might not be
supported by some receivers (see last NOTE in 9.23.4).

NOTE 7—The values for maximum PSDU size and maximum PPDU_ dUration are informative only. References to the
normative requirements are provided.

8.2.5 Duration/ID field (QoS STA)

8.2.5.1 General

Change the third paragraph of 8.2.5.1 as follows:

All times are calculated in microseconds. If a calculated duration includes a fractional microsecond, that

value inserted in the Duration/ID field is rounded up to the next higher integer. If a calculated duration
results in a negative value, the-value of the Duration/ID field is 0.

8.2.5.2 Setting for single and multiple protection under enhanced distributed channel
access (EDCA)

Change the first paragraph of 8.2.5.2 as follows:

Withinsa-frame (excluding data frames containing QoS CF-Poll, PSMP frames, and frames that have the
RDGI/More PPDU subfield equal to 1) transmitted under EDCA by a STA that initiates a TXOP, there are
two-Classes of duration settings: single protection and multiple protection. In single protection, the value of
the Duration/ID field of the frame can set a NAV value at receiving STAs that protects up to the end of any
following data, management, or response frame plus any additional overhead frames as described below. In
multiple protection, the value of the Duration/ID field of the frame can set a NAV that protects up to the

estimated end of a sequence of multiple frames. Frames that have the RDG/More PPDU subfield equal to 1
Alwayc use muh‘iplp prnmr‘tinn PSMP_frames alwayc use mnltiplp pmtpr‘finn The STA selects hetween

single and multiple protection when it transmits the first frame of a TXOP. All subsequent frames
transmitted by the STA in the same TXOP use the same class of duration settings. VHT NDP
Announcement frames and Beamforming Report Poll frames always use multiple protection settings.
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Change item b)2) in the ordered list of the second paragraph of 8.2.5.2 as follows:

b)  Multiple protection settings. The Duration/ID field is set to a value D as follows:

2)  Else-ifFryop=-6andFenp nav>0rtherB=Fenp nav—Trppy

2) Elseif Trxop=0and Tenp nav=>0. then D = max(0, Tenp nav—=LppDU)
Change the following descriptions in the variable list in item b) of the second paragraph of 8.2.5.2:

TsincLE-Mspu 1S the estimated time required for the transmission of the allowed frame
exchange sequence defined in 84-2:319.19.2.2 (for a TXOP limit value of.Q),
including applicable IFS durations

TPENDING is the estimated time required for the transmission of
— Pending MPDUs of the same AC
— Any associated immediate response frames

— Any HT NDP, VHT NDP, or Beamforming (Report Poll frame
transmissions and explicit feedback response frames

— Applicable IFS durations
— Any RDG

Insert the following paragraph at the end of 8.2.5.2:

The estimated time required for transmission of a VHT Compressed Beamforming frame response is
determined by assuming the following:
— All feedback segments (as defined in 9.31.5.3) are transmitted, even if a Beamforming Report Poll
frame is used and not all the bits in the included Feedback Segment Retransmission Bitmap field are
equal to 1.
— The subfield values of the VHT MIMO, Cantrol field are as follows:
— The Feedback Type, Nr Index, and’Channel Width fields are as specified in 9.31.5.
— The Nc Index field is as specified in 9.31.5 if the Feedback Type field is MU, or to the greatest
value allowed by 9.31.5 if the Feedback Type field is SU.
— The Grouping field indicafes no grouping.
— The Codebook Information field has the value 1.

NOTE—If a TXOP includes thetransmission of a VHT Compressed Beamforming frame by the TXOP responder, the
TXOP holder can, if the duration estimates prove excessive, indicate truncation of the TXOP by using a CF-End frame,
provided that the remaining-duration of the TXOP after the transmission of the last frame can accommodate the CF-End
frame (see 9.19.2.7).

8.3 Format-of individual frame types
8.3.1-Control frames

8:371.2 RTS frame format

Change the third paragraph of 8.3.1.2 as follows:

The TA field value is the address of the STA transmitting the RTS frame_or a bandwidth signaling TA. In an

RTC frama tranecmitind Iy A N/LIT QT A 1n o nAan LIT Ay nan LIT Aynlinatn farmat and vahavs thn coramhlins

7
oo OohoT Ittt oy o v it OT7 v o o T O o T oopmCotC o oo o vy nIc T St ST oy

sequence carries the TXVECTOR parameters CH BANDWIDTH_IN_NON_HT and
DYN_BANDWIDTH_IN_NON_HT (see 9.3.2.53), the TA field value is a bandwidth signaling TA.
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8.3.1.3 CTS frame format
Change the second paragraph of 8.3.1.3 as follows:
€ SframmefoHowsTs 3 etoam RTSTranme, theva E Afretdo e CFSframe
the address eepted-from the TA field of the immediatehr-previeus RTS frame te~which-the- CFS-isarespense

with the Individual/Group bit forced to the value 0. When the CTS is the first frame in a frame exchange, the
RA field is set to the MAC address of the transmitter.

8.3.1.4 ACK frame format
Change the second paragraph of 8.3.1.4 as follows:
The value of the RA field of the ACK frame is eepied-the non-bandwidth signaling TA from,the/Address 2

field of the immediately previous individually addressed data, management, BlockAckRe@;. BlockAck, or
PS-Poll frames.

8.3.1.5 PS-Poll frame format
Change the second paragraph of 8.3.1.5 as follows:

The BSSID is the address of the STA contained in the AP. The TAdield value is the address of the STA
transmitting the frame_or a bandwidth signaling TA. In a PS-Poll frame transmitted by a VHT STA in a non-
HT or non-HT duplicate format and where the scrambling sequence carries the TXVECTOR parameter
CH_BANDWIDTH_IN_NON_HT, the TA field value is a bandwidth signaling TA. The AID is the value
assigned to the STA transmitting the frame by the AP in thel@ssociation response frame that established that
STA’s current association.

8.3.1.6 CF-End frame format
Change the fifth paragraph of 8.3.1.6 as follows:

When transmitted by a non-DMG STA;\the BSSID_(TA) field is set to the address of the STA contained in
the AP except that the Individual/Group bit of the BSSID (TA) field is set to 1 in a CF-End frame
transmitted by a VHT STA to @VHT AP in a non-HT or non-HT duplicate format to indicate that the
scrambling sequence carries the TXVECTOR parameter CH_BANDWIDTH_IN_NON_HT. When
transmitted by a DMG STAy-the TA field is the MAC address of the STA transmitting the frame.

8.3.1.8 BlockAckReq frame format

8.3.1.8.1 Overview

Changgé-the fourth paragraph of 8.3.1.8.1 as follows:

The TA field value is the address of the STA transmitting the BlockAckReq frame_or a bandwidth signaling
TA. In a BlockAckReq frame transmitted by a VHT STA in a non-HT or non-HT duplicate format and

where the scrambling sequence carries the TXVECTOR parameter CH_ BANDWIDTH_IN_NON_HT, the
TA field value is a bandwidth signaling TA.
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8.3.1.9 BlockAck frame format

8.3.1.9.1 Overview

Changethefourthparagraptrof-8:3-1- -t =s fottows:

The TA field value is the address of the STA transmitting the BlockAck frame_or a bandwidth signaling TA
in the context of HT-delayed Block Ack. In a BlockAck frame transmitted in the context of HT-delayed
Block Ack by a VHT STA in a non-HT or non-HT duplicate format and where the scrambling sequence
carries the TXVECTOR parameter CH_BANDWIDTH_IN_NON_HT, the TA field value is a bandwidtH

signaling TA.

Insert the following subclauses, 8.3.1.20 and 8.3.1.21 (including Figure 8-29j to Figure ,8:29m and
Table 8-18a), after 8.3.1.19:

8.3.1.20 VHT NDP Announcement frame format

The frame format of the VHT NDP Announcement frame is shown in Figure 8-29j.

Frame Sounding
Duration RA TA Dialog STAdnfo-1 STA Infon FCS
Control
Token
Octets: 2 2 6 6 1 2 2 4

Figure 8-29]—VHT NDP Announcement frame format

The Duration field is set as defined in 8.2.5.

The VHT NDP Announcement frame contaifis’at least one STA Info field. If the VHT NDP Announcement
frame contains only one STA Info field, then the RA field value is the address of the STA identified by the
AID in the STA Info field. If the VHT-NDP Announcement frame contains more than one STA Info field,
then the RA field value is the broadcast address.

The TA field value is the-address of the STA transmitting the VHT NDP Announcement frame or a
bandwidth signaling TA<x-@ VHT NDP Announcement frame transmitted by a VHT STA in a non-HT or
non-HT duplicate format and where the scrambling sequence carries the TXVECTOR parameter
CH_BANDWIDTH. IN_NON_HT, the TA field value is a bandwidth signaling TA.

The format of the’Sounding Dialog Token field is shown in Figure 8-29k.

BO Bl B2 B7

Reserved Sounding Dialog
Token Number

Bits: 2 6

Figure 8-29k—Sounding Dialog Token field

The Sounding Dialog Token Number subfield in the Sounding Dialog Token field contains a value selected
by the beamformer to identify the VHT NDP Announcement frame.
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The format of the STA Info field is shown in Figure 8-29I.

BO B11 B12 B13 B15
AID12 Feedback Type Nc Index
Bits: 12 1 3

Figure 8-291—STA Info field

The subfields in the STA Info field are described in Table 8-18a.

Table 8-18a—STA Info subfields

Field Description

AID12 Contains the 12 least significant bits of the AID of a STA gxpected to process the
following VHT NDP and prepare the sounding feedback’ Egaal to O if the STA is
an AP, mesh STA, or STA that is a member of an IBSS,

Feedback Type Indicates the type of feedback requested.
Set to 0 for SU.
Set to 1 for MU.

Nc Index If the Feedback Type field indicates MU, then Nc Index indicates the number of
columns, Nc, in the Compressed Beamforming Feedback Matrix subfield minus 1:
Setto O to request Nc =1
Set to 1 to request Nc = 2

éét to 7 to request Ne =8
Reserved if the Feedback Type field indicates SU.

8.3.1.21 Beamforming Report Rall frame format

The Beamforming Report Poll frame is shown in Figure 8-29m.

Frame : Feedback Segment
Control Duration RA TA Retransmission Bitmap S
Octets: 2 2 6 6 1 4

Figure 8-29m—Beamforming Report Poll frame format

The Duration field is set as defined in 8.2.5.
The RA field value is the address of the intended recipient.

The TA field value is the address of the STA transmitting the Beamforming Report Poll or a bandwidth

signaling TA. In a Beamforming Report Poll frame transmitted by a VHT STA in a non-HT or non-HT
duplicate format and where the scrambling sequence carries the TXVECTOR parameter
CH_BANDWIDTH_IN_NON_HT, the TA field value is a bandwidth signaling TA.
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The Feedback Segment Retransmission Bitmap field indicates the requested feedback segments of a VHT
Compressed Beamforming report (see 9.31.5.3). If the bit in position n (h=0 for LSB and n=7 for MSB) is 1,
then the feedback segment with the Remaining Feedback Segments subfield in the VHT MIMO Control
field equal to n is requested. If the bit in position n is 0, then the feedback segment with the Remaining

8.3.2 Data frames
8.3.2.1 Data frame format

Change Figure 8-30 as follows:

Octets: 04599
> 2 6 6 6 2 6 2 4 variable 4
Frame Duration/ | Address |Address | Address | Sequence |Address QoS HT Frame FCS
Control ID 1 2 3 Control 4 Control | Gontrol Body
- P

MAC Header

Figure 8-30—Data frame

8.3.2.2 Aggregate MSDU (A-MSDU) format
8.3.2.2.1 General

Change Figure 8-32 as follows:

0-2304-tron-BMG-ST4AY
Octets: 6 6 2 07920 (BMG-STA) 0-3
variable
DA SA Length MSDU Padding

- -
A-MSPU subframe header

Figure 8-32—Basic A-MSDU subframe structure

8.3.3 Management frames
8.3.372 Format of management frames
Change the first paragraph and note in 8.3.3.1 as follows:

The format of a management frame is defined in Figure 8-34. The Frame Control, Duration, Address 1,
Address 2, Address 3, and Sequence Control fields are present in all management frame subtypes. Fhe-In an
MMPDU carried in one or more non-VHT PPDUs the maximum unenerypted MMPDU size-excluding-the
MACheaderandFCS—s2304-o¢tets_is specified in Table 8-13c. In an MMPDU carried in one or more
PPDU(s). all of which are VHT PPDU(s), the maximum MMPDU size specified in Table 8-13c is the
maximum MPDU size supported by the recipient(s) less the shortest management frame MAC header and
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FCS. In an MMPDU carried in one or more PPDU(s), none of which are VHT PPDU(s), the maximum
unencrypted MMPDU size is 2304 octets.

NOTE—In an MMPDU carried in one or more PPDUs, all of which are VHT PPDUs, the presence of encryption
overhead (i.e. the MMPDU is transmitted in robust management frames) or an HT Control field might cause an

MMPDU to be fragmented that would not otherwise need to be fragmented.

Change Figure 8-34 as follows:

. 0-2328
Octets: 2 2 6 6 6 2 4 variable A
Frame Duration | Address1 | Address2 | Address3 | Seaquence HT Frame Bod FCS
Control Control Control Y

Figure 8-34—Management frame format

Delete the following note in 8.3.3.1:

8.3.3.2 Beacon frame format

Insert the following rows into Table 8-20 before the Last row:

Table 8-20—Beacon frame body

Order Information Notes

60 VHT Capabilities The VHT Capabilities element is present when the
dot11VHTOptionimplemented is true.

61 VHT Operation The VHT Operation element is present when the
dot11VHTOptionImplemented is true; otherwise, it is
not present.

62 VHT Transmit Power | One VHT Transmit Power Envelope element is present
Envelope element for each distinct value of the Local Maximum Transmit
Power Unit Interpretation subfield that is supported for
the BSS if both of the following conditions are met:
— dot11VHTOptionImplemented is true;
— Either dot11SpectrumManagementRequired is true
or dot11RadioMeasurementActivated is true.

Otherwise, this parameter is not present.

63 Channel Switch The Channel Switch Wrapper element is optionally
Wrapper element present if dot11VHTOptionimplemented is true and at
least one of a Channel Switch Announcement element or
an Extended Channel Switch Announcement element is
also present in the Beacon frame and the Channel Switch
Wrapper element contains at least one subelement.

64 Extended BSS Load The Extended BSS Load element is optionally present if

element dot11QosOptionImplemented,
dot11QBSSLoadimplemented and
dot11VHTOptionImplemented are true.
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Table 8-20—Beacon frame body

Order

Information

Notes

0o

Quiet Channel

ETther one Quiet Channel element containing an AP
Quiet Mode field equal to 0 or one or more Quiet
Channel elements each containing an AP Quiet Mode
field equal to 1 are optionally present if
dot11VHTOptionImplemented is true, and either
dot11SpectrumManagementRequired or
dot11RadioMeasurementActivated is true.

66

Operating Mode
Notification

The Operating Mode Notification element is optionally
present if dot11OperatingModeNotificationimplemented
is true.

8.3.3.5 Association Request frame format

Insert the following rows into Table 8-22 before the Last row:

Table 8-22—Association Request frame body

Order

Information

Notes

22

VHT Capabilities

The VHT Capahilities element is present when the
dot11VHTOptionImplemented is true.

23

Operating Mode
Notification

The Operating Mode Notification element is optionally
present if dot11OperatingModeNotificationlmplemented
isdrue.

8.3.3.6 Association Response frame format

Insert the following rows into Table 8-23 before the Last row:

Table 8-23—Association Response frame body

Order

Information

Notes

27

VHT Capabilities

The VHT Capabilities element is present when the
dot11VHTOptionImplemented is true.

28

VHT Operation

The VHT Operation element is present when the
dot11VHTOptionImplemented is true; otherwise, it is
not present.

29

Operating Mode
Notification

The Operating Mode Notification element is optionally
present if dot11OperatingModeNotificationmplemented
is true.

48
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8.3.3.7 Reassociation Request frame format

Insert the following rows into Table 8-24 before the Last row:

Table 8-24—Reassociation Request frame body

Order Information Notes
27 VHT Capabilities The VHT Capabilities element is present when the
dot11VHTOptionImplemented is true.
28 Operating Mode The Operating Mode Notification element is optionally
Notification present if dot110peratingModeNotificationImplemented
is true.

8.3.3.8 Reassociation Response frame format

Insert the following rows into Table 8-25 before the Last row:

Table 8-25—Reassociation Response frame body

Order Information Notes

31 VHT Capabilities The VHT Capabilities element is present when the
dot11VHTIOptionImplemented is true.

32 VHT Operation The VHT Operation element is present when the
detl1VHTOptionImplemented is true; otherwise, it is not
present.

33 Operating Mode The Operating Mode Notification element is optionally

Notification present if dot11OperatingModeNotificationimplemented
is true.

8.3.3.9 Probe Request frame format

Insert the following row into Table 8-26 before the Last row:

Table 8-26—Probe Request frame body

Order

Information

Notes

17

VHT Capabilities

The VHT Capabilities element is present when the
dot11VHTOptionImplemented is true.
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Insert the following rows into Table 8-27 before the Last-I row:

Table 8-27—Probe Response frame body

Order

Information

Notes

62

VHT Capabilities

The VHT Capabilities element is present when the
dot11VHTOptionImplemented is true.

63

VHT Operation

The VHT Operation element is present when the
dot11VHTOptionImplemented is true; otherwise, it is Aot
present.

64

VHT Transmit Power
Envelope element

One VHT Transmit Power Envelope element s present
for each distinct value of the Local Maximum, Transmit
Power Unit Interpretation subfield that is supported for
the BSS if both of the following conditions-are met:
— dot11VHTOptionimplementedds true;
— Either dotl1SpectrumManagementRequired is true
or dotl1RadioMeasurementActivated is true.

Otherwise, this parameter,is not present.

65

Channel Switch
Wrapper element

The Channel Switch \Afrapper element is optionally
present if dot11VHTOptionimplemented is true and at
least one Channel'Switch Announcement element or
Extended Channel*Switch Announcement element is also
present in the(Beacon frame and the Channel Switch
Wrapper €lement contains at least one subelement.

66

Extended BSS Load
element

The Extended BSS Load element is optionally present if
dot11QosOptionimplemented,
det11QBSSLoadlmplemented and
dot11VHTOptionImplemented are true.

67

Quiet Channel

Either one Quiet Channel element containing an AP Quiet
Mode field equal to 0 or one or more Quiet Channel
elements each containing an AP Quiet Mode field equal to
1 are optionally present if dotl1VHTOptionimplemented
is true, and either dot11SpectrumManagementRequired or
dot11RadioMeasurementActivated is true.

68

Operating Mode
Notification

The Operating Mode Notification element is optionally
present if dot11OperatingModeNotificationlmplemented
is true.
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8.4 Management and Extension frames body components

8.4.1 Fields that are not information elements

8419 Status Code fietd

Insert the following row into Table 8-37 in numeric order, and change the reserved values accordingly:

Table 8-37—Status codes

Status code Name Meaning

104 Association denied because the requesting, STA

does not support VHT features.

8.4.1.11 Action field

Insert the following row into Table 8-38 in numeric order, and change thelreserved values accordingly:

Table 8-38—Category valuges

. Group Action
Code Meaning See subclause Robust addressed frame
privacy
21 VHT 8.5.23 No No

8.4.1.27 CSI Report field
Change the first paragraph of 8.4,1:27 as follows:

The CSI Report field is used by the CSI frame (see 8.5.12.6) to carry explicit channel state information to a
transmit HT beamformer;.as-described in 9.29.3.

8.4.1.28 Noncompressed Beamforming Report field

Change the first-paragraph of 8.4.1.28 as follows:

The Noneompressed Beamforming Report field is used by the Noncompressed Beamforming frame to carry
explicit feedback in the form of noncompressed beamforming feedback matrices V for use by a transmit HT
beamformer to determine steering matrices Q, as described in 9.29.3 and 20.3.12.3.

Change the fourth paragraph of 8.4.1.28 as follows:

The SNR values in Table 8-46 and Table 8-47 are encoded as an 8-bit twos complement value of
4 x (SNR_average — 22), where SNR_average is the sum of the values of SNR per tone (in decibels) divided

by the number of tones represented. This encoding covers the SNR range from —10 dB to 53.75 dB In
0.25 dB steps. The SNR in space-time stream i corresponds to the SNR associated with the column i of the
beamforming feedback matrix V. Each SNR corresponds to the predicted SNR at HT beamformee when the
HT beamformer applies the matrix V.
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8.4.1.29 Compressed Beamforming Report field

Change the first paragraph of 8.4.1.29 as follows:

d U d c RoN .
to carry explicit feedback information in the form of angles representing compressed beamforming feedback
matrices V for use by a transmit HT beamformer to determine steering matrices Q, as described in 9.29.3 and
20.3.12.3.

Change the seventh paragraph of 8.4.1.29 as follows:

The SNR values in Table 8-50 and Table 8-51 are encoded as an 8-bit twos complement value. 0f/4 x
(SNR_average — 22), where SNR_average is the sum of the values of SNR per tone (in decibels).fivided by
the number of tones represented. This encoding covers the SNR range from —10 dB to 53.75 dB,in 0.25 dB
steps. Each SNR value per tone in stream i (before being averaged) corresponds to the SNR"associated with
the column i of the beamforming feedback matrix V determined at the HT beamformee. Each SNR
corresponds to the predicted SNR at the HT beamformee when the HT beamformer applies the matrix V.

8.4.1.32 Rate Identification field
Change 8.4.1.32, including inserting a new figure (Figure 8-70a), as fotlows:

The Rate Identification field is 4 octets in length and contains the rate‘identification information for a frame
hat is not the current frame transmitted or received by a STA. This-information allows services to exchange
frame rate information prior to use of the frames that use the, rate specified by the Rate Identification field.
The contents of the field is defined in Figure 8-69.

Figure 8-69 remains unchanged.

The Mask field specifies which other fields in the-Rate Identification field are used by a STA. The format of
the Mask field is shown in Figure 8-70.

Figure 8-70 remains unchanged.

The MCS Selector field sette-value 0 indicates that the MCS Index field is reserved. The MCS Selector field
sette-value 1 indicates that.the MCS Index field specifies an index value that is taken from Table 20-30
through Table 20-33 and-Table 20-39 through Table 20-41 in 20.6. The MCS Selector field set-te-value 2
indicates that the MCS_Index field specifies an index value that is taken from Table 20-34 through
Table 20-38 and Table20-43 through Table 20-44 in 20.6.

The MCS Selector field value 3 indicates that the MCS Index field specifies values that are taken from
Table 22-30vthrough Table 22-37, indicating a VHT-MCS for a 20 MHz channel width.

The MCS Selector field value 4 indicates that the MCS Index field specifies values that are taken from
Table 22-38 through Table 22-45, indicating a VHT-MCS for a 40 MHz channel width.

The MCS Selector field value 5 indicates that the MCS Index field specifies values that are taken from
Table 22-46 through Table 22-53, indicating a VHT-MCS for an 80 MHz channel width.

The MCS Selector field value 6 indicates that the MCS Index field specifies values that are taken from
Table 22-54 through Table 22-61, indicating a VHT-MCS for a 160 MHz or 80+80 MHz channel width.

The MCS Selector field values-3-te 7 are is reserved.
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The Rate Type field set to 0 indicates the Rate field is reserved. The Rate Type field set to 1 indicates the
Rate field specifies a data rate that is in the basic rate set. The Rate Type field set to 2 indicates the Rate field
specifies a data rate that is not in the basic rate set.

HVCS-Setectoris-tor 2 tFhe MCStndexfretd s e t=octet unsigned-mteger that specifres theTow mdexfor

one of the MCS parameter tables in 20.6.

If MCS Selector is 3, 4, 5, or 6, the MCS Index field format is as shown in Figure 8-70a. The NSS subfield
indicates the number of spatial streams, and the VHT-MCS Index Row subfield indicates a value from the
“VHT-MCS Index” column of Table 22-30 through Table 22-61 in 22.5 that corresponds to the channel
width and Ngg_values.

BO B2 B3 B6 B7
VHT-MCS
NSS index Row Reserved
Bits 3 4 1

Figure 8-70a—MCS Index field format when the MCS Selector.field is 3, 4. 5, or 6

The Rate field contains a 2-octet unsigned integer that specifies the PHY rate'in 0.5 Mb/s units.

Insert the following subclauses, 8.4.1.47 to 8.4.1.52 (including Figure+8-80d to Figure 8-80g and Table 8-
53c to Table 8-53I), after 8.4.1.46:

8.4.1.47 VHT MIMO Control field

The VHT MIMO Control field is included in everyAHT Compressed Beamforming frame (see 8.5.23.2).
The VHT MIMO Control field is defined in Figure 8-80d.

BO B2

B3B5 B6 B7 B8 B9 B10 B11 B12B14 B15 B16 B17 B18 B23
. . Sounding
Remaining First :
Nc Nr Channel . Codebook Feedback Dialog
h Grouping . Feedback Feedback | Reserved
Index Index Width Information Type Segments Segment N-[?nlﬁ%gr
Bits: 3 3 2 2 1 1 3 1 2 6

Figure 8-80d—VHT MIMO Control field
The subfields of-the*VHT MIMO Control field are defined in Table 8-53c.

In a VHT €ompressed Beamforming frame not carrying all or part of a VHT Compressed Beamforming
report (Se€~9.31.5 for a description of such a case), the Nc Index, Nr Index, Channel Width, Grouping,
Codebgok Information, Feedback Type and Sounding Dialog Token Number fields are reserved, the First
Feedback Segment field is set to 0 and the Remaining Feedback Segments field is set to 7.
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Table 8-53c—Subfields of the VHT MIMO Control field
Subfield Description
NC Tndex Tndicates the number of columns, NC, In the compressed beamTorming Teedback matrix
minus 1:
Setto 0 forNc =1
Setto 1 for Nc=2
éét to 7 forNc =8
Nr Index Indicates the number of rows, Nr, in the compressed beamforming feedback matrix minus
1:
Setto O for Nr=1
Setto 1 for Nr =2
.S.ét to 7 for Nr=8
Channel Width Indicates the width of the channel in which the measurement to create the'Ccompressed
beamforming feedback matrix was made:
Set to 0 for 20 MHz
Set to 1 for 40 MHz
Set to 2 for 80 MHz
Set to 3 for 160 MHz or 80+80 MHz
Grouping Indicates the subcarrier grouping, Ng, used for the compressed beamforming feedback
matrix:
Set to 0 for Ng = 1 (No grouping)
Setto 1 for Ng =2
Setto 2 for Ng =4
The value 3 is reserved
Codebook Indicates the size of codebook entries:
Information If Feedback Type is SU:
Set to 0 for 2 bits for y, 4bits for ¢
Set to 1 for 4 bits for y, 6 bits for ¢
If Feedback Type is MU:
Set to O for 5 bitsfor v, 7 bits for ¢
Set to 1 for 7 hits for v, 9 bits for ¢
Feedback Type Indicates the-feedback type:
Set te.0_for SU
Setito I for MU
Remaining Indhicates the number of remaining feedback segments for the associated VHT Compressed
Feedback Segments .| Béamforming frame:
Set to O for the last feedback segment of a segmented report or the only feedback
segment of an unsegmented report.
Set to a value between 1 and 6 for a feedback segment that is neither the first nor the last
of a segmented report.
Set to a value between 1 and 7 for a feedback segment that is not the last feedback
segment of a segmented report.
In a retransmitted feedback segment, the field is set to the same value associated with the
feedback segment in the original transmission.
First Feedback Set to 1 for the first feedback segment of a segmented report or the only feedback segment
Segment of an unsegmented report; set to 0 if it is not the first feedback segment or if the VHT
Compressed Beamforming Report field and MU Exclusive Beamforming Report field are
not present in the frame.
In a retransmitted feedback segment, the field is set to the same value associated with the
feedbacksegmentimthe origmat-transmission:
Sounding Dialog The sounding dialog token from the VHT NDP Announcement frame soliciting feedback
Token Number
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8.4.1.48 VHT Compressed Beamforming Report field

The VHT Compressed Beamforming Report field is used by the VHT Compressed Beamforming feedback
(see 8.5.23.2) to carry explicit feedback information in the form of angles representing compressed

beamformingfeedback matrices V-for use by a transmit beamformertodetermimesteering matrices O as

described in 9.29.3 and 20.3.12.3.

The size of the VHT Compressed Beamforming Report field depends on the values in the VHT MIMO
Control field. The VHT Compressed Beamforming Report field contains VHT Compressed Beamforming
Report information or successive (possibly zero-length) portions thereof in the case of segmented VHF
Compressed Beamforming feedback (see 9.31.5). VHT Compressed Beamforming Report information’is
always included in the VHT Compressed Beamforming feedback.

The VHT Compressed Beamforming Report information contains the channel matrix elements” indexed,
first, by matrix angles in the order shown in Table 8-53d and, second, by data subcarrier index from lowest
frequency to highest frequency. The explanation on how these angles are generated from|the beamforming
feedback matrix V is given in 20.3.12.3.6. In Table 8-53d,

Nc  is the number of columns in a compressed beamforming feedback matrix determined by the Nc
Index field of the VHT MIMO Control field,

Nr is the number of rows in a compressed beamforming feedback matrix determined by the Nr Index
field of the VHT MIMO Control field.

Table 8-53d—Order of angles in the Compressed Beamforming Feedback
Matrix subfietd

Size of V Number of The order of angles/in‘the Compressed Beamforming Feedback Matrix
(Nr x Nc) angles (Na) subfield
2x1 2 011, w21
2x2 2 d11, y21
3x1 4 O11,:021, w21, Y31
3x2 6 611, 921, w21, Y31, 922, y32
3x3 6 011, 921, w21, Y31, 922, y32
4x1 6 011, §21, 931, w21, w31, yal
4x2 10 011, 921, 31, w21, W31, WAL, $22, $32, y32, y42
4x3 12 011, §21, 931, w21, w31, yal, 22, $32, W32, w42, $33, y43
4x4 12 011, §21, $31, w21, w31, yal, 22, $32, W32, w42, $33, y43
5x1 8 011, $21, $31, $p41, w21, y31, y4l, y51
5x2 14 011, $21, ¢31, $p41, w21, w31, yal, y51, $22, $32, §42, y32, Y42, y52
5x3 18 011, 21, $31, $p41, w21, y31, yal, w51, $22, $32, §42, y32, w42, y52, $33, $43,
y43, y53
5x4 20 011, $21, $31, 941, w21, w31, yal, y51, 22, $32, $p42, w32, w42, w52, $33, $43,
w43, 53, d44, 54
5x5 20 011, $21, $31, $p41, w21, w31, yal, y51, 22, 632, $p42, w32, w42, w52, $33, $43,
y43, y53, 044, y54
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Table 8-53d—Order of angles in the Compressed Beamforming Feedback
Matrix subfield (continued)
Size of V Number of The order of angles in the Compressed Beamforming Feedback Matrix
(Nr x Nc) angles (Na) subfield
6x1 10 $11, 621, $31, $p41, 651, w21, w31, yal, y51, y61
6x2 18 $11, $21, $31, ¢p41, 51, w21, w31, w41, y51, w61, $22, $32, $42, $p52, w32, y42,
y52, y62
6x3 24 $11, $21, $31, 641, 51, w21, w31, w41, y51, w61, $22, $32, $42, $p52, w32, w42,
y52, w62, $33, $43, $53, w43, y53, y63
6x4 28 $11, $21, $31, ¢p41, 51, w21, w31, w41, y51, w61, $22, $32, $42, $p52, w3242,
y52, y62, 633, $43, 053, w43, y53, w63, ¢p44, $54, w54, y64
6x5 30 $11, $21, $31, ¢p41, $51, w21, w31, w41, y51, w61, $22, $32, $42, $p52, w32, y42,
w52, y62, $33, $p43, $53, w43, y53, y63, p44, $54, w54, w64, ¢55, 65
6x6 30 $11, $21, $31, ¢p41, 51, w21, w31, w41, y51, w61, $22, $32) 942, $p52, w32, w42,
y52, w62, $33, 443, $53, w43, w53, w63, 444, $54, w54, w64, $55, v65
=1 12 $11, 621, $31, ¢p41, $51, $61, w21, w31, w41, w51 y61, y71
%2 22 $11, $21, $31, 41, $51, ¢61, w21, w31, w4l 51, w61, w71, $22, $32, $42, $52,

062, 32, ya2, y52, 62, y72

7%3 30 $11, $21, $p31, 41, $51, $61, w21, w3kAp4l, w51, w61, w71, $22, $32, $42, $52,
062, w32, w42, y52, 62, w72, $33,443, $53, $63, w43, y53, y63, w73

x4 36 11, 021, $31, p41, $51, ¢62, w2l, w31, yal, y51, w61, Y71, 622, $32, $42, 452,
062, w32, w42, y52, Y6272, $33, 43, 953, $63, w43, y53, y63, y73, h44,
954, 64, y54, 64, yT4

7x5 40 011, 621, 31, p41:951, §61, w21, w31, wal, w51, y6l, w71, $22, 432, 442, $52,
062, 32, a2, w52, w62, w72, $33, $43, $53, $63, y43, y53, y63, Y73, §44,
054, $64, y54:4j64, w74, $55, $65, Y65, Y75

7x6 42 011, $215931, §41, §51, 61, w21, w31, wal, w51, y6l, w71, $22, 632, $42, 452,
062; 132, w42, w52, w62, w72, 33, $43, $53, $63, w43, 53, 63, y73, 44,
054,064, 54, y64, w74, §55, $65, y65, Y75, (66, y76

7x7 42 911, 921, $31, §41, 951, $61, w21, w31, yal, w51, w61, w71, $22, $32, p42, ¢52,
062, 32, a2, w52, w62, w72, 33, $43, $53, $63, y43, y53, y63, y73, §44,
054, $64, Y54, w64, w74, §55, §65, w65, 75, $66, Y76

8x1 14 011, 621, $31, 941, §51, 661, ¢71, w21, w31, wal, y51, y61, y71, y8l

8x2 26 011, 21, $31, 941, §51, $61, $71, w21, w31, yal, y51, w61, y71, y8l, $22, 432,
042, $52, 462, 72, y32, Y42, Y52, y62, Y72, y82

8%3 36 $11, $21, $31, $p41, 51, $61, $71, w21, w31, w41, w51, y61, w71, w81, $22, $32,
042, $52, $62, 72, w32, w42, y52, w62, w72, y82, $33, $43, $53, 063, $73,
w43, y53, y63, y73, y83

8x4 44 011, 21, $31, 941, 951, $61, $71, w21, w31, yal, y51, w61, y71, y8l, $22, $32,
042, $52, 462, 72, Y32, w42, y52, w62, w72, w82, $33, $43, §53, $63, ¢73,
W43, 53, w63, w73, y83, 44, §54, $64, $74, w54, w64, T4, y84

8x5 50 011, 21, §31, §41, §51, $p61, $71, w21, Y31, yal, y51, w61, y71, y81, $22, $32,
042, 452, 462, §72, w32, w42, 52, w62, w72, y82, 433, $43, ¢53, $63, $73,

V43,53, y63, y73, V83, §4Z, G54, §64, 74, w54, yoh, 74, y8Z, G55, §6b,
$75, y65, y75, y85
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Table 8-53d—Order of angles in the Compressed Beamforming Feedback

Matrix subfield (continued)

Size of V

Number of

The order of angles in the Compressed Beamforming Feedback Matrix

(Nr x Nc)

angles (Na)

subfield

8x6

54

011, 621, $31, 941, $51, $61, 71, w21, w31, wal, y51, w61, w71, y8l, $22, $32,
042, 052, 062, 72, y32, a2, w52, w62, w72, y82, $33, $p43, $53, $63, ¢73,
W43, 53, w63, w73, y83, 444, §54, §64, h74, y54, w64, w74, y84, 55, ¢65,
75, 65, 75, y85, $66, ¢76, w76, 86

8x7

56

011, 621, $31, 941, $51, $61, 71, w21, w31, wal, y51, w61, w71, y8l, $22, ¢32,
042, 052, 062, 72, y32, wh2, w52, y62, w72, y82, $33, $p43, $53, $63, ¢73,
W43, 53, w63, w73, y83, 444, §54, §64, $74, y54, w64, w74, y84, 55, $65;
75, y65, 75, y85, $66, #76, w76, y86, $77, y87

8x8

56

011, 21, §31, 941, §51, $61, $71, w21, w31, yal, y51, w61, w71, Y81, $22, 432,
042, 052, 062, 72, y32, wh2, w52, w62, w72, y82, $33, $43, §53/ $63, ¢73,
W43, 53, w63, w73, y83, 444, §54, §64, $74, y54, w64, 74, y84, §55, ¢65,
75, 65, 75, y85, $66, $76, w76, y86, $77, y87

The beamforming feedback matrix V is formed by the beamformee as follows.”The beamformer transmits an
NDP with Ngtg nypp SPace-time streams, where Ngtg ypp May take a value'between 2 and 8. Based on this
NDP, the beamformee estimates the Ngy gree x Ngts npp Channel,.and-based on that channel it determines
a NrxNc orthonormal matrix V, where Nr and Nc satisfy Equation(8-1).

Nr = Ngrs npp» NC < Min(Ngrs npps Nrx sree)

(81

Further restrictions on Nc are described in 9.31.5.

The angles are quantized as defined in Table 8453g.

Table 8:53e—Quantization of angles

(defined by the Codebook Information
field of the VHT MIMO Control field
(see 8.4.1.47)

Quantized)y Quantized ¢
krn & - _ kn b
B 2bw+ 1T 2bv+ radians ¢ = 2b¢_1 ;); radians
where where
b
k<01, ... 27-1 k=01.,2"-1
by, isthe number of bits used to quantize y b, is the number of bits used to quantize ¢

(defined by the Codebook Information
field of the VHT MIMO Control field
(see 8.4.1.47)

The VHT Compressed Beamforming Report information has the structure and order defined in Table 8-53f,
where Na is the number of angles used for the compressed beamforming feedback matrix subfield (see

Table 8-53d).

Copyright © 2013 IEEE. All rights reserved.
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Table 8-53f—VHT Compressed Beamforming Report information
. Size -
Field (bits) Meaning

Average SNR of Space-Time Stream 1 8 Signal-to-noise ratio at the
beamformee for space-time stream 1
averaged over all data subcarriers.
See Table 8-53h.

Average SNR of Space-Time Stream Nc 8 Signal-to-noise ratio at the
beamformee for space-time stream
Nc averaged over all data subcarriers.
See Table 8-53h.

Compressed Beamforming Feedback Matrix V for Nax(b,, +by)/2 | Compressed beaniforming feedback

subcarrier kK = scidx(0) matrix as defied-in Table 8-53d

Compressed Beamforming Feedback Matrix V for Nax(b,, +by)/2 | Compressed beamforming feedback

subcarrier kK = scidx(1) matrix'ds-defined in Table 8-53d

Compressed Beamforming Feedback Matrix V for Nax(b w+b¢)/2 Compressed beamforming feedback

subcarrier kK = scidx(2) matrix as defined in Table 8-53d

Compressed Beamforming Feedback Matrix V for Nax (‘b w02 | Compressed beamforming feedback

subcarrier k = scidx(Ns - 1) matrix as defined in Table 8-53d

NOTE—scidx() is defined in Table 8-53g

Ns is the number of subcarriers for whieh the Compressed Beamforming Feedback Matrix subfield is sent
back to the beamformer. A beamforiéé may choose to reduce Ns by using a method referred to as grouping,
in which only a single Compressed Beamforming Feedback Matrix is reported for each group of Ng adjacent
subcarriers. Ns is a function of the Channel Width and Grouping subfields in the VHT MIMO Control field
(see 8.4.1.47). Table 8-53gdists Ns, the exact subcarrier indices and their order for which the Compressed
Beamforming Feedback Matrix subfield is sent back. No padding is present between angles in the VHT
Compressed Beamforming Report information, even if they correspond to different subcarriers. If the size of
the VHT Compréessed Beamforming Report information is not an integral multiple of 8 bits, up to seven
zeros are appended to the end of the field to make its size an integral multiple of 8 bits.

58 Copyright © 2013 IEEE. All rights reserved.
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Table 8-53g—Subcarriers for which a Compressed Beamforming Feedback Matrix subfield

is sent back
Channel L AL Subcarriers for which Compressed Feedback Beamforming Matrix subfield
Width Y o is sent: scidx(0), scidx(1), ..., scidx(Ns-1)
-28, -27,-26, 25, -24,-23, -22, -20, -19, -18, -17, =16, -15, -14, -13, -12,
-11,-10,-9,-8,-6,-5,-4,-3,-2,-1,1,2,3,4,5,6, 8,9, 10, 11, 12, 13, 14, 15,
1 52 16, 17, 18, 19, 20, 22, 23, 24, 25, 26, 27, 28
20 MHz NOTE—Pilot subcarriers (21, £7) and DC subcarrier (0) are skipped
2 30 -28,-26,-24,-22,-20, -18, -16, -14,-12, -10, -8, -6, -4,-2,-1,1, 2, 4, 6,18,
10, 12, 14, 16, 18, 20, 22, 24, 26, 28
4 16 -28, -24,-20, -16,-12, -8, -4,-1, 1, 4, 8, 12, 16, 20, 24, 28
58, -57, -56, 55, -54, -52, -51, -50, —49, -48, 47, -46, —45;~44, -43, 42,
-41, -40, -39, -38, -37, -36, —35, -34, =33, -32, -31, -30, 429,428, -27, -26,
—-24,-23,-22,-21,-20,-19, -18, -17, -16, -15, -14, -13,+<12, -10, -9, -8, -7,
1 108 -6,-5,-4,-3,-2,2,3,4,5,6,7,8,9, 10, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,8738, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 54, 55, 56, 57, 58
40 MHz NOTE—Pilot subcarriers (53, 25, +11) and DC subcarriers (0, +1) are skipped.

58, -56, -54, -52, -50, —48, —46, —44,.42, -40, -38, -36, -34, -32, -30, -28,
2 58 -26, -24, -22,-20, -18, -16, -14, +12,-10, -8, -6, -4,-2, 2, 4, 6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, 32, 34,.36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58

58, -54, -50, —46, -42, -38, ~34, -30, -26, —22, -18, -14, -10, -6,-2, 2, 6, 10,
14, 18, 22, 26, 30, 34, 3842, 46, 50, 54, 58

-122,-121,-120, -119; -118, -117, =116, -115, =114, -113, -112, -111, -110,
-109, -108, -107, <106, -105, -104, -102, -101, -100, —99, -98, —97, —96, —95,
-94, -93, -92, -91,-90, -89, -88, -87, —86, -85, -84, —83, -82, 81, -80, —79,
-78, 77, -16/<ir4, =73, -72, 71, =70, -69, —68, —67, —66, —65, —64, —63, —62,
-61, —60, =59, -58, -57, -56, -55, -54, -53, -52, -51, -50, —49, —48, —47, —46,
45, 44,43, -42, -41, -40, -38, -37, -36, —35, =34, -33, -32, -31, -30, =29,
-28:£27,-26, =25, -24, -23, =22, -21, -20, -19, -18, -17, -16, -15, -14, -13,
-12,:-10,-9,-8,-7,-6,-5,-4,-3,-2,2,3,4,5,6,7, 8,9, 10, 12, 13, 14, 15, 16,
1 234 19, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 76, 77, 78, 79, 80, 81, 82, 83, 84,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 104, 105,
106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121,
122

80 MHz . . .
NOTE—Pilot subcarriers (103, £75, £39, +11) and DC subcarriers (0, £1) are
skipped.

-122,-120, -118, -116, -114, -112, -110, -108, -106, —104, -102, —100, -98,
-96, -94, -92, 90, -88, 86, -84, -82, -80, -78, -76, 74, =72, -70, 68, —66,
—64, 62, -60, -58, -56, -54, -52, -50, —48, 46, -44, -42, -40, -38, -36, -34,
2 122 | -32,-30,-28, -26, -24,-22, -20, -18, -16, -14, -12, -10, -8, -6, -4, -2, 2, 4, 6,
8,10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50,
52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94,
96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122

-122,-118, -114, -110, -106, -102, -98, -94, -90, -86, -82, —78, —74, -70, —66,

7 62 =62=58—54—=50—46—42—=38—=34—=30—26—22=18—=H—=1t0—=6—=226;
10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62, 66, 70, 74, 78, 82, 86, 90, 94,
98, 102, 106, 110, 114, 118, 122

Copyright © 2013 IEEE. All rights reserved. 59
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Table 8-53g—Subcarriers for which a Compressed Beamforming Feedback Matrix subfield

is sent back (continued)

Channel

-

b4

Subcarriers for which Compressed Feedback Beamforming Matrix subfield

Width

is sent: scidx(0), scidx(1), ..., scidx(Ns-1)

160 MHz

468

—250, —249, —248, —247, -246, -245, 244, 243, -242, -241, -240, —239, —238,
—237, =236, —235, —234, —233, -232, 230, —229, -228, -227, —226, —225, —224,
—223,-222, 221, -220, -219, -218, =217, -216, 215, -214, =213, -212, -211,
-210, 209, —208, —207, —206, —205, —204, —202, —201, -200, -199, -198, -197,
-196, -195, 194, -193, -192, -191, -190, -189, —188, -187, 186, —185, —184,
-183,-182, -181, -180, -179, -178, =177, =176, =175, =174, -173, 172, 171,
-170, -169, -168, -166, —165, 164, 163, -162, -161, -160, -159, -158, <157,
-156, -155, 154, -153, 152, -151, 150, -149, -148, -147, -146, —145,<144,
-143, -142, 141, -140, -138, -137, =136, -135, -134, -133, -132, -131,-130,
-126, -125, -124, -123, -122, -121, -120, -119, -118, -116, -115, =114, -113,
-112, -111, -110, -109, -108, —-107, -106, —105, —104, -103, -102, =101, -100,
-99, 98, -97, 96, -95, -94, -93, -92, -91, -90, 88, -87, -86, -85, -84, 83,
-82,-81, -80, -79, -78, -77, 76, =75, —74, -73, -72, —711(>70, —69, —68, —67,
-66, —65, -64, —63, -62, —61, —60, 59, -58, -57, 56, -55,-54, -52, -51, -50,
—-49, -48, -47, -46, -45, 44, -43, 42, 41, -40, -39, 438, 37, -36, —35, 34,
-33,-32,-31, -30, -29, -28, -27, -26, -24, -23, -22,~21, -20, -19, -18, -17,
-16, -15, -14, -13,-12,-11, -10, -9, -8, -7, -6, 6,7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 26, 27, 28, 29,30, 31, 32, 33, 34, 35, 36, 37, 38,
39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,/51; 52, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,738,774, 75, 76, 77, 78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 90, 91, 92, 93, 94, 95,96, 97, 98, 99, 100, 101, 102, 103, 104,
105, 106, 107, 108, 109, 110, 111,112, 113, 114, 115, 116, 118, 119, 120, 121,
122,123, 124, 125, 126, 130, 134, 132, 133, 134, 135, 136, 137, 138, 140, 141,
142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157,
158, 159, 160, 161, 162, 168, 164, 165, 166, 168, 169, 170, 171, 172, 173, 174,
175, 176, 177, 178, 179;'180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190,
191, 192, 193, 194,195, 196, 197, 198, 199, 200, 201, 202, 204, 205, 206, 207,
208, 209, 210, 2115212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223,
224,225, 226, 227,228, 229, 230, 232, 233, 234, 235, 236, 237, 238, 239, 240,
241, 242, 243,244, 245, 246, 247, 248, 249, 250

NOTE—=PRilot subcarriers (231, +203, +167, £139, £117, £89, +53, +25), DC
subcarfiers (0, +1, +2, £3, +4, +5) and subcarriers +127, £128, +129 are skipped.

244

£250, —248, 246, —244, -242, —240, 238, —236, —234, —232, -230, —228, 226,
=224, 222, -220, -218, -216, -214, -212, -210, 208, —206, —204, —202, —200,
-198, -196, 194, -192, -190, 188, —186, —184, 182, -180, -178, -176, 174,
-172,-170, -168, -166, —164, -162, -160, —158, —156, 154, -152, -150, —148,
-146, 144, -142, -140, -138, -136, -134, 132, 130, -126, -124, -122, -120,
-118, -116, -114, -112, -110, -108, -106, —104, -102, 100, -98, 96, —94, -92,
-90, 88, -86, -84, -82, 80, -78, —76, —74, =72, -70, -68, —66, —64, -62, —60,
—58, -56, -54, -52, -50, —48, —46, —44, -42, 40, -38, -36, -34, -32, -30, -28,
-26, -24,-22, -20, -18, -16, -14, -12, -10, -8, -6, 6, 8, 10, 12, 14, 16, 18, 20,
22,24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64,
66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104,
106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 130, 132, 134, 136, 138,
140, 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, 164, 166, 168, 170,
172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202,
204, 206, 208, 210, 212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234,
236, 238, 240, 242, 244, 246, 248, 250

NOTE—DC subcarriers 0, £2, +4 and +128 are skipped.

60
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Table 8-53g—Subcarriers for which a Compressed Beamforming Feedback Matrix subfield
is sent back (continued)

Channel . Subcarriers for which Compressed Feedback Beamforming Matrix subfield

-
b 4

Width is sent: scidx(0), scidx(1), ..., scidx(Ns-1)

—250, —246, —242, -238, —234, -230, -226, —222, 218, -214, -210, —206, —202,
-198, -194, -190, -186, -182, -178, 174, 170, 166, -162, —158, —154, —150,
-146, -142, 138, -134, -130, -126, -122, -118, -114, -110, -106, —102, 98,
—94, 90, -86, -82, -78, —74, -70, -66, —62, —58, —54, 50, —46, -42, -38, -34,
160 MHz 4 124 -30, -26, -22, -18, -14, -10, -6, 6, 10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54,
58, 62, 66, 70, 74, 78, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 122, 126, 130,
134, 138, 142, 146, 150, 154, 158, 162, 166, 170, 174, 178, 182, 186, 190, 194,
198, 202, 206, 210, 214, 218, 222, 226, 230, 234, 238, 242, 246, 250

NOTE—DC subcarriers +2 are skipped.
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Table 8-53g—Subcarriers for which a Compressed Beamforming Feedback Matrix subfield

is sent back (continued)

Channel

[N
TN

N1

Subcarriers for which Compressed Feedback Beamforming Matrix subfield

Width

TS

is sent: scidx(0), scidx(1), ..., scidx(Ns-1)

80+80
MHz

468

~122(L), —121(L), —120(L), ~119(L), —118(L), -117(L), —116(L), -115(L),
~114(L), -113(L), —-112(L), —111(L), —110(L), ~109(L), ~108(L), ~107(L),
~106(L), ~105(L), -104(L), ~102(L), ~101(L), ~100(L), —99(L), —98(L), —-97(L),
~96(L), —95(L), ~94(L), -93(L), —92(L), —91(L), -90(L), -89(L), —88(L), -87(L),
-86(L), —85(L), -84(L), -83(L), —82(L), -81(L), -80(L), ~79(L), ~78(L), ~77(L),
~76(L), =74(L), =73(L), —72(L), ~71(L), =70(L), -69(L), -68(L), —67(L), —66(L);
—65(L), —64(L), -63(L), -62(L), —61(L), —60(L), ~59(L), —58(L), ~57(L), -56(L);
—-55(L), —54(L), -53(L), =52(L), —51(L), ~50(L), -49(L), —48(L), —47(L),46(L),
—45(L), -44(L), -43(L), —42(L), —41(L), -40(L), -38(L), -37(L), -36(L) ) ~35(L),
~34(L), =33(L), -32(L), -31(L), —30(L), —29(L), —28(L), —27(L), —26(L), -25(L),
—24(L), —23(L), —22(L), -21(L), —20(L), ~19(L), -18(L), ~17(L), ~16(L), ~15(L),
~14(L), -13(L), —12(L), =10(L), -9(L), -8(L), —7(L), -6(L), -5(LL), —4(L), -3(L),
—2(L), 2(L), 3(L), 4(L), 5(L), 6(L), 7(L), 8(L), 9(L), 10(L),d2(¥), 13(L), 14(L),
15(L), 16(L), 17(L), 18(L), 19(L), 20(L), 21(L), 22(L), 23¢LY, 24(L), 25(L),
26(L), 27(L), 28(L), 29(L), 30(L), 31(L), 32(L), 33(L).34(L), 35(L), 36(L),
37(L), 38(L), 40(L), 41(L), 42(L), 43(L), 44(L), 45¢L), 46(L), 47(L), 48(L),
49(L), 50(L), 51(L), 52(L), 53(L), 54(L), 55(L)»56(L), 57(L), 58(L), 59(L),
60(L), 61(L), 62(L), 63(L), 64(L), 65(L), 66(), 67(L), 68(L), 69(L), 70(L),
71(L), 72(L), 73(L), 74(L), 76(L), 77(L), 78(L), 79(L), 80(L), 81(L), 82(L),
83(L), 84(L), 85(L), 86(L), 87(L), 88(L)89(L), 90(L), 91(L), 92(L), 93(L),
94(L), 95(L), 96(L), 97(L), 98(L), 99(L),100(L), 101(L), 102(L), 104(L), 105(L),
106(L), 107(L), 108(L), 109(L), 140(L), 111(L), 112(L), 113(L), 114(L), 115(L),
116(L), 117(L), 118(L), 119(L),420(L), 121(L), 122(L), -122(H), ~121(H),
~120(H), ~119(H), ~118(H), —~117(H), ~116(H), ~115(H), —114(H), ~113(H),
~112(H), -111(H), ~110(H}*-109(H), ~108(H), ~107(H), ~106(H), ~105(H),
~104(H), -102(H), -104(H)! ~100(H), ~99(H), —98(H), ~97(H), ~96(H), —95(H),
~94(H), -93(H), —92(H), —91(H), —90(H), ~89(H), -88(H), -87(H), -86(H),
~85(H), —84(H), ~83(H), -82(H), -81(H), -80(H), ~79(H), —78(H), ~77(H),
~76(H), —74(H), <73(H), ~72(H), =71(H), 70(H), -69(H), —68(H), —67(H),
—66(H), ~65(H)/—64(H), —63(H), —62(H), -61(H), -60(H), ~59(H), ~58(H),
~57(H), ~56(H), ~55(H), =54(H), —53(H), ~52(H), ~51(H), ~50(H), —49(H),
—48(H), 547 (H), -46(H), -45(H), —44(H), —43(H), —42(H), —41(H), —40(H),
~38(H)/-37(H), -36(H), —35(H), —34(H), —33(H), -32(H), -31(H), -30(H),
—29(H), —28(H), —27(H), =26(H), —25(H), —24(H), —23(H), —22(H), —21(H),
C20(H), —19(H), ~18(H), -17(H), —16(H), —15(H), ~14(H), ~13(H), —12(H),
—10(H), -9(H), -8(H), —7(H), -6(H), -5(H), —4(H), -3(H), —2(H), 2(H), 3(H),
4(H), 5(H), 6(H), 7(H), 8(H), 9(H), 10(H), 12(H), 13(H), 14(H), 15(H), 16(H),
17(H), 18(H), 19(H), 20(H), 21(H), 22(H), 23(H), 24(H), 25(H), 26(H), 27(H),
28(H), 29(H), 30(H), 31(H), 32(H), 33(H), 34(H), 35(H), 36(H), 37(H), 38(H),
40(H), 41(H), 42(H), 43(H), 44(H), 45(H), 46(H), 47(H), 48(H), 49(H), 50(H),
51(H), 52(H), 53(H), 54(H), 55(H), 56(H), 57(H), 58(H), 59(H), 60(H), 61(H),
62(H), 63(H), 64(H), 65(H), 66(H), 67(H), 68(H), 69(H), 70(H), 71(H), 72(H),
73(H), 74(H), 76(H), 77(H), 78(H), 79(H), 80(H), 81(H), 82(H), 83(H), 84(H),
85(H), 86(H), 87(H), 88(H), 89(H), 90(H), 91(H), 92(H), 93(H), 94(H), 95(H),
96(H), 97(H), 98(H), 99(H), 100(H), 101(H), 102(H), 104(H), 105(H), 106(H),
107(H), 108(H), 109(H), 110(H), 111(H), 112(H), 113(H), 114(H), 115(H),
116(H), 117(H), 118(H), 119(H), 120(H), 121(H), 122(H)

NOTE 1—Subcarrier x(L) denotes subcarrier index x in the frequency segment
lower in frequency, and subcarrier x(H) denotes subcarrier index x in the
frequency segment higher in frequency.

NOTE 2—DPilot subcarriers (+103 +75_+39 +11) and DC subcarriers (0, +1) are

skipped in each frequency segment.
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Table 8-53g—Subcarriers for which a Compressed Beamforming Feedback Matrix subfield
is sent back (continued)

Channel L AL Subcarriers for which Compressed Feedback Beamforming Matrix subfield

Width Y o is sent: scidx(0), scidx(1), ..., scidx(Ns-1)

~122(L), —120(L), —118(L), -116(L), ~114(L), ~112(L), -110(L), ~108(L),
~106(L), -104(L), ~102(L), ~100(L), —98(L), —96(L), -94(L), -92(L), -90(L),
-88(L), -86(L), -84(L), —82(L), —80(L), ~78(L), =76(L), =74(L), —72(L), ~70(L),
-68(L), —66(L), -64(L), -62(L), —60(L), ~58(L), -56(L), —54(L), ~52(L), ~50(L),
—48(L), —46(L), -44(L), -42(L), —40(L), —38(L), -36(L), —34(L), —32(L), -30(L),
~28(L), -26(L), —24(L), —22(L), —20(L), —18(L), -16(L), -14(L), —12(L), —~10(LY);
—8(L), -6(L), —4(L), —2(L), 2(L), 4(L), 6(L), 8(L), 10(L), 12(L), 14(L), 16(L),
18(L), 20(L), 22(L), 24(L), 26(L), 28(L), 30(L), 32(L), 34(L), 36(L), 38(L),
40(L), 42(L), 44(L), 46(L), 48(L), 50(L), 52(L), 54(L), 56(L), 58(L), 60(L),
62(L), 64(L), 66(L), 68(L), 70(L), 72(L), 74(L), 76(L), 78(L), 80(L),'82(L),
84(L), 86(L), 88(L), 90(L), 92(L), 94(L), 96(L), 98(L), 100(L), 102(L), 104(L),
106(L), 108(L), 110(L), 112(L), 114(L), 116(L), 118(L), 120¢L), 122(L),
2 244 | —122(H), -120(H), —118(H), ~116(H), —114(H), ~112(H), -110¢H), ~108(H),
~106(H), ~104(H), ~102(H), ~100(H), —98(H), ~96(H), —94(H), —92(H), ~90(H),
~88(H), -86(H), —84(H), —82(H), —80(H), ~78(H), ~76(H), —74(H), —72(H),
~70(H), -68(H), -66(H), —64(H), —62(H), ~60(H), <58(H), ~56(H), ~54(H),
—52(H), —=50(H), -48(H), -46(H), —44(H), —42(H)>40(H), —38(H), —36(H),
~34(H), -32(H), -30(H), —28(H), —26(H), —24(H); —22(H), —20(H), —18(H),
80480 ~16(H), —14(H), —12(H), =10(H), —8(H), ~6(HY, -4(H), —2(H), 2(H), 4(H), 6(H),
MHz 8(H), 10(H), 12(H), 14(H), 16(H), 18(H)\20(H), 22(H), 24(H), 26(H), 28(H),
30(H), 32(H), 34(H), 36(H), 38(H), 40(H), 42(H), 44(H), 46(H), 48(H), 50(H),
52(H), 54(H), 56(H), 58(H), 60(H)-62(H), 64(H), 66(H), 68(H), 70(H), 72(H),
74(H), 76(H), 78(H), 80(H), 82(K), '84(H), 86(H), 88(H), 90(H), 92(H), 94(H),
96(H), 98(H), 100(H), 102(H),104(H), 106(H), 108(H), 110(H), 112(H), 114(H),
116(H), 118(H), 120(H), 122(H)

~122(L), -118(L), -114(L), -110(L), ~106(L), ~102(L), —98(L), -94(L), —90(L),
-86(L), -82(L), —78(L:), —74(L), —70(L), —66(L), -62(L), -58(L), ~54(L), —50(L),
—46(L), -42(L), %38(L), -34(L), —30(L), —26(L), —22(L), -18(L), —14(L), —10(L),
-6(L), -2(L),.2(L), 6(L), 10(L), 14(L), 18(L), 22(L), 26(L), 30(L), 34(L), 38(L),
42(L), 46(1)»50(L), 54(L), 58(L), 62(L), 66(L), 70(L), 74(L), 78(L), 82(L),
86(L), 90(L), 94(L), 98(L), 102(L), 106(L), 110(L), 114(L), 118(L), 122(L),

4 124 | —122(H), -118(H), —114(H), ~110(H), ~106(H), ~102(H), ~98(H), ~94(H),
—90(H), -86(H), —82(H), ~78(H), —74(H), =70(H), —66(H), -62(H), -58(H),
£54(H), -50(H), -46(H), —42(H), —38(H), —34(H), -30(H), —26(H), —22(H),
Z18(H), ~14(H), —10(H), —6(H), —2(H), 2(H), 6(H), 10(H), 14(H), 18(H), 22(H),
26(H), 30(H), 34(H), 38(H), 42(H), 46(H), 50(H), 54(H), 58(H), 62(H), 66(H),
70(H), 74(H), 78(H), 82(H), 86(H), 90(H), 94(H), 98(H), 102(H), 106(H),
110(H), 114(H), 118(H), 122(H)
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The Average SNR of Space-Time Stream i subfield in the Table 8-53f is an 8-bit twos complement integer
whose definition is shown in Table 8-53h.

Tahla O E2K Avioranao SANDR Af S Timan Ctranm cubfiald
Fable-8-53h—Average-SNR-et+-Space+Hme-Stream+-subHeld
Average SNR of Space-Time Stream i subfield AVgSNR;

-128 <-10dB

-127 -9.75dB

-126 -9.5dB

+126 53.5dB

+127 >53.75dB

The AvgSNR; in Table 8-53h is found by computing the SNR per subcarrier iri,decibels for the subcarriers
identified in Table 8-53¢g, and then computing the arithmetic mean of those\xalles. Each SNR value per tone
in stream i (before being averaged) corresponds to the SNR associated with'the column i of the beamforming
feedback matrix V determined at the beamformee. Each SNR corresponds to the predicted SNR at the
beamformee when the beamformer applies all columns of the matrix'V.

A STA with a 40 MHz, 80 MHz, or 160 MHz operating channel width and sending feedback for a 20 MHz
channel width includes only subcarriers corresponding to the primary 20 MHz channel in the Compressed
Feedback Beamforming Matrix subfield.

A STA with an 80 MHz or 160 MHz operating.channel width and sending feedback for a 40 MHz channel
width includes only subcarriers corresponding to the primary 40 MHz channel in the Compressed Feedback
Beamforming Matrix subfield.

A STA with a 160 MHz or 80+80\MHz operating channel width and sending feedback for an 80 MHz
channel width includes only subearriers corresponding to the primary 80 MHz channel in the Compressed
Feedback Beamforming Matrix'subfield.

NOTE—Multi-bit fields are transmitted LSB first according to the bit-ordering specification detailed in 8.2.2.
8.4.1.49 MU Exelusive Beamforming Report field

The MU Exclusive Beamforming Report field is used by the VHT Compressed Beamforming feedback (see
8.5.23.2).to carry explicit feedback information in the form of delta SNRs. The information in the VHT
Compressed Beamforming Report field and the MU Exclusive Beamforming Report field can be used by the
transmit MU beamformer to determine steering matrices Q, as described in 9.29.3, 20.3.12.3, and
Table 22.3.11.

The size of the MU Exclusive Beamforming Report field depends on the values in the VHT MIMO Control
field. The MU Exclusive Beamforming Report field contains MU Exclusive Beamforming Report
information or successive (possibly zero-length) portions thereof in the case of segmented VHT Compressed

Rpamfnrming feedback (QPP 931 R) The MU Exclusive. Rpamfnrming Report information is included in the

VHT Compressed Beamforming feedback if the Feedback Type subfield in the VHT MIMO Control field
indicates MU (see 8.4.1.47).
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The MU Exclusive Beamforming Report information consists of Delta SNR subfields for each space-time
stream (1 to Nc) of a subset of the subcarriers typically spaced 2Ng apart, where Ng is signaled in the
Grouping subfield of the VHT MIMO Control field, starting from the lowest frequency subcarrier and
continuing to the highest frequency subcarrier. No padding is present between ASNR, ; in the MU
subcarriers included is determined by the values of the Channel Width and Grouping subfields of the VHT
MIMO Control field as listed in Table 8-53]. For each subcarrier included, the deviation in dB of the SNR of
that subcarrier for each column of V relative to the average SNR of the corresponding space-time stream is
computed using Equation (8-2).

o MVl _ sm

ASNR, ; = mln(max(round(lologm - - SNR;j), -8), 7) (8-2)

where

k is the subcarrier index in the range of sscidx(0), ..., sscidx(Ns'-1)

i is the space-time stream index in the range of 1, ..., Nc

Hy is the estimated MIMO channel for subcarrier k

Vii is column i of the beamforming matrix V for subcarrier k

N is the average noise plus interference power, measuredhat'the beamformee, that was used to
calculate SNR;

SNR; is the average SNR of space-time stream i teported in the VHT Compressed Beamforming

Report information (Average SNR in Space-Time Stream i field)
Each Delta SNR subfield contains the ASNRy.; somputed using Equation (8-2) and quantized to 4 bits in

the range —8 dB to 7 dB with 1 dB granularity;The structure of the MU Exclusive Beamforming Report field
is shown in Table 8-53i.

Table 8-53i—MU Exclusive Beamforming Report information

; Size .
Field (Bits) Meaning

Delta SNR for spacestime stream 1 for 4 ASNRgcigx(0),1 as defined in Equation (8-2)
subcarrier k =-sscidx(0)

Delta-SNR for space-time stream Nc for 4 ASNRcigx(0). ne as defined in Equation (8-2)
subgarrier k = sscidx(0)

Delta SNR for space-time stream 1 for 4 ASNRGgcigx(1),1 as defined in Equation (8-2)
subcarrier k = sscidx(1)

Palia-CAR £ 1 vy A £ A ACNKNID dafi P T ' LD\
TTIA STNTN TUT SpALTTLITIC Strediit TNG - TUT I_\\Jl‘ll\sscidx(l)’Nc ao uthmhcu nryuauuimr(O=c)
subcarrier k = sscidx(1)
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Table 8-53i—MU Exclusive Beamforming Report information (continued)

; Size .
Field (Bits) Meaning
Delta SNR for space-time stream 1 for 4 ASNRcigx(ns—1),1 @s defined in Equation (8-2)
subcarrier k = sscidx(Ns’-1)
Delta SNR for space-time stream Nc for 4 ASNRGcigx(Ns - 1), nc as defined in Equation (8-2)
subcarrier k = sscidx(Ns’-1)
NOTE—sscidx() is defined in Table 8-53j.

In Table 8-53i, Ns' is the number of subcarriers for which the Delta SNR subfield iS) sent back to the
beamformer. Table 8-53j shows Ns', the exact subcarrier indices and their order for which the Delta SNR is

sent back.
Table 8-53—Number of subcarriers and subcarriermapping
Channel N Ns' Subcarriers for which the Delta SNR\subfield is sent: sscidx(0), sscidx(1), ...
Width 9 sscithx(Ns'-1)
1 30 —-28, 26, -24, -22, -20, -18, -16;~14, -12, -10, -8, -6, -4, -2, -1, 1, 2, 4, 6, 8, 10,
12, 14, 16, 18, 20, 22, 24, 26,28
20 MHz 2 16 -28,-24, -20, -16, -12¢=8y+4, -1, 1, 4, 8, 12, 16, 20, 24, 28
4 10 -28,-20,-12,-4,~14, 4, 12, 20, 28
-58, -56, -54, 52, -50, -48, —46, —44, -42, -40, -38, —36, —34, -32, —-30, —28, —26,
1 58 -24,-22,-20,+18,-16,-14,-12,-10,-8, -6, -4,-2, 2,4, 6, 8, 10, 12, 14, 16, 18, 20,
22, 24, 26328, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58
OMAz a0 | ~58.<54,-50,~46, ~42, 33, -34, ~30, ~26, ~22, 18, 14, ~10, 6,2, 2,6, 10, 14,
18722, 26, 30, 34, 38, 42, 46, 50, 54, 58
4 16 =58, -50, -42, -34, -26, -18, —-10, -2, 2, 10, 18, 26, 34, 42, 50, 58
-122,-120, -118, -116, -114, -112, -110, -108, -106, —104, -102, —100, —98, —96,
-94,-92, -90, 88, —86, -84, —82, —80, —78, —76, —74, —72, 70, —68, —66, —64, —62,
—-60, 58, -56, -54, -52, 50, —48, -46, -44, -42, -40, -38, -36, —34, —-32, —-30, —28,
1 122 -26, -24, -22,-20, -18, -16, -14, -12, -10, -8, -6, -4, -2, 2, 4, 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62,
64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104,
106, 108, 110, 112, 114, 116, 118, 120, 122
80 MHz
-122,-118, -114, -110, -106, -102, —-98, -94, -90, —-86, -82, 78, —74, —70, —66,
2 62 -62, -58, -54, -50, -46, -42, -38, -34, -30, -26, -22, -18, -14, -10, -6, -2, 2, 6, 10,
14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62, 66, 70, 74, 78, 82, 86, 90, 94, 98,
102, 106, 110, 114, 118, 122
4 32 -122,-114, -106, -98, —90, -82, —74, —66, -58, -50, —42, —34, -26, -18, -10, -2, 2,
10, 18, 26, 34, 42, 50, 58, 66, 74, 82, 90, 98, 106, 114, 122
66 Copyright © 2013 IEEE. All rights reserved.
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Table 8-53j—Number of subcarriers and subcarrier mapping (continued)

Channel N Ns' Subcarriers for which the Delta SNR subfield is sent: sscidx(0), sscidx(1), ...
Width g sscidx(Ns'-1)

—250, —248, —246, —244, -242, -240, -238, -236, —234, -232, —230, —228, —226,
—224,-222, 220, -218, -216, -214, 212, -210, 208, —206, —204, —202, —200,
-198, -196, —-194, -192, 190, 188, —186, —184, -182, -180, -178, -176, -174,
-172,-170, -168, -166, —-164, 162, —160, —158, —156, —154, -152, —150, —148,
-146, -144, 142, -140, -138, -136, 134, -132, -130, -126, 124, -122, -120,
-118, -116, -114, -112, -110, -108, 106, 104, -102, 100, —98, -96, —94, -92,
-90, -88, -86, -84, -82, 80, 78, -76, —74, -72, -70, —68, —66, —64, —-62, —60, <58;
56, -54, -52, 50, —48, —46, —44, -42, -40, -38, -36, —34, -32, -30, -28, -26; +24,
1 244 -22,-20, -18, -16, -14, -12,-10, -8, -6, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24,26, 28,
30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74,
76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110,112, 114,
116, 118, 120, 122, 124, 126, 130, 132, 134, 136, 138, 140, 142, 144,146, 148, 150,
152, 154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176,178, 180, 182, 184,
186, 188, 190, 192, 194, 196, 198, 200, 202, 204, 206, 208, 210,.212, 214, 216, 218,
220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242( 244, 246, 248, 250

160 MHz NOTE—Subcarriers 0, +2, +4 and +128 are skipped.

—250, —246, —242, -238, —234, -230, —226, —222,~218, -214, -210, —206, —202,
-198, -194, 190, -186, —-182, -178, —-174, -170,-166, =162, —158, =154, 150,
-146, 142, -138, -134, -130, -126, 122,118, -114, -110, -106, -102, -98, -94,
—90, -86, -82, -78, -74, 70, —66, —-62,~58, -54, 50, —46, —42, —-38, —34, -30, —26,
-22,-18,-14, -10, -6, 6, 10, 14, 18,122,726, 30, 34, 38, 42, 46, 50, 54, 58, 62, 66, 70,
74,78, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 122, 126, 130, 134, 138, 142, 146,
150, 154, 158, 162, 166, 170, 174,178, 182, 186, 190, 194, 198, 202, 206, 210, 214,
218, 222, 226, 230, 234, 2385 242, 246, 250

2 124

NOTE—Subcarriers +2'are skipped.

—250, —242, —234,+226, 218, -210, -202, —194, -186, -178, -170, -162, 154,
-146, -138, -130; 126, 118, 110, -102, -94, -86, -78, 70, —62, -54, —46, -38,
=30, -22, -14y-6,'6, 14, 22, 30, 38, 46, 54, 62, 70, 78, 86, 94, 102, 110, 118, 126, 130,
138, 146, 154,"162, 170, 178, 186, 194, 202, 210, 218, 226, 234, 242, 250
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Table 8-53j—Number of subcarriers and subcarrier mapping (continued)

Channel N Ns' Subcarriers for which the Delta SNR subfield is sent: sscidx(0), sscidx(1), ...
Width g sscidx(Ns'-1)

—122(L), -120(L), -118(L), -116(L), -114(L), -112(L), -110(L), —108(L), ~106(L),
—104(L), -102(L), —100(L), -98(L), -96(L), —94(L), -92(L), -90(L ), —-88(L), -86(L),
—84(L), -82(L), -80(L), —78(L), —76(L), —~74(L), —-72(L), —70(L), -68(L), —66(L),
—64(L), -62(L), —-60(L), -58(L), -56(L), -54(L), -52(L), -50(L), —-48(L), -46(L),
—44(L), -42(L), -40(L), -38(L), -36(L), —34(L), -32(L), -30(L), —28(L), —26(L),
—24(L), -22(L), —20(L), -18(L), -16(L), —14(L), —12(L), —10(L), -8(L), -6(L), —4(L),
—2(L), 2(L), 4(L), 6(L), 8(L), 10(L), 12(L), 14(L), 16(L), 18(L), 20(L), 22(L), 24(L;
26(L), 28(L), 30(L), 32(L), 34(L), 36(L), 38(L), 40(L), 42(L), 44(L), 46(L), 48(LL);
50(L), 52(L), 54(L), 56(L), 58(L), 60(L), 62(L), 64(L), 66(L), 68(L), 70(L),72¢L),
74(L), 76(L), 78(L), 80(L), 82(L), 84(L), 86(L), 88(L), 90(L), 92(L), 94(),:96(L),
98(L), 100(L), 102(L), 104(L), 106(L), 108(L), 110(L), 112(L), 114(L);116(L),

1 244 | 118(L), 120(L), 122(L), —-122(H), —120(H), —-118(H), —-116(H), —114(H), —112(H),
~110(H), —108(H), —106(H), ~104(H), —~102(H), —100(H), —98(HY, -96(H), ~94(H),
—92(H), -90(H), -88(H), —86(H), —84(H), -82(H), —80(H), —78(H), —76(H), —74(H),
—72(H), —70(H), —-68(H), —-66(H), —-64(H), —-62(H), -60(H),258(H), ~56(H), -54(H),
-52(H), -50(H), —48(H), —46(H), —44(H), —42(H), —40(H), —38(H), —36(H), —34(H),
—32(H), —30(H), —28(H), —26(H), —24(H), —22(H), -20(HY, -18(H), —-16(H), —~14(H),
—12(H), —10(H), -8(H), —6(H), —4(H), —2(H), 2(H){4(H), 6(H), 8(H), 10(H), 12(H),
14(H), 16(H), 18(H), 20(H), 22(H), 24(H), 26(H), 28(H), 30(H), 32(H), 34(H), 36(H),
38(H), 40(H), 42(H), 44(H), 46(H), 48(H), 50(M);52(H), 54(H), 56(H), 58(H), 60(H),
62(H), 64(H), 66(H), 68(H), 70(H), 72(H),*4¢H), 76(H), 78(H), 80(H), 82(H), 84(H),
80+80 86(H), 88(H), 90(H), 92(H), 94(H), 96(H)) 98(H), 100(H), 102(H), 104(H), 106(H),
MHz 108(H), 110(H), 112(H), 114(H), 116(H), 118(H), 120(H), 122(H)

—122(L), -118(L), -114(L), -110(k), —106(L), ~102(L), -98(L), -94(L), —90(L),
-86(L), -82(L), —78(L), —74(L), -70(L), —66(L), —62(L), -58(L), -54(L), —50(L),
—46(L), -42(L), -38(L), =34(L), -30(L), —26(L), —22(L), -18(L), —14(L), —10(L),
-6(L), -2(L), 2(L), 6(L);40(L), 14(L), 18(L), 22(L), 26(L), 30(L), 34(L), 38(L),
42(L), 46(L), 50(L), 54(L), 58(L), 62(L), 66(L), 70(L), 74(L), 78(L), 82(L), 86(L),
90(L), 94(L), 98(L)~202(L), 106(L), 110(L), 114(L), 118(L), 122(L), ~122(H),
~118(H), —114(H); —~110(H), —106(H), —102(H), ~98(H), ~94(H), —90(H), —86(H),
—82(H), ~78(H)—74(H), =70(H), —66(H), -62(H), ~58(H), ~54(H), ~50(H), —46(H),
—42(H), -38(H), -34(H), —30(H), —26(H), —22(H), ~18(H), ~14(H), ~10(H), ~6(H),
—2(H), 2(H), 6(H), 10(H), 14(H), 18(H), 22(H), 26(H), 30(H), 34(H), 38(H), 42(H),
46(H)y50(H), 54(H), 58(H), 62(H), 66(H), 70(H), 74(H), 78(H), 82(H), 86(H), 90(H),
94(Hl), 98(H), 102(H), 106(H), 110(H), 114(H), 118(H), 122(H)

2 124

=122(L), -114(L), -106(L), —98(L), —90(L), -82(L), ~74(L), —66(L), —58(L), —50(L),
-42(L), -34(L), —26(L), —18(L), —10(L), —2(L), 2(L), 10(L), 18(L), 26(L), 34(L),
42(L), 50(L), 58(L), 66(L), 74(L), 82(L), 90(L), 98(L), 106(L), 114(L), 122(L), -

4 64 | 122(H), —114(H), ~106(H), ~98(H), ~90(H), -82(H), —74(H), —66(H), ~58(H), —
50(H), —42(H), -34(H), —26(H), —18(H), —10(H), —2(H), 2(H), 10(H), 18(H), 26(H),
34(H), 42(H), 50(H), 58(H), 66(H), 74(H), 82(H), 90(H), 98(H), 106(H), 114(H),
122(H)

NOTE 1-sscidx() is defined in Table 8-53i.

NOTE 2—Subcarrier x(L) denotes subcarrier index x in the frequency segment lower in frequency, and subcarrier x(H)
denotes subcarrier index x in the frequency segment higher in frequency.

8.4.1.50 Operating Mode field

Tho Onaratina Maoda fiold 1c nracant 1n thn Onaratina AMadn Natificatinn framn (cnn O £ 29 nad-Onaratina
TVIOUT TTC T L Voot ot TeattroT o0 LTy crt
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Mode Notification element (see 8.4.2.168).
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The Operating Mode field is shown in Figure 8-80e.

BO Bl B2 B3 B4 B6 B7

Channel Width Reserved Rx NSS Rx NSS Type

Bits: 2 2 3 1

Figure 8-80e—Operating Mode field

The STA transmitting this field indicates its current operating channel width and the number of. spatial
streams it can receive using the settings defined in Table 8-53k.

Table 8-53k—Subfield values of the Operating Mode field

Subfield Description

Channel Width If the Rx NSS Type subfield is 0, indicates the supported“channel width:
Set to 0 for 20 MHz

Set to 1 for 40 MHz

Set to 2 for 80 MHz

Set to 3 for 160 MHz or 80+80 MHz

Reserved if the Rx NSS Type subfield'is 1.

Rx NSS If the Rx NSS Type subfield is{0, indicates the maximum number of spatial
streams that the STA can receive.

If the Rx NSS Type subfield is 1, indicates the maximum number of spatial
streams that the STAcean receive as a beamformee in an SU PPDU using a
beamforming steering matrix derived from a VHT Compressed Beamforming
report with Feedback Type subfield indicating MU in the corresponding VHT
Compressed.Beamforming frame sent by the STA.

Set to O\for Ngg = 1
Set toy1 for Ngg = 2

Setto 7 for Ngg =8

Rx NSS Type Set to 0 to indicate that the Rx NSS subfield carries the maximum number of
spatial streams that the STA can receive.

Set to 1 to indicate that the Rx NSS subfield carries the maximum number of
spatial streams that the STA can receive in an SU PPDU using a beamforming
steering matrix derived from a VHT Compressed Beamforming report with the
Feedback Type subfield indicating MU in the corresponding VHT Compressed
Beamforming frame sent by the STA.

NOTE—An AP always sets this field to 0.

8.4.1.51 Membership Status Array field

The Membership Status Array field is used in the Group ID Management frame (see 8.5.23.3). The length of

the field is 8 octets. An 8 octet Membership Status Array field (indexed by the group ID) consists of a 1-bit
Membership Status subfield for each of the 64 group IDs, as shown in Figure 8-80f.
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BO B1 B63
Membership Status Membership Status Membership Status
In Group ID O InGroup ID 1 In Group ID 63

Figure 8-80f—Membership Status Array field

Within the 8 octet Membership Status Array field, the 1-bit Membership Status subfield for each group ID is
set as follows:

— Setto 0 if the STA is not a member of the group
— Setto 1if STA is a member of the group

The Membership Status subfields for group ID 0 (transmissions to AP) and group ID 63 (downlink SU
transmissions) are reserved.

8.4.1.52 User Position Array field
The User Position Array field is used in the Group ID Management frame (se€-8:5.23.3). The length of the

field is 16 octets. A 16 octet User Position Array field (indexed by the Grodp 1D) consists of a 2-bit User
Position subfield for each of the 64 group IDs, as shown in Figure 8-80g:

BO B1 B2 B3 B126 B127
User Position In User Position In User Position In
Group ID O Group ID 1 Group ID 63
Bits: 2 2 2

Figure 8-80g—User Position Array field

If the Membership Status subfield for a particular group ID is 1, then the corresponding User Position
subfield is encoded as shown in Table 8-53I:

Table@B-53|1—Encoding of User Position subfield

User Position subfield

User position
value

00

01

10

w [N |- | O

11

If the Membership Status subfield for a group ID is 0 (meaning the STA is not a member of that group), then
the corresponding User Position subfield in the User Position Array field is reserved.

The—UserPusitiomsubfietds—for grouptD—0—(trarsmissions—to—AP)—armd—group 163 —(downtimk Sg—————————

transmissions) are reserved.
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8.4.2 Information elements
8.4.2.1 General
tsertthefottowmgrows mto-Tabte 8=54mmmumeric order;andchange the reserved-vatuesaccordingty:
Table 8-54—Element IDs
Length of indicated .
Element Element ID element (in octets) Extensible
VHT Capabilities (see 8.4.2.160) 191 14 Yes
VHT Operation (see 8.4.2.161) 192 7 Yes
Extended BSS Load (see 8.4.2.162) 193 8 Yes
Wide Bandwidth Channel Switch (see 8.4.2.163) 194 5 Yes
VHT Transmit Power Envelope (see 8.4.2.164) 195 5,0rd Yes
Channel Switch Wrapper (see 8.4.2.165) 196 710 257 Subelements
AID (see 8.4.2.166) 197 4
Quiet Channel 198 3o0r9 Yes
Operating Mode Notification 199 3 Yes

8.4.2.3 Supported Rates element

Change Table 8-55 as follows:

Table 8-55—BSS membership selector value encoding

Value Feature Interpretation

127 HT-PHY Support for the mandatory features of Clause 20 is required in order
to join the BSS that was the source of the Supported Rates element or
Extended Supported Rates element containing this value.

=
N
(3]

VHT PHY Support for the mandatory features of Clause 22 is required in order
to join the BSS that was the source of the Supported Rates element or
Extended Supported Rates element containing this value.

8:4.2.10 Country element
Change 8.4.2.10 (including inserting Figure 8-90a to Figure 8-90d) as follows:

The Country element contains the information required to allow a STA to identify the regulatory domain in
which the STA is located and to configure its PHY for operation in that regulatory domain. The format of

this element is as shown in Figure 8-90.
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Fhese-three-fields-arerepeated-
h -
First-Channel F : Maximom-
Cauntns Number+ Channals/ Fransmit Dad
EferertS EergtH : SIcisoratoiet : —PowerEevet -
String Extensien- Gpemseat g Foeverage- tHneeded)

ldentifier Class
Oetets: E3 D 3 3 3 E3 8-ort

Element ID Length Country String Triplet nz%(cjle%

Octets: 1 1 3 Qx3 Qoril

Figure 8-90—Country element format

The element ID for this element is set to the value for Country, specified in Table-8:54. The length of the
element is varlable as the element may—contalns the variable-length Trlplet fleld meFe—than—eHe—t-leet

If dot11OperatingClassesRequired is false, then the Triplet fieldis a single Subband Triplet Sequence field,

as shown in Figure 8-90a, that is composed of Q Subband Triplet fields, where Q is one or more. The format

of the Subband Triplet field is shown in Figure 8-90b.

One or more

Subband
Triplet

Octets: 3

Figure 8-90a—Subband Triplet Sequence format

) Maximum
FigtChamel | tymberot | Tt
Em— _ Power Level
Octets: 1 1 1

Figure 8-90b—Subband Triplet field

If dotl1OperatingClassesRequired is true, then the Triplet field is composed of zero or more Subband

Triplet fields followed by one or more Operating/Subband Sequences, as shown in Figure 8-90c. Each

Operating/Subband Sequence is composed of one Operating Triplet field followed by one Subband Triplet

Sequence field, as shown in Figure 8-90d. Each Subband Triplet Sequence field is composed of zero or

more Subband Triplet fields. If dot11OperatingClassesRequired is true, the number of triplets in the Triplet

M

fieldisQ = N+ Z (1 + P(m)) ., where N is the total number of Subband Triplet fields and M is the total

m=1
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number of Operating/Subband Sequences contained in Country element and P(m) is the number of Subband
Triplet fields making up Operating/Subband Sequence field m.

One or more indexed by

Zero or more

PR A A P
= Z VI, (VI =T

Operating/Subband
Sequence

Octets: 3 3

Subband Triplet

Figure 8-90c—Triplet field if dotl1OperaratingClassRequired is true

Operating Triplet

Subband Triplet Sequence
Operating : made up of P(m) Subband
Extension Q%elgl%g_ Coellﬁe_ Triplet fields, where P(m)%= 0
Identifier e .
Octets: 1 1 1 3P(m

Figure 8-90d—Format of m-th Operating/Subband Séguence field

The number Q of Subband fields or Operating triplet fields in the element is determined by the Length field.

An operating class for an 80+80 MHz channel width is expressed by two consecutive Operating/Subband
Sequences, where the first Operating/Subband Sequence field contains an Operating Triplet field indicating
an 80 MHz Channel Spacing with an 80+ Behavior Limitand the second Operating/Subband Sequence field
contains an Operating Triplet field indicating an 80 MHz Channel Spacing without an 80+ Behavior Limit.

Operating/Subband Sequence fields that contain.an Operating Class field for which the “Channel Spacing
(MHZz)” column in the appropriate table in Aahex E equals 80 or 160 contain zero Subband Triplet fields.

NOTE 1—Any Operating Triplet field indicating 80 MHz, 160 MHz, and 80+80 MHz can be omitted from the Country
element (see 9.18.5).

NOTE 2—The VHT Transmit Power’Envelope element is always used for TPC for 80 MHz, 160 MHz, or 80+80 MHz
operating classes instead of Subband Triplet fields (see 10.39.1).

The first octet in each‘\Suibband Triplet field or Operating Triplet field contains an unsigned integer and
identifies the type of field. If the integer has a value less than or equal to 200, then the field is a Subband
Triplet field. If the\integer has a value of 201 or greater, then the field is an Operating Triplet field.

The minimiom length of the element is 8 octets.

The Gountry String field of the element is 3 octets in length. The AP and mesh STA set this field to the value
contdined in the dotl1CountryString attribute before transmission in a Beacon or Probe Response frame.
Upon reception of this element, a STA sets the value of the dotl1CountryString to the value contained in
this field._The three octets of the Country String have additional structure as defined by dot11CountryString

(see Annex C).
The First Channel Number/Operating-Extensiontdentifier field ist-oetetirengthtHthefield-hasapesitive

ntegervaluetessthan-204then-itcontainsa-pesitive-integervalue-that indicates the lowest channel number
in the Subband Triplet field subband—deseribed-in-this-element. Fhe-group-of-channels-deseribed-by-each
pair-efthe-No channel is indicated by more than one pair of First Channel Number and the-Number of

Channels fields within a Subband Triplet Sequence field-de-ret-have-overlapping-channelidentifiers. [For
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example, the_(First Channel Number, Number of Channels) pairs (2, 4) and (5, 2) in 2.4 GHz each indicate
channel 5 everlap-and, therefore, are not used within the same Subband Triplet Sequence field-tegether.]
The First Channel Numbers are monotonically increasing_within a Subband Triplet Sequence field-where

detttOperatingClassesReguired-s-ret-true.

The Number of Channels subfield efthe-subelement-is 1 octet in length. Outside the 2.4 GHz band, the

channel numbers that are included in a group of channels are separated by the operating channel width. Fof
Subband Triplet fields that are not within an Operating/Subband Sequence field, the operating channel width
is 20 MHz. For Subband Triplet fields that are within an Operating/Subband Sequence field, the operating
channel width is as indicated by the operating class in the same Operating/Subband Sequence field. In the
2.4 GHz band, the channel numbers that are included in a group of channels are separated by 5MHz (for
both 20 and 40 MHz operating channel width), except that channel 14 is treated as if it wefe. 5 MHz above
channel 13.

NOTE—For example, the channels 1 to 11 in the 2.4 GHz band can be represented using one-Stubband Triplet subfield
with First Channel Number = 1 and Number of Channels = 11. The channels 36, 40, 44 and.48 with 20 MHz operating
channel width in the 5 GHz band can be represented using one Subband Triplet subfieldwith First Channel Number = 36
and Number of Channels = 4. The six channels 183, 184, 185, 187, 188 and 189 (but not 186) with 10 MHz operating
channel width can be represented using three Subband Triplet subfields: one with First Channel Number = 183 and
Number of Channels = 4, one with First Channel Number = 184 and Number af Channels = 1 and one with First Channel
Number = 188 and Number of Channels = 1.

The Maximum Transmit Power Level field is a signed number-anhd is 1 octet in length. #The Maximum
Transmit Power Level field indicates the maximum power,~in dBm, allowed to be transmitted. As the
method of measurement for maximum transmit power level differs by regulatory domain, the value in this
field is interpreted according to the regulations applicable for the domain identified by the Country String.

An operating class is an index into a set of valugs for radio equipment sets of rules. The Operating Class
field is 1 octet in length.

A coverage class is an index into a setwof values for aAirPropagationTime. The Coverage Class field is 1
octet in length.

The Coverage Class field of the-eperating-triplet Operating Triplet field specifies the aAirPropagationTime
characteristic used in BSS(@peration, as shown in Table 8-56. The characteristic aAirPropagationTime
describes variations in actual propagation time that are accounted for in a BSS and, together with maximum
transmit power level, allow control of BSS diameter.

The Pad field-is\0-or 1 octet in length. The length of the Country element is evenly divisible by 2. The Pad is
used to add-a single octet to the element if the length is not evenly divisible by 2. The value of the Pad field
is 0.

8.4.2717 Power Capability element

Change the third and fourth paragraphs in 8.4.2.17 as follows:

The Minimum Transmit Power Capability field is set to the nominal minimum transmit power with which
the STA is capable of transmitting in the current channel, with a tolerance + 5 dB. The field is coded as a
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The Maximum Transmit Power Capability field is set to the nominal maximum transmit power with which
the STA is capable of transmitting in the current channel, with a tolerance + 5 dB. The field is coded as a
signed integer in units of decibels relative to 1 mW. Further interpretation of this field is defined in 10.8.3.

Ol O OO

O0.4.£.24 DULUIIUd.Iy blldllIIUI UIIbUL UIUIIIUIIL

Change the first paragraph of 8.4.2.22 as follows:

The Secondary Channel Offset element is used by an AP in a BSS, a STA in an IBSS, or a mesh STA in an
MBSS tegetherwith-the Channel Switeh-Anrneuncement-element-when changing to a new 40 MHz or wide.
channel. The format of the Secondary Channel Offset element is shown in Figure 8-103.

8.4.2.23 Measurement Request element

8.4.2.23.2 Basic request

Change the second paragraph of 8.4.2.23.2 as follows:

The Channel Number field is set to the channel number for which the measurement request applies {as
defined-in-18:3:8:4-3) where the channel number is a value from the “Channél/set” column in Table E-4, in a

row having the same value in the “Channel spacing (MHz)” column as the.width of the primary channel of
the BSS.

8.4.2.23.3 CCA request
Change the second paragraph of 8.4.2.23.3 as follows:

The Channel Number field is set to the channel nimber for which the measurement request applies {as
defined-in18-3-8-4-3} where the channel number is\a value from the “Channel set” column in Table E-4, in a
row having the same value in the *Channel spacing (MHz)” column as the width of the primary channel of
the BSS.

8.4.2.23.4 RPI histogram request
Change the second paragraph afy8.4.2.23.4 as follows:

The Channel Number field-is set to the channel number for which the measurement request applies {as
defined-in18-3-8-4-3} where the channel number is a value from the “Channel set” column in Table E-4, in a
row having the same value in the *Channel spacing (MHz)” column as the width of the primary channel of
the BSS.

8.4.2.23.5°Channel Load request

Change'the second and third paragraphs of 8.4.2.23.5 (including combining them into one paragraph),
and insert a subsequent note and new third paragraph as follows:

If the Wide Bandwidth Channel Switch subelement is not included, the Operating Class field indicates the
operating class that identifies the channel set for which the measurement request applies. The Country,
Operating Class, and Channel Number fields together specify the channel frequency and spacing for which
the measurement request applies. Valid values—efOperating-Class-operating classes are shewn-listed in

Annex E, excluding operating classes that encompass a primary channel but do not identify the location of
the primary channel. The Channel Number field indicates the channel number for which the measurement
request applies. Channel Nnumber is defined within an Operating—Class—operating class as shown in
Annex E.
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NOTE—Examples of operating classes that encompass a primary channel but do not identify the location of the primary
channel are operating classes with a value of 80 or 160 in the “Channel Spacing (MHz)” column in the applicable table
in Annex E.

If the Wide Bandwidth Channel Switch subelement is included, the fields in the Wide Bandwidth Channel

Switch subelement indicate the channel for which the measurement request applies, and the Operating Class
field and Channel Number field together specify the primary channel and primary 40 MHz channel within
the channel identified by the Wide Bandwidth Channel Switch subelement.

Change Table 8-60 as follows:

Table 8-60—Optional subelement IDs for Channel Load Request

Subelement 1D Name Le(r:)g::tt:tfsi)eld Extensible
0 Reserved
1 Channel Load Reporting Information 2 Yes
2-162220 Reserved
163 Wide Bandwidth Channel Switch 3 Yes
164-220 Reserved
221 Vendor Specific 1to 244
222-255 Reserved

Insert the following paragraph before the lastparagraph of 8.4.2.23.5:

The Wide Bandwidth Channel Switch subelement has the same format as the corresponding element (see
8.4.2.163), with the constraint that thes New Channel Width field indicates an 80 MHz, 160 MHz, or
80+80 MHz operating channel width.

8.4.2.23.6 Noise Histogram*Request

Change the second and third paragraphs of 8.4.2.23.6 (including combining them into one paragraph),
and insert a new third paragraph as follows:

If the Wide Bandwidth Channel Switch subelement is not included, the Operating Class field indicates the
operating class’that identifies the channel set for which the measurement request applies. The Country,
Operating.€lass, and Channel Number fields together specify the channel frequency and spacing for which
the measurement request applies. Valid values—ef-Operating-Class—operating classes are shewn-listed in
AnneXx E, excluding operating classes that encompass a primary channel but do not identify the location of
the-primary channel. The Channel Number field indicates the channel number for which the measurement
request applies. Channel Nnumber is defined within an Operating-Class-operating class as shown in Annex
E.

If the Wide Bandwidth Channel Switch subelement is included, the fields in the Wide Bandwidth Channel

Switchrsubetement imdicate the chame-for whictr the measurerment Tequest appties, anmd the Operating €iass
and Channel Number together specify the primary channel and primary 40 MHz channel within the channel
identified by the Wide Bandwidth Channel Switch subelement.
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Change Table 8-62 as follows:

Table 8-62—Optional subelement IDs for Noise Histogram Request

Subelement 1D Name Length field Extensible
(octets)
0 Reserved
1 Noise Histogram Reporting Information 2 Yes
2-162220 Reserved
163 Wide Bandwidth Channel Switch 3 Yes
164-220 Reserved
221 Vendor Specific 1to 244
222-255 Reserved

Insert the following paragraph before the last paragraph of 8.4.2.23.6;

The Wide Bandwidth Channel Switch subelement has the same format as the corresponding element (see
8.4.2.163), with the constraint that the New Channel WidthCfield indicates an 80 MHz, 160 MHz, or
80+80 MHz operating channel width.

8.4.2.23.7 Beacon Request

Change the second and third paragraphs (including creating several new paragraphs) in 8.4.2.23.7 as
follows:

If the Wide Bandwidth Channel Switch subelement is not included, the Operating Class field indicates the
operating class that identifies the channel set for which the measurement request applies. The Country,
Operating Class, and Channel Number fields together specify the channel frequency and spacing for which
the measurement request applies) Valid values—ef-Operating-Class—operating classes are shewn-listed in
Annex E.

For operating classes that encompass a primary channel but do not identify the location of the primary
channel, the Channeél Number field value is either 0 or 255; otherwise, the Channel Number field value is 0,
255, or Channel-Numberindieates-the channel number for which the measurement request applies_and-
Channel-Number is defined within an Operating-Class-operating class as shown in Annex E.

For operating classes that identify the location of the primary channel, aA Channel Number field value of 0
indicates a request to make iterative measurements for all supported channels in the Operating—Class
operating class where the measurement is permitted on the channel and the channel is valid for the current
regulatory domain.

For operating classes that encompass a primary channel but do not identify the location of the primary
channel, a Channel Number field value of 0 indicates a request to make iterative measurements for all
primary channel positions within all requested and supported channels where the measurement is permitted

on the channel and the channel is valid for the current requlatory domain.
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For operating classes that identify the location of the primary channel, aA Channel Number field value of
255 indicates a request to make iterative measurements for all supported channels in the current Operating
Class operating class listed in the latest AP Channel Report received from the serving AP.

. I I . - ; . ¢ I . F .
channel, a Channel Number field value of 255 indicates a request to make iterative measurements for all

primary channel positions within all channels listed in the AP Channel Report subelement where the channel

is supported, the measurement is permitted on the channel, and the channel is valid for the current reqgulatory

domain. The procedures for iterative measurements on multiple channels are described in 10.11.9.1.

If the Wide Bandwidth Channel Switch subelement is included, the fields in the Wide Bandwidth Channel
Switch subelement indicate the channel for which the measurement report applies, and the Operating Class
and Channel Number fields together specify the primary channel and primary 40 MHz channel Within the
channel identified by the Wide Bandwidth Channel Switch subelement.

Change the following rows in Table 8-65 as follows:

Table 8-65—O0Optional subelement IDs for Beacon Réeport

Subelement 1D Name Le(r:)g::tt:tfsi)eld Extensible
52-162220 Reserved
163 Wide Bandwidth Channel Switch 3 Yes
164-220 Reserved

Change the second to last paragraph of 8.4.2.23:7 as follows:

The Request, AP Channel Report, and ‘Wendor Specific subelements have the same format as their
corresponding elements (see 8.4.2.13,8:4.2.38, and 8.4.2.28, respectively). Multiple AP Channel Report and
Vendor Specific subelements can-be*included in the list of optional subelements. An AP Channel Report
subelement containing an operating class with an 80+ Behavior Limit (as defined in Annex E) is interpreted
in conjunction with following-AP Channel Report elements as defined in 10.11.9.1.

8.4.2.23.8 Frame request

Change the se¢ond and third paragraphs of 8.4.2.23.8 (including combining them into one paragraph),
and insert a hew third paragraph as follows:

If the Wide Bandwidth Channel Switch subelement is not included, the Operating Class field indicates the
operating class that identifies the channel set for which the measurement request applies. The Country,
Operating Class, and Channel Number fields together specify the channel frequency and spacing for which
the measurement request applies. Valid values—ef-Operating-Class—operating classes are shewn-listed in
Annex E, excluding operating classes that encompass a primary channel but do not identify the location of
the primary channel. The Channel Number field indicates the channel number for which the measurement
report applies. Channel Nnumber is defined within an Operating-Class-operating class as shown in Annex E.

If the Wide Bandwidth Channel Switch subelement is included, the fields in the Wide Bandwidth Channel
Switch subelement indicate the channel for which the measurement request applies, and the Operating Class
and Channel Number fields together specify the primary channel and primary 40 MHz channel within the
channel identified by the Wide Bandwidth Channel Switch subelement.
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Change Table 8-68 as follows:
Table 8-68—Optional subelement IDs for frame request
Subelement ID Name Length field Extensible
(octets)
0-162220 Reserved
163 Wide Bandwidth Channel Switch 3 Yes
164-220 Reserved
221 Vendor Specific 1to0 137
222-255 Reserved

Insert the following paragraph before the last paragraph of 8.4.2.23.8:

The Wide Bandwidth Channel Switch subelement has the same format as thie corresponding element (see
8.4.2.163), with the constraint that the New Channel Width field indicates an 80 MHz, 160 MHz, or
80+80 MHz operating channel width.

8.4.2.24 Measurement Report element

8.4.2.24.2 Basic report

Change the second paragraph of 8.4.2.24.2 as follews:

The Channel Number field is set to the chanrie"number to which the basic report applies {as-defired-in
18:3:8-4-3} where the Channel Number is.avalue from the “Channel set” column in Table E-4, in a row

having the same value in the “Channel spacing (MHz)” column as the width of the primary channel of the
BSS.

8.4.2.24.3 CCA report
Change the second paragraph of 8.4.2.24.3 as follows:

The Channel Number field contains the channel number to which the CCA report applies {as-defined-in
18-3-8-4-3} wheré\the Channel Number is a value from the “Channel set” column in Table E-4, in a row
having the same value in the “Channel spacing (MHz)” column as the width of the primary channel of the
BSS.

8.4.224.4 RPI histogram report
€hange the second paragraph of 8.4.2.24.4 as follows:
The Channel Number field is set to the channel number to which the RPI histogram report applies as

defined-in-18-3-8-4-3) where the Channel Number is a value from the “Channel set” column in Table E-4, in
a row having the same value in the “Channel spacing (MHz)” column as the width of the primary channel of

the BSS.
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8.4.2.24.5 Channel Load request

Change the second and third paragraphs of 8.4.2.24.5 (including combining them into one paragraph),
and insert a new note and new third paragraph as follows:

If the Wide Bandwidth Channel Switch subelement is not included, the Operating Class field indicates the
operating class that identifies the channel set for which the measurement request applies. The Country,
Operating Class, and Channel Number fields together specify the channel frequency and spacing for which
the measurement request applies. Valid values—ef-Operating-Class-operating classes are shewn-listed in
Annex E, excluding operating classes that encompass a primary channel but do not identify the location of
the primary channel. The Channel Number field indicates the channel number for which the measurement
request applies. Channel Nnumber is defined within an Operating—Class—operating class as shown in
Annex E.

NOTE—Examples of operating classes that encompass a primary channel but do not identify the locatiofof the primary
channel are operating classes with a value of 80 or 160 in the “Channel Spacing (MHz)” column of the‘applicable table
in Annex E.

If the Wide Bandwidth Channel Switch subelement is included, the fields in the.Wide Bandwidth Channel
Switch subelement indicate the channel for which the measurement request appliés; and the Operating Class
and Channel Number fields together specify the primary channel and primary:40 MHz channel within the
channel identified by the Wide Bandwidth Channel Switch subelement.

Change Table 8-83 as follows:

Table 8-83—Optional subelement IDsYfor Channel Load Report

Subelement 1D Name Le(r:)g::tt:tfsi)eld Extensible
0-162220 Reserved
163 Wide Bandwidth Channel Switch 3 Yes
164-220 Reserved
221 Vendor Specific 1to 237
222-255 Reserved

Insert the following paragraph before the last paragraph of 8.4.2.24.5:

The Wide Bandwidth Channel Switch subelement has the same format as the corresponding element (see
8.4.2.1263), with the constraint that the New Channel Width field indicates an 80 MHz, 160 MHz, or
80+80_MHz operating channel width.

8:4.2.24.6 Noise Histogram Report

Change the second and third paragraphs of 8.4.2.24.6 (including combining them into one paragraph),
and insert a new third paragraph as follows:

If the Wide Bandwidth Channel Switch subelement is not included, the Operating Class field indicates the
operating class that identifies the channel set for which the measurement request applies. The Country,
Operating Class, and Channel Number fields together specify the channel frequency and spacing for which
the measurement request applies. Valid values—ef-Operating-Class—operating classes are shewn-listed in
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Annex E, excluding operating classes that encompass a primary channel but do not identify the location of
the primary channel. The Channel Number field indicates the channel number for which the measurement
report applies. Channel Nnumber is defined within an Operating-Class-operating class as shown in Annex E.

Hthe-Wide BarmdwidthChanmet-Switchsubeterment Tsctudedthefretds i the- Wide Barmdwidttr Ctanmet
Switch subelement indicate the channel for which the measurement report applies, and the Operating Class
and Channel Number together specify the primary channel and primary 40 MHz channel within the channel
identified by the Wide Bandwidth Channel Switch subelement.

Change Table 8-85 as follows:

Table 8-85—Optional subelement IDs for Noise Histogram Report

Subelement 1D Name Le(r:)g::tt:tfsi)eld Extensible
0-162220 Reserved
163 Wide Bandwidth Channel Switch 3 Yes
164-220 Reserved
221 Vendor Specific 1to 225
222-255 Reserved

8.4.2.24.7 Beacon Report
Change the second and third paragraphs of 8.4.2.24'7,and insert a new fourth paragraph as follows:

The Operating Class field indicates the operating-class that identifies the channel set of the received Beacon

or Probe Response frame ehannel-set-for-whieh-the-measurementrequest-applies. The Country, Operating

Class, and Channel Number fields together specify the channel frequency and spacing of the received

Beacon or Probe Response frame for-which-the-measurementrequest-apphies. Valid values-of-Operating
Class operating classes are shown-isted in Annex E.

The Channel Number field iridicates the channel number of the received Beacon or Probe Response frame

forwhich-the-measurementreportapplies. Channel Nnumber is defined within an Operating-Class-operating

class as shown in Annex-E.

If the PPDU cartying the received frame comprises noncontiguous frequency segments, the Operating Class
and Channel (Number fields identify the center frequency of frequency segment 0, and a Wide Bandwidth
Channel Switch subelement is included.

8.4.224.8 Frame Report

€hange the second and third paragraphs of 8.4.2.24.8 (including combining them into one paragraph),
and insert a new third paragraph as follows:

If the Wide Bandwidth Channel Switch subelement is not included, the Operating Class field indicates the
operating class that identifies the channel set for which the measurement request applies. The Country,

Operating Class, and Channel Number fields together specify the channel frequency and spacing for which
the measurement request applies. Valid values—ef-Operating-Class—operating classes are shewn-listed in
Annex E, excluding operating classes that encompass a primary channel but do not identify the location of
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the primary channel. The Channel Number field indicates the channel number for which the measurement
report applies. Channel Nnumber is defined within an Operating-Class-operating class as shown in Annex E.

If the Wide Bandwidth Channel Switch subelement is included, the fields in the Wide Bandwidth Channel

Switchrsubetermentindicatethe chanmet-for which themeasurement report apphiesand-the Operating Ciass
and Channel Number fields together specify the primary channel and primary 40 MHz channel within the
channel identified by the Wide Bandwidth Channel Switch subelement.

Change Table 8-87 as follows:

Table 8-87—Optional subelement IDs for Frame Report

Subelement 1D Name Length field Extensible

(octets)
0 Reserved

1 Frame Count Report 0te’228
2-162220 Reserved

163 Wide Bandwidth Channel Switch 3 Yes

164-220 Reserved

221 Vendor Specific 1to0 238
222-255 Reserved

Insert the following paragraph as the second to last paragraph of 8.4.2.24.8:

The Wide Bandwidth Channel Switch subelément has the same format as the corresponding element (see
8.4.2.163), with the constraint that the New Channel Width field indicates an 80 MHz, 160 MHz, or
80+80 MHz operating channel width,

8.4.2.27 RSNE

8.4.2.27.1 General

Change all (13) inStances of “CCMP” to “CCMP-128" and the one instance of “BIP” to “BIP-CMAC-
128" in the notg inrthis subclause.

8.4.2.27.2 Cipher suites

Insert’the following paragraph after the third paragraph (“The Pairwise Cipher Suite List field ...”) of
8:4:2.27.2:

The use of GCMP as a group cipher suite with a pairwise cipher suite other than GCMP is not supported.
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Change the following rows in Table 8-99, insert the new rows into the table in numeric order, and change
the reserved values accordingly:

Tahla Q QQ Cinhaor ciuta calactarc
Fabte-8-00—Giphersute-selectors
Oul Suite type Meaning
00-0F-AC 4 CCMP-128 — default pairwise cipher suite and default
group cipher suite for data frames in an RSNA
00-0F-AC 6 BIP-CMAC-128—default group management cipher
suite in an RSNA with management frame protection
enabled
00-0F-AC 8 GCMP-128 — default for a DMG STA
00-0F-AC 9 GCMP-256
00-0F-AC 10 CCMP-256
00-0F-AC 1 BIP-GMAC-128
00-0F-AC 12 BIP-GMAC-256
00-0F-AC 13 BIP-CMAC-256

Change the now tenth paragraph of 8.4.2.27.2 as follows:
The cipher suite selector 00-0F-AC:4 (CCMP-128) is the‘default cipher suite value.

Change the following rows in Table 8-100, and insert the new rows at the end of the table:

Table 8-100—Cipher suite usage

Cipher suite selector GTK PTK IGTK
CCMP-128 Yes Yes No
BIP-CMAC-128 No No Yes
GEMP-128 Yes Yes No
GCMP-256 Yes Yes No
CCMP-256 Yes Yes No
BIP-GMAC-128 No No Yes
BIP-GMAC-256 No No Yes
BIP-CMAC-256 No No Yes
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8.4.2.27.3 AKM suites

Insert the following rows in Table 8-101 in numeric order, and change the reserved values accordingly:

Table 8-101—AKM suite selectors

Meaning
oul Suite type A
Authentication type Key management type Key dtz,‘/r;;/atlon
00-0F-AC 11 Authentication negotiated RSNA key management as Defined in
over |IEEE 802.1X or using | defined in 11.6 or using 11.6.1.7.2 using
PMKSA caching as defined | PMKSA caching as defined HMAC-SHA256
in 11.5.9.3 using a Suite B in 11.5.9.3 with HMAC-
compliant EAP method SHA256
supporting EC of
GF(p=256)
00-0F-AC 12 Authentication negotiated RSNA key management.as Defined in
over IEEE 802.1X or using | defined in 11.6 or using 11.6.1.7.2 using
PMKSA caching as defined | PMKSA caching-as, defined HMAC-SHA384
in 11.5.9.3 using a Suite B in 11.5.9.3 with HMAC-
compliant EAP method SHA384
supporting EC of
GP(p=384)
00-0F-AC 13 FT authentication FTKey management as Defined in
negotiated over IEEE defined in 11.6.1.7 with 11.6.1.7.2 using
802.1X HMAC-SHA384 HMAC-SHA384

Insert the following paragraph at the end 0f-8.4.2.27.3:

The AKM suite selector value 00-0F-A€:11 shall be used only with cipher suite selector values 00-OF-AC:8
(GCMP-128) and 00-0F-AC:11 (BIP<GMAC-128). The AKM suite selector value 00-OF-AC:12 shall be
used only with cipher suite selector values 00-OF-AC:9 (GCMP-256), 00-0F-AC:10 (CCMP-256), 00-0F-
AC:13 (BIP-CMAC-256), and 00-0F-AC:12 (BIP-GMAC-256).

8.4.2.29 Extended Gapabilities element

Insert the following.rows in Table 8-103, and change the reserved bits accordingly:

Table 8-103—Capabilities field

Bit Information Description
61 TDLS Wider The TDLS Wider Bandwidth subfield indicates whether the STA supports a
Bandwidth wider bandwidth than the BSS bandwidth for a TDLS direct link on the base

channel. The field is set to 1 to indicate that the STA supports a wider bandwidth
on the base channel and to 0 to indicate that the STA does not support a wider
bandwidth on the base channel. A 160 MHz bandwidth is defined to be identical

10 an oU+oU IVIFZ Dandwldtn (I.€., one IS not WIder than the otner).
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Table 8-103—Capabilities field (continued)

Bit Information Description
54 Operating Vode IT dotITOperatingModeNotiTicationimplemented 1S true, the Operating Miode
Notification Notification field is set to 1 to indicate support for reception of the Operating
Mode Notification element and the Operating Mode Notification frame.
If dot11OperatingModeNotificationlmplemented is false or not present, the
Operating Mode Notification field is set to 0 to indicate lack of support for
reception of the Operating Mode Notification element and the Operating Mode
Notification frame.
63-64 Max Number Of Indicates the maximum number of MSDUs in an A-MSDU that the STA isable
MSDUs In A- to receive:
MSDU Set to 0 to indicate that no limit applies.

Set to 1 for 32.

Set to 2 for 16.

Set to 3 for 8

Reserved, if A-MSDU is not supported.

8.4.2.31 EDCA Parameter Set element

Change Table 8-105 as follows:

Table 8-105—Default EDCA Parameter Set €lement parameter values
if dot110CBActivatedis false

TXOP limit
: For PHYs defined
AC CWmin CWmax AIFSN For PHYs defined in Clause 18, Other
in Clause 16 and Clause 19, and-
Clause 17 Clause 20, and PHYs
Clause 22
AC BK aCWmin aCWmax 7 0 0 0
AC BE aCWmin aCWmax 3 0 0 0
AC_VI (aCWmin+1)/2.51 aCWmin 2 6.016 ms 3.008 ms 0
AC VO (aCWmin+1)/4 -1 (aCWmin+1)/2 -1 2 3.264 ms 1.504 ms 0

8.4.2.38 AP'€hannel Report element
Change.the first paragraph of 8.4.2.38 as follows:

the” AP Channel Report element contains a list of channels where a STA is likely to find an AP. The format
of the AP Channel Report element is shown in Figure 8-214. See 40-31-6 10.11.18 for details.
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8.4.2.39 Neighbor Report element

Change Figure 8-216 as follows:

BO Bi2
B1 B2 B3 B4 B9 B10 B11 B12 B13 B31
AP . - Mobility High Very High
Reachability Security | Key Scope | Capabilities Domain | Throughput | Throughput Reserved
Bits: 2 1 1 6 1 1 1 20 19

Figure 8-216—BSSID Information field

Insert the following paragraph after the 11th paragraph (“The High Throughput bit...”?) 0*8.4.2.39:

The Very High Throughput bit is set to 1 to indicate that the AP represented by this(BSSID is a VHT AP
and that the VHT Capabilities element, if included as a subelement in the report,d$.identical in content to the
VHT Capabilities element included in the AP’s Beacon.

Change the now 13th, 14th, and 15th paragraphs of 8.4.2.39 as follows:
Bits 21331 are reserved.

Operating Class field indicates the channel set of the AP indicated by this BSSID. The Country, Operating
Class, and Channel Number fields together specify thec«thannel frequency and spacing for the channel on
which the Beacon frames are being transmitted for the BSS being reportedAP-indicated-by-this BSSID.

Valid values-of Operating-Class-operating classes are/shewn-listed in Annex E.

The Channel Number field indicates the last known eperating primary channel of the AP indicated by this
BSSID. Channel Nnumber is defined within‘an Operating-Class-operating class as shown in Annex E.

Change Table 8-115 as follows:

Table 8:115—O0Optional subelement IDs for neighbor report

Subelement’ID Name Le?ogcttk;;‘;)eld Extensible
72220190 Reserved
191 VHT Capabilities 12 Yes
192 VHT Operation 5 Yes
193-220 Reserved

Insert the following paragraphs after the now 27th paragraph (“The Secondary Channel Offset
subelement ...””) of 8.4.2.39:

The VHT Capabilities subelement is the same as the VHT Capabilities element as defined in 8.4.2.160.

The VHT Operation subelement is the same as the VHT Operation element as defined in 8.4.2.161.
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8.4.2.40 RCPI element

Change the last paragraph of 8.4.2.40 as follows:

T U - UT d
Clause 19, and-Clause 20, and Clause 22.

8.4.2.48 Multiple BSSID element
Change the fourth bullet in the dashed list of the eighth paragraph of 8.4.2.48 as follows:

The Nontransmitted BSSID Profile subelement contains a list of elements for one or more APs or DMG
STAs that have nontransmitted BSSIDs and is defined as follows:

— The Timestamp and Beacon Interval fields, DS Parameter Set, FH Parameter Set, IBSS Parameter
Set, Country, FH Parameters, FH Pattern Table, Channel Switch Assignment, Extended Channel
Switch Announcement, Wide Bandwidth Channel Switch, VHT Transmit. Power Envelope,
Supported Operating Classes, IBSS DFS, ERP Information, HT Capabilities;-ard HT Operation,
VHT Capabilities, and VHT Operation elements are not included in the Nontransmitted BSSID
Profile field; the values of these elements for each nontransmitted BSSID are always the same as the
corresponding transmitted BSSID element values.

8.4.2.56 Supported Operating Classes element
Change 8.4.2.56, including inserting two new figures (Figure 8-246a and Figure 8-246b), as follows:
The Supported Operating Classes element is used by a STA to advertise the operating classes that it is

capable of operating with in this country. The format.¢ofithe Supported Operating Classes element is shown
in Figure 8-246.

Current CurrentOperating Operating
: Operatin Class Extension Class Duple

Element ID Length Operating (?Iassesg Sequence Sequence

Class (optional) (optional)

Octets: 1 1 1 variable variable

variable
Figure 8-246—Supported Operating Classes element format
The value of the Length field of the Supported Operating Classes element is between 2 and 253.

The Current Operating Class eetet field, concatenated with the Current Operating Class Extension field
within the Current Operating Class Extension Sequence field if present, indicates the operating class in use
for transmission and reception. If the operating class in use is a single octet, the Current Operating Class
Extension” Sequence field is not present. If the operating class in use is more than a single octet, then the
Current Operating Class Extension Sequence field is present, and the concatenation of the Current Operating
Class field with the Current Operating Class Extension Sequence field comprises N (where N > 0) Operating
Class octets with an 80+ Behavior Limit followed by one Operating Class octet without an 80+ Behavior
Limit (as defined in Annex E).

The Operating Classes field lists in ascending order all single-octet operating classes that the STA is capable

Uf Upclﬂtillg VVith ;II thlb quIItly. ThC OIJCIGtiIIL.{ C:aaaca fiC:d tCIIIIIIIGth illllllCdiatC:V bCfUIC [«}
OneHundredAndThirty Delimiter (see Figure 8-246a), a Zero Delimiter (see Figure 8-246b), or the end of
the element.
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The format of the optional Current Operating Class Extension Sequence field is shown in Figure 8-246a.

one or more entries

MERUNATedANd T Tty DEtiter Curent Operating
LNEAUNTAredAnd Ty DEntTiiter i
LHeraie U ANC Ty UCHe Class Extension
Octets: 1 variable

Figure 8-246a—Current Operating Class Extension Seqguence field format

The OneHundredAndThirty Delimiter field is set to 130.

The Current Operating Class Extension field comprises N (where N > 0) Operating Class octets with an 80+
Behavior Limit followed by one Operating Class octet without an 80+ Behavior Limit (as defined/in Annex

E).

The format of the Operating Class Duple Sequence field is shown in Figure 8-246b.

one or more entries

- Operating Class
Zero Delimiter Duple List
Octets: 1 20

Figure 8-246b—Operating Class Duple Sequence field format

The Zero Delimiter is set to 0.

The Operating Class Duple List subfield lists all two-octet operating classes that the STA is capable of
operating with in this country. Each operating.class in the Operating Class Duple List subfield contains an
Operating Class octet with an 80+ Behavior-Limit followed by one Operating Class octet without an 80+
Behavior Limit (as defined in Annex E). Operating classes are transmitted in ascending order using the first
octet in the operating class as the primary sort key and then the second octet in the operating class as the
secondary sort key. If there are no two+octet operating classes that the STA is capable of operating with in
this country, then the Operating Class Duple Sequence field is omitted from the Supported Operating
Classes element. The Operating.€lass Duple List subfield terminates immediately before another zero octet
or the end of the element.

The use of this element is described in 6-36-3 10.10.2 and 10.11.9.1.
8.4.2.57 Mapagement MIC element

Change-Figure 8-247 as follows:

Element ID Length KeyID IPN MIC

Octets: 1 1 2 6 8.orl6

Figure 8-247—Management MIC element format
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Change the third paragraph of 8.4.2.57 as follows:

The Length field is set to 16_or 24.

Changethetast paragraptrof 84257 as foltows:

The MIC field contains a message integrity code calculated over the robust management frame as specified
in 11.4.4.5 and 11.4.4.6._The length of the MIC field depends on the specific cipher negotiated and is either
8 octets (for BIP) or 16 octets (for BIP-CMAC-256, BIP-GMAC-128, and BIP-GMAC-256).

8.4.2.58 HT Capabilities element
8.4.2.58.2 HT Capabilities Info field

Change the following row in Table 8-124:

Table 8-124—Subfields of the HT Capabilities Info field

Subfield Definition Encoding
Supported Indicates the channel widths supported Set to O if only 20 MHz operation is supported
Channel Width | by the STA. See 10.15. Set to 1 if hoth'20 MHz and 40 MHz operation is
Set supported

This field is reserved when the transmitting or
receiving STA is operating in an Operating Class
that includes 20 in the Channel spacing (MHz)
column an-eperating-classthat-dees-netincludea

1

of the appropriate table in Annex E.

8.4.2.58.4 Supported MCS Set field

Change the first paragraph of 8.4.2.58.4 as follows:

The Supported MCS Set figld*of the HT Capabilities element indicates which HT MCSs a STA supports.
Change the fifth paragraph of 8.4.2.58.4 as follows:

The Rx Highest\Supported Data Rate subfield of the Supported MCS Set field defines the highest HT PPDU
data rate that the STA is able to receive, in units of 1 Mb/s, where 1 represents 1 Mb/s, and incrementing by
1 Mb/s steps to the value 1023, which represents 1023 Mb/s. If the maximum data rate expressed in Mb/s is

not an.integer, then the value is rounded ap-down to the next integer. The value 0 indicates that this subfield
daes)not specify the highest HT PPDU data rate that the STA is able to receive; see 9.7.6.5.3.
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8.4.2.58.5 HT Extended Capabilities field

Change Figure 8-252 as follows:

BO B1 B2 B3 B7 B8 B9 B10 B11 B12 B15
PCO MCS +HTC-HT RD
PCO Transition Time Reserved Feedback Support Responder Reserved
Bits: 1 2 5 2 1 1 4

Figure 8-252—HT Extended Capabilities field

Change the following row in Table 8-127:

Table 8-127—Subfields of the HT Extended Capabilitiesfield

Subfield Definition Enrcoding
+HTC-HT Indicates support of the HT variant HT Set to 0 if not supported
Support Control field. See 9.9. Set to 1 if supported

8.4.2.58.6 Transmit Beamforming Capabilities

Change the following rows in Table 8-128:

Table 8-128—Subfields of the Transmit Beamforming Capabilities field

Subfield Definition Encoding

Indicates the maximum number of beamformer

CSI Number of

Set to 0 for single Tx antenna sounding

Beamformer antennasithe HT beamformee can support when Set to 1 for 2 Tx antenna sounding
Antennas Supported | CSI feedback is required Set to 2 for 3 Tx antenna sounding

Set to 3 for 4 Tx antenna sounding
Noncompressed Indicates the maximum number of beamformer Set to 0 for single Tx antenna sounding
Steering Number@fy*| antennas the HT beamformee can support when Set to 1 for 2 Tx antenna sounding
Beamformer noncompressed beamforming feedback matrix is | Set to 2 for 3 Tx antenna sounding
Antennas Supported | required Set to 3 for 4 Tx antenna sounding
Compressed Indicates the maximum number of beamformer Set to 0 for single Tx antenna sounding
Steering’Number of | antennas the HT beamformee can support when Set to 1 for 2 Tx antenna sounding
Beamformer compressed beamforming feedback matrix is Set to 2 for 3 Tx antenna sounding
Antennas Supported | required Set to 3 for 4 Tx antenna sounding

CSI Max Number of
Rows Beamformer

Indicates the maximum number of rows of CSI
explicit feedback from the HT beamformee or

Set to 0 for a single row of CSI
Set to 1 for 2 rows of CSI

Supported calibration responder or transmit ASEL Set to 2 for 3 rows of CSI
responder that an HT beamformer or calibration Set to 3 for 4 rows of CSI
initiator or transmit ASEL initiator can support
when CSI feedback 1s required.
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8.4.2.59 HT Operation element

Change the following row in Table 8-130:

Table 8-130—HT Operation element fields and subfields

. . . Reserved Reserved
Subfield Definition Encoding in IBSS? in MBSS?
Basic MCS Set | Indicates the HT MCS values | The Basic MCS Set is a bitmap of N N
that are supported by all HT size 128 bits. Bit 0 corresponds to
STAs in the BSS. MCS 0. A bit is set to 1 to indicate
Present in Beacon, Probe support for that MCS and 0
Response, Mesh Peering otherwise.
Open, and Mesh Peering
Confirm frames. Otherwise, MCS values are defined in
reserved. 8.4.2.58.4.

8.4.2.69 Event Request element
8.4.2.69.4 Peer-to-Peer Link event request
Change the eighth paragraph of 8.4.2.69.4 as follows:

The Channel Number subelement(s) identifies identify the channel for the Peer-to-Peer links to be reported.
Excluding this subelement from the Event Request elenient indicates a request for Peer-to-Peer Link events
for any channel. The format of the Channel Numberysubelement is shown in Figure 8-280. The identified
channel is indicated by N+1 Channel Number.subelements where the first N subelements contains an
Operating Class octet with an 80+ Behavior Lifniband the last subelement contains an Operating Class octet
without an 80+ Behavior Limit (as defined inZAnnex E).

Change the 12th paragraph of 8.4.2.6914 as follows:

The Channel Number field indicates the channel number, or center frequency index of the frequency
segment if the identified channel comprises noncontiguous frequency segments, of the Peer-to-Peer Link
events requested and incluged in the Peer-to-Peer Link event report. A Channel Number of 0 in all N+1
Channel Number subelements indicates a request to report any Peer-to-Peer Link event for any supported
channel in the specified filtering Operating Class.

8.4.2.70 Event-Report element
8.4.2.704Peer-to-Peer Link event report
Change the sixth paragraph of 8.4.2.70.4 follows:

The STA Tx Power field indicates the target transmit power at the antenna (i.e., EIRP) in dBm with a
tolerance of + 5 dB of the lowest basic rate of the reporting STA.
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8.4.2.71 Diagnostic Request element

8.4.2.71.5 Diagnostic Information subelement descriptions

—insertthefohowing paragraphrandnotemto 8427+ 5 after Figure 8-2960:

The set of current operating classes and channel widths of the AP is indicated by N+1 AP descriptor
subelements where the first N subelements contain an Operating Class octet with an 80+ Behavior Limit and
the last subelement contains an Operating Class octet without an 80+ Behavior Limit (as defined in
Annex E).

NOTE—An 80+80 MHz AP sends four AP descriptor subelements for 20/40 MHz, 80 MHz, 80+ MHz, (for: the
secondary 80 MHz frequency segment), and 80 MHz (for the primary 80 MHz frequency segment).

Change the now 12th and 13th paragraphs of 8.4.2.71.5 as follows:

The Operating Class field contains an enumerated value from Annex E specifying(a ‘channel width or
frequency segment index and width (if the indicated channel comprises noncontiguous-frequency segments)
as well as the frequency band in which the Channel Number is valid.

The Channel Number field indicates the_a current operating channel, or'a‘cénter frequency index of the
frequency segment (if the indicated channel comprises noncontiguous frequency segments), of the AP
identified by the BSSID in the AP Descriptor.

Insert the following row into Table 8-147 in numeric order, and.change the reserved values accordingly:

Table 8-147—Power Save Mode definition

Power Save Mode Bit

TXOP Power Save 15

Change the now 52nd paragraph of 8.4.2.71.5 as follows:

The Tx Power field indicates the target transmit power level(s) at the antenna(s) (i.e., EIRP), where the
actual power is within &5,dB to the target. Each transmit power level is encoded in a single octet as a twos
complement value jin"dBm, rounded to the nearest integer. If the Tx Power Mode field is 0, then the Tx
Power field contains one or more transmit power levels in increasing numerical order. If the Tx Power Mode
field is 1, the A x-Power field contains the STA's minimum and nonzero maximum transmit power levels, in
that order,

8.4.2:73Location Parameters element
84.2.73.3 Location Indication Channels subelement

Insert the following paragraph at the end of 8.4.2.73.3:

Channel Entry fields may be grouped together to identify a noncontiguous channel. A noncontiguous

mtry fretdscortaim
an Operating Class field with an 80+ Behavior Limit and the last Channel Entry field in the group contains
an Operating Class octet without an 80+ Behavior Limit (as defined in Annex E).
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8.4.2.73.5 Radio Information subelement

Change the fourth paragraph of 8.4.2.73.5 as follows:

The—Transmrit Powerfietd s thetransmit-power usedtotransmitthecorrenttocatiom Track Notificatiomr—————————

frame containing the Location Parameters element with the Radio Information subelement and is a signed
integer, 1 octet in length, reported as an EIRP in dBm. A value of —128 indicates that the transmit power is
unknown. The tolerance for the transmit power value reported in the Radio Information subelement is
+ 5 dB. This tolerance is defined as the maximum possible difference, in decibels, between the reported
power value and the total transmitted power across all antennas of the STA, which are measured when
transmitting Location Request frames.

8.4.2.73.8 Time of Departure subelement
Change the fifth paragraph of 8.4.2.73.8 as follows:

The TOD RMS field specifies the RMS time of departure error in units equal to 1/TOD-Clock Rate, where
the TOD Clock Rate is specified in the TOD Clock Rate field, where the time of departure error equals the
difference between the TOD Timestamp field and the time of departure measuredby a reference entity using
a clock synchronized to the start time and mean frequency of the local PHY entity’s clock. The TOD RMS
field is determined from aTxPmdTxStartRMS for a non-VHT PPDU or from aTxPHYTxStartRMS for a
VHT PPDU in units equal to 1/TOD Clock Rate, where the TOD Clock Rate is specified in the TOD Clock
Rate field.

8.4.2.88 Channel Usage element
Change the fifth paragraph of 8.4.2.88 as follows:
The Channel Entry field includes zero or more.Qperating Class and Channel pairs. The format of the

Channel Entry field is shown in Figure 8-313.*Channel Entry fields may be grouped together to identify a
noncontiguous channel as described in 8.4.2.73.3.

Insert the following subclauses, 8.4.2:160 to 8.4.2.168 (including Figure 8-401bp to Figure 8-401cc and
Table 8-183v to Table 8-183z), after'8.4.2.159:

8.4.2.160 VHT Capabilities_element
8.4.2.160.1 VHT Capabilities element structure
A VHT STA declares that it is a VHT STA by transmitting the VHT Capabilities element.

The VHTCapabilities element contains a number of fields that are used to advertise VHT capabilities of a
VHT STA. The VHT Capabilities element is defined in Figure 8-401bp.

Element Lenath VHT Capabilities Supported VHT-
9 Info MCS and NSS Set
Octets: 1 1 4 8

Figurp 8-401 hp_\/HT (“;qlnr-\hilifipc element farmat

The Element ID field is set to the value for VHT Capabilities element defined in Table 8-54.
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The Length field of the VHT Capabilities element is set to 12.

8.4.2.160.2 VHT Capabilities Info field

——Thestructure of the- VT Capabitities tfofietd s defimedimFigure 8=46 1o

BO B1 B2 B3 B4 B5 B6 B7 B8 B10 B11 B12 B13 B15
Short Gl su
Maximum | Supported ShortGl | for 160 SuU
MPDU Channel LDRI)D(C for 80 and S'FI)BEC S$|)3(C Beamforme Bea(raneform Slﬁ_(esag;oggﬁﬁ
Length | Width Set MHz | 80+80 rCapable | oo pability
MHz p
Bits: 2 2 1 1 1 1 3 1 1 3
B16 B18 B19 B20 B21 B22 B23 B25 B26 B27 B28 B29 B30 B31
MU MU Maximum :
Number Of VHT VHT Link | RxAntenna | Tx Antenna
Sounding Ber?‘rgrfor Beaggorm TXOP +2;ge-1\bll|;T Al:gﬂnzltahu Adaptation Pattern Pattern | Reserved
Dimensions Capable | Capable PS Exponent Capable |<Consistency | Consistency
3 1 1 1 1 3 2 1 1 2

Figure 8-401bg—VHT Capabilities’Info field

The subfields of the VHT Capabilities Info field are defined in Table 8-183v.

Table 8-183v—Subfields of the VHT Capabilities Info field

Subfield

Definition

Encoding

Maximum MPDU
Length

Indicates_the maximum MPDU
length-(see 9.11).

Set to 0 for 3895 octets.
Set to 1 for 7991 octets.
Set to 2 for 11 454 octets.
The value 3 is reserved.

LDPC encoded packets.

Supported Channel_)) Indicates the channel widths Set to O if the STA does not support either 160
Width Set supported by the STA. See or 80+80 MHz.
10.39. Setto 1 if the STA supports 160 MHz.
Set to 2 if the STA supports 160 MHz and
80+80 MHz.
The value 3 is reserved.
RX'LDPC Indicates support for receiving Set to 0 if not supported.

Set to 1 if supported.

Short Gl for 80

Indicates short Gl support for

Set to O if not supported.

MHz the reception of packets

transmitted with TXVECTOR
parameters FORMAT equal to
VHT and CH_BANDWIDTH

equal to CBW80.

Set to 1 if supported.

94 Copyright © 2013 IEEE. All rights reserved.


https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

FOR VERY HIGH THROUGHPUT FOR OPERATION IN BANDS BELOW 6 GHz

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

Table 8-183v—Subfields of the VHT Capabilities Info field (continued)

Subfield

Definition

Encoding

IEEE

Std 802.11ac-2013

Short Gl Tor 160
and 80+80 MHz

Tnaicates short GI support Tor
the reception of packets
transmitted with TXVECTOR
parameters FORMAT equal to
VHT and CH_BANDWIDTH
equal to CBW160 or

Set 10 U 1T not supporied.
Set to 1 if supported.

CBW80+80.

Tx STBC Indicates support for the Set to O if not supported.
transmission of at least 2x1 Set to 1 if supported.
STBC.

Rx STBC Indicates support for the Set to O for no support.

reception of PPDUs using
STBC.

Set to 1 for support of one spatial-stream.

Set to 2 for support of one and two'spatial
streams.

Set to 3 for support of one, two, and three
spatial streams.

Set to 4 for support.0f one, two, three, and four
spatial streams.

The values 5,,6, 7)are reserved.

SU Beamformer
Capable

Indicates support for operation
as an SU beamformer (see
9.31.5).

Set to 0 if.not Supported.
Set to-1\if supported.

SU Beamformee
Capable

Indicates support for operation
as an SU beamformee (see
9.31.5).

Set'to O if not supported.
Set to 1 if supported.

Beamformee STS

The maximum number of

If SU beamformee capable, set to maximum

Capability space-time streams thatthe STA | number of space-time streams that the STA can

can receive in a VHT.NDP, the receive in a VHT NDP minus 1.

maximum value*for Ngrs total Otherwise, reserved.

that can be sentito the STA in a

VHT MU-PPDU if the STA is

MU beamformee capable, and

the maximum value of Nr that

the STA transmits ina VHT

Compressed Beamforming

frame.
Number of Beamformer’s capability If SU beamformer capable, set to the maximum
Sounding indicating the maximum value supported value of the TXVECTOR parameter
Dimensions of the TXVECTOR parameter NUM_STS minus 1.

NUM_STS for a VHT NDP.

Otherwise, reserved.

MJ)Beamformer
Capable

Indicates support for operation
as an MU beamformer (see
9.31.5).

Set to O if not supported or if SU Beamformer
Capable is set to 0 or if sent by a non-AP STA.
Set to 1 if supported and SU Beamformer
Capable is set to 1.

MU Beamformee
Capable

Indicates support for operation
as an MU beamformee (see
9.31.5).

Set to O if not supported or if SU Beamformee
Capable is set to O or if sent by an AP.

Set to 1 if supported and SU Beamformee
Capable is set to 1.
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Table 8-183v—Subfields of the VHT Capabilities Info field (continued)

Subfield

Definition

Encoding

VHIT TXOP PS

Tndicates whether the AP
supports VHT TXOP Power
Save Mode or whether the non-
AP STA has enabled VHT
TXOP Power Save mode.

Set 1o U 1T the AP does not support 1 XOP
Power Save Mode.

Set to 1 if the AP supports TXOP Power Save
Mode.

Set to 0 if the non-AP STA does not enable
TXOP Power Save Mode.

Set to 1 if the non-AP STA enables TXOP
Power Save Mode.

+HTC-VHT Indicates whether the STA Set to 0 if not supported.
Capable supports receiving a VHT Set to 1 if supported.
variant HT Control field.
Maximum A- Indicates the maximum length This field is an integer in the range of 0 to 7.
MPDU Length of A-MPDU that the STA can The length defined by this fieldhis)equal to
Exponent receive. EOF padding is not 213+ Maximum A-MPDU LengtfExponent) _ 4
included in this limit.
octets.
VHT Link Indicates whether the STA If +HTC-VHT Capable is 1:
Adaptation supports link adaptation using Set to 0 (No(Feedback) if the STA does not
Capable VHT variant HT Control field. provide VHT MFB. )
Set to-2 (Unsolicited) if the STA provides
only unsolicited VHT MFB.
Setto 3 (Both) if the STA can provide VHT
MFB in response to VHT MRQ and if the
STA provides unsolicited VHT MFB.
The value 1 is reserved.
Reserved if +HTC-VHT Capable is 0.
Rx Antenna Indicates the possibility-of a Set to 0 if the receive antenna pattern might
Pattern receive antenna pattern change. | change during the lifetime of the current

Consistency

association.

Set to 1 if the receive antenna pattern does not
change during the lifetime of the current
association.

See 10.39.6.

Tx Antenna
Pattern
Consistency

Indicates the possibility of a
transmit antenna pattern
change.

Set to O if the transmit antenna pattern might
change during the lifetime of the current
association.

Set to 1 if the transmit antenna pattern does not
change during the lifetime of the current
association.

See 10.39.6.

NOTE 1—An AP that sets MU Beamformer Capable to 1 can transmit a VHT MU PPDU with only one
nonzero TXVECTOR parameter NUM_STS][p], for 0 < p < 3. However, a STA that sets MU Beamformee
Capable to 0 is not required to be able to demodulate a VHT MU PPDU with only one nonzero
RXVECTOR parameter NUM_STS[p], for0<p <3.

NOTE 2—The value for the Maximum MPDU Length in the VHT Capabilities Info field imposes a
constraint on the allowed value of the Maximum MPDU Length in the HT Capabilities Info field of the
HT Capabilities element carried in the same frame (see 9.11).

Support for short Gl for the reception of packets with TXVECTOR parameter CH_BANDWIDTH equal to

CBW?20 or CBW40 is indicated in the HT Capabilities Info field of the HT Capabilities element.
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8.4.2.160.3 Supported VHT-MCS and NSS Set field

The Supported VHT-MCS and NSS Set field is used to convey the combinations of VHT-MCSs and spatial
streams that a STA supports for reception and the combinations that it supports for transmission. The

——structure of thefretd s showm i Figure 8=401hr:

BO B15 B16 B28 B29 B31 B32 B47 B48 B60 B61 B63
Rx Highest Tx Highest
RXV“HAEbMCS ngr?g r(t3e|d Reserved | ™% V',:'AL"')\ACS ngﬁg r(t}eld Reserved
Data Rate Data Rate
Bits: 16 13 3 16 13 3

Figure 8-401br—Supported VHT-MCS and NSS Set field

The Supported VHT-MCS and NSS Set subfields are defined in Table 8-183w.

Table 8-183w—Supported VHT-MCS and NSS Set.subfields

Subfield Definition Encoding
Rx VHT-MCS Indicates the maximum value of | The farmat and encoding of this subfield are
Map the RXVECTOR parameter defined’in Figure 8-401bs and the associated
MCS of a PPDU that can be description.

received at all channel widths
supported by this STA for each
number of spatial streams.

Rx Highest Indicates the highest long)Gl The largest integer value less than or equal to
Supported Long GI | VHT PPDU data rate,that the the highest long GI VHT PPDU data rate in
Data Rate STA is able to recéive. Mb/s the STA is able to receive (see 9.7.11.1).

The value 0 indicates that this subfield does not
specify the highest long GI VHT PPDU data
rate that the STA is able to receive.

Tx VHT-MCS Indicates the maximum value of | The format and encoding of this subfield are
Map the TXVECTOR parameter defined in Figure 8-401bs and the associated
MCS of a PPDU that can be description.

transmitted at all channel
widths supported by this STA
for each number of spatial

streams.
Tx Highest Indicates the highest long Gl The largest integer value less than or equal to
Supported Long GI | VHT PPDU data rate that the the highest long GI VHT PPDU data rate in
Data Rate STA is able to transmit at. Mb/s that the STA is able to transmit (see

9.7.11.2).

The value 0 indicates that this subfield does not
specify the highest long GI VHT PPDU data
rate that the STA is able to transmit.

The Rx VHT-MCS Map subfield and the Tx VHT-MCS Map subfield have the structure shown in Figure 8-
401bs.
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BO B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 Bl12 B13 Bl14 Bi15
Max VHT- Max VHT- Max VHT- Max VHT- Max VHT- Max VHT- Max VHT- Max VHT-
MCS For MCS For MCS For MCS For MCS For MCS For MCS For MCS For
1SS 2SS 3SS 4SS 5SS 6 SS 7SS 8 SS
Bits: 2 2 2 2 2 2 2 2

Figure 8-401bs—Rx VHT-MCS Map and Tx VHT-MCS Map subfields
and Basic VHT-MCS and NSS Set field

The Max VHT-MCS For n SS subfield (where n =1, ..., 8) is encoded as follows:
— O indicates support for VHT-MCS 0-7 for n spatial streams
— lindicates support for VHT-MCS 0-8 for n spatial streams
— 2 indicates support for VHT-MCS 0-9 for n spatial streams
— 3indicates that n spatial streams is not supported
NOTE—A VHT-MCS indicated as supported in the VHT-MCS Map fields for a particular.ndmber of spatial streams

might not be valid at all bandwidths (see 22.5) and might be limited by the declaration of Tx Highest Supported Long Gl
Data Rates and Rx Highest Supported Long Gl Data Rates and might be affected by 9.7:11.3:

8.4.2.161 VHT Operation element

The operation of VHT STAs in the BSS is controlled by the HT Operation element and the VHT Operation
element. The format of the VHT Operation element is defined in-Rigure 8-401bt.

Element ID Length

VHT.Operation
Information

Basic VHT-MCS
and NSS Set

Octets: 1 1

3

2

Figure 8-401bt—VHT Operation element format
The Element ID field is set to the value for\VHT Operation element defined in Table 8-54.

The structure of the VHT Operation\Information field is defined in Figure 8-401bu.

Channel Center Frequency
Segment 0

Channel Center Frequency

Channel Width Segment 1

Octets: 1 1 1
Figure 8-401bu—VHT Operation Information field

The VHT\STA gets the primary channel information from the HT Operation element. The subfields of the
VHT.-Operation Information field are defined in Table 8-183x.

The’Basic VHT-MCS and NSS Set field indicates the VHT-MCSs for each number of spatial streams in
VHT PPDUs that are supported by all VHT STAs in the BSS (including IBSS and MBSS). The Basic VHT-
MCS and NSS Set field is a bitmap of size 16 bits; each 2 bits indicates the supported VHT-MCS set for Ngg
from 1 to 8. The Basic VHT-MCS and NSS Set field is defined in Figure 8-401bs.
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Table 8-183x—VHT Operation Information subfields

Field

Definition

Encoding

Channel Width

TThis Tield, together with the H 1
Operation element STA Channel
Width field, defines the BSS
operating channel width (see
10.39.1).

Setto U for 20 MIHZ or 40 MHZ operating channel
width.

Set to 1 for 80 MHz operating channel width.

Set to 2 for 160 MHz operating channel width.
Set to 3 for 80+80 MHz operating channel width.
Values in the range 4 to 255 are reserved.

Channel Center
Frequency Segment

Defines the channel center frequency
for an 80 and 160 MHz VHT BSS
and the frequency segment 0 channel
center frequency for an 80+80 MHz
VHT BSS. See 22.3.14.

For 80 MHz or 160 MHz operating channel widtf;
indicates the channel center frequency index fonthe
80 MHz or 160 MHz channel on which the VHT
BSS operates.

For 80+80 MHz operating channel width,"indicates
the channel center frequency index/for the 80 MHz
channel of frequency segment 0’‘on‘which the VHT
BSS operates.

Reserved otherwise.

Channel Center
Frequency Segment

Defines the frequency segment 1
channel center frequency for an
80+80 MHz VHT BSS. See 22.3.14.

For an 80+80 MHz ppetating channel width,
indicates the channel‘cénter frequency index of the
80 MHz channel effrequency segment 1 on which
the VHT BSS operates. Reserved otherwise.

8.4.2.162 Extended BSS Load element

The Extended BSS Load element reported by the AP, contains information on MIMO spatial stream
underutilization and bandwidth utilization. The element format is defined in Figure 8-401bv. A STA
receiving the element might use the information_it{conveys in an implementation-specific AP selection
algorithm.

MU-MIMO ) Observable Observable Observable
Element Lenath Capable'STA Spatial Stream Secondary Secondary Secondary
ID 9 pCount Underutilization 20 MHz 40 MHz 80 MHz
Utilization Utilization Utilization
Octets: 1 1 2 1 1 1

Figure 8-401bv—Extended BSS Load element format
The Element ID field is set to the value for the Extended BSS Load element in Table 8-54.
The Length field is set to 6.

The MUMIMO Capable STA Count field indicates the total number of STAs currently associated with this
BSS:that have a 1 in the MU Beamformee Capable field of their VHT Capabilities element.

The Spatial Stream Underutilization field is defined as the percentage of time, linearly scaled with 255
representing 100%, that the AP has underutilized spatial domain resources for given busy time of the
medium. The spatial stream underutilization is calculated only for the primary channel. This percentage is
computed using the formula,

- — N X Tomsv — Tonl
Spatial Stream Underutilization = { Max S5 busy __ullized 255J

Nmax_SS X Tbusy

where
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Niax ss 1S the maximum number of spatial streams supported by the AP.

Tpusy 1S the number of microseconds during which CCA indicated the channel was busy during the
measurement duration. The resolution of the CCA busy measurement is in microseconds.

N
Tutitizea 18 Y Nsg iTj, where T; is the time interval, in units of microseconds, during which the primary

i=1
20 MHz channel is busy due to the transmission of one or more spatial streams by the AP to
MU-capable STAs; Ngg ; is the number of spatial streams transmitted during the time interval T ;

and N is the number of busy events that occurred during the total measurement time which is,less
than or equal to dot11ChannelUtilizationBeaconlIntervals consecutive beacon intervals.

If Tyusy is O, the Spatial Stream Underutilization field is reserved.
The measurement of the observable loading on each of the secondary 20 MHz channel;“secondary 40 MHz
channel, and secondary 80 MHz channel in conjunction with the measurement on.the primary 20 MHz

channel provides a STA with the loading on the 40 MHz, 80 MHz, 160 MHz, and,80+80 MHz channels.

The Observable Secondary 20 MHz Utilization, Observable Secondary 40.M&iz Utilization, and Observable
Secondary 80 MHz Utilization fields are defined using Equation (8-3).

Observable Secondary W1 Utilization = (8-3)

L Tbusy W1 % 255J
dotl1ChannelUtilizationBeaconlIntervals x dot11BeaconPeriod x 1024

where

dot11ChannelUtilizationBeaconintervals represents the number of consecutive beacon intervals during
which the secondary channel busy-titme is measured.

Thusy,w1 IS computed as the sum of the times from PHY-CCA.indication(BUSY {W2}) to the next issue

of a PHY-CCA.indication;primitive and that overlap the measurement interval, for W1 = 20, 40, or
80, and where W2 equals Secondary, secondary40, or secondary80 for W1 = 20, 40, or 80,
respectively.

If the AP indicates a channel width of 20 MHz, 40 MHz, or 80 MHz in the STA Channel Width field in the
HT Operation element and in the Channel Width field in the VHT Operation element, then the Observable
Secondary 80 MHz Utilization field is reserved. If the AP indicates a channel width of 20 MHz or 40 MHz
in the STA Channel Width field in the HT Operation element, then the Observable Secondary 40 MHz
Utilization field is reserved. If the AP indicates a channel width of 20 MHz in the STA Channel Width field
in the HT ‘Operation element, then the Observable Secondary 20 MHz Utilization field is reserved.

8.4.2:163 Wide Bandwidth Channel Switch element

The Wide Bandwidth Channel Switch element is included in Channel Switch Announcement frames, as
described in 8.5.2.6 (Channel Switch Announcement frame format), Extended Channel Switch
Announcement frames, as described in 8.5.8.7, and TDLS Channel Switch Request frames, as described in
8.5.13.7 (TDLS Channel Switch Request frame format). The format of the Wide Bandwidth Channel Switch

=%

] + 3 | H | Q _A01
CICTIICTIU TS SITUVVIT ITT rlywc O U LUVV.,
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New New
Element Lenath New Channel Center Channel Center
9 Channel Width Frequency Frequency
Segment 0 Segment 1

Octatad 1 1
T T

H
H

CtetS—r

Figure 8-401lbw—Wide Bandwidth Channel Switch element format
The Element ID field is set to the value for the Wide Bandwidth Channel Switch element in Table 8-54.
The Length field is set to 3.
The subfields New Channel Width, New Channel Center Frequency Segment 0, and New Channel Center
Frequency Segment 1 have the same definition, respectively, as Channel Width, Channel Center Brequency

Segment 0, and Channel Center Frequency Segment 1 in the VHT Operation Information figld,»described in
Table 8-183x.

8.4.2.164 VHT Transmit Power Envelope element

The VHT Transmit Power Envelope element conveys the local maximymransmit power for various
transmission bandwidths. The format of the VHT Transmit Power Envelope €lement is shown in Figure 8-

401bx.
Element Transmit Local Maximum LocalMaximum Local Maximum Local Maximum
D Length Power Transmit Power Transmit Power Transmit Power Transmit Power For
Information For 20 MHz For 40 MHz For 80 MHz 160/80+80 MHz
Octets: 1 1 1 1 Oorl Oorl Oorl

Figure 8-401bx—VHT Transmit\Power Envelope element format

The Element ID field is set to the value for the VHT Transmit Power Envelope element defined in Table 8-
54.

The Length field specifies the number-of octets in the element following the Length field.

The format of the Transmit Power Information field is defined in Figure 8-401by.

Bits: BO B2 B3 B5 B6 B7
Local Maximum Local Maximum
Transmit Power Transmit Power Reserved
Count Unit Interpretation

Figure 8-401by—Transmit Power Information field

The “ocal Maximum Transmit Power Count subfield indicates the number of Local Maximum Transmit
Rower For X MHz fields (where X = 20, 40, 80, or 160/80+80) minus 1 in the VHT Transmit Power
Envelope element, as shown in Table 8-183y.

The Local Maximum Transmit Power Unit Interpretation subfield provides additional interpretation for the
units of the Local Maximum Transmit Power For X MHz fields (where X = 20, 40, 80, or 160/80+80) and is
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Table 8-183y—Meaning of Local Maximum Transmit Power Count subfield

Value Field(s) present

9] Cocal Maximum Iransmit Power For 20 MHAzZ.

1 Local Maximum Transmit Power For 20 MHz and
Local Maximum Transmit Power For 40 MHz.

2 Local Maximum Transmit Power For 20 MHz,
Local Maximum Transmit Power For 40 MHz, and
Local Maximum Transmit Power For 80 MHz.

3 Local Maximum Transmit Power For 20 MHz,
Local Maximum Transmit Power For 40 MHz,
Local Maximum Transmit Power For 80 MHz, and
Local Maximum Transmit Power For 160/80+80 MHz.

4-7 Reserved

Table 8-183z—Definition of Local Maximum Transmit Power Unit/Intérpretation subfield

Value Unit interpretation,of.the
Local Maximum Transmit Powef.For X MHz fields
0 EIRP
1-7 Reserved

NOTE—This table is expected to be updatedhonly if regulatory domains mandate
the use of transmit power control withdimits that cannot be converted into an
EIRP value per PPDU bandwidth.

Local Maximum Transmit Power For X MHz fields (where X = 20, 40, 80, or 160/80+80) define the local
maximum transmit power limit of theltransmission bandwidth X MHz. Each Local Maximum Transmit
Power For X MHz field is encoded-as-an 8-bit twos complement signed integer in the range of —-64 dBm to
63 dBm with a 0.5 dB step. The-value of 63.5 dBm indicates 63.5 dBm or higher (i.e., no local maximum
transmit power constraint).

8.4.2.165 Channel Switch Wrapper element

The Channel Switeh Wrapper element contains subelements that indicate characteristics of the BSS after a
channel switch. Fhe format of the Channel Switch Wrapper element is defined in Figure 8-401bz.

: : New VHT
Element New Country \(A:lll'ldaenﬁglngmtdctﬂ Transmit Power
Length subelement subelement Envelope
(optional) (optional) subelement
P (optional)
Octets: 1 1 variable variable variable

Figure 8-401bz—Channel Switch Wrapper element format

The Element ID field is set to the value for the Channel Switch Wrapper element in Table 8-54.

The Length field specifies the number of octets in the element following the Length field.

102
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The New Country subelement is present when an AP or mesh STA performs extended channel switching to
a new Country, new Operating Class Table, or a changed set of operating classes relative to the contents of
the Country element sent in the Beacon; otherwise, this subelement is not present. The format of the New
Country subelement is defined to be the same as the format of the Country element (see 8.4.2.10), except

thato-Subtand-Triptet fretdsare present i the New-Countrysubeterment—Fhe-Country-Strmgfretd-mrthe
New Country subelement indicates the Country and Operating Class Table of the BSS after extended
channel switching, and Operating Triplet fields within the New Country subelement indicate the operating
classes of the BSS after extended channel switching (see 10.39.1).

The Wide Bandwidth Channel Switch subelement is present under the following conditions:
— Channel switching to a BSS operating channel width of 40 MHz or wider
— Extended channel switching to a BSS operating channel width of 80 MHz or wider

The Wide Bandwidth Channel Switch subelement is optionally present if extended channel Switching to a
BSS operating channel width of 40 MHz. The Wide Bandwidth Channel Switch subelement is not present if
channel switching to a 20 MHz BSS operating channel width.

The format of the Wide Bandwidth Channel Switch subelement is the same as thé Wide Bandwidth Channel
Switch element (see 8.4.2.163) except for the following:

— Avalue 0 in the New Channel Width field signifies only a 40 MHz\BSS Operating Channel Width.

— When switching to a 40 MHz BSS operating channel width{the"New Channel Center Frequency
Segment O field indicates the channel center frequency jindex for the 40 MHz channel after the
channel switch.

If present, the Wide Bandwidth Channel Switch subelementiindicates the BSS operating channel width after
channel switching (see 10.39.1). For example, when, switching to a 40 MHz operating channel width on
channel indices 36 and 40, the New Channel Width{ield is set to 0, and the New Channel Center Frequency
Segment O field is set to 38.

Each New VHT Transmit Power Envelope subelement that is present is defined to have the same format as
the VHT Transmit Power Envelope element (see 8.4.2.164) and includes a distinct value of the Local
Maximum Transmit Power Unit Interpretation subfield. Each New VHT Transmit Power Envelope
subelement indicates the local maxitum transmit powers for the BSS for the indicated bandwidths with an
indicated unit interpretation after channel switching (see 10.39.1).

8.4.2.166 AID element

The AID element includes the AID assigned by an AP during association that represents the 16-bit ID of a
STA. The format-0f the AID element is shown in Figure 8-401ca.

Element Length AID

Octets: 1 1 2
Figure 8-401ca—AID element format

The Element ID field is set to the value for the AID element in Table 8-54.

The | nng'rh field is set ta 2

The AID field is defined in 8.4.1.8.
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8.4.2.167 Quiet Channel element

The Quiet Channel element is used to indicate that the secondary 80 MHz channel of a VHT BSS is to be
quieted during a quiet interval indicated by either a Quiet element (see 8.4.2.25) or the Quiet Channel

—etement it AP Quiet MuodefietdTsequatto—t—Furthermor e, the Quiet Chanmetetementimdicates the———————
conditions under which the primary 80 MHz channel of the VHT BSS may be used during the quiet interval.

The Quiet Channel element may be included in Beacon frames, as described in 8.3.3.2, and Probe Response
frames, as described in 8.3.3.10. The use of Quiet Channel elements is described in 10.9.3.

The format of the Quiet Channel element is shown in Figure 8-401ch.

. . . . iet -
Element AP Quiet Quiet Count Quiet Period Quie Quiet Offset
ID Length Mode (optional) (optional) (Bg{%trgl‘) (optional)
Octets: 1 1 1 Oorl Oorl Oor2 Oor2

Figure 8-401cb—Quiet Channel element format

The Element ID field is defined in Table 8-54.

The Length field specifies the number of octets in the element following tHe Length field.

The AP Quiet Mode field specifies STA behavior during the quiet-intervals. When communications to the
AP are allowed within the primary 80 MHz channel of the BSS; then the AP Quiet Mode field is set to 1.
Otherwise, the AP Quiet Mode field is set to 0.

If the AP Quiet Mode field is 1, then the Quiet CaUnt-field, Quiet Period field, Quiet Duration field, and
Quiet Offset field are present in the Quiet Channel élement; otherwise, these fields are not present in the

Quiet Channel element.

The Quiet Count field, Quiet Period field; Quiet Duration field, and Quiet Offset field have the same
definition as described in 8.4.2.25.

8.4.2.168 Operating Mode Notification element
The Operating Mode Notification element is used to notify STASs that the transmitting STA is changing its

operating channel width,.the maximum number of spatial streams it can receive, or both. The format of the
Operating Mode Natification element is defined in Figure 8-401cc.

Element Operating
ID Length Mode
Octets: 1 1 1

Figure 8-401cc—Operating Mode Notification element
The Element ID field is set to the value for the Operating Mode Notification element in Table 8-54.

The Length field is set to 1.

The Operating Mode field is defined in 8.4.1.50.

104 Copyright © 2013 IEEE. All rights reserved.


https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

FOR VERY HIGH THROUGHPUT FOR OPERATION IN BANDS BELOW 6 GHz

8.5 Action frame format details

8.5.2 Spectrum management Action frames

IEEE

Std 802.11ac-2013

8.5.2.0 Citannel SWitchT AnNnouncement frame format

Change Figure 8-436 as follows:

Optional Zero or moré
Spectrum Channel Switch Secondary Mesgvﬁtr::%nnel Wide Bandwidth Tra%er
Category | Management | Announcement | Channel Offset Parameters Channel Switch ~Envelope
Action element element element element —p_element
Octets: 1 1 5 3 6 Qor5 variable

Figure 8-436—Channel Switch Announcement frame Action field-format

Change the fifth and sixth paragraphs of 8.5.2.6, and insert new seventhvand eighth paragraphs as
follows:

The Secondary Channel Offset element is defined in 8.4.2.22. This element is present when switching to a
40 MHz_or wider channel. It may be present when switching-fe-a 20 MHz channel (in which case the

seeondary-channeloffset-Secondary Channel Offset field is set'to"SCN).

The Mesh Channel Switch Parameters element is defineddin 8.4.2.105. This element is present when a mesh
STA performs an MBSS channel switch. Otherwise/tF*he Mesh Channel Switch Parameters element is not
present-included-for-channelswitch-otherthan-MBSS.

The Wide Bandwidth Channel Switch element is defined in 8.4.2.163. This information element is present
when switching to a channel width wider than 40 MHz.

Each New VHT Transmit Power Envelope element that is present is defined to have the same format as the
VHT Transmit Power Envelope) element (see 8.4.2.164) and includes a distinct value of the Local
Maximum Transmit Power Unit Interpretation subfield. If present, the New VHT Transmit Power Envelope
element indicates the local\maximum transmit powers for the BSS for the indicated bandwidths with an
indicated unit interpretation after channel switching (see 10.39.1).
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8.5.4 DLS Action frame details

8.5.4.2 DLS Request frame format

tsertthefotowmgrows mto-Tabte 8=19¢mmumericorder:

Table 8-199—DLS Request frame Action field format

Order Information Notes

10 AID The AID element containing the AID of the STA
sending the frame is present if
dot11VHTOptionImplemented is true.

11 VHT Capabilities The VHT Capabilities element is present if the
dot11VHTOptionImplemented is true.

8.5.4.3 DLS Response frame format

Insert the following rows into Table 8-200 in numeric order:

Table 8-200—DLS Response frameAction field format

Order Information Notes
10 AID The"AID element containing the AID of the STA sending
the frame is present if dotl1VHTOptionImplemented is
true.
11 VHT Capabilities The VHT Capabilities element is present if the
dot11VHTOptionimplemented is true.

8.5.8 Public Action details
8.5.8.3 Measurement-Rilot frame format

Change the eighth'and ninth paragraphs of 8.5.8.3 (including combining them into one paragraph), and
insert a new ninth paragraph as follows:

If the Wide)Bandwidth Channel Switch element is not included, the Operating Class field indicates the
operating-class value for the operating channel. The Country, Operating Class, and Channel Number fields
together specify the channel frequency and spacing for the operating channel. Valid values-of Operating
€lass-operating classes are shewn-listed in Annex E, excluding Operating Classes that encompass a primary
channel but do not identify the location of the primary channel. The Channel Number field indicates the
operating channel. Channel Nnumber is defined within an Operating—Class-operating class as shown in
Annex E.

If the Wide Bandwidth Channel Switch subelement is included_the fields in the \Wide Bandwidth Channel

Switch subelement indicate the operating channel, and the Operating Class and Channel Number together
specify the primary channel and primary 40 MHz channel within the channel identified by the Wide
Bandwidth Channel Switch subelement.
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8.5.8.7 Extended Channel Switch Announcement frame format
Change Figure 8-449 as shown:
£E10 Ol £ET0 Of £ET0 Or
one one more
New Mesh Wide New VHT
Public Channel Obperati New Channel Channel New Bandwidth | Transmit
Category Action Switch pn Channel | Switch Switch Country Channel Power
Mode Clagss Number Count | Parameters | element Switch Envelope
element element element
Octets: 1 1 1 1 1 1 6 variable variable variable

Figure 8-449—Extended Channel Switch Announcement frame Action field format

Insert the following paragraphs at the end of 8.5.8.7:

The New Country element is present when an AP or mesh STA performs extended€hannel switching to a
new Country, new Operating Class Table, or a changed set of operating classes rélative to the contents of the
Country element sent in the Beacon; otherwise, this element is not present. Fhe format of the New Country
element is defined to be the same as the format of the Country element.(See 8.4.2.10), except that no
Subband Triplet fields are present in the New Country element. The.Country String field in the New
Country element indicates the Country and Operating Class Table of the BSS after extended channel
switching and Operating Triplet fields within the New Country element indicate the operating classes of the
BSS after extended channel switching (see 10.39.1).

This Wide Bandwidth Channel Switch element is preseént when extended channel switching to a channel
width wider than 40 MHz; otherwise, this element-is.fiot present. The Wide Bandwidth Channel Switch
element is defined in 8.4.2.163. The Wide Bandwidth Channel Switch element indicates the BSS operating
channel width after extended channel switching(See 10.39.1).

Each New VHT Transmit Power Envelope'element that is present is defined to have the same format as the
VHT Transmit Power Envelope element-(see 8.4.2.164) and includes a distinct value of the Local Maximum
Transmit Power Unit Interpretation sabfield. If present, the New VHT Transmit Power Envelope element
indicates the maximum transmit-powers for the BSS for the indicated bandwidths with an indicated unit
interpretation after extended channel switching (see 10.39.1).

8.5.8.16 TDLS Discavery Response frame format

Insert the followihg row into Table 8-220 in numeric order:

Table 8-220—Information for TDLS Discovery Response frame

Order Information Notes

17 VHT Capabilities VHT Capabilities element (optional). The VHT Capabilities
element is present if the dot11VHTOptionimplemented is true.
The VHT Capabilities element is defined in 8.4.2.160.
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8.5.13 TDLS Action frame details

8.5.13.2 TDLS Setup Request Action field format

tsertthefotowmgrows mto-Tabte 8=28¢-mmumericorder:

Table 8-239—Information for TDLS Setup Request frame

Order Information Notes
19 AID The AID element containing the AID of the STA sending
the frame is present if dot11VHTOptionImplementéais
true.
20 VHT Capabilities The VHT Capabilities element is present if the
dot11VHTOptionImplemented is true.

8.5.13.3 TDLS Setup Response Action field format

Insert the following rows into Table 8-240 in numeric order:

Table 8-240—Information for TDLS Setup’Response frame

Order Information Notes
20 AID TheAlID element containing the AID of the STA sending
the frame is present if dot11VHTOptionImplemented is
true.
21 VHT Capabilities The VHT Capabilities element is present if the

dot11VHTOptionimplemented is true.

22 Operating Mode Natification The Operating Mode Notification element is optionally
present if the TDLS Setup Request frame contained an
Extended Capabilities element with the Operating Mode
Notification field is equal to 1.
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8.5.13.4 TDLS Setup Confirm Action field format

Insert the following rows into Table 8-241 in numeric order:

Table 8-241—Information for TDLS Setup Confirm frame

Order Information Notes

11 VHT Operation VHT Operation element (optional). The VHT Operation
element is present if the dot11VHTOptionimplemented is
true, the TDLS Setup Response frame contained a VHT
Capabilities element, the status code is 0 (Successful), and
the TDLS direct link is not established in 2.4 GHz\band.
The VHT Operation element is defined in 8.4.2,160.

12 Operating Mode Notification The Operating Mode Notification elementjis’optionally
present if the TDLS Setup Request frame\contained an
Extended Capabilities element with-the Operating Mode
Notification field is equal to 1.

8.5.13.7 TDLS Channel Switch Request Action field format

Insert the following rows into Table 8-244 in numeric order:

Table 8-244—Information for TDLS €hannel Switch Request frame

Order Information Notes
8 Wide Bandwidth Channel Wide Bandwidth Channel Switch element (optional). The
Switch Wide Bandwidth Channel Switch element is included

when a switch to an 80 MHz, 160 MHz, or 80+80 MHz
direct link is indicated. See 8.4.2.163.

9 Country Country element (optional). The Country element is
included to change operating classes when a switch to a
direct link is indicated. The Country element indicates the
same country as the BSS and includes zero Subband
Triplet fields.

10 \/HT Transmit Power Envelope | VHT Transmit Power Envelope element (zero or more).
Each VHT Transmit Power Envelope element that is
present includes a distinct value of the Local Maximum
Transmit Power Unit Interpretation subfield. If present,
the New VHT Transmit Power Envelope element
indicates the maximum transmit powers for the direct link
for the indicated bandwidths with an indicated unit
interpretation after a switch to a direct link (see
10.22.6.4.1).
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8.5.14 WNM Action fields

8.5.14.24 Channel Usage Response frame format

Change Figure 8495 asshowr:

VHT
EDCA ppp—
Power Transmit
Category | Action Dialog CLTSang?eel Country | Constraint Pargrgteter Power
Token Elements String Element Element Envelope
(optional) (optional) element
P (optional)
Octets: 1 1 1 variable 3 Oor3 0or20 variable

Figure 8-495—Channel Usage Response frame format

Insert the following paragraph at the end of 8.5.14.24:

The VHT Transmit Power Envelope element conveys the local maximumdransmit power for various
transmission bandwidths. The format of the VHT Transmit Power Envelopetelement is shown in Figure 8-
401bx.

8.5.16 Self-protected Action frame details
8.5.16.2 Mesh Peering Open frame format
8.5.16.2.2 Mesh Peering Open frame details

Insert the following rows into Table 8-262 in pumeric order:

Table 8-262—Mesh Peering Open frame Action field format

Order Information Notes

19 VHT Capabilities The VHT Capabilities element is present when
dot11VHTOptionImplemented is true.

20 VHT Operation The VHT Operation element is present when
dot11VHTOptionimplemented is true.

21 Operating Mode Notification The Operating Mode Notification element is optionally
present if dot11OperatingModeNotificationImplemented
is true.
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8.5.16.3 Mesh Peering Confirm frame format

8.5.16.3.2 Mesh Peering Confirm frame details

tsertthefottowmgrows mto-Tabte 8=263mmumericorder:

Table 8-263—Mesh Peering Confirm frame Action field format

Order Information Notes

15 VHT Capabilities The VHT Capabilities element is present when
dot11VHTOptionImplemented is true.

16 VHT Operation The VHT Operation element is present when
dot11VHTOptionimplemented is true.

17 Operating Mode Notification The Operating Mode Notification element is optionally
present if dot11OperatingModeNotificationImplemented
is true.

Insert the following subclauses, 8.5.23 to 8.5.23.4 (including Table/8-281ah to Table 8-281ak), after
8.5.22.3:

8.5.23 VHT Action frame details
8.5.23.1 VHT Action field
Several Action frame formats are defined to suppert VHT functionality. A VHT Action field, in the octet

immediately after the Category field, differentiates the VHT Action frame formats. The VHT Action field
values associated with each frame format.within the VHT category are defined in Table 8-281ah.

Table 8-281ah—VHT Action field values

Value Meaning Time Priority
0 VHT Compressed Beamforming Yes
1 Group ID Management No
2 Operating Mode Notification No
3-255 Reserved
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8.5.23.2 VHT Compressed Beamforming frame format

The VHT Compressed Beamforming frame is an Action No Ack frame of category VHT. The Action field
of a VHT Compressed Beamforming frame contains the information shown in Table 8-281ai.

Table 8-281ai—VHT Compressed Beamforming frame Action field format

Order Information
1 Category
2 VHT Action
3 VHT MIMO Control (see 8.4.1.47)
4 VHT Compressed Beamforming Report (see 8.4.1.48)
5 MU Exclusive Beamforming Report (see 8.4.1.49)

The Category field is set to the value for VHT, specified in Table 8-38.

The VHT Action field is set to the value for VHT Compressed Beamforming, specified in Table 8-281ah.

The VHT MIMO Control field is always present in the frame- The presence and contents of the VHT
Compressed Beamforming Report field and the MU Exclusive Beamforming Report field are dependent on
the values of the Feedback Type, Remaining Feedback Segments, and First Feedback Segment subfields of
the VHT MIMO Control field (see 8.4.1.47, 8.4.1.48, 8:411.49, and 9.31.5).

No vendor-specific elements are present in a VHT.€ompressed Beamforming frame.

8.5.23.3 Group ID Management frame-format

The Group ID Management frame is afi“Action frame of category VHT. It is transmitted by the AP to assign
or change the user position of a.STA for one or more group IDs. The Action field of a Group ID
Management frame contains thefinformation shown in Table 8-281aj.

Table'8-281aj—Group ID Management frame Action field format

Order Information
1 Category
2 VHT Action
3 Membership Status Array (see 8.4.1.51)
4 User Position Array (see 8.4.1.52)

The Category field is set to the value for VHT, specified in Table 8-38.

The VHT Action field is set to the value for Group ID Management, specified in Table 8-281ah.
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8.5.23.4 Operating Mode Notification frame format

The Operating Mode Notification frame is an Action frame of category VHT. It is used to notify STAs that
the transmitting STA is changing its operating channel width, the maximum number of spatial streams it can

TECETVE, O DottT:

The Action field of the Operating Mode Notification frame contains the information shown in Table 8-
281ak.

Table 8-281ak—Operating Mode Notification frame Action field format

Order Information
1 Category
2 VHT Action
3 Operating Mode (see 8.4.1.50)

The Category field is set to the value for VHT, specified in Table 8-38.

The VHT Action field is set to the value for Operating Mode Notification, specified in Table 8-281ah.

8.6 Aggregate MPDU (A-MPDU)
8.6.1 A-MPDU format
Change 8.6.1 as follows:

An A-MPDU consists of a sequence of one.or more A-MPDU subframes and 0 to 3 octets of EOF pad, as
shown in Figure 8-503.

A-MPDU subframe 1 | A-MPDU subframe 2 A-MPDU subframe n EOF pad
Octets: variable variable variable 0-3

Figure 8-503—A-MPDU format

The structure of the ' A-MPDU subframe is shown in Figure 8-504. Each A-MPDU subframe consists of an
MPDU delimiter optionally followed by an MPDU. Each nonfinal A- MPDU subframe in an A-MPDU has
3 pad octets are-appended to
make—eaeh—A—MPDH—the subframe a multlple of 4 octets in Iength In a VHT PPDU, the final A-MPDU
subframe is padded to the last octet of the PSDU or to a multiple of 4 octets in length, whichever comes first
(s€e9.12.6). In an HT PPDU, the final A-MPDU subframe is not padded. In a VHT PPDU, the number of
EOF pad octets is determined as described in 9.12.6. In an HT PPDU, the EOF Pad field is not present.

An A-MPDU pre-EOF padding is
— The portion of the A-MPDU up to but excluding the first A-MPDU subframe with 0 in the MPDU

- Lenath field and 1 in the EQFE field and alsa excluding any subframe padding in the last subframe or

— The portion of the A-MPDU up to and including the last A-MPDU subframe if no A-MPDU
subframes with 0 in the MPDU Length field and 1 in the EOF field are present, but excluding any
subframe padding in the last subframe.
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NOTE—A-MPDU pre-EOF padding includes any A-MPDU subframes with 0 in the MPDU Length field and 0 in the
EOF field inserted in order to meet the minimum MPDU start spacing requirement.

The A-MPBY-maximum length-fera-ren-BMG-SFA-of an A-MPDU in an HT PPDU is 65 535 octets. The

A-MPDL maximum Ipngﬂ’\ for 3 DMG STA of an A-MPDLUIJ in a DMG PPDU is 262 143 octets

The maximum length of an A-MPDU pre-EOF padding in a VHT PPDU is 1 048 575 octets. The length of
an A-MPDU addressed to a particular STA may be further constrained as described in 9.12.2.

MPDU delimiter MPDU pad

Octets: 4 variable 0-3
Figure 8-504—A-MPDU subframe format
The MPDU delimiter is 4 octets in length. The structure of the MPDU delimiter when transmitted by a

non-DMG STA is defined in Figure 8-505. The structure of the MPDU Delimiter field when.transmitted by
a DMG STA is shown in Figure 8-505a.

BO B3
BO Bl B4B2 B15 B16 B23 B24 B31
EOF Reserved MPDU Length CRC Delimiter Signature

Figure 8-505—MPDU delimiter (neahcPMG)

BO B2 B3 B15 B16 B23 B24 B31

Reserved MPDU Length CRC Delimiter Signature

Bits: 3 13 8 8

Figure 8-505a—MPDU delimiter (DMG)
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The fields of the MPDU delimiter when transmitted by a non-DMG STA are defined in Table 8-282. The
fields of the MPDU delimiter when transmitted by a DMG STA are defined in Table 8-282a.

Table-8282—MPRDbU-delimiterfields
Field Size (bits) Description

EOF 1 End of frame indication. Set to 1 in an A-MPDU subframe that has 0 in
the MPDU Length field and that is used to pad the A-MPDU in a VHT
PPDU as described in 9.12.6. Set to 1 in the MPDU delimiter of a VHT
single MPDU as described in 9.12.7. Set to 0 otherwise.

Reserved 41

MPDU Liength 1214 Length of the MPDU in octets. Set to 0 if no MPDU is present.An A-
MPDU subframe with 0 in the MPDU Length field is used as defined in
9.12.3 to meet the minimum MPDU start spacing requirement and also to
pad the A-MPDU to fill the available octets in a VHT®PBU as defined in
9.12.6.

CRC 8 8-bit CRC of the preceding 16 bits

Delimiter 8 Pattern that may be used to detect an MPRW 0elimiter when scanning for

Signature an MPDU delimiter.
The unique pattern is set to the valug‘OX4E (see NOTE below).
pattern:

NOTE—The ASCII value of the character 'N' was chosensas the unigue pattern for the value in the Delimiter

Signature field.

Table 8-282a—MPDU delimiter fields (DMG)

MPDUﬁIeDIEIimiter (lSJii%[:) Description

Reserved 3

MPDU length 13 Length of MPDU in octets

CRC 8 8-bit CRC on preceding 16 bits

Delimiter Signature 8 Pattern that can be used to detect an MPDU delimiter when scanning for a
delimiter. The unique pattern is set to the value OX4E.

The dormat of the MPDU Length field is shown in Figure 8-505al. The MPDU Length Low subfield
contains the 12 low order bits of the MPDU length. In a VHT PPDU, the MPDU Length High subfield
contains the two high order bits of the MPDU length. In an HT PPDU, the MPDU Length High subfield is
reserved.

Figure 8-505a1—MPDU | ength field
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The MPDU length value is derived from the MPDU Length field subfields as follows:

. ~ {L,OW + Lpign x 4096, VHT PPDU
MPDU ™ 1, —HTPPDU
|l [0] 8_4
where
Liow is the value of the MPDU Length Low subfield
LM is the value of the MPDU Length High subfield

NOTE—The format of the MPDU Length field maintains a common encoding structure for both VHT and HT\PRDUSs.
For HT PPDUs, only the MPDU L ength Low subfield is used, while for VHT PPDUs, both subfields are used.

The purpose of the MPDU delimiter is to locate the MPDUs within the A-MPDU so that the'structure of the
A-MPDU can usually be recovered when one or more MPDU delimiters are received withefrors. See S.2 for
a description of a deaggregation algorithm.

8.6.3 A-MPDU contents
Change 8.6.3 as follows:

In a non-DMG PPDU, an A-MPDU is a sequence of A-MPDW' subframes carried in a single PPDU with one
of the following combinations of RXVECTOR or TXV(ECTOR parameter values:

— The FORMAT parameter set to VHT
— The FORMAT parameter set to HT _MF ot\HT_GF and the AGGREGATION parameter set to 1

In a DMG PPDU, aAn A-MPDU is a sequence of MPDUSs carried in a single PPDU with the TXVECTOR/
RXVECTOR AGGREGATION parameter set to 1.

All the MPDUs within an A-MPDU-are addressed to the same RA. All QoS data frames within an A-MPDU
that have a TID for which an HFXimmediate Block Ack agreement exists have the same value for the Ack
Policy subfield of the QoS €antrol field.

All protected MPDUs within an A-MPDU have the same Key ID.

The Duration/ID fi€elds in the MAC headers of all MPDUs in an A-MPDU carry the same value.

An A-MPDU is transmitted in one of the contexts specified in Table 8-283 as defined by the description in
the “Definition of context” column, independently of whether the A-MPDU is contained in a VHT MU

PPBU-0r an SU PPDU. Ordering of MPDUs within an A-MPDU is not constrained, except where noted in
thesé tables. See 9.12.1.

A VHT MU PPDU does not carry more than one A-MPDU that contains one or more MPDUSs soliciting an
immediate response.

NOTE 1—The TIDs present in a data enabled A-MPDU context are also constrained by the channel access rules (for a

TXOP holder, see 9.19.2 and 9.19.3) and the RD response rules (for an RD responder, see 9.24.4). This is not shown in
these tables.
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- If a STA supports A-

MSDUs of 7935 octets (mdlcated by the Maximum A- MSDU Length field in the HT Capabilities element), A-MSDUs
transmitted by that STA within an A-MPDU carried in a PPDU with FORMAT HT_MF or HT_GF are constrained so
that the length of the QoS data MPDU carrying the A-MSDU is no more than 4095 octets. The 4095-octet MPDU length

limit does not apply to A-MPDUs carried in VHT or DMG PPDUs. The use of A-MSDU within A-MPDU might be

Turther constrained as described In ¢.4.1.14 through the operation ot the A-MSDU supported Tield.

Table 8-283—A-MPDU Contexts

N Table defining
Name of Context Definition of Context permitted contents

Data Enabled The A-MPDU is transmitted outside a PSMP sequence by a Table 8-284
Immediate TXOP holder or an RD responder including potential
Response immediate responses.
Data Enabled No The A-MPDU is transmitted outside a PSMP sequence by a Table 8-285
Immediate TXOP holder that does not include or solicit an immediate
Response response.

See NOTE.
PSMP The A-MPDU is transmitted within a PSMP sequence, Table 8-286
Control Response The A-MPDU is transmitted by a STA that ispeither a TXOP Table 8-287

holder nor an RD responder that also needs totransmit one of

the following immediate response frames:

AekACK

BlockAck with a TID for which an HT-immediate Block Ack

agreement exists
VHT single MPDU | The A-MPDU is transmitted within a VHT PPDU and Table 8-288
context contains a VHT single MPDU.
NOTE—This context includes cases\whén no response is generated or when a response is generated later by the
operation of the delayed Block Ack Tules.

Table 8-284, Table 8-285; Table 8-286, and Table 8-287 remain unchanged.

Table 8-288—A-MPDU contents in the VHT single MPDU context

MPDU

Conditions

Any MPDU

A VHT single MPDU.

Copyright © 2013 IEEE. All rights reserved.
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9. MAC sublayer functional description

9.2 MAC architecture

9.2.1 General
Change the first paragraph of 9.2.1 as follows:

The MAC architecture is shown in Figure 9-1. When operating with any of the Clause 14 through Clause 20
PHYs_or the Clause 22 PHY, the MAC provides the HCF, including the PCF, through the services ofithe
DCF. In a non-DMG QoS STA implementation, both DCF and HCF are present. In a non-DMG noh-QoS
STA implementation, only DCF is present. PCF is optional in all non-DMG STAs.

Replace Figure 9-1 with the following:

Used for Contention Services,

Required for Prioritized QoS basis for PCF and HCE

Services
Required for Parameterized Required for
QoS Services Controlled Mesh Used for Used for Dynamic
Services Contention  ajjgcation Services
Services

Required for Contention- Used for Scheduled

Used for non-

Free Services for non-QoS Mesh Coordination Function (MCF) data services Services
STA, optional otherwise
. o . Used for beamforming
Hybrid Coordination Function (HCF, )
v HeR with the PCP/AP Dynamic Allocation
I
i CBAP
Point || HCF HCF MCF A(fjgzs
Coordination | | Controlled Contention Controlled A-BFT ATI Contention SP
MAC Function ! Access Access Access Access | | Access Access) Access
extent (PCF) ' (HCCA) (EDCA) (MCCA)
5 DCF
[
Distributed Coordination Function (DCF) DMG Channel Access
FHSS, IR, DSSS;-OFDM, HR/DSSS, ERP, HT, or VHT PHY DMG PHY
\ J \ J
Y Y
Non-DMG STA DMG STA

Figure 9-1—MAC architecture
9.2:4-Hybrid coordination function (HCF)
9.2.4.1 General

Change the last paragraph of 9.2.4.1 as follows:

Time nriorbs manaaamant framac ara trancmittad Ariterdn Af tho narmal MAC Aavniiinn nracacce ac nar

HC— POty Mg e et o e oo C trar ot O Ottt o Tat— o thc— oo v i vo oty —Pproctoos—To— et

individually described transmission rules. Frames listed in Table 8-229 and Table 8-281ah with a value of
“Yes” in the “Time priority” column are time priority management frames. No other frames are time priority
management frames.
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9.2.4.2 HCF contention-based channel access (EDCA)

Change the seventh paragraph of 9.2.4.2 as follows:

addressed Management frames that are addressed to a non-QoS STA using the access category AC_BE and
shall send all other management frames using the access category AC_VO, whether or not it is associated
with a BSS or there is a QoS facility in the BSS. If dotl1QMFActivated is false or not present for a QoS
STA, a QoS STA that does not send individually addressed Management frames that are addressed to a non-
QoS STA using the access category AC_BE shall send them using the access category AC_VO({
Management frames are exempted from any and all restrictions on transmissions arising from admission
control procedures. If dotl1QMFActivated is true for a STA, the STA shall send management frames as
described in 10.25 (Quality-of-Service management frame). BlockAckReq and BlockAck frameés'shall be
sent using the same access category as the corresponding QoS data frames. PS-Poll frames shall be sent
using the access category AC_BE (to reduce the likelihood of collision following a Beacon\frame) and are
exempted from any and all restrictions on transmissions arising from admission control procedures. When
the first frame in a frame exchange sequence is an RTS or CTS frame, the RTS ar~€TS frame shall be
transmitted using the access category of the corresponding QoS Data/QoS Null frame(s) or AC_VO for
management frames. Control Wrapper frames shall be sent using the access category that would apply to the
carried control frame. A beamformer may send a VHT NDP_Announcement_frame or Beamforming Report
Poll frame using any access category and without being restricted by admission control procedures.

9.2.7 Fragmentation/defragmentation overview
Change the second paragraph of 9.2.7 as follows:

An MSDU transmitted under HT-immediate or HT-delayed Block Ack agreement shall not be fragmented
even if its length exceeds dotl1FragmentationThresheld. An MSDU or MMPDU transmitted within an
A-MPDU that does not contain a VHT single MPDU (see 9.12.7) shall not be fragmented even if its length
exceeds dotllFragmentationThreshold. Group<addressed MSDUs or MMPDUSs shall not be fragmented
even if their length exceeds dotl1FragmentationThreshold.

Change the third and fourth paragraphs of 9.2.7 (including combining them into one paragraph) as
follows:

Except as described below,(when an individually addressed MSDU is received from the LLC or an
individually addressed MMPDU is received from the MLME that would result in an MPDU of length

greater than dot11FragmentatlonThreshoId the MSDU or MMPDU shaII be fragmented %eeep{—as

exceptron applies when an MSDU is transmltted using an HT |mmed|ate or HT delayed Block Ack
agreement or ‘when the MSDU or MMPDU is carried in an A-MPDU _that does not contain a VHT single
MPDU &in which case the MSDU or MMPDU s transmitted without fragmentation. Each fragment is a
frameno longer than dotl1FragmentationThreshold, if security encapsulation is not invoked for the MPDU.
If,security encapsulation is active for the MPDU, then the fragments shall be expanded by the encapsulation
overhead and this may result in a fragment larger than dotl1FragmentationThreshold. It is possible that any
fragment may be a frame smaller than dotllFragmentationThreshold. An illustration of fragmentation is
shown in Figure 9-2.
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9.3 DCF

9.3.1 General

Change the eightiT paragrapin of 9-3-1 a5 fottows:

The RTS/CTS exchange also performs both a type of fast collision inference and a transmission path check.
If the return CTS is not detected by the STA originating the RTS, the originating STA may repeat the
process (after observing the other medium-use rules) more quickly than if the long data frame had been
transmitted and a return ACK frame had not been detected. An RTS/CTS exchange by VHT STAs also
performs fast collision inference on the secondary 20 MHz channel, secondary 40 MHz channel,\ and
secondary 80 MHz channel and helps the VHT STA transmitting the RTS to determine the available
bandwidth at the responder.

Change the 12th paragraph of 9.3.1 as follows:

All STAs that are members of a BSS are able to receive and transmit at all (the” data rates in the
BSSBasicRateSet parameter of the MLME-START .request primitive or BSSBasicRateSet parameter of the
BSSDescription representing the SelectedBSS parameter of the MLMEZJOIN.request primitive; see
6.3.4.2.4 and 6.3.11.2.4. All HT STAs and DMG STAs that are members of/a'BSS are able to receive and
transmit using all the MCSs in the BSSBasicMCSSet parameter of the MLIME-START.request primitive or
BSSBasicMCSSet parameter of the BSSDescription representing the SelectedBSS parameter of the MLME-
JOIN.request primitive; see 6.3.4.2.4 and 6.3.11.2.4. All VHT STAs\that are members of a BSS are able to
receive and transmit using all the <VHT-MCS, NSS> tuples inche-BSS basic VHT-MCS and NSS set (see
10.39.7) except as constrained by the rules of 9.7.11. To support the proper operation of the RTS/CTS by
non-DMG STAs, RTS/IDMG CTS by DMG STAs, and the virtual CS mechanism, all non-DMG STAs shall
be able to interpret control frames with the Subtype field set-equal to RTS or CTS, and all DMG STAs shall
be able to interpret control frames with the Subtyped{ield set-equal to RTS or DMG CTS.

9.3.2 Procedures common to both DCF and EDCAF
9.3.2.3IFS

9.3.2.3.2 RIFS

Insert the following paragraph at the beginning of 9.3.2.3.2:

The use of RIFS by non-DMG STAs is obsolete, and support for such use might be subject to removal in a
future revision of the standard. A VHT STA shall not transmit frames separated by a RIFS.

9.3.2.3.4 PIES
Change-the second paragraph of 9.3.2.3.4 as follows:

The PIFS may be used as described in the following list and shall not be used otherwise:
— A STA operating under the PCF as described in 9.4
— A STA transmitting a Channel Switch Announcement frame as described in 10.9
— A STA transmitting a TIM frame as described in 10.2.1.17
— An HC starting a CFP or a TXOP as described in 9.19.3.2.3

— An HC or a non-AP QoS STA that is a polled TXOP holder recovering from the absence of an
expected reception in a CAP as described in 9.19.3.2.4
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— An HT STA using dual CTS protection before transmission of the CTS2 as described in 9.3.2.7
— A TXOP holder continuing to transmit after a transmission failure as described in 9.19.2.4

— A TXOP holder transmitting an RTS with a bandwidth signaling TA within a multiple frame
transmission sequence as specified in 9.19.2.4

— An RD initiator continuing to transmit using error recovery as described in 9.25.3
— An HT AP during a PSMP sequence transmitting a PSMP recovery frame as described in 9.26.1.3

— An HT STA performing clear channel assessment (CCA) in the secondary channel before
transmitting a 40 MHz mask PPDU using EDCA channel access as described in 10.15.9

— An AP continuing to transmit in a GCR-Block-Ack TXOP after the failure to receive a BlockAck.as
described in 9.21.10

— A VHT STA performing CCA in the secondary 20 MHz, 40 MHz, and 80 MHz channels before
transmitting a 40 MHz, 80 MHz, 160 MHz, or 80+80 MHz mask PPDU using EDCA channel access
as described in 9.19.2.8

— A PCP/AP continuing to transmit in the AT after a transmission failure during thé AT (9.33.3)

— A source DMG STA of an SP continuing to transmit after a transmission-failure as described in
9.33.6.2

— An DMG STA performing EDCA access during an allocated CBAP as‘described in 9.33.5

Insert the following subclause, 9.3.2.5a, after 9.3.2.5:
9.3.2.5a VHT RTS procedure

A VHT STA transmitting an RTS frame carried in non-HT,Qr. non-HT duplicate format and addressed to a
VHT STA shall set the TA field to a bandwidth signaling TA and shall set the TXVECTOR parameters
CH_BANDWIDTH_IN_NON_HT and CH_BANDWIDTH to the same value. If the STA sending the RTS
frame is capable of dynamic bandwidth operation, (see 9.3.2.6), the STA shall set the TXVECTOR
parameter DYN_BANDWIDTH_IN_NON_HT te:Dynamic. Otherwise, the STA shall set the TXVECTOR
parameter DYN_BANDWIDTH_IN_NON_HT to Static.

A VHT STA that initiates a TXOP by.transmitting an RTS frame with the TA field set to a bandwidth
signaling TA shall not send an RTS;frame to a non-VHT STA for the duration of the TXOP.

NOTE—A non-VHT STA considers-the bandwidth signaling TA as the address of the TXOP holder. If an RTS frame is
sent to a non-VHT STA during-a;TXOP that is initiated by an RTS frame with a bandwidth signaling TA, the non-VHT
STA does not recognize the'RTS sender as the TXOP holder.

9.3.2.6 CTS and BMG CTS procedure
Insert the folfowing paragraphs at the beginning of 9.3.2.6:

A STAGhat receives an RTS frame addressed to it considers the NAV in determining whether to respond
withCeT'S, unless the NAV was set by a frame originating from the STA sending the RTS frame (see
9,19.2.2). In this subclause, “NAV indicates idle” means that the NAV count is 0 or that the NAV count is
nonzero but the non-bandwidth signaling TA obtained from the TA field of the RTS frame matches the
saved TXOP holder address.

A VHT STA that is addressed by an RTS frame in a non-HT or non-HT duplicate PPDU that has a
bandwidth signaling TA and that has the RXVECTOR parameter DYN_BANDWIDTH_IN_NON_HT

equal to Static behaves as follows:

— If the NAV indicates idle and CCA has been idle for all secondary channels (secondary 20 MHz
channel, secondary 40 MHz channel, and secondary 80 MHz channel) in the channel width indicated
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by the RTS frame’s RXVECTOR parameter CH_BANDWIDTH_IN_NON_HT for a PIFS period
prior to the start of the RTS frame, then the STA shall respond with a CTS frame carried in a non-HT
or non-HT duplicate PPDU after a SIFS period. The CTS frame’s TXVECTOR parameters
CH_BANDWIDTH and CH_BANDWIDTH_IN_NON_HT shall be set to the same value as the

RTSframe s RAVECTOR parameter CH BANDWHD TH N NON T ———————————
— Otherwise, the STA shall not respond with a CTS frame.

A VHT STA that is addressed by an RTS frame in a non-HT or non-HT duplicate PPDU that has a
bandwidth signaling TA and that has the RXVECTOR parameter DYN_BANDWIDTH_IN_NON_HT
equal to Dynamic behaves as follows:

— If the NAV indicates idle, then the STA shall respond with a CTS frame in a non-HT or non<HT
duplicate PPDU after a SIFS period. The CTS frame’s TXVECTOR parameters CH_BANBWIDTH
and CH_BANDWIDTH_IN_NON_HT may be set to any channel width for which CCA on all
secondary channels has been idle for a PIFS prior to the start of the RTS frame and that\is'equal to or
less than the channel width indicated in the RTS frame’s RXVECTOR parameter
CH_BANDWIDTH_IN_NON_HT.

— Otherwise, the STA shall not respond with a CTS frame.

A non-VHT STA that is addressed by an RTS frame or a VHT STA that/s*addressed by an RTS frame
carried in a non-HT or non-HT duplicate PPDU that has a hon-bandwidth ‘signaling TA or a VHT STA that
is addressed by an RTS frame in a format other than non-HT or non-H7,'duplicate behaves as follows:

— If the NAV indicates idle, the STA shall respond with a CTS frame after a SIFS period.
— Otherwise, the STA shall not respond with a CTS frame(

Change the now fifth paragraph of 9.3.2.6 as follows:

frame shall be set to the vaJHe non bandw1dth smnalmq TA obtalned from the TA field of the RTS frame to
which this CTS frame is a response. The\Duration field in the CTS frame shall be the duration field from the
received RTS frame, adjusted by subtraction of aSIFSTime and the number of microseconds required to
transmit the CTS frame at a data rate determined by the rules in 9.7.

9.3.2.7 Dual CTS protection

9.3.2.7.1 Dual CTS.pretection procedure

Insert the following paragraphs at the beginning of 9.3.2.7.1:

A VHT STA shall not transmit VHT PPDUs in a TXOP protected by dual CTS protection.

AMHT AP shall not transmit an HT Operation element with the Dual CTS Protection field set to 1.
Insert the following subclause, 9.3.2.9a (including Figure 9-9a and Figure 9-9b), after 9.3.2.9:

9.3.2.9a MU acknowledgment procedure

The acknowledgment procedure performed by a STA that receives MPDUSs that were transmitted within a

VHT MU PPDU is the same as the acknowledgment procedure for MPDUs that were not transmitted within
a VHT MU PPDU.
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NOTE—AII MPDUs transmitted within a VHT MU PPDU are contained within A-MPDUSs, and the rules specified in
8.6.3 prevent an immediate response to more than one of the A-MPDUs.

Responses to A-MPDUs within a VHT MU PPDU that are not immediate responses to the VHT MU PPDU

are transmitted in response to m(plir‘i'r RInr‘kAr‘kaqnpqr frames hy the AP anmlnlpq of \VHT MU PPDLIJ
frame exchange sequences are shown in Figure 9-9a and Figure 9-9b.

SIFS SIFS SIFS SIFS SIFS
> »i > i >

) ) < <« <«

AP VHT MU PPDU BAR BAR

STA1 BA/ACK

STA2 BA/ACK

STA3 BA/ACK

Figure 9-9a—An example of a TXOP containing a VHT MU\PPDU transmission
with an immediate acknowledgment to the VHT. MU PPDU

‘SIFi EIFS ‘SIFS ‘SIFS ‘SIFE ‘SIFS
AP VHT MU PPDU BAR BAR BAR
STA1 BA/ACK
STA2 BA/ACK
STA3 BA/ACK

Figure 9-9b—An example of a TXOP containing a VHT MU PPDU transmission
with-ne“immediate acknowledgment to the VHT MU PPDU

Recovery withinthe TXOP that contains a VHT MU PPDU can be performed according to the rules of
9.19.2.4. BlockActkRequest frames related to A-MPDUs within a VHT MU PPDU can be transmitted in a
TXOP separate from the one that contained the VHT MU PPDU.

NOTE-I—A BlockAck frame or an ACK frame is sent in immediate response to the BlockAckReq frame for HT-
immediate or HT-delayed Block Ack, respectively. An ACK frame might be sent in immediate response to a VHT single
MPDU in the VHT MU PPDU.

NOTE 2—A BlockAckRequest frame would typically not be sent to a STA in the case where the A-MPDU to the STA
contained no MPDUs requiring acknowledgment. It could be sent if MPDUs in a previous A-MPDU remain
unacknowledged.
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9.3.4 DCF access procedure

9.3.4.4 Recovery procedures and retransmit limits

tsertthefotowmgparagraptrat theendof 9:844:

An AP that fails to receive an acknowledgment after the AP transmits a frame with the More Data field set to
0 to a non-AP VHT STA that is in VHT TXOP power save mode retransmits the frame within the current
TXOP under certain conditions as described in 10.2.1.19.

9.3.7 DCF timing relations
Insert the following note after the first paragraph (“The relationships between...””) of 9.3.7:

NOTE—In Figure 9-14, when transmitting a VHT PPDU, D1 is equal to aRxPHY Delay and referenced from the end of
the last symbol of a PPDU on the medium.

Change the third paragraph of 9.3.7 as follows:

aSIFSTime and aSlotTime are determined per PHY, aSIFSTime is fixed,<and aSlotTime can change
dynamically as aAirPropagationTime changes (see 9.18.6).

When transmitting a non-VHT PPDU,

aSIFSTime is: aRxRFDelay + aRxPLCPDelay + aMACProcessingDelay + aRxTxTurnaroundTime.
When transmitting a VHT PPDU,

aSIFSTime is: aRxPHYDelay + aMACProcessingDelay+ aRxTxTurnaroundTime.

aSlotTime is: aCCATime + aRxTxTurnaroundFime'+ aAirPropagationTime + aMACProcessingDelay.

9.5 Fragmentation
Change the third paragraph of 9.5, including breaking it into three paragraphs, as follows:

A fragment is an MPDU, the payload of which carries all or a portion of an MSDU or MMPDU. When data
are to be transmitted, the number’of octets in the fragment (before processing by the security mechanism)
shall be determined by dotllFragmentationThreshold and the number of octets in the MPDU that have yet
to be assigned to a fragment at the instant the fragment is constructed for the first time. Once a fragment is
transmitted for the first-time, its frame body content and length shall be fixed until it is successfully
delivered to the immediate receiving STA.

A STA shall becapable of receiving fragments, containing all or part of an MSDU, of arbitrary length that is
less than.or equal to the maximum aHewed MSDU size as defined in 8.2.3, plus any security encapsulation
headers-overhead, plus MAC header and FCS.

A.STA shall be capable of receiving fragments, containing all or part of an MMPDU, of arbitrary length that
is less than or equal to the minimum of

— The maximum MMPDU size as defined in 8.3.3.1, plus any security encapsulation overhead, plus
MAC header and FCS

— Any maximum MPDU length advertised by the STA
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9.7 Multirate support

9.7.1 Overview

Change e Iast paragrapn or9J.7.1 as TOIOws.

For the Clause 18, Clause 17, Clause 19, Clause 20,ard Clause 21, and Clause 22 PHY's, the time required
to transmit a frame for use in calculating the value for the Duration/ID field is determined using the PLME-
TXTIME.request primitive (see 6.5.7) and the PLME-TXTIME.confirm primitive (see 6.5.8), both defined
in 18.4.3,17.3.4,19.8.3.2, 19.8.3.3, 19.8.3.4, 20.4.3, 6+21.12.3, or 22.4.3 depending on the PHY options. In
QoS STAs, the Duration/ID field may cover multiple frames and may involve using the PLME-
TXTIME.request primitive several times.

9.7.4 Basic Rate Set and Basic MCS Set for mesh STA
Change the last two paragraphs of 9.7.4 as follows:

Mesh STAs should adopt the mandatory PHY rates as the default BSSBasicRateSetto reduce the risk that a
candidate peer mesh STA utilizes a different BSSBasicRateSet. If the mesh/STA is also an HT STA, it
should adopt the MESs-ef-mandatory HT MCSs as the default BSSBasicMESSet. If the mesh STA is also a
VHT STA, it should adopt <VHT-MCS, NSS> tuples formed from the mandatory VHT-MCSs and NSS = 1
as the default BSS basic VHT-MCS and NSS set (see 10.39.7).

Once the mesh STA establishes a mesh peering with a mesh—=STA, it shall not change neither—the
BSSBasicRateSet, rerthe-BSSBasicMCSSet, or BSS basic VHT-MCS and NSS set.

9.7.5 Rate selection for data and managementframes

9.7.5.3 Rate selection for other group addréssed data and management frames

Insert the following paragraph before the last paragraph of 9.7.5.3:

If the BSSBasicRateSet parameter is;empty and the BSSBasicMCSSet parameter is empty and the BSS
basic VHT-MCS and NSS set is nefy\empty, the frame shall be transmitted in a VHT PPDU using one of the
<VHT-MCS. NSS> tuples included in the BSS basic VHT-MCS and NSS set.

Change the last paragraph:ef 9.7.5.3 as follows:

If beth-the BSSBaSicRateSet parameter,—and the BSSBasicMCSSet parameter, and the BSS basic VHT-

MCS and NSS set.are empty (e.g., a scanning STA that is not yet associated with a BSS), the frame shall be
transmitted in aynon-HT PPDU using one of the mandatory PHY rates.

Insertthefollowing subclause, 9.7.5.5a, after 9.7.5.5:
9 7.5.5a Rate selection for data frames sent within an FMS stream

Data frames sent within an FMS stream are sent at a rate negotiated during the establishment of the FMS
stream. See 10.23.7.
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Change 9.7.5.6 (including the subclause title) as follows:

9.7.5.6 Rate selection for other individually addressed data and management frames

rate, eMCS, or <VHT-MCS, NSS> tuple subject to the following constraints:

— A STA shall not transmit a frame using a rate or MCS that is not supported by the receiver STA or
STAs, as reported in any Supported Rates element, Extended Supported Rates element, or Supported
MCS Set field in management frames transmitted by the receiver STA.

— A STA shall not transmit a frame using a <VHT-MCS, NSS> tuple that is not supported by<the
receiver STA, as reported in any Supported VHT-MCS and NSS Set field in management frames
transmitted by the receiver STA.

— If at least one Operating Mode field with the Rx NSS Type subfield equal to 0 was received from the
receiver STA:

— A STA shall not transmit a frame with the number of spatial streams greater than that indicated in
the Rx NSS subfield in the most recently received Operating Mode field @vith the Rx NSS Type
subfield equal to 0 from the receiver STA.

— If at least one Operating Mode field with the Rx NSS Type subfield egdal 16 1 was received from the
receiver STA:

— A STA shall not transmit an SU PPDU frame using a beamforming steering matrix with the
number of spatial streams greater than that indicated in the'Rx NSS subfield in the most recently
received Operating Mode field with the Rx NSS Type(subfield equal to 1 from the receiver STA
if the beamforming steering matrix was derived froma VHT Compressed Beamforming report
with Feedback Type subfield indicating MU in the VHT Compressed Beamforming frame(s).

— A STA shall not transmit a frame using a value for the CH_BANDWIDTH parameter of the
TXVECTOR that is not supported by the receiver STA, as reported in any HT Capabilities element
or VHT Capabilities element received from. the intended receiver.

— An HT STA that is a member of a BSS‘ahd that is not a VHT STA shall not transmit a frame using a
value for the CH_BANDWIDTH parameter of the TXVECTOR that is not permitted for use in the
BSS, as reported in the most ‘recently received HT Operation element with the exception
transmissions on a TDLS off=channel link, which follow the rules described in 10.22.6.1 and
10.22.6.2.

— A VHT STA that issd.member of a BSS shall not transmit a frame using a value for the
CH BANDWIDTH parameter of the TXVECTOR that is not permitted for use in the BSS, as
reported in the mostrecently received VHT Operation element with the following exceptions:

Transmissions on a TDLS off-channel link follow the rules described in 10.22.6.1 and 10.22.6.2.
Transmissions by a VHT STA on a TDLS link follow the rules described in 10.22.1 and
10.22.6.4.

— If atJeast one Operating Mode field with the Rx NSS Type subfield equal to 0 was received from the
receiver STA:

— A STA shall not transmit a frame using a value for the TXVECTOR parameter
CH_BANDWIDTH that is not supported by the receiver STA as reported in the most recently
received Operating Mode field with the Rx NSS Type subfield equal to 0 from the receiver STA.

— A STA shall not initiate transmission of a frame at a data rate higher than the greatest rate in the
OperationalRateSet, or using an MCS that is not in the HTOperationalMCSSet, or using a <VHT-
MCS, NSS> tuple that is not in the Operational VHTMCS_NSSSet, which are parameters of the
ML ME-JOIN request primitive

When the supported rate set of the receiving STA is not known, the transmitting STA shall transmit using a
rate in the BSSBasicRateSet parameter, or an MCS in the BSSBasicMCSSet parameter, or a <VHT-MCS,

126 Copyright © 2013 IEEE. All rights reserved.


https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

IEEE
FOR VERY HIGH THROUGHPUT FOR OPERATION IN BANDS BELOW 6 GHz Std 802.11ac-2013

NSS> tuple in the BSS basic VHT-MCS and NSS set, or a rate from the mandatory rate set of the attached
PHY if beth-the BSSBasicRateSet,-and the BSSBasicMCSSet, and the BSS basic VHT-MCS and NSS set
are empty.

wit n other typesofU. '
9.7.6 Rate selection for control frames

9.7.6.1 General rules for rate selection for control frames
Change 9.7.6.1 as follows:

Control frames carried in an A-MPDU that does not contain a VHT single MPDU shall be. sent at a rate
selected from the rules defined in 9.7.5.6.

NOTE—The rules defined in 9.7.6.2 through 9.7.6.5 apply only to control frames not carried in‘an A-MPDU _that does
not contain a VHT single MPDU.

The following rules determine whether a control frame is carried in ar-HFRRBY-of non-HT,_HT, or VHT
PPDU:

a) A control frame shall be carried in an HT PPDU when the controlframe meets any of the following
conditions:

1) The control frame contains an L-SIG duration value (see 9.23.5), or
2) The control frame is sent using an STBC frame.

b) A control response frame shall be carried in an HT PPDU when the control frame is a response to a
frame that meets any of the following conditions:
1) The frame eliciting the response included an HT variant HT Control field with the TRQ field
equal to 1 and the HT NDP Anneuncement subfield equal to O, and this responder set the
Implicit Transmit Beamforming, Receiving Capable field to 1 in its last transmitted HT
Capabilities element; or

2) The frame eliciting the response was an RTS frame carried in an HT PPDU; or

3) The frame eliciting the\response was an STBC frame, and the Dual CTS Protection field was
equal to 1 in the last.HT Operation element received from its AP or transmitted by the STA (see

9.3.2.7).
¢) A control framgmay be carried in an HT PPDU when the control frame meets any of the following
conditions:
1) TheLontrol frame contains an HT variant HT Control field with the MRQ subfield equal to 1,
or
2) ™\ The control frame contains an HT variant HT Control field with the TRQ field equal to 1.
. T o S, d n T 04, aHd n ol o a o

dY A control frame may be carried in a VHT PPDU when the control frame contains an HT Control
field or is an STBC frame.

e) A control response frame shall be carried in a VHT PPDU if the eliciting frame was an RTS frame
carried in a VHT PPDU that contains an HT Control field with MRQ subfield equal to 1.

f)  Otherwise, the control frame shall be carried in a non-HT PPDU.

NOTE—In these cases, the requirements specified in 9.27, 9.28.2, and 9.29 further constrain the choice of non-HT, HT,
or VHT PPDU.
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If an Operating Mode field has been received from the intended receiver STA, the following constraints also
apply:
— If at least one Operating Mode field with the Rx NSS Type subfield equal to 0 was received from the
receiver STA:

— A STA shall not transmit a frame with the number of spatial streams greater than that indicated in
the Rx NSS subfield in the most recently received Operating Mode field with the Rx NSS Type
subfield equal to 0 from the receiver STA.

— If at least one Operating Mode field with the Rx NSS Type subfield equal to 1 was received from the
receiver STA:

— A STA shall not transmit an SU PPDU frame using a beamforming steering matrix with ‘the
number of spatial streams greater than that indicated in the Rx NSS subfield in the most recently
received Operating Mode field with the Rx NSS Type subfield equal to 1 from the receiver STA
if the beamforming steering matrix was derived from a VHT Compressed Beamforming report
with Feedback Type subfield indicating MU in the VHT Compressed Beamforming frame(s).

Selection of channel width is defined in 9.7.6.6.

A control response frame is a control frame that is transmitted as a response to‘the reception of a frame a
SIFS time after the PPDU containing the frame that elicited the response, eg¢ 2°CTS in response to an RTS
reception, an ACK in response to a DATA reception, a BlockAck in response to a BlockAckReq reception.
In some situations, the transmission of a control frame is not a control4esponse transmission, such as when a
CTS is used to initiate a TXOP.

9.7.6.2 Rate selection for control frames that initiate.axTXOP
Change the first paragraph of 9.7.6.2 as follows:

This subclause describes the rate selection rules for.control frames that initiate a TXOP and that are either a
VHT single MPDU or not carried in an A-MPDU-

Insert the following paragraph at the end-of 9.7.6.2:

When transmitting a VHT PPDU, a\STA shall select a <VHT-MCS, NSS> tuple from the BSS basic VHT-
MCS and NSS set when protection is required (as defined in 9.23) and shall select a <VHT-MCS, NSS>
tuple from the SupportedVHTMCS_NSSSet parameter of the intended receiver when protection is not
required.

9.7.6.4 Rate selegtion for control frames that are not control response frames
Change the first paragraph of 9.7.6.4 as follows:
This subelause describes the rate selection rules for control frames that are not control response frames, are

not_theyframe that initiates a TXOP, are not the frame that terminates a TXOP, and are either a VHT single
MRDU or not carried in an A-MPDU.

Change the fourth paragraph of 9.7.6.4 as follows:

A frame that is carried in an HT PPDU shall be transmitted by the STA using an MCS supported by the

receiver STA, as reported in the Supported MCS Set field in the HT Capabilities element ir-management
frames-transmitted-by-received from that STA. When the supported rate-MCS set of the receiving STA or
STAs is not known, the transmitting STA shall transmit using an MCS in the BSSBasicMCSSet parameter.
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Insert the following paragraph at the end of 9.7.6.4:

A frame that is carried in a VHT PPDU shall be transmitted by the STA using a <VHT-MCS, NSS> tuple
supported by the receiver STA. A <VHT-MCS, NSS> tuple is supported if reported as such in the Supported

VYHT=MESamdNSS-Setfretdmrthe-vHT Capabitities etement received-fromrthat STA-Whemthe-Supported
VHT-MCS and NSS set of the receiving STA or STAs is not known, the transmitting STA shall transmit
using a <VHT-MCS, NSS> tuple in the BSS basic VHT-MCS and NSS set.

9.7.6.5 Rate selection for control response frames

9.7.6.5.1 Introduction

Change 9.7.6.5.1 as follows:

Subclauses 9.7.6.5.2 through 9.7.6.5.5 describe the rate selection rules for control responseframes that are
either a VHT single MPDU or not carried in an A-MPDU.

9.7.6.5.2 Selection of a rate or MCS
Change the second bullet in the dashed list of the first paragraph of 9.7.6.5.2,4s follows:

— If a BlockAck frame is sent as an immediate response to either an-implicit BlockAck request or to a
BlockAckReq frame that was carried in an HT or VHT PPDU\and the BlockAck frame is carried in a
non-HT PPDU, the primary rate is defined to be the highest’rate in the BSSBasicRateSet parameter
that is less than or equal to the rate (or non-HT referenceTate; see 9.7.9) of the previous frame. If no
rate in the BSSBasicRateSet parameter meets these conditions, the primary rate is defined to be the
highest mandatory rate of the attached PHY that-is.less than or equal to the rate (or non-HT reference
rate; see 9.7.9) of the previous frame. The STA'mnay select an alternate rate according to the rules in
9.7.6.5.4. The STA shall transmit the non~HT PPDU BlockAck control response frame at either the
primary rate or the alternate rate, if one’exists.

Change the fifth bullet in the dashed list of the first paragraph of 9.7.6.5.2 as follows:

— If the control response framie:is carried in an HT or VHT PPDU, then it is transmitted at-using an
MCS or <VHT-MCS, NSS> tuple as determined by the procedure defined in 9.7.6.5.3.

Change the second paragraph of 9.7.6.5.2 as follows:

The modulation class of the control response frame shall be selected according to the following rules:

— If the reCeived frame is of a modulation class other than HT or VHT and the control response frame
is carried in a non-HT PPDU, the control response frame shall be transmitted using the same
maodulation class as the received frame. In addition, the control response frame shall be sent using the
same value for the TXVECTOR parameter PREAMBLE_TYPE as the received frame.

— ~“If the received frame is of the modulation class HT or VHT and the control response frame is carried
in a non-HT PPDU, the control response frame shall be transmitted using one of the ERP-OFDM or
OFDM modulation classes.

— If the control response frame is carried in an HT PPDU, the modulation class shall be HT.
— If the control response frame is carried in a VHT PPDU, the modulation class shall be VHT.
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9.7.6.5.3 Control response frame MCS computation

Change 9.7.6.5.3 as follows:

F , bramme—ts—to— E—

(CH_BANDWIDTH parameter of the TXVECTOR) shall be selected first according to 9.7.6.6, and then the
MCS or <VHT-MCS, NSS> tuple shall be selected from a set of MCSs and <VHT-MCS, NSS> tuples
called the CandidateMCSSet as described in this subclause.

If the frame eliciting the response was transmitted by an HT STA that is nota VHT STA, tFhe Rx Supported

MCS Set efthe-STA-that-transmitted-the-frame-chieiting-therespense-is determined from the #s-Supported

MCS Set field in the HT Capabilities element received from the STA, as follows:
— If abitin the Rx MCS Bitmask subfield is equal to 0, the corresponding MCS is not supported.

— If abit in the Rx MCS Bitmask subfield is equal to 1 and the integer part of the data rate(expressed
in megabits per second) of the corresponding MCS is less than or equal to the rate-represented by the
Rx Highest Supported Data Rate subfield, then the MCS is supported by the STAOn receive. If the
Rx Highest Supported Data Rate subfield is equal to 0 and a bit in the Rx MESBitmask is equal to 1,
then the corresponding MCS is supported by the STA on receive.

If the frame eliciting the response was transmitted by a VHT STA. the Rx Supported MCS Set is determined
for VHT PPDUs as described in 9.7.11 and for HT PPDUs from the.Supported MCS Set field in the HT
Capabilities element received from the STA as follows:

— Ifabit in the Rx MCS Bitmask subfield is equal to 0, the-corresponding MCS is not supported.

— If a bit in the Rx MCS Bitmask subfield is equal to 1candthe integer part of the data rate (expressed
in megabits per second) of the corresponding MCS i§ less than or equal to the rate represented by the
Rx Highest Supported Data Rate subfield, then-the MCS is supported by the STA on receive. If the
Rx Highest Supported Data Rate subfield is €qual to 0 and a bit in the Rx MCS Bitmask is equal to 1,
then the corresponding MCS is supportedby the STA on receive.

The CandidateMCSSet is determined using,the following rules:

— If the frame eliciting the response was an STBC frame and the Dual CTS Protection bit is equal to 1,
the CandidateMCSSet shall cgntain only the basic STBC MCS.

— If the frame eliciting the response had an L-SIG duration value (see 9.23.5) and initiates a TXOP, the
CandidateMCSSet is theMICS Set consisting of the intersection of the Rx Supported MCS Set of the
STA that sent the frame that is eliciting the response and the set of MCSs that the responding STA is
capable of transmitting.

— If none of the‘above conditions is true, the CandidateMCSSet is the union of the BSSBasicMCSSet
and the BSSbasic VHT-MCS and NSS set-parameter. If the frame eliciting the response was an RTS
framercarried in a VHT PPDU, then the CandidateMCSSet may additionally include the <VHT-
MES, .NSS> tuple with the same MCS and number of spatial streams as the VHT PPDU. If the
combined BSSBasicMCSSet parameter is empty, the CandidateMCSSet shall consist of

— {The set of mandatory HT PHY MCSs_if the STA eliciting the response is an HT STA that is not
a VHT STA

— The set of mandatory HT MCSs plus the set of <VHT MCS, NSS> tuples corresponding to the
mandatory VHT PHY MCSs with NSS =1 if the STA eliciting the response is a VHT STA-

MCS values from the CandidateMCSSet that cannot be transmitted with the selected CH_BANDWIDTH
parameter value shall be eliminated from the CandidateMCSSet.

The choice of a response MCS is made as follows:
a)  If the frame eliciting the response is within a non-HT PPDU,

130 Copyright © 2013 IEEE. All rights reserved.


https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

IEEE
FOR VERY HIGH THROUGHPUT FOR OPERATION IN BANDS BELOW 6 GHz Std 802.11ac-2013

1) Eliminate from the CandidateMCSSet all <VHT-MCS, NSS> tuples. Moreover, eliminate all
MCSs that have a data rate greater than the data rate of the received PPDU (the mapping of
MCS to data rate is defined in 20.6).

2) Find the highest indexed MCS from the CandidateMCSSet. The index of this MCS is the index

of the MCS that Is the primary MCS for the response transmission.

3) If the CandidateMCSSet is empty, the primary MCS is the lowest indexed MCS of the
mandatory MCSs.

b) If the frame eliciting the response is within an HT PPDU,

1) Eliminate from the CandidateMCSSet all <VHT-MCS, NSS> tuples. Moreover, eliminate aH
MCSs that have an index that is higher than the index of the MCS of the received frame. Also
eliminate all MCSs that have a number of spatial streams greater than that indicated in the' Rx
NSS subfield in the most recent Operating Mode field with the Rx NSS Type subfield‘equal to
0 from the intended receiver STA, if at least one Operating Mode field with the Rx NSS Type
subfield equal to 0 was received from the intended receiver STA.

2) Determine the highest number of spatial streams (Ngs) value ofc~the MCSs in the
CandidateMCSSet that is less than or equal to the Ngg value of the MCS-0f the received frame.
Eliminate all MCSs from the CandidateMCSSet that have an Ngg value'that is not equal to this
Ngg value. The mapping from MCS to Ngg is dependent on the attached PHY. For the HT PHY,
see 20.6.

3) Find the highest indexed MCS of the CandidateMCSSet for ‘'which the modulation value of
each stream is less than or equal to the modulation value/of each stream of the MCS of the
received frame and for which the coding rate walde is(less than or equal to the coding rate valde
of the MCS from the received frame. Fhetrdex-ofthis MESs the-index-ef the MCSthatThis is
the primary MCS for the response transmissiofx, The mapping from MCS to modulation and
coding rate is dependent on the attached PHY.For the HT PHY, see 20.6. For the purpose of
comparing modulation values, the followihg sequence shows increasing modulation values:
BPSK, QPSK, 16-QAM, 64-QAM.

4) If no MCS meets the condition in.step 3), remove each MCS from the CandidateMCSSet that
has the highest value of Ngg inythe CandidateMCSSet. If the resulting CandidateMCSSet is
empty, then set the CandidateMCSSet to the HT PHY mandatory MCSs. Repeat step 3) using
the modified CandidateMCSSet.

c) If the frame eliciting the respense is within a VHT PPDU,

1) Eliminate from the\CandidateMCSSet all MCSs and all <VHT-MCS, NSS> tuples that meet
any of the following conditions:

i) Havera data rate that is higher than the data rate of the <VHT-MCS, NSS> tuple of the
received frame using the largest possible value of CH BANDWIDTH that is no larger
than the value of CH BANDWIDTH of the received frame

i) ~~Have a number of spatial streams greater than that indicated in the Rx NSS subfield in the
most recent Operating Mode field with the Rx NSS Type subfield equal to 0 from the
intended receiver STA, if at least one Operating Mode field with the Rx NSS Type
subfield equal to 0 was received from the intended receiver STA

iii) Have a number of spatial streams greater than that indicated in the Rx NSS subfield in the
most recent Operating Mode field with the Rx NSS Type subfield equal to 1 from the
intended receiver STA if at least one Operating Mode field with the Rx NSS Type subfield
equal to 1 was received from the receiver STA and the control response frame is an SU
PPDU frame with a beamforming steering matrix and the beamforming steering matrix
was derived from a VHT Compressed Beamforming report with Feedback Type subfield

indicating MU in the VHT Compressed Beamforming frame(s)

2) Determine the highest number of spatial streams (Ngg) value of the MCSs and <VHT-MCS,
NSS> tuples in the CandidateMCSSet that is less than or equal to the Ngg value of the received
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frame. Eliminate all MCSs from the CandidateMCSSet that have an Nss value that is not equal
to this Ngs value. The mapping from MCS to Ngg is dependent on the attached PHY. For the
HT PHY, see 20.6.

3) Find the highest rate MCS or <VHT-MCS, NSS> tuple of the CandidateMCSSet for which the

modulation value of each stream Is less than or equal to the modulation value ot each stream of
the MCS of the received frame and for which the coding rate is less than or equal to the coding
rate of the MCS from the received frame. This MCS or <VHT-MCS, NSS> tuple is the primary
MCS for the response transmission. The mapping from MCS or <VHT-MCS, NSS> tuple to
modulation and coding rate is dependent on the attached PHY. For the HT PHY, see 20.6; for
the VHT PHY, see 22.5. For the purpose of comparing modulation values, the following
sequence shows increasing modulation values: BPSK, QPSK, 16-QAM, 64-QAM, 256-QAM.

4) If no MCS meets the condition in step 3), remove each MCS or <VHT-MCS, NSS> tuple from
the CandidateMCSSet that has the highest value of Ngg in the CandidateMCSSet. If the
resulting CandidateMCSSet is empty, then set the CandidateMCSSet to the. VHT PHY
mandatory MCSs. Repeat step 3) using the modified CandidateMCSSet.

Once the primary MCS or <VHT-MCS, NSS> tuple has been selected, the STAcmay select an alternate
MCS according to 9.7.6.5.4. The STA shall transmit the HFPRBU-control response frame using either the
primary MCS or the alternate MCS, if one exists.

9.7.6.6 Channel Width selection for control frames

Change 9.7.6.6 as follows:

NOTESFais+uleThe rules in this subclause, combined with the rules in 9.7.5.1 (General rules for rate selection for
controlframes), determines the format of control response frames.

If a VHT STA transmits to another VHT STA a control frame that is not an RTS frame or a CF-End frame,
if that control frame elicits a control response frame or a VHT Compressed Beamforming frame, and

— If the control frame is transmitted in a non-HT duplicate PPDU (channel width 40 MHz or wider),
the transmitting VHT STA shall set the TA field to a bandwidth signaling TA.

— _If the control frame is transmitted in a non-HT PPDU (channel width 20 MHz), the transmitting

VHT STA may set the TA field to a bandwidth signaling TA.

If the TA is a bandwidth signaling TA, the transmitting VHT STA shall set the TXVVECTOR parameters
CH BANDWIDTH IN_NON_HT and CH BANDWIDTH to the same value.
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NOTE 1—Such control frames are BlockAckReq frames, BlockAck frames in the context of HT-delayed Block Ack,
PS-Poll frames, VHT NDP Announcement frames, and Beamforming Report Poll frames.

NOTE 2—Control Wrapper frames follow the rules pertaining to the carried control frame (see 9.10).

Channel width selection rules for RTS frames are described in 9.3.2.5a.

A VHT STA that transmits a CF-End frame in a non-HT duplicate PPDU (channel width 40 MHz or wider)
addressed to a VHT AP shall set the Individual/Group bit in the BSSID(TA) field to 1.

A VHT STA that transmits a CF-End frame in a non-HT PPDU (channel width 20 MHz) addressed to‘a
VHT AP may set the Individual/Group bit in the BSSID(TA) field to 1.

If the Individual/Group bit in the BSSID(TA) field of the CF-End frame is set to 1, the transmitting VHT
STA shall set the TXVECTOR parameters CH_BANDWIDTH IN_NON HT and CH_BANDWIDTH to
the same value.

A STA that sends a control frame in response to a frame carried in an HT PPDU onaWHT PPDU shall set
the TXVECTOR parameter CH_BANDWIDTH to indicate a channel width that’is the same as the channel
width indicated by the RXVECTOR parameter CH_BANDWIDTH of the framé_€liciting the response.

A STA that sends a control frame in response to a frame carried in a.non-HT or non-HT duplicate PPDU
with a non-bandwidth signaling TA

— Should set the TXVECTOR parameter CH_BANDW!IDTHto the same value as the RXVECTOR
parameter CH BANDWIDTH for the frame eliciting.therésponse.

— Shall not set the TXVECTOR parameter CH BANDWIDTH to a value greater than the
RXVECTOR parameter CH_ BANDWIDTH forthe frame eliciting the response.

NOTE—According to this rule, a STA can respond with.a 20 MHz PPDU if it receives a non-HT duplicate frame but is
not able to detect the channel width occupied by the«frame (whether by design or because the frame was received over a
channel that is narrower than the channel on which.it Wwas transmitted).

A VHT STA that sends a control frame:that is in response to a non-HT or non-HT duplicate format frame
with a bandwidth signaling TA and;that is not a CTS shall set the channel width indicated by the
TXVECTOR parameter CH_ BANDWIDTH to the same value as the channel width indicated by the
RXVECTOR parameter CH_BANDWIDTH_IN_NON_HT for the frame eliciting the response. The RA
field of a control frame that\is not a CF-End frame and that is sent in response to a control frame with a
bandwidth signaling TA'shall be set to a non-bandwidth signaling TA obtained from the TA field of the
immediate previous control frame. For the channel width selection rules for CTS sent in response to an RTS
with a bandwidth.signaling TA, see 9.3.2.6.

A frame that\is' intended to provide protection is transmitted using a channel width selected by the rules
defined in\9,23.

An-HT'STA that uses a non-HT duplicate frame to establish protection of its TXOP shall send any CF-End
frame using a non-HT duplicate frame except during the 40 MHz phase of PCO operation. During the
40 MHz phase of PCO operation, the rules in 10.16 apply.

The TXOP holder should set the TXVECTOR parameter CH_BANDWIDTH of a CF-End frame to the
maximum bandwidth allowed by the rules in 9.19.2.4.

NOTE—A CF-End frame transmitted by an AP a SIFS duration after receiving a CF-End frame is considered a control
response frame.
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9.7.8 Modulation classes

Change 9.7.8 as follows:
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Table 9-4 defines modulation classes for the rules for response frames in 9.7.

Table 9-4—Modulation classes

Condition that selects this modulatiofclass
M lation Description of
ogluasast ° r?]sgduﬁggono Clause 14 to Clause 19
PHYs and Clause 20 PHY Clause 22 PHY
Clause 21 PHY
1 Infrared (IR) Clause 15 transmission | N/A N/A
2 Frequency-hopping | Clause 14 transmission N/A N/A
spread spectrum
(FHSS)
3 DSSS and HR/ Clause 16 or Clause\.7 FORMAT is NON_HT. | N/A
DSSS transmission NON_HT_MODULAT
ION is ERP-DSSS or
ERP-CCK.
4 ERP-PBCC 19.6:transmission FORMAT is NON_HT. | N/A
NON_HT_MODULAT
ION is ERP-PBCC.
5 DSSS-OFDM 19.7 transmission FORMAT is NON_HT. | N/A
NON_HT_MODULAT
The use ofthe ION is DSSS-OFDM.
DSSS-OFDM
optioris
deprecated, and this
option may be
removed in a later
revision of the
standard.
6 ERP-OFDM 19.5 transmission FORMAT is NON_HT. | N/A
NON_HT_MODULAT
ION is ERP-OFDM.
7 OFDM Clause 18 transmission | FORMAT is NON_HT. | FORMAT is NON_HT.
NON_HT_MODULAT | NON_HT_MODULAT
ION 1s OFDM or ION 1s OFDM
NON_HT_DUP_OFD or
M. NON_HT_DUP_OFD
M.
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Condition that selects this modulation class
MeodtHation Beseription-of I I
- Clause 14 to Clause 19
class modulation PHYs and Clause 20 PHY Clause 22 PHY
Clause 21 PHY
8 HT N/A FORMAT isHT_MFor | FORMAT isHT MFor
HT_GF. HT GE

9 DMG Control 21.4 transmission N/A N/A

10 DMG SC 21.6 transmission N/A N/A

11 DMG OFDM 21.5 transmission N/A N/A

12 DMG low power 21.7 transmission N/A N/A

SC
13 VHT N/A N/A FORMAT is VHT.

9.7.9 Non-HT basic rate calculation
Change the first paragraph of 9.7.9 as follows (note that footnote-27 remains unchanged):

This subclause defines how to convert aR-HT MCSs and VHT-MCSs to a non-HT basic rate for the purpose
of determining the rate of the-a response frame. It consists of two steps as follows:
a) Use the modulation and coding rate determiped from the HT MCS (defined in 20.6) or VHT-MCS
(defined in 22.5) to locate a non-HT reference rate by lookup into Table 9-5.%7 In the case of an
MCS with UEQM, the modulation of stream 1 is used.
b)  The non-HT basic rate is the highest rate in the BSSBasicRateSet that is less than or equal to this
non-HT reference rate.

Insert the following rows at the end of Table 9-5:

Table 9-5—Non-HT reference rate

. Coding rate Non-HT reference
Modulation R) (Mb/s)
256-QAM 3/4 54
256-QAM 5/6 54

Insert the following subclauses, 9.7.10 to 9.7.11.3 (including Table 9-5a), after 9.7.9:

9.7.10 Channel Width in non-HT and non-HT duplicate PPDUs

A non-VHT STA shall include neither the CH_BANDWIDTH_IN_NON_HT parameter nor the
DYN_BANDWIDTH_IN_NON_HT parameter in either of the Clause 18 TXVECTOR or RXVECTOR. A
non-VHT STA shall not set the TA field to a bandwidth signaling TA. A VHT STA shall include neither the
CH_BANDWIDTH_IN_NON_HT parameter nor the DYN_BANDWIDTH_IN_NON_HT parameter in the
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Clause 22 TXVECTOR of a non-HT PPDU addressed to a non-VHT STA. A VHT STA shall not set the TA
field to a bandwidth signaling TA in a frame addressed to a non-VHT STA. A VHT STA that includes the
DYN_BANDWIDTH_IN_NON_HT parameter in the TXVECTOR shall also include the
CH_BANDWIDTH_IN_NON_HT parameter in the TXVECTOR. A VHT STA shall not include the
DY N BANDWHDTHINNON"HT parameter mrthe- TXVEC TORfor transmitted-frames other tham RTS————
frames with bandwidth signaling TA and that are sent in a non-HT PPDU. A STA that transmits an RTS
frame with a bandwidth signaling TA shall include the DYN_BANDWIDTH_IN_NON_HT parameter in
the TXVECTOR. A VHT STA shall include both the CH_BANDWIDTH_IN_NON_HT and
DYN_BANDWIDTH_IN_NON_HT parameters in the Clause 18 RXVECTOR.

A bandwidth signaling TA may be included only in non-HT and non-HT duplicate PPDUs and shall notbe
included otherwise. If the TXVECTOR parameter CH_BANDWIDTH_IN_NON_HT is present and a
control MPDU other than a CTS is being transmitted, then the TA field shall be set to a bandwidth.Signaling
TA; otherwise, the TA field shall be set to an individual address.

NOTE—A CTS frame, even though it does not have a TA field, can also be transmitted with the TXVECTOR parameter
CH_BANDWIDTH_IN_NON_HT present.

The TXVECTOR parameter CH_BANDWIDTH_IN_NON_HT shall not be present in PPDUs carrying
management or data frames.

9.7.11 Rate selection constraints for VHT STAs
9.7.11.1 Rx Supported VHT-MCS and NSS Set

The Rx Supported VHT-MCS and NSS Set of a VHT STA jsidetermined for each <VHT-MCS, NSS> tuple
NSS =1, ...,8 and bandwidth (20 MHz, 40 MHz, 80,MHz, and 160 MHz or 80+80 MHz) from its
Supported VHT-MCS and NSS Set field as follows:

— If support for the VHT-MCS for NSS spatial streams at that bandwidth is mandatory (see 22.5), then
the <VHT-MCS, NSS> tuple at that bandwidth is supported by the STA on receive.

— Otherwise, if the Max VHT-MCS Eorn SS subfield (n = NSS) in the Rx VHT-MCS Map subfield
indicates support and the Rx Highest Supported Long Gl Data Rate subfield is equal to 0, then the
<VHT-MCS, NSS> tuple at that:bandwidth is supported by the STA on receive.

— Otherwise, if the Max VHT2MCS For n SS subfield (n = NSS) in the Rx VHT-MCS Map subfield
indicates support and the\data rate for long Gl of the MCS for NSS spatial streams at that bandwidth
(expressed as the largest integer in Mb/s that is less than or equal to the data rate) is less than or equal
to the rate represented by the Rx Highest Supported Long GI Data Rate subfield, then the <VHT-
MCS, NSS> tuple’at that bandwidth is supported by the STA on receive.

— Otherwiseythe <VHT-MCS, NSS> tuple at that bandwidth is not supported by the STA on receive.

The <VHT-MES, NSS> tuples excluded by 9.7.11.3 are also eliminated from the Rx Supported VHT-MCS
and NSS-Set.

ANHT STA shall not, unless explicitly stated otherwise, transmit a VHT PPDU unless the <VHT-MCS,
INSS> tuple and bandwidth used are in the Rx Supported VHT-MCS and NSS Set of the receiving STA(S).

NOTE—Support for a <VHT-MCS, NSS> tuple at a given bandwidth implies support for both long Gl and short GI on
receive, if short Gl is supported at that bandwidth.

9.7.11.2 Tx Supported VHT-MCS and NSS Set

The Tx Supported VHT-MCS and NSS Set of a VHT STA is determined for each <VHT-MCS, NSS> tuple
NSS =1, ...,8 and bandwidth (20 MHz, 40 MHz, 80 MHz, and 160 MHz or 80+80 MHz) from its
Supported VHT-MCS and NSS Set field as follows:
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— If support for the <VHT-MCS, NSS> tuple at that bandwidth is mandatory (see 22.5), then the
<VHT-MCS, NSS> tuple at that bandwidth is supported by the STA on transmit.

— Otherwise, if the Max VHT-MCS for n SS subfield (n = NSS) in the Tx VHT-MCS Map subfield
indicates support and the Tx Highest Supported Long Gl Data Rate subfield is equal to 0, then the

<VHT-MCS, NSS> tuple at that bandwidth 1s supported by the STA on transmit.

— Otherwise, if the Max VHT-MCS for n SS subfield (n = NSS) in the Tx VHT-MCS Map subfield
indicates support and the data rate for long Gl of the <VHT-MCS, NSS> tuple at that bandwidth
(expressed as the largest integer in Mb/s that is less than or equal to the data rate) is less than or equal
to the rate represented by the Tx Highest Supported Long Gl Data Rate subfield, then the <VHT-
MCS, NSS> tuple at that bandwidth is supported by the STA on transmit.

— Otherwise, the <VHT-MCS, NSS> tuple at that bandwidth is not supported by the STA on transmit.

NOTE—Support for short GI on transmit cannot be determined.
9.7.11.3 Additional rate selection constraints for VHT PPDUs

The following apply for a STA that transmits a VHT PPDU with a number of spatial-stteams (NSS) less than
or equal to 4:

— If the channel width of the PPDU is equal to CBW20 or CBWA40, then‘the STA should not use a
<VHT-MCS, NSS> tuple if the VHT-MCS is equal to O, 1, 2, or3vand the HT MCS with value
VHT-MCS + 8x(NSS - 1) is marked as unsupported in the Rx-MCS bitmask of the HT capabilities
element of the receiver STA.

— If the channel width of the PPDU is equal to CBW80; €EBW160, or CBW80+80, then the STA
should not use a <VHT-MCS, NSS> tuple if the VHT-MCS is equal to 0 or 1 and both the HT MCS
values 2xVHT-MCS +8x(NSS-1) and 2x(VHI1-MCS+ 1)+ 8x(NSS-1) are marked as
unsupported in the Rx MCS bitmask of the HT capabilities element of the receiver STA.

An example tabulation of this behavior is given in:Table 9-5a.

Table 9-5a—Example of rate selection for VHT PPDUs

s tatare E S ot tor | are notuse for CBWGD),
CBW?20 and CBW40 CBW160, and CBW80+80
0,8, 16 <0, 1>, <0, 2>, <0, 3> —
4,9 <1, 1>, <1, 2> —
10 <2, 2> —
3 <3, 1> —
0,1 <0, 1>, <1, 1> <0, 1>
2,3 <2,1>,<3,1> <1, 1>
0,1,8,9 <0, 1>, <1, 1>, <0, 2>, <1, 2> <0, 1>, <0, 2>
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9.9 HT Control field operation

Change 9.9 as follows:

I the value of dotI TH T ControlF et Supported IS g, a STA ShaitSetthe FHTC-HT Support subfietd of the
HT Extended Capabilities field of the HT Capabilities element to 1 in HT Capabilities elements that it
transmits. If the value of dot11VVHTControlFieldOptionimplemented is true, a STA shall set the +HTC-VHT
Support subfield of the VHT Capabilities Info field of the VHT Capabilities element to 1 in VHT
Capabilities elements that it transmits.

A STA that has a value of true for at least one of dotl1RDResponderOptionimplemented,
dot11MCSFeedbackOptionlmplemented, and dot11AlternateEDCAImplemented shall set
dot11HTControlFieldSupported_or dot11VHTControlFieldOptionimplemented or both to true.

An HT variant HT Control field shall not be present in a frame addressed to a STA unless that STA declares
support for +HTC-HT in the HT Extended Capabilities field of its HT Capabilities element.(see 8.4.2.58).

A VHT variant HT Control field shall not be present in a frame addressed to a STA unless that STA declares
support for +HTC-VHT in the VHT Capabilities Info field of its VHT Capabiliti€selement.

NOTE—AnN HT STA that does not support +HTC (HT or VHT variant) that receives a +HTC frame addressed to another
STA still performs the CRC on the actual length of the MPDU and uses the Duration/ID field to update the NAV, as
described in 9.3.2.4.

If the HT Control field is present in an MPDU aggregated in‘am A-MPDU, then all MPDUs of the same
frame type (i.e., having the same value for the Type subfield‘of the Frame Control field) aggregated in the
same A-MPDU shall contain an HT Control field. The HT ‘Control field of all MPDUs containing the HT
Control field aggregated in the same A-MPDU shall g et to the same value.

9.11 A-MSDU operation
Change the 11th paragraph of 9.11 as follows:

Support for the reception of an A-MSDU, where the A-MSDU is carrled ina QoS data MPDU with Ack
Policy equal to Normal Ack 3 3 A 2 andatory
HTF-SFA-is mandatory in the.following cases:

— For an HT STA.if\the A-MSDU is not aggregated within an A-MPDU
— For a VHT STA if the A-MSDU iis sent as a VHT single MPDU-

Change the 13th paragraph of 9.11, and insert the subsequent paragraphs and note as follows:

A STA shallnot transmit an A-MSDU in an HT PPDU to a STA thatexceedsHsmaximum-A-MSBU-ength
capapihity if the A-MSDU length exceeds the value indicated by the Maximum A-MSDU Length field of the

HT Capabilities element received from the recipient STA.

A VHT STA that sets the Maximum MPDU Length in the VHT Capabilities element to indicate 3895 octets
shall set the Maximum A-MSDU Length in the HT Capabilities element to indicate 3839 octets. A VHT
STA that sets the Maximum MPDU Length in the VHT Capabilities element to indicate 7991 octets or
11 454 octets shall set the Maximum A-MSDU Length in the HT Capabilities element to indicate

Z0Q2E Antntc

LKA~ A® SA"AY] 1¥] €e Y

The length of an A-MSDU transmitted in a VHT PPDU is limited by the maximum MPDU size supported
by the recipient STA (see 9.12.5).
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NOTE 1—An A-MSDU that meets the A-MSDU length limit for transmission in a VHT PPDU might exceed the A-
MSDU length limit for an HT PPDU, in which case it cannot be retransmitted in an HT PPDU.

NOTE_2—Support for A-MSDU aggregation does not affect the maximum size of MSDU transported by the MA-
UNITDATA primitives.

A VHT STA shall not transmit to a recipient VHT STA an A-MSDU that includes a number of MSDUs
greater than the value indicated by the Max Number of MSDUs in A-MSDU field in the Extended
Capabilities element received from the recipient STA.

9.12 A-MPDU operation
9.12.2 A-MPDU length limit rules
Change 9.12.2 as follows:

AAHF STA-and-aBDMG-STA indicates a-value-in the Maximum A-MPDU Length Expenent field in its HT
Capabilities element erBDMG-Capabiltities-elementrespectivebythat- defires-the maximum A-MPDU length
that it can receive_in an HT PPDU. A STA indicates in the Maximum A-MPDU Iength Exponent field in its
VHT Capabilities element the maximum length of the A-MPDU pre-EOF padding that it can receive in a
VHT PPDU. A DMG STA indicates in the Maximum A-MPDU Length” Exponent field in its DMG
Capabilities element the maximum A-MPDU length that it can receive=The encoding of this—field-these
fields is defined in Table 8-125 for an HFSFA HT PPDU, in_Tablé 8-183v for a VHT PPDU, and in
Table 8-183f for a DMG STA.

A VHT STA that sets the Maximum A-MPDU Length Exponent field in its VHT Capabilities element to a
value in the range 0 to 3 shall set the Maximum A-MPBU Length Exponent in its HT Capabilities to the
same value. A VHT STA that sets the Maximum A<MPDU Length Exponent field in the VHT Capabilities
element to a value larger than 3 shall set the Maximum A-MPDU Length Exponent in its HT Capabilities
element to 3.

Using this—field—the Maximum A-MPDU Length Exponent fields in the HT Capabilities and VHT
Capabilities elements, the STA establishes at association the maximum length of A-MPRBUYsan A-MPDU
pre-EOF padding that can be sent to\it.-FheAn HT STA shall be capable of receiving A-MPDUs of length up
to the value indicated by thisfieldthe Maximum A-MPDU Length Exponent field in its HT Capabilities
element. A VHT STA shall be capable of receiving A-MPDUs where the A-MPDU pre-EOF padding length
is up to the value indicated by the Maximum A-MPDU Length Exponent field in its VHT Capabilities
element.

ArHFSTFA-are-a-BDMG STA shall not transmit an A-MPDU_in an HT PPDU that is longer than the value
indicated by the-Maximum A-MPDU Length Exponent field_in the HT Capabilities element received from
deelared-by\the intended receiver. A STA shall not transmit an A-MPDU in a VHT PPDU where the A-
MPDU (pre-EOF padding length is longer than the value indicated by the Maximum A-MPDU Length
Expenent field in the VHT Capabilities element received from the intended receiver. A DMG STA shall not
transmit an A-MPDU that is longer than the value indicated by the Maximum A-MPDU Length Exponent
field in the DMG Capabilities element received from the intended receiver.

A STA shall not transmit a VHT PPDU if the PPDU duration exceeds aPPDUMaxTime defined in Table 22-
29.

NO TE—T1IS Festriction nmfs the maximum Value In the LENG TH TIEId 1N e L-S1IG TIeld 0T d VA T PPFDU 10 4UY0.
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9.12.3 Minimum MPDU Start Spacing field

Change the first paragraph of 9.12.3 as follows:

/'\ll Tt a

described in the Minimum MPDU Start Spacmg field declared by the intended receiver. To satlsfy this
requirement, the number of octets between the start of two consecutive MPDUs in an A-MPDU, measured at
the PHY SAP, shall be equal to or greater than

tmmss X /8

where

tMmss is the time (in microseconds) defined in the “Encoding” column of Table 8-125 foranHT STA
and of Table 8-183f for a DMG STA for the value of the Minimum MPDU Start Spacing field

r is the value of the PHY Data Rate (in megabits per second) defined in Clause,21 for a DMG
STA, and-defined-in 20.6 for anr-HFSFA-HT PPDUs, and in 22.5 for VHT-PPDUs based-en-

9.12.4 A-MPDU aggregation of group addressed data frames
Change 9.12.4 as follows:

ArHTF STA that is neither an AP nor a mesh STA shall not trangmitan A-MPDU containing an MPDU with
a group addressed RA.

NOTE_1—An HT AP and an HT mesh STA can transmit an A*MPDU containing MPDUs with a group addressed RA.

NOTE 2—As a VHT STA is an HT STA, NOTE 1 also«applies to VHT APs and VHT mesh STAs.

A STA that is an ArHT-AP anrd-arHFor a.mesh STA shall not transmit an A-MPDU containing group
addressed MPDUs if the HT Protection fieldis equal to non-HT mixed mode.

A DMG STA may transmit an A-MRBU containing MPDUSs with a group addressed RA.

When a STA transmits a PPDU’ containing at least one A-MPDU that contains MPDUs with a group
addressed RA, the following rules shall apply:

— If the PPDU isanHT PPDU, the value of maximum A-MPDU length exponent that applies is the
minimum value in the Maximum A-MPDU Length Exponent subfields of the A-MPDU Parameters
fields of-the*HT Capabilities elements across all HT STAs associated with the transmitting AP or
acrosg-all-peer HT mesh STAs of the transmitting mesh STA.

— Ifhe*PPDU is an HT PPDU, the value of minimum MPDU start spacing that applies is the
maximum value in the Minimum MPDU Start Spacing subfields of the A-MPDU Parameters fields
of the HT Capabilities elements across all HT STAs associated with the transmitting AP or across all
peer HT mesh STAs of the transmitting mesh STA.

— If the PPDU is a VHT PPDU, the value of maximum A-MPDU length exponent that applies is the
minimum value in the Maximum A-MPDU L ength Exponent subfields of the A-MPDU Parameters
fields of the VHT Capabilities elements across all VHT STAs associated with the transmitting AP or
across all peer VHT mesh STAs.

LE _+h DDV ANLLT DD +h MDD

j— Ui "'ryu 1o d vidll 'y, Uit VClIUC UI ULt Ivir oy DLG.IL OIJG.L,IIIL{ LIIG.L G.LHJIICD 1o l.IIC

maximum value in the Minimum MPDU Start Spacing subfields of the A-MPDU Parameters fields
of the HT Capabilities elements across all VHT STASs associated with the transmitting AP or across
all peer VHT mesh STAs of the transmitting mesh STA.
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— If the PPDU is a DMG PPDU, the value of maximum A-MPDU length exponent that applies is the
minimum value in the Maximum A-MPDU Length Exponent subfields of the A-MPDU Parameters
fields of the DMG Capabilities elements across all DMG STAs associated with the PCP/AP.

— If the PPDU is a DMG PPDU, the value of minimum MPDU start spacing that applies is the

maximum value in the Minimum MPDU Start Spacing subftields ot the A-MPDU Parameters tields
of the DMG Capabilities elements across all DMG STAs associated with the PCP/AP.

9.12.5 Transport of A-MPDU by the PHY data service
Change 9.12.5 as follows:

An A-MPDU shall be transmitted in a PSDU associated with a PHY-TXSTART.request primitive with the
TXVECTOR parameter AGGREGATION parameter-set to 1_or the TXVECTOR parameter FORMAT set
to VHT. A received PSDU is determined to be an A-MPDU when the associated PHY-
RXSTART.indication primitive RXVECTOR parameter AGGREGATION parameter-is equal to 1_or the
RXVECTOR parameter FORMAT is equal to VHT.

MPDUs in an A-MPDU carried in an HT PPDU shall be limited to a maximum length of 4095 octets.

A STA shall not transmit an MPDU in a VHT PPDU to a STA that exceeds.the maximum MPDU length
capability indicated in the VHT Capabilities element received from the récipient STA.

Insert the following subclauses, 9.12.6 to 9.12.8, after 9.12.5:
9.12.6 A-MPDU padding for VHT PPDU

A VHT STA that transmits a VHT PPDU, which contains one or more PSDUSs, each of which contains an
A-MPDU, shall construct the A-MPDU(s) as described'in this subclause.

An A-MPDU pre-EOF padding (see 9.12.2) is constructed for each user from any of the following:

— A-MPDU subframes constructed frém the MPDUs available for transmission that have a TID value
that maps to the primary AC

— A-MPDU subframes with 0 in‘the MPDU Length field and 0 in the EOF field

provided that each added subframe and the A-MPDU pre-EOF padding meet all the following:
— A-MPDU contentconstraints (see 9.12.1) for the intended recipient
— Format and length’limit constraints (see 8.6.1 and 9.12.2) for the intended recipient
— Minimum«<MPDU start spacing constraints (see 9.12.3) for the intended recipient
— TXOPR-duration limits (see 9.19.2.2) for the primary AC

The A-MIRBU_Length[n] for user n is initialized as the length of the resulting A-MPDU pre-EOF padding.
This)initial value of A-MPDU_Length[n] for user n is used as the APEP_LENGTH[n] parameter value for
the" PLME-TXTIME.request primitive (see 6.5.7). The PLME-TXTIME.request primitive is then invoked
once for the VHT PPDU. The PLME-TXTIME.confirm primitive (see 6.5.8) provides the TXTIME
parameter and PSDU_LENGTHI[] parameters for all the users for the transmission.

Subsequently, for each user n, as permitted by the rules for EDCA TXOP Sharing (see 9.19.2.3a), a VHT

STA may add A-MPDU subframes 10 the A-MPDU for that User thal meets either of the fottowing
conditions:

— Have a TID that maps to an AC that is not the primary AC
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— Have 0 in the MPDU Length field and 0 in the EOF field

provided that each added subframe and the resulting A-MPDU meet all of the following:
— A-MPDU content constraints (see 9.12.1) for the intended recipient

— Length limit constraints (see 8.6.1 and 9.12.2) for the intended recipient
— MPDU start spacing constraints (see 9.12.3) for the intended recipient

and provided that, after incrementing the A-MPDU_Length[n] with the length of each such added A-MPDU
subframe, the relationship A-MPDU_Length[n] < PSDU_LENGTHI[n] is true.

NOTE—AnN A-MPDU is prohibited by the rules in 9.12.1 from carrying MPDUs of more than one TID.

Subsequently, for each user n, a VHT STA may add A-MPDU subframes to the A-MPDU for that-dser that
meet the following condition:

— Have 0 in the MPDU Length field

provided that each added subframe and the resulting A-MPDU meet the following ¢ondition:
— Length limit constraints (see 8.6.1 and 9.12.2) for the intended recipient

and provided that, after incrementing the A-MPDU_Length[n] with the length of each such added A-MPDU
subframe, the relationship A-MPDU_Length[n] < PSDU_LENGTHI[n] is-true.

An implementation may reduce the A-MPDU_Length[n] by the amount of padding for user n which was
added subsequent to the addition of a subframe for user n that centains 1 in the EOF field.

The final value of A-MPDU_Length[] shall be used as;’APEP_LENGTH]J] in the PHY-TXSTART.request
primitive for the VHT PPDU.

Padding is then added for each user such thatthe resulting A-MPDU contains exactly PSDU_LENGTH
octets for that user as follows:

— First, while A-MPDU_Length[n],<*PSDU_LENGTH[n] and A-MPDU_Length[n] mod 4 = 0, add a
subframe pad octet and increment A-MPDU_Length[n] by 1.

— Then, while A-MPDU_Length[n] + 4 <PSDU_LENGTH][n], add an A-MPDU subframe with 0 in
the MPDU Length field‘and 1 in the EOF field and increment A-MPDU_Length[n] by 4.

— Finally, while A-MPDU_Length[n] < PSDU_LENGTH[n], add an EOF pad octet and increment
A-MPDU_Lendth{n] by 1.

An A-MPDU subiframe with EOF set to 1 and with MPDU Length field set to 0 shall not be added before
any A-MPDU-subframe with EOF set to 0.

An A-MEDU subframe with EOF set to 1 and with MPDU Length field set to 0 shall not be added before an
A-MPDU subframe that contains a VHT single MPDU (see 9.12.7).

AmEOF pad octet shall not be added before any A-MPDU subframe.
The values of the subframe pad octets and EOF pad octets are unspecified.

9.12.7 Setting the EOF field of the MPDU delimiter

The EOF field of an A-MPDU subframe with an MPDU Length field with a nonzero value that is the only
A-MPDU subframe with an MPDU Length field with a nonzero value in an A-MPDU carried in a VHT
PPDU may be set to 1. The EOF field of each A-MPDU subframe with an MPDU Length field with a
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nonzero value that is not the only A-MPDU subframe with MPDU Length field with a nonzero value in the
A-MPDU carried in a VHT PPDU shall be set to 0. The EOF field shall be set to 0 in all A-MPDU
subframes that are carried in an HT PPDU.

EOF field is called a VHT single MPDU

9.12.8 Transport of VHT single MPDUs

The rules for VHT single MPDU operation are the same as the rules for non-A-MPDU frame operation with
other types of non-A-MPDU.

NOTE—This affects the following behavior:

— The MPDU could carry a fragment of an MSDU or MMPDU (see 9.2.7).

— Rate selection of control responses (see 9.7).

— A data MPDU cannot indicate an Ack Policy of “Implicit Block Ack”, and does not generate a Block Ack
response (see 8.2.4.5.4).

— A data MPDU could indicate an Ack Policy of “Normal Ack”, which solicits an ACKCimmediate response. No
Block Ack agreement is needed in this case (see 8.2.4.5.4).

— The MPDU could be a management frame that solicits an ACK response (see 8,6:3),

9.15 STBC operation
Change 9.15 as follows:

Onlya-A STA that has not sets the Tx STBC subfield to 1¢in\the HT Capabilities element may-shall not
transmlt frames-HT PPDUs Wlth a TXVECTOR parameter STBC set to a nonzero value—te—a%fliA—fFem

STA that has not set the Tx STBC subfleld to1in the VHT Capabllltles element shall not transmlt VHT SU

PPDUs with a TXVECTOR parameter STBC sett0.a nonzero value.

A STA shall not send a HT PPDU with. the/ TXVECTOR parameter STBC set to a nonzero value to a
recipient STA unless the recipient STA has indicated in the Rx STBC field of its HT Capabilities element
that it supports the reception of PPDUsusing STBC with a number of spatial streams equal to or greater than
the number of spatial streams in the. HT PPDU. A STA shall not send a VHT PPDU with the TXVECTOR
parameter STBC set to a nonzero wvalue to a recipient STA unless the recipient STA has indicated in the Rx
STBC field of its VHT Capdbilities element that it supports the reception of PPDUs using STBC with a
number of spatial streams.equal to or greater than the number of spatial streams in the VHT PPDU.

9.16 Short Gl.eperation
Change 9,16 as follows:

A STA-May transmit a frame with TXVECTOR parameters CH_BANDWIDTH set to HF—ESBW-=20
CBW?20 and GI_TYPE set to SHORT_GI only if all of the following conditions are met:

— The STAisan HT STA.
— The TXVECTOR parameter FORMAT is equal to HT_MF,-e¢f HT_GF, or VHT.

— The RA of the frame corresponds to a STA for which the Short GI for 20 MHz subfield of the mest
recenthyreceived HT Capabilities element contained a value of 1.

—dottShortGtOptiommTwentyActivated is present ad s true:

A STA may transmit a frame with TXVECTOR parameters CH_BANDWIDTH set to HF—EBW40
CBW40 and GI_TYPE set to SHORT_GI only if all of the following conditions are met:
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The STA isan HT STA.
The TXVECTOR parameter FORMAT is equal to HT_MF,-ef HT_GF,_or VHT.

The RA of the frame corresponds to a STA for which the Short GI for 40 MHz subfield of the mest
recently received HT Capabilities element contained a value of 1.

dot11ShortGlOptionIinFortyActivated is present and is true.

A STA shall not transmit a frame with TXVECTOR parameters CH BANDWIDTH set to CBW80 and

Gl _TYPE set to SHORT Gl unless all of the following conditions are met:

The STA is a VHT STA.
The TXVECTOR parameter FORMAT is equal to VHT.

The RA of the frame corresponds to a STA for which the Short Gl for 80 MHz subfield of-the VHT
Capabilities element contained a value of 1.

dot11VHTShortGIOptionIn80Activated is present and is true.

A STA may transmit a frame with TXVECTOR parameters CH BANDWIDTH, \sét to CBW160 or

CBW80+80 and GI_TYPE set to SHORT Gl only if all of the following conditions-are met:

The STA is a VHT STA.
The TXVECTOR parameter FORMAT is equal to VHT.

The RA of the frame corresponds to a STA for which the Short Gl for 160 and 80+80 MHz subfield
of the VHT Capabilities element contained a value of 1.

dot11VHTShortGlOptionIin160and80p80Activated is present and is true.

A STA may transmit a frame with TXVECTOR parameters’FORMAT set to VHT, NUM_USERS set to

greater than 1, and Gl TYPE set to SHORT Gl only if alt of the following conditions are met:

The STA is a VHT STA.
The TXVECTOR parameter FORMAT is.equal to VHT.

The RAs of all MPDUs in the VHT MU'PPDU correspond to STASs for which the Short Gl subfield
of the following conditions are satisfied:

— If the TXVECTOR parameter CH_BANDWIDTH is set to CBW?20, the Short Gl for 20 MHz
subfields of the HJ Capabilities element contained a value of 1, and
dot11ShortGlOptionlaTwentyActivated is present and is true.

— If the TXVECTOR parameter CH_ BANDWIDTH is set to CBWA40, the Short Gl for 40 MHz
subfields of.Cthe HT Capabilities element contained a value of 1, and
dot11ShortGl@ptionInFortyActivated is present and is true.

— If the TXVECTOR parameter CH_ BANDWIDTH is set to CBW80, the Short Gl for 80 MHz
subfields”~ of the VHT Capabilities element contained a value of 1, and
dot14ShortGIOptionIn80Activated is present and is true.

—~If the TXVECTOR parameter CH BANDWIDTH is set to CBW160 or CBW80+80, the Short
Gl for 160 MHz and 80+80 MHz subfields of the VHT Capabilities element contained a value of
1, and dot11VHTShortGIOptionin160and80p80Activated is present and is true.

AMHT STA shall not transmit a frame with the TXVECTOR parameter FORMAT set to HT_GF and the
Gl_TYPE parameter set to SHORT_GI when the MCS parameter indicates a single spatial stream.

Further restrictions on TXVECTOR parameter values may apply due to rules found in 9.22 and 9.7.
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Insert the following subclause, 9.17a (including Table 9-5b), after 9.17:

9.17a Group ID and partial AID in VHT PPDUs

The partial AID is a non-unique STA identifier defined in Table 9-5b. The partial AID is carried in the
TXVECTOR parameter PARTIAL_AID of a VHT SU PPDU and is limited to 9 bits.

A STA transmitting a VHT SU PPDU carrying one or more group addressed MPDUs or transmitting a VHT
NDP intended for multiple recipients shall set the TXVECTOR parameters GROUP_ID to 63 and
PARTIAL_AID to 0. The intended recipient of a VHT NDP is defined in 9.31.6.

A STA transmitting a VHT SU PPDU carrying one or more individually addressed MPDUSs or a VT NDP
intended for a single recipient shall set the TXVECTOR parameters GROUP_ID and PARTIAL_AID as
shown in Table 9-5b.

Table 9-5b—Settings for the TXVECTOR parameters GROUP_ID andPARTIAL_AID

Condition GROUP_ID PARTIALL_AID
Addressed to AP 0 BSSID[39:47]
Addressed to Mesh STA 0 RA[39:47]
Sent by an AP and
dec(AID[0:8]) + dec(BSSID[44:47] ® BSSID[40:43 9-8a
addre'ssed to a STA ( ( [0:8]) (5 [ 9 ] [ D ( )
associated with that AP x27) mod 2
or
sent by a DLS or TDLS where
STA in adirect path to a 63 \ o ) )
DLS or TDLS peer STA @ _~s'a bitwise exclusive OR operation
mod X indicates the X-modulo operation
dec(A[b:c]) is the cast to decimal operator where b is scaled by
29 and ¢ by 2¢P
Otherwise (see NOTE) 63 0
NOTE—The last row covers the following cases:
— APPDU sentto an IBSS STA
— A PPDU sent by an AP to a non associated STA
— Any other.condition not explicitly listed elsewhere in the table

In Table-9<5b:

—<_~AlD[b:c] represents bits b to ¢ inclusive of the AID of the recipient STA with bit 0 being the first
transmitted.

— BSSIDIb:c] represents bits b to ¢ inclusive of the BSSID, with bit 0 being the Individual/Group bit.
In this representation, the Individual/Group bit is BSSID[0] and BSSID[47] is the last transmitted
bit.

— RA[b:c] represents bits b to ¢ inclusive of the RA field, with bit 0 being the Individual/Group bit. In
this representation, the Individual/Group bit is RA[Q] and RA[47] is the last transmitted bit

A STA shall include the values computed in Table 9-5b in the PHYCONFIG_VECTOR parameters
PARTIAL_AID_LIST_GIDO00 and PARTIAL_AID_LIST_GID63.
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A STA that transmits a VHT PPDU to a DLS or TDLS peer STA obtains the AID for the peer STA from the
DLS Setup Request, DLS Setup Response, TDLS Setup Request or TDLS Setup Response frame.

An AP should not assign an AID to a STA that results in a 0 value PARTIAL_AID (as computed using

Equationm($=8a)):

A STA transmitting a VHT MU PPDU sets the TXVECTOR parameter GROUP_ID as described in
22.3.11.4.

As an example of the GROUP_ID and PARTIAL_AID setting, consider the case of a BSS with BSSID 00
21-6A-AC-53-522 that has as a member a non-AP STA assigned AID 5. In VHT PPDUs sent to an AR, the

GROUP_ID is set to 0 and the PARTIAL_AID is set to 164. In VHT PPDUs sent by the AP to thenon-AP
STA associated with that AP, the GROUP_ID is set to 63 and PARTIAL_AID is set to 229.

9.18 Operation across regulatory domains
Change 9.18.5 (including the subclause title) as follows:

9.18.5 Operation with operating classes_and the VHT Transmit Power Envelope element

When dot11OperatingClassesimplemented is true, the following statements apply:

— When dot110peratingClassesRequired is false, or where operating classes domain information is not
present in a STA, that STA is not required to change its-aperation in response to an element or
element-specific Information field that contains an operating class.

— When dot11OperatingClassesRequired is true, or Where operating classes domain information is
present in a STA, the STA shall indicate current\0perating class information in the Country element
and Supported Operating Classes element,<except that a VHT STA may omit, from the Country
element, any Operating Triplet field for annOperating Class for which the Channel spacing (MHz)
column indicates 80 MHz or wider and\for which the Behavior limits set column in the applicable
table in Annex E contains onlyY a blank entry or either or both of “80+” and
“UseEirpForVHTTxPowEnv.”

— When dot11OperatingClassesRequired and dotl1ExtendedChannelSwitchActivated are true and a
STA is capable of operating-as specified in more than one operating class, the STA shall include the
Supported Operating Classes element in Association frames and Reassociation frames.

— When dot110peratingClassesRequired is true, or where operating classes domain information is
present and theSFA parsing a Country element finds an invalid First Channel Number field or
Operating Class field with a value that is reserved, the STA shall ignore the remainder of the Country
element and:shall parse any remaining management frame body for additional elements.

A VHT STA that has dot11SpectrumManagementRequired or dotl1RadioMeasurementActivated equal to
true shall ‘determine a local maximum transmit power from a VHT Transmit Power Envelope element for
which the’local Maximum Transmit Power Unit Interpretation subfield indicates EIRP.

ASTA that sends two or more VHT Transmit Power Envelope elements in a frame shall order the elements
by increasing values of their Local Maximum Transmit Power Unit Interpretation subfields.

When a VHT STA finds an unknown value in the Local Maximum Transmit Power Unit Interpretation
subfield in a VHT Transmit Power Envelope element, then the STA shall ignore that and subsequent VHT

T D I [ +
AT UVWET TITVETUPTTTCTIICTTES,

2As described in IEEE Std 802-2001, the use of hyphens for the BSSID indicates hexadecimal representation rather than
bit-reversed representation.
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A STA that receives two or more VHT Transmit Power Envelope elements in the same frame with known
values in their Local Maximum Transmit Power Unit Interpretation subfields shall process all the elements
according to the local regulations known at the STA.

NOT A i o mit-Powe 0B e

Maximum Transmit Power Unit Interpretation subfield, then the expected possibilities are as follows:
— The STA complies with either element (shared spectrum),

The STA complies with both elements (tightened regulations). or

The STA complies with the second element (changed regulations).

9.19 HCF

9.19.2 HCF contention-based channel access (EDCA)
9.19.2.2 EDCA TXOPs

Change the first paragraph of 9.19.2.2 as follows:

There are two-three modes of EDCA TXOP defined, the initiation of the EDCAFXOP, the sharing of the
EDCA TXOP, and the multiple frame transmission within an EDCA TX@P: AR initiation of the TXOP
occurs when the EDCA rules permit access to the medium. The sharing of the'EDCA TXOP occurs when an
EDCAF has obtained access to the medium, making the corresponding~AC the primary AC, and includes
traffic from queues associated with other ACs in VHT MU PPDUs transmitted during the TXOP. A multiple
frame transmission within the TXOP occurs when an EDCAF\retains the right to access the medium
following the completion of a frame exchange sequence, such as-on receipt of an ACK-frame.

Change the third paragraph of 9.19.2.2 as follows:

A TXOP limit value of 0 indicates that the TXQP* holder may transmit or cause to be transmitted (as
responses) the following within the current TXQR:

a) AsingleMSBU-MMPBU-A-MSBU-er-A-MPBU-One of the following at any rate, subject to the

rules in 9.7;
1) SU PPDUs carrying fragments of a single MSDU or MMPDU

2) An SU PPDU or a VHT MU PPDU carrying a single MSDU, a single MMPDU, a single A-
MSDU, or a single\A-MPDU

3) A VHT MU.RPDU carrying A-MPDUs to different users
b)  Any required acknowledgments
¢) Any frames\required for protection, including one of the following:
1) ANRTS/CTS exchange
2)~ CTS to itself
3) Dual CTS as specified in 9.3.2.8 (Dual CTS protection)
d),~/ Any frames required for beamforming as specified in 9.27_and in 9.31.5
e)  Any frames required for link adaptation as specified in 9.28
f)  Any number of BlockAckReq and BlockAck frames

NOTE 1—This is a rule for the TXOP holder. A TXOP responder need not be aware of the TXOP limit nor of when the
TXOP was started.

NOTE 2—This rule prevents the use of RD when the TXOP limit is 0.
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Change the sixth paragraph of 9.19.2.2 as follows:

When the TXOP limit is nonzero, a STA shall fragment an individually addressed MSDU so that the
transmission of the first MPDU of the TXOP does not cause the TXOP limit to be exceeded at the PHY rate
I " i L. F - i : .
lower PHY rate than selected for the initial transmission attempt of the first MPDU, for a retransmission of
an MPDU, for the initial transmission of an MPDU if any previous MPDU in the current MSDU has been
retransmitted, or for group addressed MSDUs. The TXOP limit may also be exceeded by transmitting a
VHT NDP Announcement frame and NDP or by transmitting a Beamforming Report Poll frame that fit
within the TXOP limit but the response and the immediately preceding SIFS cause the TXOP limit to be
exceeded. When the TXOP limit is exceeded due to the retransmission of an MPDU at a reduced PHY rate,
the STA shall not transmit more than one MPDU in the TXOP.

Change the last paragraph of 9.19.2.2 as follows:

A STA shall save the TXOP holder address for the BSS in which it is associated, which.is|the MAC address
from the Address 2 field of the frame that initiated a frame exchange sequence exceptwhen this is a CTS
frame, in which case the TXOP holder address is the Address 1 field. If the TXOP holder address is obtained
from a control frame, a VHT STA shall save the non-bandwidth signaling TAvalue obtained from the
Address 2 field. If a non-VHT STA receives an RTS frame isreeeived-with-the RA address matching the
MAC address of the STA and the MAC address in the TA field in the RFS frame matches the saved TXOP
holder address, then the STA shall send the CTS frame after SIFS, witheut'regard for, and without resetting,
its NAV. If a VHT STA receives an RTS frame with the RA address matching the MAC address of the STA
and the non-bandwidth signaling TA value obtained from the Address 2 field in the RTS frame matches the
saved TXOP holder address, then the STA shall send the €TSframe after SIFS, without regard for, and
without resetting, its NAV. When a STA receives a frame addressed to it that requires an immediate
response, except in-the-case-efan-for RTS, it shall transmit the response independent of its NAV. The saved
TXOP holder address shall be cleared when the NAX)isreset or when the NAV counts down to 0.

9.19.2.3 Obtaining an EDCA TXOP
Insert the following paragraph at the begirining of 9.19.2.3:

When a STA and the BSS, of whichthe STA is a member, both support multiple channel widths, an EDCA
TXOP is obtained based solely, on activity of the primary channel. “Idle medium” in this subclause means
“idle primary channel.” Likewise “busy medium” means “busy primary channel.” Once an EDCA TXOP
has been obtained according-to this subclause, further constraints defined in 10.15.9 and 9.19.2.8 might limit
the width of transmission during the TXOP or deny the channel access, based on the state of CCA on
secondary channel,ssecondary 40 MHz channel, or secondary 80 MHz channel.

Change the mow fifth paragraph of 9.19.2.3 (including inserting a note) as follows:

On spegific slot boundaries_as determined on the primary channel, each EDCAF shall make a determination to
performone and only one of the following functions:

=< [|nitiate the transmission of a frame exchange sequence for that access function.
— Decrement the backoff timer for that access function.

— Invoke the backoff procedure due to an internal collision.

— Do nothing for that access function.

NOTE—In the case that an EDCAF gains access 1o the channel and transmits MSDUS, A-MSDUS, or MMPDUS from a
secondary AC, the EDCAF of the secondary AC is not affected by this operation. If the EDCAF of a secondary AC
experiences an internal collision with the EDCAF that gained access to the channel, it performs the backoff procedure
regardless of the transmission of any of its MSDUs, A-MSDUs, or MMPDUs.
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Insert the following subclause, 9.19.2.3a (including Figure 9-20a), after 9.19.2.3:

9.19.2.3a Sharing an EDCA TXOP

—Ttis mudeappties oty toam AP that supports D=ivia=iviivMO—TheACassocrated-with the EDCAF that
gains an EDCA TXOP becomes the primary AC. TXOP sharing is allowed when primary AC traffic is
transmitted in a VHT MU PPDU and resources permit traffic from secondary ACs to be included, targeting
up to four STAs. The inclusion of secondary AC traffic in a VHT MU PPDU shall not increase the duration
of the VHT MU PPDU beyond that required to transport the primary AC traffic. If a destination is targeted
by frames in the queues of both the primary AC and at least one secondary AC, the frames in the primary.
AC queue shall be transmitted to the destination first, among a series of downlink transmissions within™a
TXOP. The decision of which secondary ACs and destinations are selected for TXOP sharing, as well as'the
order of transmissions, are implementation specific and out of scope for this specification.

When sharing, the TXOP duration that applies is the TXOP limit of the primary AC.

NOTE—AnN AP can protect the immediate response by preceding the VHT MU PPDU (which might have TXVECTOR
parameter NUM_USERS > 1) with an RTS/CTS exchange or a CTS-to-self transmission.

An illustration of TXOP sharing is shown in Figure 9-20a. In this figure, the AP has frames in queues of
three of its ACs. It is assumed that the TXOP was obtained by AC_VI and isshared by AC_VO and AC_BE.
It is also assumed that these frames are targeting three STAs, STA-1 to STA-3.

9.19.2.4 Multiple frame transmission in an EDCA TXOP
Change 9.19.2.4 as follows:

Multiple frames may be transmitted in an EDCA TX@P)that was acquired following the rules in 9.19.2.3 if
there is more than one frame pending in the primaryAC for which the channel has been acquired. However,
those frames that are pending in other ACs shall.ngt'be transmitted in this EDCA TXOP except when sent in
a VHT MU PPDU with TXVECTOR parameterNUM_USERS > 1 and if allowed by the rules in 9.19.2.3a.
If a TXOP holder has in its transmit queug an additional frame of the same primary AC as-the-onefust
transmitted and the duration of transmission of that frame plus any expected acknowledgment for that frame
is less than the remaining TXNAYV tifder value, then the SFA-TXOP holder may commence transmission of
that frame a SIFS (or RIFS, under if the conditions defined in 9.3.2.3.2_are met) after the completion of the
immediately preceding frame ‘exchange sequence, subject to the TXOP limit restriction as described in
9.19.2.2._A STA shall not eommence the transmission of an RTS with a bandwidth signaling TA until at
least PIFS time after thie immediately preceding frame exchange sequence. An HT STA that is a TXOP
holder may transmit -multiple MPDUs of the same AC within an A-MPDU as long as the duration of
transmission of the\A-MPDU plus any expected BlockAck response is less than the remaining TXNAV
timer value.

NOTE 1—PIFS is used by a VHT STA to perform CCA in the secondary 20 MHz, 40 MHz, and 80 MHz channels
before receiving RTS.

NOTE_2—An RD responder can transmit multiple MPDUSs as described in 9.24.4.

The TXNAV timer is a timer that is initialized with the duration from the Duration/ID field in the frame
most recently successfully transmitted by the TXOP holder. The TXNAYV timer begins counting down from
the end of the transmission of the PPDU containing that frame. Following the BlockAck response, the HT
STA may start transmission of another MPDU or A-MPDU a SIFS after the completion of the immediately

preceding frame exchange sequence. The HT STA may retransmit unacknowledged MPDUS within the
same TXOP or in a subsequent TXOP.
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Figure 9-20a—Illlustration of TXOP sharing and PPDU construction

After a valid response tg-the' initial frame of a TXOP, if the Duration/ID field is set for multiple frame
transmission and there is a'subsequent transmission failure, the corresponding channel access function may
transmit after the GS mechanism (see 9.3.2.1) indicates that the medium is idle at the TxPIFS slot boundary
(defined in 9.3.7)-before the expiry of the TXNAV timer. At the expiry of the TXNAYV timer, if the channel
access function has not regained access to the medium, then the EDCAF shall invoke the backoff procedure
that is deseribed in 9.19.2.5. Transmission failure is defined in 9.19.2.5.

All ather channel access functions at the STA shall treat the medium as busy until the expiry of the TXNAV
timer.

A Trame exchange may be one of the following:

— A frame not requiring immediate acknowledgment (such as a group addressed frame or a frame
transmitted with No Ack policy or Block Ack policy) or an A-MPDU containing only such frames
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— A frame requiring acknowledgment (such as an individually addressed frame transmitted with
Normal Ack policy) or an A-MPDU containing at least one such frame, followed after SIFS by a
corresponding acknowledgment frame

— Either

— a VHT NDP Announcement frame followed after SIFS by a VHT NDP, or
— a Beamforming Report Poll frame

followed after SIFS by a PPDU containing one or more VHT Compressed Beamforming frames

Note that, as for an EDCA TXOP, a multiple frame transmission is granted to an EDCAF, not to a STA;.Se
that the multiple frame transmission is permitted only for the transmission of a frame of the same AG-as.the
frame that was granted the EDCA TXOP, unless the EDCA TXOP obtained is used by an AP for.a\PSMP
sequence or a VHT MU PPDU with TXVECTOR parameter NUM_USERS > 1.

In sueh-a the case of PSMP, this AC transmission restriction does not apply to either the AP or the STAs
participating in the PSMP sequence, but the specific restrictions on transmission during,a@ PSMP sequence
described in 9.26 do apply.

When permitted by the rules in 9.19.2.3a, traffic from secondary ACs may. be transmitted in a VHT MU
PPDU that has TXVECTOR parameter NUM_USERS > 1 and that carriestraffic for the primary AC.

If a TXOP is protected by an RTS or CTS frame carried in a non:HT7or a non-HT duplicate PPDU, the
TXOP holder shall set the TXVECTOR parameter CH_BANDWIDTH of a PPDU as follows:

— To be the same or narrower than RXVECTOR parameter'CH_BANDWIDTH_IN_NON_HT of the
last received CTS frame in the same TXOP, if the RTFS frame with a bandwidth signaling TA and
TXVECTOR parameter DYN_BANDWIDTH_IN NON_HT set to Dynamic has been sent by the
TXOP holder in the last RTS/CTS exchange.

— Otherwise, to be the same or narrower than.the TXVECTOR parameter CH_BANDWIDTH of the
RTS frame that has been sent by the TXOP holder in the last RTS/CTS in the same TXOP.

If there is no RTS/CTS exchange in non-HT duplicate format in a TXOP and there is at least one non-HT
duplicate frame exchange in a TXOP;\the TXOP holder shall set the CH_ BANDWIDTH parameter in
TXVECTOR of a PPDU sent after\the first non-HT duplicate frame to be the same or narrower than the
CH_BANDWIDTH parameter. inn TXVECTOR of the initial frame in the first non-HT duplicate frame
exchange in the same TXOP.

If there is no non-HT duplicate frame exchange in a TXOP, the TXOP holder shall set the TXVECTOR
parameter CH_ BANDWIDTH of a non-initial PPDU to be the same or narrower than the TXVECTOR
parameter CH BANDWIDTH of the preceding PPDU that it has transmitted in the same TXOP.

If a TXOPis protected by a CTS-to-self frame carried in a non-HT or non-HT duplicate PPDU, the TXOP
holder.shall set the TXVECTOR parameter CH BANDWIDTH of a PPDU to be the same or narrower than
the TXVECTOR parameter CH_BANDWIDTH of the CTS-to-self in the same TXOP.

NOTE—The bandwidth of a PS-Poll frame does not constrain the bandwidth of an immediate data response to that PS-
Poll frame.

9.19.2.5 EDCA backoff procedure

Each EDCAF shall maintain a state variable CW[AC], which shall be initialized to the value of the parameter
CWmin[AC].
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For the purposes of this subclause, successful transmission and transmission failure of an MPDU are defined
as follows:

After transmitting an MPDU (regardlessef-whethereven if it is carried in an A-MPDU or as part of
a VHT MU PPDU that might have TXVECTOR parameter NUM_USERS > 1) that requires an

immediate frame as a response, the STA shall walit for a timeout interval ot duration of aSIFSTime +
aSlotTime + aPHY-RX-START-Delay, starting at the PHY-TXEND.confirm primitive. If a
PHYRXSTART.indication does not occur during the timeout interval, the STA concludes that the
transmission of the MPDU has failed.

If a PHY-RXSTART.indication primitive does occur during the timeout interval, the STA shall wait
for the corresponding PHY-RXEND.indication primitive to determine whether the MPDU
transmission was successful. The recognition of a valid response frame sent by the recipient-ofi the
MPDU requiring a response, corresponding to this PHY-RXEND.indication primitive~Shall be
interpreted as a successful response.

The recognition of a valid data frame sent by the recipient of a PS-Poll frame shall also-be accepted
as successful acknowledgment of the PS-Poll frame.

A-The transmission of an MPDU that does not require an immediate frame aS»a-response is defined
as a successful transmission, unless it is one of the nonfinal (re)transmissions of an MPDU that is
delivered using the GCR unsolicited retry retransmission policy (9.19.2:6:2).

The nonfinal (re)transmission of an MPDU that is delivered using the GCR unsolicited retry
retransmission policy (9.19.2.6.2)) is defined to be a failure.

The final (re)transmission of an MPDU that is deliveredi.tsing the GCR unsolicited retry
retransmission policy (9.19.2.6.2) is defined as a successful transmission.

The recognition of anything else, including any other valid frame, shall be interpreted as failure of
the MPDU transmission.

The backoff procedure shall be invoked for an EDCAFwhen any of the following events occurs:

a)

b)

d)

e)

A frame with that AC is requested to be tfransmitted, the medium is busy_on the primary channel as
indicated by either physical or virtual CSyand the backoff timer has a value of 0 for that AC.

The finak-transmission of the MPDW-in the final PPDU transmitted by the TXOP holder initiated
during the TXOP for that AC was successful as defined in this subclause and the TXNAYV timer has
expired, and the AC was a primary AC.

The transmission-of-expected immediate response to the initial frame of a TXOP of that AC fails-is
not received, and the A€was a primary AC.

An-internal-collisioh+sreported-for-that EBCAF{(see-9-19-2.3)-The transmission attempt collides
internally with @nother EDCAF of an AC that has higher priority, that is, two or more EDCAFs in
the same STA are granted a TXOP at the same time.

The transimission attempt of a STA coordinated by an MM-SME collides internally with another
STA Coordinated by the same MM-SME (see 10.33), which is indicated to the first MAC entity with
a PHY-TxBusy.indication (BUSY) as response to the PHY-TXSTART.request primitive.

NOTE—~For the purpose of this subclause, reception of a valid immediate response to any of the MPDUs in this PPDU

determiines that transmission of all MPDUs in the PPDU was successful.

In addition, the backoff procedure may be invoked for an EDCAF when the transmission of the MPDUs in a
non-initial frame-PPDU by the TXOP holder fails.

NOTE—A STA can perform a PIFS recovery as described in 9.19.2.4 or perform a backoff as described in the previous
paragraph as a response to transmission failure within a TXOP. How it chooses between these two is implementation

dependent.

A STA that performs a backoff within its existing TXOP shall not extend the TXNAV timer value.
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NOTE—In other words, the backoff is a continuation of the TXOP, not the start of a new TXOP.

If the backoff procedure is invoked for reason a) above, the value of CW[AC] shall be left unchanged. If the
backoff procedure is invoked because of reason b) above, the value of CW[AC] shall be reset to CWmin[AC].

NOTE—If condition b) or c) occurs for a secondary AC, the backoff for the associated EDCAF continues without
change to the backoff counter or to the value of CW[AC].

QoS STAs shall maintain a short retry counter and a long retry counter for each MSDU, A-MSDU, or
MMPDU that belongs to a TC that requires acknowledgment. The initial value for the short and long retry
counters shall be 0. QoS STAs also maintain a short retry counter and a long retry counter for each AC. They
are defined as QSRC[AC] and QLRC[AC], respectively, and each is initialized to a value of 0. AMhen
dot11RobustAVStreaminglmplemented is true, QoS STAs shall maintain a short drop-eligible retry“colnter
and a long drop-eligible retry counter for each AC. They are defined as QSDRC[AC] and QLDRCI[AC],
respectively, and each is initialized to a value of zero. APs with dot11RobustAVStreamingimplemented true
and mesh STAs with dot11MeshGCRImplemented true, shall maintain an unsolicited retry counter.

If the backoff procedure is invoked because of a failure event [reason c) or d) or ) ahoVe or the transmission
failure of a non-initial frame by the TXOP holder], the value of CW[AC] shall he updated as follows before
invoking the backoff procedure:

— If the QSRCJAC] or the QLRC[AC] for the QoS STA has reached dotllShortRetryLimit or
dotl1LongRetryLimit, respectively, CW[AC] shall be reset to, C\WWmin[AC].

— If the QSDRC[AC] or the QLDRC[AC] for\Ythe QoS STA in which
dotl11RobustAVStreaminglmplemented is true has- \reached dotl1ShortDEIRetryLimit or
dotl1LongDEIRetryLimit, respectively, CW[AC] shalhbe reset to CWmin[AC].

— Otherwise,

— If CW[AC] is less than CWmax[AC], CWAC] shall be set to the value (CW[AC] + 1)*2 - 1.

— If CW[AC] is equal to CWmax[AC], CW[AC] shall remain unchanged for the remainder of any
retries.

The backoff timer is set to an integer valuechosen randomly with a uniform distribution taking values in the
range [0,CWJAC]] inclusive.

All backoff slots occur following an-AlIFS[AC] period during which the medium is determined to be idle_on the
primary channel for the duration‘ef the AIFS[AC] period, or following an EIFS — DIFS + AIFS[AC] period
during which the medium is-determined to be idle_on the primary channel for the duration of the EIFS — DIFS

+ AIFS[AC] period, as appropriate (see 9.3.2.3), except as defined in 9.19.2.3, which allows the medium to
be busy during the initialFaSIFSTime of this period under certain conditions.

9.19.2'6 Retransmit procedures
9.19.2.6.1 General

Change the second paragraph of 9.19.2.6.1 as follows:

QQF?(‘[A(‘] shall he incremented every time transmission of an A-MPDU or frame of Ipngth less than ar

equal to dotl1RTSThreshold fails, regardless of the presence or value of the DEI field. When
dot11RobustAVStreaminglmplemented is true, QSDRC[AC] shall be incremented every time transmission
of an A-MPDU or frame in which the HT variant HT Control field is present, the DEI field is equal to 1, and
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the length of the frame is less than or equal to dot11RTSThreshold fails. This short retry count and the QoS
STA QSRC[AC] shall be reset when an A-MPDU or frame of length less than or equal to
dot11RTSThreshold succeeds. When dot11RobustAVStreaminglmplemented is true, the QSDRC[AC] shall
be reset when an A-MPDU or frame of length less than or equal to dot11RTSThreshold succeeds, regardless

——of thepresence or vatue of the DEtHfieid:
Change the fourth paragraph of 9.19.2.6.1 as follows:

QLRCJAC] shall be incremented every time transmission of an A-MPDU or frame of length greater than or
equal to dot11RTSThreshold fails, regardless of the presence or value of the DEI field. This long retry count
and the QLRC[AC] shall be reset when an A-MPDU or frame of length greater than dotl11RTSThreshold
succeeds. When dot11RobustAVStreaminglmplemented is true, QLDRC[AC] shall be incremented every
time transmission fails for an A-MPDU or frame of length greater than dot11RTSThreshold in.‘which the
HT variant HT Control field is present and the DEI field is equal to 1. The QLDRC[AC] shall,be réset when
an A-MPDU or frame of length greater than dot11RTSThreshold succeeds, regardless of'the presence or
value of the DEI field.

9.19.2.7 Truncation of a TXOP

Change the fourth paragraph of 9.19.2.7, insert a new note after the existing note after this paragraph,
and number the existing note “1” as follows:

In a non-DMG network, a STA shall interpret the reception of a CF<Enhd frame as a NAV reset, i.e., it resets
its NAV timer to 0 at the end of the PPDU containing this frame=—After receiving a CF-End frame with a
matching BSSID(TA) without comparing Individual/Group bityan AP may respond by transmitting a CF-
End frame after SIFS.

NOTE_1—The transmission of a single CF-End frame by,the . T)XOP holder resets the NAV of STAs hearing the TXOP
holder. There may be STAs that could hear the TXOP responder that had set their NAV that do not hear this NAV reset.
Those STAs are prevented from contending for the medium until the original NAV reservation expires.

NOTE 2—A CF-End sent by a non-AP VHT/STA that is a member of a VHT BSS can include the TXVECTOR
parameter CH BANDWIDTH_IN_NON_HT as defined in 9.7.6.6 in case it elicits a CF-End response.

Insert the following subclause, 9.19:2.8 (including Table 9-8a), after 9.19.2.7:
9.19.2.8 EDCA channel access in a VHT BSS

If the MAC receives a RHY-CCA.indication primitive with the channel-list parameter present, the channels
considered idle aredefined in Table 9-8a.

Table 9-8a—Channels indicated idle by the channel-list parameter

hanmneltist dloment e channels
primary None
secondary Primary 20 MHz channel
secondary40 Primary 20 MHz channel and secondary 20 MHz channel
secondary80 Primary 20 MHz channel, secondary 20 MHz channel, and
secondary 40 MHz channel
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In the following description, the CCA is sampled according to the timing relationships defined in 9.3.7. Slot
boundaries are determined solely by activity on the primary channel. “Channel idle for an interval of PIFS”
means that whenever CCA is sampled during the period of PIFS that ends at the start of transmission, the
CCA for that channel was determined to be idle.

If a STA is permitted to begin a TXOP (as defined in 9.19.2.3) and the STA has at least one MSDU pending
for transmission for the AC of the permitted TXOP, the STA shall perform exactly one of the following
steps:

a) Transmit a 160 MHz or 80+80 MHz mask PPDU if the secondary channel, the secondary 40 MHz
channel, and the secondary 80 MHz channel were idle during an interval of PIFS immediately
preceding the start of the TXOP.

b)  Transmit an 80 MHz mask PPDU on the primary 80 MHz channel if both the secondary channel and
the secondary 40 MHz channel were idle during an interval of PIFS immediately preceding-the start
of the TXOP.

¢) Transmit a 40 MHz mask PPDU on the primary 40 MHz channel if the secondary channel was idle
during an interval of PIFS immediately preceding the start of the TXOP.

d) Transmit a 20 MHz mask PPDU on the primary 20 MHz channel.

e) Restart the channel access attempt by invoking the backoff proceddreas specified in 9.19.2 as
though the medium is busy on the primary channel as indicated by-gither physical or virtual CS and
the backoff timer has a value of 0.

NOTE 1—In the case of rule e), the STA selects a new random number using\the current value of CW[AC], and the retry
counters are not updated (as described in 9.19.2.5; backoff procedure invoked for event a)).

NOTE 2—For both an HT and a VHT STA, an EDCA TXOP is obtained based on activity on the primary channel (see
9.19.2.3). The width of transmission is determined by the CCA status of the non-primary channels during the PIFS
interval before transmission (see 9.19.2.4).

9.19.3 HCCA

9.19.3.2 HCCA procedure

9.19.3.2.4 Recovery from the absénce of an expected reception

Change the second paragraph«0£9.19.3.2.4 as follows:

The beginning of reception of an expected response is detected by the occurrence of

PHYCCA.indication(BUSY, channel-list) primitive at the STA that is expecting the response where_the
channel-list parameter is absent or, if present, includes “primary”.

9.19.3.5 HCCA transfer rules

9.19.3.5.3 Use of RTS/CTS

Insert the following subclause, 9.19.3.5.4, after 9.19.3.5.3:
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9.19.3.5.4 HCCA transfer rules for a VHT STA

A VHT STA in a BSS that supports multiple channel widths is granted a TXOP for a specified duration and
for a channel width that is equal to the channel width of the frame containing the QoS CF-Poll.

9.21 Block Acknowledgment (Block Ack)

9.21.10 GCR Block Ack

9.21.10.3 GCR Block Ack BlockAckReq and BlockAck frame exchanges

Change the eighth paragraph of 9.21.10.3 as follows:

The beginning of reception of an expected response to a BlockAckRequest frame is detected by the
occurrence of a PHY-CCA.indication(BUSY, channel-list) primitive at the STA that, is expecting _the

response where the channel-list parameter is absent or, if present, includes *“primary.”‘one-of-the-foHowing
conditions-exists:

9.23 Protection mechanisms

9.23.5 L-SIG TXOP protection

9.23.5.3 L-SIG TXOP protection rules at the TXOP responder

Insert the following paragraph at the end-of 9.23.5.3:

A VHT STA shall set the HT Capabilities element HT Capabilities Info field L-SIG TXOP Protection
Support subfield to 0 during association and reassociation. A VHT AP shall set the HT Operation element
HT Operation Information field L-SIG TXOP Protection Full Support subfield to 0.

Insert the following suhclause, 9.23.6, after 9.23.5.4:

9.23.6 Protectien*Rules for VHT STAs

A VHT STA:-is subject to all of the rules for HT STAs that apply to its operating band. This defines
protectionyaccorded to non-HT STAs.

9'25 Reverse Direction Protocol
9.25.1 Reverse direction (RD) exchange sequence

Insert the following note after the existing note after the first paragraph of 9.25.1, and number the

no-Retateq.27-

avacts
CATStIg otc— 1+

NOTE 2—If the RD responder is a VHT AP, the RD response burst can contain VHT MU PPDUs that might have
TXVECTOR parameter NUM_USERS > 1.
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9.25.3 Rules for RD initiator
Change the third paragraph of 9.25.3 as follows:

a OTT O d D1V a T O i e i alr to]
(either transmitted as a non-A-MPDU frame_or VHT single MPDU or within an A-MPDU) indicates that the
duration indicated by the Duration/ID field is available for the RD response burst and RD initiator final
PPDU (if present).

Change the last paragraph of 9.25.3 as follows:

A STA that transmits a QoS +CF-ACK data frame according to the rules in 9.19.3.5 may also inglude an
RDG in that frame provided that

— Itisanon-A-MPDU frame_or VHT single MPDU, and
— The target of the +CF-ACK is equal to the Address 1 field of the frame.

9.25.4 Rules for responder
Change the third paragraph of 9.25.4 as follows:
An RD responder that is a non-DMG STA may transmit a +CF-ACK,non-A-MPDU frame_or VHT single

MPDU in response to a rer-A-MPBY QoS Data +HTC non-A-MPDU<€rame or VHT single MPDU that has
the Ack Policy field equal to Normal Ack and the RDG/More PPDU)subfield equal to 1.

Change the seventh paragraph of 9.25.4 as follows:

During an RDG, any PPDU transmitted by an RD_tesponder shall contain at least one MPDU with an
Address 1 field that matches the MAC address of thetRD initiator, and the inclusion of traffic to STAs other
than the RD initiator in a VHT MU PPDU shall notincrease the duration of the VHT MU PPDU beyond that
required to transport the traffic to the RD initiator. tThe RD responder shall not transmit any frames causing
a response after SIFS with an Address 1 field that does not match the MAC address of the RD initiator. The
RD responder shall not transmit any PPDUs with a CH _BANDWIDTH that is wider than the
CH_BANDWIDTH of the PPDU conitaining the frame(s) that delivered the RD grant.

9.26 PSMP operation

9.26.1 Frame transmission mechanism during PSMP

9.26.1.2 PSMP downlink transmission (PSMP-DTT)

Change the'third paragraph of 9.26.1.2 as follows:

The PSMP-DTT may contain one or more PPDUs, each of which may contain either an A-MPDU or a

single {ren-A-MPBU)}-MPDU. Data may be transmitted using either format, provided that the format is
supported by both the transmitter and the receiver.
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9.27 Sounding PPDUs

Insert the following paragraph at the beginning of 9.27:

T e behavior described 1 this Subciause 15 Specific 1o the Use of the H T variant 5T controf fiefd:
Change the now third paragraph through the beginning of the fifth paragraph of 9.27 as follows:

A STA transmits sounding PPDUs when it operates in the following roles:
— MFB requester (see 9.28.2)

— HT beamformee Beamfermee responding to a training request, calibration initiator, or responder
involved in implicit transmit beamforming (see 9.29.2.2, 9.29.2.3, and 9.29.2.4)

— HT beamformer Beamformer involved in explicit transmit beamforming (see 9.29.3)
— ASEL transmitter and ASEL sounding-capable transmitter involved in ASEL (see 9.30.2)

A STA receives sounding PPDUs when it operates in the following roles:
— MFB responder (see 9.28.2)

— HT beamformer Beamfoermer sending a training request, calibration initiator, or responder involved
in implicit transmit beamforming (see 9.29.2.2, 9.29.2.3, and 9.29.2:4)

— HT beamformee Beamformee involved in explicit transmit beamferming (see 9.29.3)
— Transmit ASEL responder and ASEL receiver involved in ASEL (see 9.30.2)

When transmitting a sounding PPDU, the transmitting STA follows the rules stated below to determine the
maximum number of space-time streams for which chanpel‘coefficients can be simultaneously estimated:

— When transmitting a sounding PPDU that

— Contains a +HTC frame with the MRQ_ subfield equal to 1, or

— Issentas a response to a +HTC framewith the TRQ field equal to 1, or

— Is sent during a calibration sounding exchange, or

— Is sent by an HT beamformer involved in explicit transmit beamforming, or
— Is sent in transmit or receive;ASEL exchanges,

9.28 Link adaptation

Change the title of 9.28.2.:as follows:

9.28.2 Link adaptation using the HT variant HT Control field

Insert the following paragraph at the beginning of 9.28.2:

The behavior described in this subclause is specific to the HT variant HT Control field.
Change the now fifth paragraph of 9.28.2 as follows:

An MFB requester shall transmit +HTC frames with the MRQ subfield equal to 1 in one of the following
ways:
— Within a sounding PPDU, or

—Whittrthe BT NDP—Amouncement subfietdmthe=HTCframeset to— T anmdfottowing the=+HTC

frame by an NDP transmission
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Change the now seventh paragraph of 9.28.2 as follows:

An MFB-capable STA (identified by the MCS Feedback field in Extended HT Capabilities Info field equal
to 3) shall support the following:

— MFB estimate computation and feedback on the receipt of MRQ (MRQ=1 in +HTC) in a sounding
PPDU for which the RXVECTOR NUM_EXTEN_SS parameter contains O in the
PHYRXSTART.indication primitive.

— MFB estimate computation and feedback on the receipt of MRQ (MRQ=1 in +HTC) in a staggered
sounding PPDU if this STA declares support for receive staggered sounding by setting the Receive
Staggered Sounding Capable subfield of the Transmit Beamforming Capabilities field to 1.

— MFB estimate computation and feedback on the receipt of NDP (see 9.31) if this STA declares
support for receiving NDP sounding by setting the Receive NDP Capable subfield of the~Transmit
Beamforming Capabilities field to 1. The MFB requester shall set the MRQ subfield to Lin.the frame
where the HT NDP Announcement subfield is equal to 1.

Change the last paragraph of 9.28.2 as follows:

If an HT beamformer transmits a PPDU with the TXVECTOR EXPANSIONWMAT _TYPE set to either
COMPRESSED_SV or NON_COMPRESSED_SV, it should use the recomended MCS associated with
those matrices reported in a Noncompressed Beamforming frame or a Compressed Beamforming frame.

Insert the following subclause, 9.28.3, after 9.28.2:
9.28.3 Link adaptation using the VHT variant HT Controtfield
The behavior described in this subclause is specific to the’VVHT variant HT Control field.

A STA that supports VHT link adaptation using the WVHT variant HT Control field shall set the VHT Link
Adaptation Capable subfield in the VHT Capabilities Info field in the VHT Capabilities element to
Unsolicited or Both, depending on its specificlink adaptation feedback capability. A STA shall not send an
MRQ to STAs that have not set VHT Link Adaptation Capable subfield to Both in the VHT Capabilities
Info field of the VHT Capabilities elehent. A STA whose VHT Link Adaptation Capable subfield of the
VHT Capabilities Info field of thes\WVHT Capabilities element is either set to Unsolicited or Both may
transmit unsolicited MFB in anyframe that contains a VHT variant HT Control field.

The MFB requester may sef the MRQ field to 1 in the VHT variant HT Control field of a frame to request a
STA to provide link adaptation feedback. In each request the MFB requester shall set the MSI/STBC field to
a value in the ranges 0.to 6, 0 to 2, or 0 to 3, depending on the settings in the Unsolicited MFB and STBC
fields (see 8.2.4.6.3). The choice of MSI value is implementation dependent.

The appearance of more than one instance of a VHT variant HT Control field with the MRQ field equal to 1
within a’single PPDU shall be interpreted by the receiver as a single request for link adaptation feedback.

AN MFB responder that has set the VHT Link Adaptation Capable subfield to Both in the VHT Capabilities
I6fo field of the VHT Capabilities element shall support both of the following:

— Computation and feedback of the MFB estimate on the receipt of an MFB request (MRQ equal to 1
in the VHT variant HT Control field) in a PPDU that is not a VHT NDP Announcement frame

— Computation and feedback of the MFB estimate on the receipt of an MFB request (MRQ equal to 1
in VHT variant HT Control field) in a VHT NDP Announcement frame and the receipt of VHT

NDPs (see 9.31) if this STA set the SU Beamformee Capable subfield of the VHT Capabilities Info
field of the VHT Capabilities element to 1
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On receipt of a VHT variant HT Control field with the MRQ field equal to 1, an MFB responder computes
the VHT-MCS, NUM_STS, and SNR estimates based on the PPDU carrying the MRQ or, in the case of a
VHT NDP Announcement frame carrying the MRQ, based on the subsequent VHT NDP. The MFB
responder labels the result of this computatron wrth the MSI value from the VHT varrant HT Control freld in

field of the correspondrng response frame In the case of a delayed response, this allows the MFB requester
to associate the MFB with the soliciting MRQ.

An MFB responder that sends a solicited MFB shall set the Unsolicited MFB subfield in VHT variant HT
Control field to 0.

The MFB responder may send a solicited response frame with any of the following combinations of VHT-
MCS, NUM_STS, and MFSI:

— VHT-MCS =15, NUM_STS =7 in the MFB subfield, MFSI = 7: no information is previded for the
immediately preceding request or for any other pending request. This combination is‘used when the
responder is required to include a VHT variant HT Control field due to other pretocols that use this
field (e.g., the Reverse Direction Protocol) and when no MFB is availableft-has no effect on the
status of any pending MRQ.

— VHT-MCS =15, NUM_STS =7 in the MFB subfield, MFSI in the rarige,0 to 6: the responder is not
now providing, and will never provide, feedback for the request that\had the MSI value that matches
the MFSI value.

— VHT-MCS = valid value, NUM_STS = valid value in the MFB’subfield, MFSI in the range 0O to 6:
the responder is providing feedback for the request that-had the MSI value that matches the MFSI
value.

An MFB responder that discards or abandons the MEB.estimates computed in response to an MRQ may
indicate that it has done so by setting the VHT-MCSyto/15 and NUM_STS to 7 in the MFB subfield in the
next frame addressed to the MFB requester that includes the VHT variant HT Control field. The value of the
MFSI is set to the value of the MSI/STBC subfield of the frame that contains an MRQ for which the
computation was abandoned, regardless of,whether the MSI/STBC subfield contains an MSI or a
Compressed MSI and STBC Indication subfields.

The STA receiving MFB may use the received MFB to compute the appropriate VHT-MCS, SNR, and
NUM_STS.

A STA sending unsolicitedMFB feedback using the VHT variant HT Control field shall set the Unsolicited
MFB subfield to 1.

Unsolicited VHT=MCS, NUM_STS, BW, and SNR estimates reported in the MFB subfield of a VHT
variant HT Controel field sent by a STA are computed based on the most recent PPDU received by the STA
that matches the description indicated by the GID-L, GID-H, Coding Type, STBC Indication, and FB Tx
Type fields-in the same VHT variant HT Control field.

In‘an Unsolicited MFB response the GID-L, GID-H, Coding Type, STBC Indication, FB Tx Type, and BW
fields are set according to the RXVECTOR parameters of the received PPDU from which the VHT-MCS,
SNR, BW, and NUM_STS are estimated, as follows:

— If the VHT-MCS, SNR, BW, and NUM_STS are estimated from a VHT MU PPDU, then the GID-L
field is set to the 3 least significant bits and the GID-H field to the 3 most significant bits of the
parameter GROUP_ID.

— If the VHT-MCS, SNR, BW, and NUM_STS are estimated from an SU PPDU, then the GID-L field
and GID-H field are set to all ones.
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— The Coding Type field is set to O if the parameter FEC_CODING is equal to BCC_CODING and set
to 1 if equal to LDPC_CODING.

— The STBC Indication field is set to 1 if the parameter STBC is equal to 1 and set to 0 if the STBC
parameter is equal to 0.

— The FB TX Type field is set to 1 if the parameter BEAMFORMED is equal to 1 and set to O if equal
to 0.

— The BW field shall indicate a bandwidth equal to or less than the bandwidth indicated by the
parameter CH_BANDWIDTH.

In an MFB response solicited by an MRQ that was not carried in a VHT NDP Announcement frame,the
MFB is computed based on RXVECTOR parameters CH_BANDWIDTH, GROUP_ID, NUM )STS,
FEC_CODING, BEAMFORMED, and STBC of the received PPDU that carried the MRQ and“might
additionally be based on other factors that are not part of the RXVECTOR. The NUM_STS subfield of the
MFB subfield of VHT variant HT Control field shall be set to an equal or smallerpvalue than the
RXVECTOR parameter NUM_STS of the received PPDU that triggered the MRQ.

If the MFB is in the same MPDU as a VHT Compressed Beamforming frame, theyMFB responder shall
estimate the recommended MFB under the assumption that the beamformer will’ use the steering matrices
contained therein for performing an SU beamformed transmission. In this cas&.the value of the NUM_STS
field in the MFB subfield of the VHT variant HT Control field shall be the sare as the value of the Nc Index
field in the VHT MIMO Control field of the VHT Compressed Beamforming frame and, if the MFB is
unsolicited, the Coding Type shall be set to BCC and the FB Tx Type shall be set to 0. Additionally, MFB
estimate shall be based on the bandwidth indicated by the Channel Width subfield of the VHT MIMO
Control field of the VHT Compressed Beamforming frame. “ln-this case the SNR and BW subfields are
reserved and set to 0.

If an unsolicited MFB is not in the same MPDU as aVHT Compressed Beamforming frame, the NUM_STS
subfield of the MFB subfield of the VHT variant HT Control field shall be set to an equal or smaller value
than the RXVECTOR parameter NUM_STS of.the received PPDU from which the MFB parameters are
estimated.

If the MFB requester sends the MRQ iftta VHT NDP Announcement frame, then the MFB responder shall
include the corresponding MFB in (alof) the VHT Compressed Beamforming frame(s) sent in response to
the same VHT NDP Announcement frame and NDP sequence.

If the value of the NUM .STS'subfield of the MFB field (solicited or unsolicited) is a smaller value than the
RXVECTOR parameter NUM_STS of the received PPDU on which the MFB is based, the MFB responder
shall estimate the recommended VHT-MCS under the assumption that the MFB requester will transmit the
first Ng1g Space-time streams in the corresponding PPDU carrying MRQ. If the MFB is based on an SU
PPDU the first N¢T5 space-time streams correspond to columns 1, ..., Ng7g Of the spatial mapping matrix Q.
If the MFB-is based on a VHT MU PPDU, then for the user u the first Ng75 Space-time streams correspond to
columns:Mg+1, ..., M+Ngrs , Of the spatial mapping matrix Q (M, is defined in 22.3.10.11.1).

AYHT NDP Announcement frame that contains multiple STA Info fields and that contains a VHT format
of HT Control field with the MRQ subfield equal to 1 solicits an MFB response from all the STAs listed in
the STA Info fields.

When the MFB requester sets the MRQ subfield to 1 and sets the MSI/STBC subfield to a value that
matches the MSI/STBC subfield value of a previous request for which the responder has not yet provided

feedback; the Tesponder shait discard or abandon the computation for the MRQ that corresponds 10 the
previous use of that MSI/STBC subfield value and start a new computation based on the new request.
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A STA may respond immediately to a current request for MFB with a frame containing an MFSI field value
and an MFB field value that correspond to a request that precedes the current request.

Bidirectional request/responses are supported. A STA may act as both the MFB requester for one direction

——of aduptextimkand-the MFEB Tesporderfor theother directiomand-inctude bothram MR Qandam vtFB i the
same VHT variant HT Control field.

9.29 Transmit beamforming
Change 9.29.1 (including the subclause title) as follows:

9.29.1 General-HT steering matrix calculations

In order for an HT beamformer to calculate an appropriate steering matrix for transmit spatial processing
when transmitting to a specific HT beamformee, the HT beamformer needs to have an aecurate estimate of
the channel over which it is transmitting. Two methods of calculation are defined as follows:

— Implicit feedback: When using implicit feedback, the beamformer receives Jong training symbols
transmitted by the HT beamformee, which allow the MIMO channel bétiveen the HT beamformee
and HT beamformer to be estimated. If the channel is reciprocal, the HT beamformer can use the
training symbols that it receives from the HT beamformee to make a’channel estimate suitable for
computing the transmit steering matrix. Generally, calibrated radies in MIMO systems can improve
reciprocity. See 9.29.2.

— Explicit feedback: When using explicit feedback, the HT_beamformee makes a direct estimate of the
channel from training symbols sent to the HT beamformee by the HT beamformer. The HT
beamformee may prepare CSI or steering feedback based on an observation of these training
symbols. The HT beamformee quantizes the feedback and sends it to the HT beamformer. The HT
beamformer can use the feedback as the basi$ for determining transmit steering vectors. See 9.29.3.

An HT STA shall not transmit a PPDU with ‘the TXVECTOR EXPANSION_MAT parameter present if
dotl1BeamFormingOptionActivated is false.

Change the title of 9.29.2 as follows;

9.29.2 HT tFransmit beamforming with implicit feedback
9.29.2.1 General

Change 9.29.2.1 asifollows:

The procedures; for HT transmit beamforming with implicit feedback use only HT and non-HT PPDUs, and
the HT Control field, when present, is the HT variant HT Control field.

Transmit beamforming with implicit feedback can operate in a unidirectional or bidirectional manner. In
unidirectional implicit transmit beamforming, only the HT beamformer sends beamformed transmissions. In
bidirectional implicit transmit beamforming, both STAs send beamformed transmissions, i.e., a STA may
act as both HT beamformer and HT beamformee.

Calibration of receive/transmit chains should be done to improve performance of transmit beamforming
using implicit feedback. Over-the-air calibration is described in 9.29.2.4. For implicit transmit

beamforming, only the HT beamformer, which is sending the beamformed transmissions, needs to be
calibrated.
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A STA that advertises itself as being capable of being an HT beamformer and/or HT beamformee using
implicit feedback shall support the requirements in Table 9-11.

Table 9-11 remains unchanged.

A STA that performs one of the roles related to transmit beamforming with implicit feedback shall support
the associated capabilities shown in Table 9-12.

Table 9-9—Transmit beamforming support required with implicit feedback

Role Required support

HT bBeamformee: Shall transmit sounding PPDUs as a response to TRQ=1.
A receiver of transmit
beamformed PPDUs

Beamformer: Can receive sounding PPDUs.

A transmitter of Can compute steering matrices from MIMO channel estimates_dbtained from long

beamformed PPDUs training symbols in sounding PPDUs received from the HT beamformee.

A responder in a Can receive and transmit sounding PPDUs.

calibration exchange Can respond with a CSI frame that contains channehmeasurement information
obtained during reception of a sounding PPDU,

An initiator in a Can receive and transmit sounding PPDUS.

calibration exchange Can receive a CSI frame sent by a calibration responder.

When an HT beamformee transmits a sounding PPDU, the SOUNDING parameter in the TXVECTOR in
the PHYTXSTART.request primitive shall be set t0 SOUNDING. If the HT beamformee is capable of
implicit transmit beamforming and the HT.heamformer is capable of receiving implicit transmit
beamforming, the sounding PPDU from the HT beamformee may be steered.

A PPDU containing one or more +HTCGIMPDUSs in which the TRQ field is equal to 1 shall not be sent to a
STA that sets the Implicit Transmit Beamforming Receiving Capable subfield of the Transmit Beamforming
field of the HT Capabilities element'to 0.

If a PPDU containing one-or more +HTC MPDUs in which the TRQ field is equal to 1 requires an
immediate response, eitherthe response from the HT beamformee shall be included in a sounding PPDU, or
the HT_NDP Announcement subfield of the HT Control field shall be set to 1 and the PPDU shall be
followed by an NDP. If the PPDU in which the TRQ field is equal to 1 does not require an immediate
response, eitherithe HT beamformee shall transmit a sounding PPDU in the next TXOP obtained by the HT
beamformee,“or the HT beamformee shall transmit a PPDU in the next TXOP obtained by the HT
beamfopmee’in which the HT NDP Announcement subfield of the HT Control field is set to 1 and that PPDU
shall be.followed by an NDP. The use of NDP as a sounding PPDU is described in 9.31.

NOTE—A STA that acts as an HT beamformer using implicit feedback expects to receive a sounding PPDU in response
to a training request. The STA can compute steering matrices from the channel estimates obtained from the received
sounding PPDU.

At the end of the TXOP, the final PPDU from the HT beamformer shall not have the TRQ field setto 1 in a
frame that requests an immediate response if there is not enough time left in the TXOP for the HT

beamformee to transmit the Tongest valid sounding PPDU with IS response.
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9.29.2.3 Bidirectional implicit transmit beamforming

Change the first paragraph of 9.29.2.3 as follows:

using the Clause 20 PHY. In this example, sounding PPDUs are used that carry MPDUs. STA A initiates the
frame exchange, and STA A and STA B alternate in the roles of HT beamformer and HT beamformee.

9.29.2.4 Calibration

9.29.2.4.1 Introduction

Change the second paragraph of 9.29.2.4.1 as follows:

A STA acting as a HT beamformer should be calibrated to maximize performance. A STA'acting only as a
HT beamformee does not need to be calibrated. If calibration is desired, it is performed‘using the over-the-
air calibration procedure described below.

9.29.2.4.3 Sounding exchange for calibration

Change “NDP Announcement” to “HT NDP Announcement” one jnstance each in Figure 9-38 and
Figure 9-39.

Change the 13th paragraph of 9.29.2.4.3 as follows:

NDP transmission within a calibration procedure follows the rules defined in 9.31.1. STA A transmits a
Calibration Start frame (i.e., with the Calibration~Position subfield set to 1) with the HT NDP
Announcement subfield set to 1 and CSI/Steering subfield of the HT Control field set to 1. Only the current
TXOP holder may set both the Calibration Position.and HT NDP Announcement subfields to 1. This frame
initiates a calibration procedure.

9.29.2.4.4 CSl reporting for calibration

Change the fourth paragraph of 9.29:2.4.4 as follows:

STA B should finish transmission of the first CSI frame within aMaxCSIMatricesReportDelay (in
milliseconds) after the «reeeption of the frame containing the CSI feedback request or HT NDP
announcement.

9.29.3 Explicitfeedback beamforming

Insert theffollowing paragraph at the beginning of 9.29.3:

The procedures for explicit feedback beamforming use only HT and non-HT PPDUs, and the HT Control
field, when present, is the HT variant HT Control field.

Change all occurrences in 9.29.3 (except for the new paragraph below) of “beamformer” to
“HT beamformer” (31 times) and “beamformee” to “HT beamformee” (43 times, including in Table 9-13
and Table 9-14).

Insert the following paragraph after the now 14th paragraph (“An HT beamformee that sets the Explicit
Transmit Beamforming CSI Feedback field ...”") of 9.29.3:
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The value of Nr within an explicit Beamforming feedback frame transmitted by a VHT beamformee will not
exceed the value indicated in the Beamformee STS Capability subfield of the VHT Capabilities element.

Insert the following subclause, 9.29.4, after 9.29.3:

9.29.4 VHT MU beamforming

An MU beamformer may transmit a VHT MU PPDU with a single nonzero TXVECTOR parameter
NUM_STS[p], where 0<p<3.

An MU beamformer shall not transmit a VHT MU PPDU with a nonzero TXVECTOR parameter
NUM_STS[p], where 0 <p <3, to a STA whose MU Beamformee Capable field is equal to 0.

When transmitting a VHT MU PPDU, an MU beamformer shall order the per-user arrays of TXECTOR
parameters so that the per-user USER_POSITION array is in ascending order.

9.30 Antenna selection (ASEL)
9.30.1 Introduction
Insert the following paragraph at the beginning of 9.30.1:

The procedures for antenna selection use only HT and non-HT (PRDUs, and the HT Control field, when
present, is the HT variant HT Control field.

9.31 Null data packet (NDP) sounding
Change 9.31.1 through 9.31.4 (including subclause titles) as follows:
9.31.1 NDP rules

Sounding may be accomplished using:either staggered sounding PPDU or HT NDP, as described in 20.3.13
(HT Preamble format for sounding:PPDUs). The MAC rules associated with sounding using HT NDP are
described in 9.31.1 t0 9.31.4.

An HT STA that has set\the Receive NDP Capable field of its HT Capabilities element to 1 during
association processes an’ HT NDP as a sounding packet if the destination of the sounding packet is
determined to matchiitself as described in 9.31.3 and if the source of the sounding packet can be ascertained
as described in 9.31.4.

An RXVECTOR LENGTH parameter equal to 0 indicates that the PPDU is an HT NDP.

A STthat is a TXOP holder or an RD responder shall not set both the HT NDP Announcement and RDG/
More PPDU subfields to 1 simultaneously. The Calibration Position subfield shall not be set to any value
except 0 and 1 in any +HTC frame in a PPDU that is also an HT NDP announcement. The Calibration
Position subfield shall be set to 0 in any +HTC frame in a PPDU that is an HT NDP announcement that also
contains any +HTC frame with the MAI subfield equal to ASELI. The Calibration Position subfield shall be
setto 0 in all +HTC frames in a PPDU that is an HT NDP announcement and that contains any +HTC frame
with the MRQ subfield equal to 1. The TRO field shall be set to 0 in all +HTC frames in a PPDU that is an

HT NDP announcement.

An NDP sequence contains at least one non-NDP PPDU and at least one HT NDP PPDU. Only one PPDU
in the NDP sequence may contain an HT NDP announcement. An NDP sequence begins with an HT NDP

Copyright © 2013 IEEE. All rights reserved. 165



https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

IEEE
Std 802.11ac-2013 LOCAL AND METROPOLITAN AREA NETWORKS—AMENDMENT 4: ENHANCEMENTS

announcement. The NDP sequence ends at the end of the transmission of the last HT NDP PPDU that is
announced by the HT NDP announcement. A STA that transmits the first PPDU of an NDP sequence is the
NDP sequence owner. In the NDP sequence, only PPDUs carrying HT NDP and PPDUs carrying
rer-A-MPBU-single MPDU control frames may follow the NDP sequence’s starting PPDU.

A STA shall transmit only one HT NDP per HT NDP announcement, unless the HT NDP announcement
includes a value in the ASEL Data subfield of the ASEL Command subfield of the HTC Control field that is
greater than one. Each PPDU in an NDP sequence shall start a SIFS interval after end of the previous PPDU.

A STA shall not transmit a VHT NDP in a NDP sequence that contains an HT NDP announcement.

Fhe+HTC fieldofa A CTS frame that is a +HTC frame shall not contain the HT NDP Announcement
subfield set to 1.

NOTE—A CTS frame cannot be used for HT NDP announcement: if the CTS frame is a response to an RTS frame, the
optional NAV reset timeout that starts at the end of the RTS frame does not include the additionah HT NDP and SIFS
duration (see 9.3.2.5). Also, if the CTS were the first frame of an NDP sequence, it would not be'pessible to determine
the destination address of the HT NDP.

A STA shall transmit an HT NDP as follows:

a) ASIFSinterval after sending a PPDU that is an HT NDP announcemeént and that does not contain an
MPDU that requires an immediate response.

b) A SIFS interval after successfully receiving a correctly formed.and addressed immediate response to
a PPDU that is an HT NDP announcement and that contains'an MPDU that requires an immediate
response.

¢) A SIFS interval after transmitting an HT NDP jf the HT NDP announcement contains an ASEL
Command subfield equal to TXASSI, TXASSI<CSI, or RXASSI and the ASEL Data subfield is
equal to value greater than 0 and if the number of HT NDPs sent before this one is less than the
value in the ASEL Data subfield + 1.

NOTE—The total number of sent HT NDPs is equal to the value of in the ASEL Data subfield + 1.

d) A SIFS interval after receivingtan HT NDP from a STA whose HT NDP announcement contained
one or more +HTC frames with the Calibration Position subfield equal to 1, when the receiving STA
supports transmitting seunding PPDUs for which more than one channel dimension can be
estimated (i.e., more than one column of the MIMO channel matrix).

This rule enables the NDB, receiver to know that it will receive an HT NDP and can determine the source and
destination of the HT NDP. It enables the receiver and transmitter to know when the immediate response
and HT NDP wijllthe transmitted relative to the frame containing the HT NDP announcement indication.

A STA that\has transmitted an HT NDP announcement in a frame that requires an immediate response and
that does-hot receive the expected response shall terminate the NDP sequence at that point (i.e., the STA
doesattransmit an HT NDP in the current NDP sequence).

A'STA that has received an HT NDP announcement in a +HTC with the Calibration Position equal to 1 or 2,
and that does not receive the HT NDP PPDU expected shall terminate the NDP sequence at that point (i.e.,
does not transmit an HT NDP in the current NDP sequence) and not transmit any further frames that are a
part of this calibration sequence shown in Step 1 of Figure 9-37 (Calibration procedure with NDP).

Feedback information generated from the Teception of an H1_NDP {5 transmitted Using any of the feedback
rules and signaling as appropriate, e.g., immediate or delayed.
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9.31.2 Transmission of an HT NDP

A STA that transmits an HT NDP shall set the LENGTH, SOUNDING, STBC, MCS, and
NUM_EXTEN_SS parameters of the TXVECTOR as specified in this subclause.

— LENGTH shall be set to 0.

— SOUNDING shall be set to SOUNDING.

— STBC shall be set to 0.

— MCS shall indicate two or more spatial streams.

The number of spatial streams sounded is indicated by the MCS parameter of the TXVECTOR and shall ‘not
exceed the limit indicated by the Channel Estimation Capability field in the Transmit Beamforming
Capabilities field transmitted by the STA that is the intended receiver of the HT NDP. The MCS ‘parameter
may be set to any value, subject to the constraint of the previous sentence, regardless of the ‘value of the
Supported MCS Set field of the HT Capabilities field at either the transmitter or recipient of'the HT NDP. A
STA shall set the NUM_EXTEN_SS parameter of the TXVECTOR to 0 in the PHY<T)XSTART.request
primitive corresponding to an HT NDP transmission.

A STA shall not transmit an HT NDP announcement with a RA corresponding’toianother STA unless it has
received an HT Capabilities element from the destination STA in which the€_ReCeive NDP Capable field is
equal to 1.

9.31.3 Determination of HT_ NDP destination

The destination of an HT NDP is determined at the NDP receiver by examining the HT NDP announcement
as follows:

— The destination of the first HT NDP in the NBPysequence is equal to the RA of any MPDU within
HT NDP announcement.

— If Calibration Position subfield is equal to\1'in the HT NDP announcement at the NDP receiver, the
destination of the second HT NDP is gqual to the TA of that frame. Otherwise, the destination of the
second and any subsequent HT NDPS is equal to the destination of the previous HT NDP.

See S.4 for an illustration of these rules.
9.31.4 Determination of HTW"NDP source

The source of an HT NDRis determined at the NDP receiver by examining the NDP sequence’s starting
PPDU as follows:

— If any MRBU within the HT NDP announcement contains two or more addresses, the source of the
first HFT.NDP is equal to the TA of that frame.

— Otherwise (i.e., the HT NDP announcement contains one address), the source of the first HT NDP is
equal to the RA of the MPDU to which the HT NDP announcement is a response.

—JIf the Calibration Position subfield is equal to 1 in an MPDU in the HT NDP announcement, the
source of the second HT NDP is equal to the RA of that MPDU. Otherwise, the source of the second
and any subsequent HT NDPs is equal to the source of the previous NDP.

See S.4 for an illustration of these rules.
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Insert the following subclauses, 9.31.5 to 9.31.6 (including Figure 9-41a and Figure 9-41b), after 9.31.4:

9.31.5 VHT sounding protocol

93151 Gernerat

Transmit beamforming and DL-MU-MIMO require knowledge of the channel state to compute a steering
matrix that is applied to the transmitted signal to optimize reception at one or more receivers. The STA
transmitting using the steering matrix is called the VHT beamformer and a STA for which reception is
optimized is called a VHT beamformee. An explicit feedback mechanism is used where the VHE
beamformee directly measures the channel from the training symbols transmitted by the VHT beamformer
and sends back a transformed estimate of the channel state to the VHT beamformer. The VHT beamfarmer
then uses this estimate, perhaps combining estimates from multiple VHT beamformees, to-@derive the
steering matrix.

If dot11VHTSUBeamformerOptionImplemented is true, a STA shall set the SU Beamformer Capable field
in the VHT Capabilities element to 1. If dot11VHTSUBeamformeeOptionImplemented-is true, a STA shall
set the SU Beamformee Capable field in the VHT Capabilities element to 1.

If dot11VHTMUBeamformerOptionImplemented is true, a STA shall set thelMY Beamformer Capable field
in the VHT Capabilities element to 1. If dot11VHTMUBeamformeeOptienlmplemented is true, a STA shall
set the MU Beamformee Capable field in the VHT Capabilities element-to’1.

If dot11VHTMUBeamformerOptionimplemented is true, a STA shall set
dot11VHTSUBeamformerOptionimplemented to true. If dotlIVHTMUBeamformeeOptionimplemented is
true, a STA shall set dot11VHTSUBeamformeeOptionimplemented to true.

A STA is a VHT SU-only beamformer if it sets the) SU Beamformer Capable field to 1 but sets the MU
Beamformer Capable field to 0 in transmitted\VHT Capabilities elements. A STA is an SU-only
beamformee if it sets the SU Beamformee Capable field to 1 but sets the MU Beamformee Capable field to
0 in transmitted VHT Capabilities elements.

If dotl1VHTSUBeamformerOptionlmplemented is false, a STA shall not act in the role of a VHT
beamformer. If dot11VHTSUBeamformeeOptionimplemented is false, a STA shall not act in the role of a
VHT beamformee.

9.31.5.2 Rules for VHT:seunding protocol sequences

A VHT beamformer- shall initiate a sounding feedback sequence by transmitting a VHT NDP
Announcement frame followed by a VHT NDP after a SIFS. The VHT beamformer shall include in the
VHT NDP Anngotncement frame one STA Info field for each VHT beamformee that is expected to prepare
VHT Comipressed Beamforming feedback and shall identify the VHT beamformee by including the VHT
beamformee’s AID in the AID subfield of the STA Info field. The VHT NDP Announcement frame shall
include at least one STA Info field.

NOTE—A STA that transmits a VHT NDP Announcement frame to a DLS or TDLS peer STA obtains the AID for the
peer STA from the DLS Setup Request, DLS Setup Response, TDLS Setup Request, or TDLS Setup Response frame.

A VHT beamformer shall not transmit either a VHT NDP Announcement+HTC frame or a Beamforming
Report Poll+HTC frame that contains an HT variant HT Control field.

A VHT NDP shall be transmitted only following a SIFS after a VHT NDP Announcement frame. A VHT
NDP Announcement frame shall be followed by a VHT NDP after SIFS.
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A VHT beamformer that has not received from a STA a VHT Capabilities element or where the last VHT
Capabilities element received from the STA has the SU Beamformee Capable field set to 0 shall not transmit
either of the following:

— AVHT NDP Announcement frame addressed to the STA or that includes the STA’s AID in one of

the STA Info fields
— A Beamforming Report Poll frame to the STA

A VHT beamformer that transmits a VHT NDP Announcement frame to a VHT SU-only beamformee shall
include only one STA Info field in the VHT NDP Announcement frame and set the Feedback Type subfield
of the STA Info field to SU.

If the VHT NDP Announcement frame includes more than one STA Info field, the RA of the VVHT 'NDP
Announcement frame shall be set to the broadcast address. If the VHT NDP Announcement frame-includes
a single STA Info field, the RA of the VHT NDP Announcement frame shall be set to the M/AC address of
the VHT beamformee.

A VHT NDP Announcement frame shall not include two or more STA Info fields)with same value in the
AID subfield.

A VHT beamformer that transmits a VHT NDP Announcement frame to a\\/HT beamformee that is an AP,
mesh STA or STA that is a member of an IBSS, shall include a single STA Info field in the VHT NDP
Announcement frame and shall set the AID field in the STA Info field'to’0.

A VHT NDP Announcement frame with more than one STA«Info field shall not carry a VHT variant HT
Control field, unless all the STAs listed in the AID field-of the STA Info fields have set +HTC-VHT
Capable to 1 in the VHT Capabilities Info field.

A VHT beamformer that transmits a VHT NDP Announcement frame with more than one STA Info field
should transmit any Beamforming Report Poll frames used to retrieve VHT Compressed Beamforming
feedback from the intended VHT beamformees in the same TXOP. If the duration of the TXOP that
contained the VHT NDP Announcement ffame has insufficient duration to accommodate the transmission of
all of the feedback reports, the VHI beamformer may poll for the remaining VHT Compressed
Beamforming feedback in subsequentT XOPs.

NOTE—The transmission of the'\VHT NDP Announcement, VHT NDP, VHT Compressed Beamforming, and
Beamforming Report Poll frames-is subject to the rules in 9.19.2.4.

A VHT beamformer that.sets the Feedback Type subfield of a STA Info field to MU shall set the Nc Index
subfield of the same.STA Info field to a value equal to or less than the minimum of both the following:

— The maximum number of supported spatial streams according to the corresponding VHT
beamformee’s Rx VHT-MCS Map subfield in the Supported VHT-MCS and NSS Set field

— Fhe.maximum number of supported spatial streams according to the Rx NSS subfield value in the
Operating Mode field of the most recently received Operating Mode Notification frame or Operating
Mode Notification element with the Rx NSS Type subfield equal to 0 from the corresponding VHT
beamformee

A non-AP VHT beamformee that receives a VHT NDP Announcement frame from a VHT beamformer with
which it is associated or has an established DLS or TDLS session and that contains the VHT beamformee's
AID in the AID subfield of the first (or only) STA Info field and also receives a VHT NDP a SIFS after the
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feedback a SIFS after the VHT NDP. A VHT beamformee that is an AP, mesh STA, or STA that is a
member of an IBSS, that receives a VHT NDP Announcement frame with the RA matching its MAC
address and the AID subfield of the only STA Info field set to 0, and that also receives a VHT NDP a SIFS
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after the VHT NDP Announcement frame shall transmit the PPDU containing its VHT Compressed
Beamforming feedback a SIFS after the VHT NDP. The TXVECTOR parameter CH_BANDWIDTH of the
PPDU containing the VHT Compressed Beamforming feedback shall be set to indicate a bandwidth not
wider than that |nd|cated |n the RXVECTOR parameter CH_ BANDWIDTH of the recelved VHT NDP

frames if dotl1lVHTSU Beamformeelmplemented is false.

A VHT beamformee shall indicate the maximum number of space-time streams it can receive in a VHT
NDP in the Beamformee STS Capability field. If the beamformee is a non-AP STA, this shall also be the
maximum total number of space-time streams that the STA can receive ina VHT MU PPDU.

An example of the VHT sounding protocol with a single VHT beamformee is shown in Figure 9-41a.

VHT NDP
Beamformer | Announce- NDP
ment VAT
<> g
Beamformee SIFS sIFs| Compressed
Beamforming

Figure 9-41a—Example of the sounding protocol with a single VHT beamformee

A non-AP VHT beamformee that receives a VHT NDP Announcementframe from a VHT beamformer with
which it is associated or has an established DLS or TDLS session(and that contains the VHT beamformee’s
AID in the AID subfield of a STA Info field that is not the.first STA Info field shall transmit its VHT
Compressed Beamforming feedback a SIFS after receiving,aBeamforming Report Poll with RA matching
its MAC address and a non-bandwidth signaling TA obtained from the TA field matching the MAC address
of the VHT beamformer. If the RXVECTOR parameter)CH_BANDWIDTH_IN_NON_HT of the received
Beamforming Report Poll frame is valid, the TXVECTOR parameter CH_BANDWIDTH of the PPDU
containing the VHT Compressed Beamforming feedback shall be set to indicate a bandwidth not wider than
that indicated by the RXVECTOR parameterr CH_BANDWIDTH_IN_NON_HT of the Beamforming
Report Poll frame; otherwise, the TXVECTOR parameter CH_BANDWIDTH of the PPDU containing
VHT Compressed Beamforming feedback shall be set to indicate a bandwidth not wider than that indicated
by the RXVECTOR parameter CH :BANDWIDTH of the Beamforming Report Poll frame.

An example of the VHT sounding protocol with more than one VHT beamformee is shown in Figure 9-41b.

JHT NDP Beamformin Beamformin
Beamformer | Announce-¢| {0 { NDP | {2 2 Report Pollg % Q o Pollg @
ment 2} 2] VHT 2] n n n
Beamformee 1 hid <> Compressed | <> > > >
Beamforming VHT
Beamformee 2 Compressed
Beamforming VHT
Beamformee™3 Compressed
Beamforming

Figure 9-41b—Example of the sounding protocol with more than one VHT beamformee

The RA field of the VHT Compressed Beamforming frame(s) of the VHT Compressed Beamforming
feedback shall be set to a non-bandwidth signaling TA obtained from the TA field of the VHT NDP
Announcement frame or the Beamforming Report Poll frame to which this VHT Compressed Beamforming
feedback is a response.
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If the VHT Beamformee is transmitting VHT Compressed Beamforming frame(s) a SIFS after the VHT
NDP, then the VHT Compressed Beamforming frame(s) shall include the VHT Compressed Beamforming
Report information and, for the case of MU feedback, the MU Exclusive Beamforming Report information.

F I . T— " I I
field in the VHT MIMO Control field to the same value as the Feedback Type field in the corresponding
STA Info field in the VHT NDP Announcement frame. If the Feedback Type field indicates MU, the STA
shall send a VHT Compressed Beamforming frame with the Nc Index field value in the VHT MIMO
Control field equal to the minimum of all the following:

— The Nc Index field value in the corresponding STA Info field in the VHT NDP Announcement frame

— The maximum number of supported spatial streams according to its Rx VHT-MCS Map subfield in
the Supported VHT-MCS and NSS Set field

— The maximum number of supported spatial streams according to its Rx NSS subfield.value in the
Operating Mode field of the Operating Mode Notification frame or Operating Mode“Noatification
element transmitted most recently by the VHT beamformee

If the Feedback Type indicates SU, the Nc Index field value in the VHT MIMO Control field is determined
by the VHT beamformee.

The Nr Index field in the VHT MIMO Control field shall be set to the\same value as the RXVECTOR
parameter NUM_STS of the corresponding VHT NDP. The Nc IndexAfield shall not be set to a value larger
than the Nr Index value in the VHT MIMO Control field. A VHT\beamformee shall set the value of the
Channel Width subfield in the VHT MIMO Control field of a VHT_Compressed Beamforming frame to the
same value as the RXVECTOR parameter CH_BANDWIDT,H-0fthe corresponding VHT NDP frame.

A VHT beamformee shall not include MU Exclusive Beamforming Report information in VHT Compressed
Beamforming feedback if the Feedback Type subfigldhin the MIMO Control field of the VHT Compressed
Beamforming frame(s) indicates SU. A VHT_beamformee shall include both VHT Compressed
Beamforming Report information and MU:ExXclusive Beamforming Report information in VHT
Compressed Beamforming feedback if the Feedback Type subfield in the MIMO Control field of the VHT
Compressed Beamforming frame(s) indicates MU.

A VHT beamformee that transmits VVHT Compressed Beamforming feedback shall include neither the VHT
Compressed Beamforming Repart information and nor the MU Exclusive Beamforming Report information
if the transmission duration.of the PPDU carrying the VHT Compressed Beamforming Report information
and any MU Exclusive Beamforming Report information would exceed the maximum PPDU duration.

The value of the Seunding Dialog Token Number subfield in the VHT MIMO Control field shall be set to
the same value asithé Sounding Dialog Token Number subfield in the Sounding Dialog Token field in the
corresponding-VHT NDP Announcement frame.

NOTE 1—The VHT beamformer can use the sounding dialog token in the VHT Compressed Beamforming frame(s) of
the VHT €ompressed Beamforming feedback to associate the feedback with a prior VHT NDP Announcement frame
and-thlis compute the delay between sounding and receiving the feedback. The VHT beamformer can use this delay time
wihen’making a decision regarding the applicability of the feedback for the link.

NOTE 2—Recovery in the case of a missing response to a VHT NDP Announcement or Beamforming Report Poll
frame follows the rules for multiple frame transmission in an EDCA TXOP (see 9.19.2.4).

VHT Compressed Beamforming feedback is comprised of the VHT Compressed Beamforming Report
iIIfUIIIIatiUII (DCC Tab:w S'SSf) (llll’:ll thC ?v'ﬂ'u' EAduoivc BCQIIIfUIIIIiIIu RCPUIt iIIfUIIIIatiUII (DCC Tab:-: S'SSI)
Subclause 8.5.23.2 specifies how VHT Compressed Beamforming feedback is converted into a VHT
Compressed Beamforming frame, and it also specifies the rules for the presence or absence of the two fields
listed here.
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9.31.5.3 Rules for fragmented feedback in VHT sounding protocol sequences

VHT Compressed Beamforming feedback shall be transmitted in a single VHT Compressed Beamforming
frame unless the result would be a VHT Compressed Beamforming frame that exceeds the VHT

—beamformer's maximurm iviPDttengthrcapabitity:

NOTE—The VHT beamformee might therefore have to transmit an MPDU that is bigger than the VHT beamformee is
capable of receiving.

If VHT Compressed Beamforming feedback would result in a VHT Compressed Beamforming frame that
exceeds the VHT beamformer’s maximum MPDU length capability, the VHT Compressed Beamforming
feedback shall be split into up to 8 feedback segments, with each feedback segment sent in a differenty\HT
Compressed Beamforming frame and containing successive portions of the VHT Compressed Beamferming
feedback consisting of the VHT Compressed Beamforming Report information followed By any MU
Exclusive Beamforming Report information. Each of the feedback segments except the last shall ‘contain the
maximum number of octets allowed by the VHT beamformer’s maximum MPDU length eapability. The last
feedback segment may be smaller. Each feedback segment is identified by the valueyof the Remaining
Feedback Segments subfield and the First Feedback Segment subfield in the VHTcMIMO Control field as
defined in 8.4.1.47; the other nonreserved subfields of the VHT MIMO Control field shall be the same for
all feedback segments. All feedback segments shall be sent in a single A-MPDW and shall be included in the
A-MPDU in the descending order of the Remaining Feedback Segments subfield values.

NOTE—The feedback segments of a VHT Compressed Beamforming reportéare not MSDU/MMPDU fragments and
can be included in an A-MPDU as described in this subclause.

A VHT beamformer, in its first attempt to retrieve VHT Compressed Beamforming feedback from a VHT
beamformee that is not the one indicated by the first STA [nfo field, shall transmit a Beamforming Report
Poll frame to poll all possible feedback segments of the MHT Compressed Beamforming feedback from the
VHT beamformee, by setting all the bits in the R€edback Segment Retransmission Bitmap field of the
Beamforming Report Poll frame to 1.

If a VHT beamformer fails to receive some‘or all feedback segments of VHT Compressed Beamforming
feedback, the VHT beamformer may, subject to the condition on VHT SU-only beamformees described at
the end of this subclause, request a selective retransmission of missing feedback segments by transmitting a
Beamforming Report Poll frame withirthe Feedback Segment Retransmission Bitmap field set as described in
8.3.1.21 to indicate the feedbackysegments requested for retransmission. If the VHT beamformer fails to
receive the feedback segment.with the First Feedback Segment field set to 1, the VHT beamformer may
request a selective retransmission of missing feedback segments assuming the VHT Compressed
Beamforming feedback.is split into 8 feedback segments. The VHT beamformer may also request the
retransmission of all feedback segments by setting all the bits in the Feedback Segment Retransmission
Bitmap field of the\Beamforming Report Poll frame to 1.

A VHT peamformee that transmits VHT Compressed Beamforming feedback including the VHT
Compreéssed Beamforming Report information and any MU Exclusive Beamforming Report information in
response to a Beamforming Report Poll frame shall either transmit only the feedback segments indicated in
the.Feedback Segment Retransmission Bitmap field in the Beamforming Report Poll frame excluding the
Indicated feedback segments that do not exist at the VHT beamformee or transmit all the feedback segments
that exist at the VHT beamformee disregarding the Feedback Segment Retransmission Bitmap field in the
Beamforming Report Poll fame.

A VHT beamformer shall not transmit a Beamforming Report Poll frame to a VHT SU-only beamformee

unless the VHT beamformer has received at least one feedback segment of the VHT Compressed
Beamforming feedback from the VHT beamformee in the current frame exchange sequence.
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9.31.6 Transmission of a VHT NDP

A VHT NDP shall use the SU PPDU format as described in 22.1.4. A STA shall transmit a VHT NDP using
the following TXVECTOR parameters:

— APEP_LENGTH sett0o 0
— NUM_USERS setto 1
— NUM_STS indicates two or more space-time streams

— CH_BANDWIDTH set to the same value as the TXVECTOR parameter CH_BANDWIDTH in the
preceding VHT NDP Announcement frame

— GROUP_ID and PARTIAL_AID are set as described in 9.17a

The number of space-time streams sounded and as indicated by the NUM_STS parameter shall-net exceed
the value indicated in the Beamformee STS Capability field in the VHT Capabilities element of any
intended recipient of the VHT NDP. The NUM_STS parameter may be set to any valug,“subject to the
constraint of the previous sentence, regardless of the value of the Supported VHT-MCS-ant’NSS Set field of
the VHT Capabilities element at either the transmitter or recipient of the NDP.

The destination of a VHT NDP is equal to the RA of the immediately preceding VHT NDP Announcement
frame.

The source of a VHT NDP is equal to the TA of the immediately.preceding VHT NDP Announcement
frame.
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10. MLME

10.1 Synchronization

10.1.3 Maintaining synchronization
10.1.3.2 Beacon generation in non-DMG infrastructure networks
Change the last paragraph of 10.1.3.2 as follows:

An AP whose last transmitted values for the Tx STBC subfield and Rx STBC subfield of the \HT
Capabilities Info field of the HT Capabilities element are both nonzero may transmit an STBC Beacenframe
and group addressed traffic using the basic STBC MCS, as defined in 9.7.3. An AP that transmits.an STBC
Beacon shall set the Dual Beacon field to 1 in transmitted HT Operation elements. A VHT )AP-shall set the
Dual Beacon field to 0 in transmitted HT Operation elements. The STBC Beacon fieldshall be set to 1 to
identify an STBC Beacon frame. The TBTT for the STBC Beacon frame shall be offset by half of a beacon
interval from the TBTT of the non-STBC Beacon frame. Except for the setting ofthe”"STBC Beacon field,
TIM field, and TSF field, all other fields inside the STBC Beacon frame shall béddentical to the non-STBC
Beacon frame.

10.2 Power management

10.2.1 Power management in a non-DMG infrastructuremetwork
10.2.1.17 TIM broadcast

Change the 11th paragraph of 10.2.1.17 as follows:

The AP shall increase the value (modulo 256) of the Check Beacon field in the next transmitted TIM
frame(s) when a critical update occurs to any-of the elements inside the Beacon frame. The following events
shall classify as a critical update:

a) Inclusion of a Channel SwitehZAnnouncement
b) Inclusion of an Extended-Channel Switch Announcement
c) Modification of the EDCA parameters

d) Inclusion of a Quiet element

e) Modification of the DSSS Parameter Set

f)  Modification of the CF Parameter Set

g) Modification of the FH Parameter Set

h)  Madification of the HT Operation element

i) ~Nrclusion of a Wide Bandwidth Channel Switch element
1)) Inclusion of a Channel Switch Wrapper element

k) Inclusion of a Operating Mode Notification element

I)  Inclusion of a Quiet Channel element

m) Modification of the VHT Operating element
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Insert the following subclause, 10.2.1.19, after 10.2.1.18.3:

10.2.1.19 VHT TXOP power save

dotl1VHTTXOPPowerSaveOpt|onImplemented at the AP is true. Non-AP VHT STAs that are in Active
mode (see Table 10-1) and have dotl1VHTTXOPPowerSaveOptionimplemented equal to true operate in
TXOP power save mode. A STA that has dotl1VHTTXOPPowerSaveOptionimplemented equal to true
shall set the VHT TXOP Power Save field in the VHT Capabilities element to 1; otherwise, the STA shall
set the field to 0. A VHT AP may allow non-AP VHT STAs in TXOP power save mode to enter the Dozé
state during a TXOP. A VHT AP shall indicate this by transmitting a VHT PPDU with the TXVECTOR
parameter TXOP_PS_NOT_ALLOWED set to 0. The value of this parameter in the TXVECTOR of all
VHT PPDUs transmitted by the VHT AP may be changed from 1 to 0 during the TXOP to enableTXOP PS
for the remainder of the TXOP. The value of this parameter in the TXVECTOR of all VHT PPDUs
transmitted by VHT AP shall not be changed from 0 to 1 during the TXOP. If the
dot11VHTTXOPPowerSaveOptionimplemented at VHT AP is false then the VHT' AP shall set the
TXOP_PS_NOT_ALLOWED to 1 in the TXVECTOR of the frames with FORMATNVHT.

If the AP allows non-AP VHT STAs to enter Doze state during a TXOP, then a non-AP VHT STA that is in
VHT TXOP power save mode may enter the Doze state till the end of that T&XOP when one of the following
conditions is met:

— On receipt of a VHT MU PPDU, the STA determines that it iSq1et a member of the group indicated
by the RXVECTOR parameter GROUP_ID.

— On receipt of an SU PPDU, the STA determines that the RXVECTOR parameter PARTIAL_AID is
not equal to O nor does it match the STA’s partial AlD.

— The STA finds that the PARTIAL_AID in the RXVECTOR matches its partial AID but the RA in
the MAC header of the corresponding frame'that is received correctly does not match the MAC
address of the STA.

— The STA receives a frame with an RXVECTOR parameter NUM_STS equal to 0 if it is a member of
group indicated by RXVECTOR GRQUP_ID.

— In a received VHT NDP Annguncement frame, the STA finds that the RXVECTOR parameter
PARTIAL_AID is 0 and the AlD in the STA Info field is not its AID.

— The STA receives a frame intended for it with the More Data field equal to 0 and the Ack Policy
subfield in the QoS Control field is equal to No Ack or sends an acknowledgment if Ack Policy
subfield is not equalto No Ack.

The VHT AP shall include a NAV-set sequence (e.g., RTS/CTS) at the beginning of such a TXOP with the
Duration/ID value:set to the remainder of the TXOP duration. A VHT AP shall not transmit frames to a non-
AP VHT STA-that has been allowed to enter Doze state according to the conditions above for the remainder
of the TXQP.

NOTE~~A'VHT AP does not transmit VHT SU PPDUs in the current TXOP if the AP has already transmitted a VHT
PPBU.with the TXVECTOR parameter TXOP_PS_NOT_ALLOWED set to 0 in the same TXOP and does not want the
STAs that are in Awake state to enter the Doze state.

If a VHT AP truncates the TXOP in which it allowed STAs to enter Doze state, then the VHT AP shall not
transmit frames to the STAs that were allowed to enter the Doze state until the NAV set at the start of the
TXOP has expired.

If the AP does not receive an acknowledgment after transmitting an individually addressed frame containing
all or part of an MSDU, A-MSDU or MMPDU sent with the More Data field equal to 0 to a non-AP VHT
STA that is in VHT TXOP power save mode and the AP had set the TXVECTOR parameter
TXOP_PS NOT_ALLOWED to 0, it shall retransmit that frame at least once within the same TXOP,
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subject to applicable retry or lifetime limit, TXOP limit and the rules on TXOP sharing (see 9.19.2.3a). If an
acknowledgment to the retransmission of this last frame in the same TXOP is not received, it may wait until
the next TXOP to further retransmit that frame, subject to its applicable retry or lifetime limit.

r\iUTE—I:\II AP L; Idt ICbCiVCb fIUIII d ‘V’HT STA ill T/(UP NUWET >avt IIIUL;C d Biubkl:\bi\ fl daltic li Idl ib d TESPUIISE LU dll I':\'
MPDU containing MPDUs with the More Data field equal to 0 cannot expect to receive a response to subsequent
MPDUs retransmitted in the same TXOP because the VHT STA might be in the Doze state.

A VHT STA that is in TXOP power save mode and has entered Doze state shall continue to operate its NAV
timer during Doze state and shall transition into Awake state on expiry of the NAV timer.

NOTE—The STA can contend for access to the medium immediately on the expiry of the NAV timer.

10.3 STA authentication and association
10.3.5 Association, reassociation, and disassociation
10.3.5.3 PCP/AP association receipt procedures

Insert a new list item h) into the lettered list of the second paragraph’ef10.3.5.3, and re-letter the
subsequent list items accordingly:

h)  The SME shall refuse an association request from a VHT STA that does not support all the <VHT-
MCS, NSS> tuples indicated by the Basic VHT-MCS-and NSS Set field of the VHT Operation
parameter in the MLME-START.request primitive.

10.3.5.5 PCP/AP reassociation receipt procedures

Insert a new list item g) into the lettered list<of the second paragraph of 10.3.5.5, and re-letter the
subsequent list items accordingly:

g) The SME shall refuse a reassociation request from a VHT STA that does not support all the <VHT-
MCS, NSS> tuples indicated by the Basic VHT-MCS and NSS Set field of the VHT Operation
parameter in the MLME-START.request primitive.

10.8 TPC procedures
10.8.2 Association-based on transmit power capability
Insert the following paragraph and note at the end of 10.8.2:

If a STA'sends a Country element, a Power Constraint element, and a VHT Transmit Power Envelope
element,“where the interpretation of the Maximum Transmit Power Level field in the Country element for a
20MHz or 40 MHz Subband Triplet field is the same as the Local Maximum Transmit Power Unit
Interpretation subfield, then at least one of local power constraints indicated by the Local Maximum
Transmit Power For 20 MHz and Local Maximum Transmit Power For 40 MHz fields in the VHT Transmit
Power Envelope element shall be the same as the indicated local power constraint expressed by the
combination of Country element and Power Constraint element.

Il\lﬁ'l' An-a a o) o alntarn

on-of tha N e nomit Pavia al fiald

Unit Interpretation

a 20 MHz or 40 MHz Subband Triplet field is the same as the Local Maximum Transmit Power
subfield is when both are EIRP.
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Insert the following subclause, 10.8.3a, after 10.8.3:

10.8.3a Interpretation of transmit power capability

—tftheBeacomor ProbeResporseframemost recentty receivedfrommam AP by & VT STA thatfes—————
dot11SpectrumManagementRequired or dotl1RadioMeasurementActivated equal to true includes one or
more VHT Transmit Power Envelope elements, then the units of the Minimum Transmit Power Capability
and Maximum Transmit Power Capability fields within the Power Capability element sent in the STA’s
(Re)Association Request frame to the AP shall be interpreted according to the Local Maximum Transmit
Power Unit Interpretation subfield in the Transmit Power Information field in the VHT Transmit Power
Envelope element (see 8.4.2.164) sent first in the Beacon or Probe Response frame; otherwise, the units/of
the Minimum Transmit Power Capability and Maximum Transmit Power Capability fields within the Power
Capability element sent in the STA’s (Re)Association Request frame to the AP shall be interpreted as EIRP.

If the Beacon or Probe Response frame most recently received from a neighbor mesh STA by a VHT mesh
STA that has dotl1lSpectrumManagementRequired or dotll1RadioMeasurementActivated equal to true
includes one or more VHT Transmit Power Envelope elements, then the units of the;Minimum Transmit
Power Capability and Maximum Transmit Power Capability fields within the PowerCapability element sent
in the Mesh Peering Open frame to the neighbor mesh STA shall be interpreted according to the Local
Maximum Transmit Power Unit Interpretation subfield in the Transmit Power Iriformation field in the VHT
Transmit Power Envelope element (see 8.4.2.164) sent first in the Beacon or Probe Response frame.
Otherwise, the units of the Minimum Transmit Power Capability and d4aximum Transmit Power Capability
fields within the Power Capability element sent in the VHT mesh-STA’s Mesh Peering Open frame to the
neighbor mesh STA shall be interpreted as EIRP.

10.8.4 Specification of regulatory and local maximam transmit power levels
Change the second and third paragraphs of 10.8.4{and insert a new fourth paragraph as follows:

A STA shall determine a local maximum transmit power for the current channel by selecting the minimum
of the following:

— Unless the STA is a VHT STA «and has received a VHT Transmit Power Envelope element for a
channel width of 20 MHz .and*40 MHz, Aany local maximum transmit power received in the
combination of a Country element and a Power Constraint element from the AP in its BSS, PCP in
its PBSS, another STAin.its IBSS, or a neighbor peer mesh STA in its MBSS-and

— Any local maximum-transmit power received in a VHT Transmit Power Envelope element from the
AP in its BSS, another STA in its IBSS, or a neighbor peer mesh STA in its MBSS

— Any local maXimum transmit power for the channel regulatory domain known by the STA from
other sources:

The Local-Rower Constraint field of any transmitted Power Constraint element_and each Local Maximum
Transmit-Power For X MHz field (where X = 20, 40, 80, or 160/80+80) in the VHT Transmit Power
Envelopé element shall be set to a value that allows the mitigation requirements to be satisfied in the current
channel.

A STA that transmits a VHT Transmit Power Envelope element shall set the Local Maximum Transmit
Power Unit Interpretation subfield in the Transmit Power Information field to an allowed value as defined
in Annex E.
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Insert the following paragraphs after the now seventh paragraph (“An AP in a BSS, a STA in an IBSS,
..") of 10.8.4:

A VHT AP in a BSS, a VHT STA in an IBSS, and a VHT mesh STA in a MBSS shall advertise the local

TTEXTITTOTIT tTarTSTTTt pUVVE| |U| that-STA'S Upe atr |g CarT EI T Beacor I ares ol d FIUbE Rt‘prllbU i-ld.lllb'b

using one VHT Transmit Power Envelope element for each distinct value of the Local Maximum Transmit
Power Unit Interpretation subfield that is supported by the BSS, IBSS, or MBSS, respectively. Each VHT
Transmit Power Envelope element shall include a local power constraint for all channel widths supported by
the BSS.

VHT STAs that have dotl1RadioMeasurementActivated equal to true should be able to reduce their EIRRt0
0 dBm.

NOTE—When the local maximum transmit power is set by an AP for radio resource management, a typical tow value
for the local power constraint is 0 dBm. A STA that cannot reduce its transmit power to this level or bélow will not be
able to associate to the AP.

Change the last paragraph of 10.8.4 as follows:

Where TPC is being used for radio measurement without spectrum management,the inclusion of a Power
Constraint element_ and a VHT Transmit Power Envelope element in Beacon,,DMG Beacon, Announce, and
Probe Response frames shall be optional.

10.9 DFS procedures
10.9.3 Quieting channels for testing
Change 10.9.3 as follows:

A PCP/AP in a DMG BSS may measure one or maore channels itself, or the PCP/AP may request associated
non-PCP/non-AP STAs in the same BSS to;-measure one or more channels, either in a dedicated
measurement interval or during normal operation. The PCP/AP in a DMG BSS may schedule a service
period allocated to itself to quiet the assaociated STAs and use the self-allocated SP for measurement.

An AP in a BSS or a mesh STA inan*MBSS may schedule quiet intervals by transmitting one or more Quiet
elements_and/or one or more Quiet Channel elements with the AP Quiet Mode field equal to 1 in Beacon
frames and Probe Response frames.

A non-VHT AP shall not transmit a Quiet Channel element. An AP shall not transmit a Quiet Channel
element with the AR.Quiet Mode equal to 0 in frames that do not include at least one Quiet element. An AP
shall not transmittnore than one Quiet Channel element with the AP Quiet Mode equal to 0. An AP shall not
transmit a Quiet Channel element if the BSS operating channel width is neither 160 MHz nor 80+80 MHz.

The AP-op mesh STA may stop scheduling quiet intervals or change the value of the Quiet Period field, the
Quiet‘Duration field, and the Quiet Offset field in Quiet elements as required_or Quiet Channel elements
with/the AP Quiet Mode field equal to 1. Only the most recently received Beacon frame or Probe Response
frame defines all future quiet intervals; therefore, quiet intervals based on older Beacon frames or Probe
Response frames shall be discarded.

A STA in an IBSS may schedule quiet intervals only if it is the DFS owner. Hshall_In order to set a quiet
interval schedule, the STA transmits by-trarsmitting-one or more Quiet elements or Quiet Channel elements

with the AP Quiet Mode field equal to 1 in the first Beacon frame establishing the IBSS. All STAs in an
IBSS shall continue these quiet interval schedules by including appropriate Quiet elements or Quiet Channel
elements with the AP Quiet Mode field equal to 1 in any transmitted Beacon frames or Probe Response
frames.
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Multiple independent quiet intervals may be scheduled, so that not all quiet intervals have the same timing
relationship to TBTT, by including multiple Quiet elements or Quiet Channel elements with the AP_Quiet
Mode field equal to 1 in Beacon frames or Probe Response frames.

Controtof thechammetstostat thestart of aquiet mterval,amd the-foltowmgguietmyrotesappty:

— The NAV is set by all the non-VHT STAs in the BSS for the length of the quiet interval established
by a Quiet element.

— The NAV set by all the VHT STAs in the BSS for the duration of the quiet interval established by a
Quiet element if a Quiet Channel element was not sent or received with the Quiet element.

— A VHT STA in the BSS shall not transmit PPDUs that occupy the secondary 80 MHz channelser
transmit PPDUs to the AP during the quiet interval established by a Quiet element if a Quiet Channel
element with the AP Quiet Mode equal to 0 was sent or received with the Quiet element.

— A VHT STA shall not transmit PPDUs that occupy the secondary 80 MHz channel during the quiet
interval established by a Quiet Channel element with the AP Quiet Mode field in thexQuiet Channel
element equal to 1.

— Transmission by any non-VHT STA in the BSS of any MPDU and any associated acknowledgment
of the BSS within either the primary channel or the secondary channel (if, present) efthe-BSS-shall
be-complete before the start of the quiet interval.

— Transmission by any VHT STA in the BSS of any MPDU and any asseciated acknowledgment of the
BSS shall complete before the start of the quiet interval established by a Quiet element if a Quiet
Channel element was not sent or received with the Quiet element:

— Transmission by any VHT STA in the BSS of any PRDUs that occupy the secondary 80 MHz
channel or are directed to the AP, and any associated ‘acknowledgment of the BSS, shall complete
before the start of the guiet interval established by a-Quiet element if a Quiet Channel element with
the AP Quiet Mode equal to 0 was sent or receivéd with the Quiet element.

— Transmission by any VHT STA in the BSS of any PPDUs that occupy the secondary 80 MHz
channel and any associated acknowledgment of the BSS shall complete before the start of the quiet
interval established by a Quiet Channel¢lément with the AP Quiet Mode field in the Quiet Channel
element equal to 1.

If, before starting transmission of an MPDU, there is not enough time remaining te-aHew-the-transmission
for an exchange to complete_so thatthe first transmission in the exchange would be disallowed by the

quieting rules—before—the—quictdnterval-starts, then the STA shall defer the transmission by selecting a
random backoff time, using.the present CW (without advancing to the next value in the series). The short

retry counter and long retry.counter for the MSDU or A-MSDU are not affected.

10.11 Radio measurement procedures
10.11.9 Specific measurement usage
10.1%.9:1 Beacon Report

Change the ninth paragraph of 10.11.9.1 as follows:

On accepting an active or passive mode Beacon measurement request, a STA shall conduct measurements as
follows:

— If the Channel Number is 0 and the Operating Class identifies the location of the primary channel,

then a STA shall conduct Iterafive measurements on all supporied channels In the specified
Operating Class where measurement is permitted on the channel and the channel is valid for the
current regulatory domain.
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— If the Channel Number is 0 and if the Operating Class encompasses a primary channel but does not
identify the location of the primary channel, then a STA shall conduct iterative measurements on all
primary channel positions within all requested and supported channels where the measurement is
permitted on the channel and the channel is valid for the current requlatory domain.

— It the Channel Number 1s 255, the Operating Class identifies the location of the primary channel, and
the Beacon Request includes AP Channel Report subelements, then a STA shall conduct iterative
measurements on all supported channels listed in the AP Channel Report subelements that are valid
for the current regulatory domain. If there is no AP Channel Report subelement included in the
Beacon Report request, a STA shall conduct iterative measurements on all supported channels listed
in the latest AP Channel Report received from the serving AP that are valid for the current regulatory
domain. If there are no AP Channel Report subelements included in the Beacon Request, and no AP
Channel Report included in last received AP Beacon frame, the STA shall reject the Beacon\Report
request.

— If the Channel Number is 255, the Operating Class encompasses a primary channel~but does not
identify the location of the primary channel, and the Beacon Request includes AP.Channel Report
subelements, then a STA shall conduct iterative measurements on all primaty, ¢hannel positions
within all requested (in the AP Channel Report) and supported channels that-are’valid for the current
requlatory domain. If there are no AP Channel Report subelements included in the Beacon Request,
the STA shall reject the Beacon Report request.

— If the Channel Number is a value other than 0 or 255, then\'a¥STA shall conduct iterative
measurements on_the requested channel-that-Channel-Numberwhere the measurement is permitted
on the channel and the channel is valid for the current regulatory’domain.

Insert the following paragraphs at the end of 10.11.9.1:

A non-VHT STA shall not include a Wide Bandwidth Channel Switch subelement in the Beacon Request. A
VHT STA shall not include a Wide Bandwidth Chapnel Switch subelement in the Beacon Request or
Beacon Report sent to a non-VHT STA. If the Wide Bandwidth Channel Switch subelement is included in a
Beacon Request, then the Operating Class shall.indicate a 40 MHz channel spacing.

If N (where N>1) AP Channel Report subelements containing an Operating Class with an 80+ Behavior
Limit (as defined in Annex E) are included contiguously in a Beacon Request, then the N subelements shall
be followed by one AP Channel Repa¥t subelement containing an Operating Class without an 80+ Behavior
Limit (as defined in Annex E). All N+1 Channel List fields in each of these subelements shall contain the
same number L of channel numbers. This sequence of N+1 AP Channel Report subelements indicates a list
of L noncontiguous channelsycomprising N+1 frequency segments, where the Ith channel number in the nth
Channel List field identifies the channel center frequency of the nth frequency segment.

10.11.9.3 Chanhiel 'Load Report
Change 10:1179.3 as follows:

If datLIRMChannelLoadMeasurementActivated is true and a station accepts a Channel Load Request, it
shallyrespond with a Radio Measurement Report frame containing one Measurement (Channel Load) Report
element. The Channel Load field is defined as the percentage of time, linearly scaled with 255 representing
100%, that the STA sensed the medium was busy, as indicated by either the physieal-ervirtual carrier sense
mechanism or the physical carrier sense mechanism over the requested channel width (together referred to
as the CS mechanism)meehanism. This percentage is computed using the following formula:

Channel Load = Integer((channel busy time/(MeasurementDuration x 1024)) x 255)

where channel busy time is defined to be the number of microseconds during which the CS mechanism, as
defined in 9.3.2.1, has indicated a channel busy indication_for the requested channel width.
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If dotl1IRMChannelLoadMeasurementActivated is false, a station shall reject the received Channel Load
Request and shall respond with a Channel Load Report with the Incapable bit in the Measurement Report
Mode field set to 1.

HdottiRMChammettoadMeasurementActivated s troe—amd e Ctanmettoad—Reportmy—imformmatior————— ]
subelement is included in a Channel Load Request, the STA shall respond with a Channel Load Report if the

indicated Channel Load Reporting Condition is true. Otherwise, the STA shall not respond with a Channel

Load Report.

A non-VHT STA shall not include a Wide Bandwidth Channel Switch subelement in the Channel Load
Request. A VHT STA shall not include a Wide Bandwidth Channel Switch subelement in the Channel L oad
Request sent to a non-VHT STA. If the Wide Bandwidth Channel Switch subelement is included.in a
Channel Load Request or a Channel Load Report, then the Operating Class shall indicate a 40 MHZz\channel

spacing.

10.11.9.4 Noise Histogram Report

Change the second paragraph of 10.11.9.4 as follows:

To compute the IPI densities, the STA shall measure the IP1 in the specified<harinel at the specified channel
width as a function of time over the measurement duration when NAV\is equal to 0 (when virtual CS
mechanism indicates idle channel) except during frame transmission of reception. The time resolution of the
IP1 measurements shall be in microseconds. The IPI densities arg then computed for each of the nine
possible IPI values using:

Insert the following paragraph at the end of 10.11.9.4:

A non-VHT STA shall not include a Wide Bandwidth*Channel Switch subelement in the Noise Histogram
Request. A VHT STA shall not include a Wide. Bandwidth Channel Switch subelement in the Noise
Histogram Request sent to a non-VHT STA. Ifithe'Wide Bandwidth Channel Switch subelement is included
in a Noise Histogram Request or a Noise.Histogram Report, then the Operating Class shall indicate a
40 MHz channel spacing.

10.11.18 AP Channel Report
Change the first paragraph.of 10.11.18 as follows:

The AP Channel Report_element contains a list of channels in an operating class where a STA is likely to
find receive the Beacon or Probe Response frames sent by an AP, excluding the AP transmitting the AP
Channel Report=An AP Channel Report element only includes channels that are valid for the regulatory
domain in whichthe AP transmitting the element is operating and consistent with the Country element in the
frame in Which it appears. One AP Channel Report element is included in the Beacon frame for each
regulatory) domain, which includes channels on which a STA is likely to fird receive the Beacon or Probe
Respaense frames sent by an AP.

10.15 20/40 MHz BSS operation

10.15.2 Basic 20/40 MHz BSS functionality

Cola
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An HT STA that is a member of an IBSS adopts the value of the Secondary Channel Offset field in received
frames according to the rules in 10.1.5 and shall not transmit_either of the following:
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— aA value for the Secondary Channel Offset field that differs from the most recently adopted value:

— An_operating class in the Extended Channel Switch Announcement frame or element
with a different behavior _than the currently adopted PrimaryChannelLowerBehavior or
PrimaryChannelUpperBehavior

10.15.8 Support for DSSS/CCK in 40 MHz
Change 10.15.8 as follows:

Transmission and reception of PPDUs using DSSS/CCK by FC HT STAs is managed using the DSSS/CCK
Mode in 40 MHz subfield of the HT Capabilities Info field in the HT Capabilities element (see 8.4.2.58.2).

An HT STA declares its capability to use DSSS/CCK rates while it has a 40 MHz operating channel width
through the DSSS/CCK Mode in 40 MHz_subfield of its (Re)Association Request frames.

If the DSSS/CCK Mode in 40 MHz_subfield is equal to 1 in Beacon and Probe Response frames, an
associated HT STA in a 20/40 MHz BSS may generate DSSS/CCK transmissions. If the subfield is equal to
0, then the following apply:

— Associated HT STAs shall not generate DSSS/CCK transmissions.
— The AP shall not include an ERP element in its Beacon and Probe.Response frames.
— The AP shall not include DSSS/CCK rates in the Supported Rates-¢€lement.

— The AP shall refuse association requests from a STA thatyiincludes only DSSS/CCK rates in its
Supported Rates and Extended Supported Rates elements:

A STA not operating in the 2.4 GHz band shall set the DSSS/CCK Mode in 40 MHz subfield to 0.

10.15.9 STA CCA sensing in a 20/40 MHz BSS
Insert the following paragraph at the beginningof 10.15.9:

This subclause defines CCA sensing rules for an HT STA that is not a VHT STA. For rules related to a VHT
STA, see 9.3.2.53, 9.19.2.4, and 9.19.2,8.

10.15.12 Switching between.40 MHz and 20 MHz
Insert the following paragraph at the end of 10.15.12:

A VHT STA is notwrequired to perform any of the behavior described in this subclause associated with
Information Request and 20 MHz BSS Width Request.

10.16 Phased coexistence operation (PCO)
10.16.1 General description of PCO
Insert the following paragraph at the end of 10.16.1:

A VHT STA shall not transmit VHT PPDUs during a PCO 40 MHz phase.
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10.17 20/40 BSS Coexistence Management frame usage

Change the last paragraph of 10.17 as follows:

ATON-VHAT STA AT TECEIVES @ 20740 BSS CORXISIENTE element wittT the tnformation Request fietdequat 1o
1, a value for the Address 1 field that matches the receiving STA using an individual address, and a
nonwildcard BSSID field that matches the STA’s BSS shall immediately queue for transmission a 20/40
BSS Coexistence Management frame with the transmitting STA as the recipient.

10.22 Tunneled direct link setup
10.22.1 General
Change the seventh paragraph of 10.22.1, and insert the subsequent paragraphs as follows:

Features that are not supported by the BSS but that are supported by both TDLS peer.STAS may be used on
a TDLS direct link between those STAs, except PCO. An example is the use of anyHT MCS on a TDLS
direct link between HT STAs when these STAs are associated with a non-KH7T, BSS. Features that are
supported by the BSS shall follow the BSS rules when they are used on @ FDLS direct link on the base
channel. The channel width of the TDLS direct link on the base channel shall’not exceed the channel width
of the BSS to which the TDLS peer STAs are associated, except whenthe TDLS Wider Bandwidth subfield
in the Extended Capabilities element of the TDLS Setup Request frame-or the TDLS Setup Response frame
is 1 for both TDLS peer STAs. A TDLS direct link on the base. channel shall not have a wider bandwidth
than the BSS bandwidth if either of the STAs indicate that they~are incapable of supporting wider bandwidth
operation on the base channel.

A VHT STA with a TDLS link that is not an off-channel direct link shall use as its primary channel the
channel indicated by the Primary Channel field in.the HT Operation element. The channel width of a VHT
TDLS link shall not be wider than the maximum.channel width supported by either the TDLS initiator STA
or the TDLS responder STA.

A 160 MHz bandwidth is defined to be-identical to an 80+80 MHz bandwidth (i.e., one bandwidth is not
wider than the other).

A STA shall not participate in"a TDLS direct link with the same primary 80 MHz channel as the
infrastructure BSS or anothér TDLS direct link of the STA but with a different secondary 80 MHz channel.

Insert the following paragraph at the end of 10.22.1:

The VHT Operation element shall be present in a TDLS Setup Confirm frame when both STAs are VHT
capable and, the TDLS direct link is not established in 2.4 GHz band. When TDLS Setup Confirm frame
includeg:a VHT Operation element, the Basic VHT-MCS and NSS Set is reserved.
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10.22.6 TDLS channel switching

10.22.6.3 TDLS channel switching and power saving

tsertthefotowimgsubctauses; 16:22:64t010:22:6 45 after 10:22:6:3:
10.22.6.4 Setting up a wide bandwidth off-channel direct link
10.22.6.4.1 General

A wideband TDLS off-channel TDLS direct link is a 40 MHz, 80 MHz, 160 MHz, or 80+80 MHz, off-
channel TDLS direct link.

A wideband off-channel TDLS direct link may be started if both TDLS peer STAs indicated“Wwideband
support in the Supported Channel Width Set subfield of the VHT Capabilities element VHT Capabilities
Info field included in the TDLS Setup Request frame or the TDLS Setup Response framé.

Switching to a wideband off-channel direct link is achieved by including any of the fallowing information in
the TDLS Channel Switch Request frame:

— An Operating Class element indicating 40 MHz Channel Spacing
— A Secondary Channel Offset element indicating SCA or SCB

— A Wide Bandwidth Channel Switch element indicating 80 MHz, 160 MHz, or 80+80 MHz channel
width

The operating class in TDLS Channel Switch Request frameyshall have a value representing 5 GHz for the
channel starting frequency.

A TDLS peer VHT STA that announces new TPC, parameters that come into effect at the same time as the
switch to an off-channel direct link, shall include.at least one VHT Transmit Power Envelope element in the
transmitted the TDLS Channel Switch Request frame. The recipient TDLS peer VHT STA that has
dotl1SpectrumManagementRequired or *dotl1RadioMeasurementActivated equal to true shall use the
parameters in these received element(s)in the recipient STA's TPC calculations for the off-channel direct
link.

When announcing new operating classes or both a new operating class table index and new operating classes
that come into effect at.the same time as the switch to the direct link and that express new regulatory
requirements, the TDLS)peer VHT STA initiating the switch shall include a Country element in a
transmitted TDLS Channel Switch Request frame. The Country element shall contain all the Operating
Classes for the aoff-channel direct link in Operating Triplet fields and zero Subband Triplet fields. The
Country element-shall include one Operating Triplet field that contains the same Operating Class as the
Operating/€lass field in the same frame. The country indicated by the Country string in the TDLS Channel
Switch Reguest frame shall be equal to the country indicated by the Country string of the BSS. The recipient
TDLS peer VHT STA that has dot11MultiDomainCapabilityActivated,
dotl1SpectrumManagementRequired, or dotl1RadioMeasurementActivated equal to true shall use the
parameters in the received Country element in the TDLS Channel Switch Request frame in order to maintain
regulatory compliance.

The TDLS peer STA initiating the switch to the wideband off-channel shall be the DO STA on that channel.
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10.22.6.4.2 Basic wideband functionality

TDLS peer STAs may transmit up to 40 MHz, 80 MHz, 160 MHz, or 80+80 MHz PPDUs on a 40 MHz,
80 MHz, 160 MHz, or 80+80 MHz direct link, respectively. A TDLS peer STA shall not transmit a 20 MHz

A TDLS peer STA shall not transmit a 40 MHz PPDU that does not use the primary 40 MHz channel of its
80 MHz, 160 MHz, or 80+80 MHz direct link. A TDLS peer STA shall not transmit an 80 MHz PPDU that
does not use the primary 80 MHz channel of its 160 MHz or 80+80 MHz direct link.

10.22.6.4.3 Channel selection for a wideband off-channel direct link

If a TDLS peer STA chooses to start a wideband direct link, the TDLS peer STA shall follow theprimary
channel selection rules defined in 10.39.2 and 10.23.14 and the secondary 80 MHz channel rule'defined in
10.22.1.

10.22.6.4.4 Switching from a wideband to a 20 MHz direct link

Switching from a wideband off-channel direct link to a 20 MHz off-channeldirect link is established
through a TDLS channel switch. A STA operating on a wideband off-channel direct link shall accept a
requested switch to a 20 MHz direct link.

10.22.6.4.5 CCA sensing and NAV assertion in a 20 MHz,-40"MHz, 80 MHz, 160 MHz, or
80+80 MHz direct link

TDLS peer VHT STAs shall follow the CCA rules defined(in 9.3.2.5a, 9.19.2.4, and 9.19.2.8 and the NAV
rules defined in 10.39.5.

10.25 Quality-of-Service management frame (QMF)
10.25.1 General
10.25.1.2 Default QMF policy

Insert the following row into, Table 10-12 in numeric order by category value:

Table 10-12—Default QMF policy

Management Frame Category value QMF access
Description Subtype value from | o Sropje g3g | Action class category
Table 8-1
VHT 1101, 1110 21 0-2 AC_VO
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Insert the following subclauses, 10.39 to 10.41 (including Table 10-19), after 10.38:

10.39 VHT BSS operation

10.39.1 Basic VHT BSS functionality
A VHT STA has dot11VHTOptionimplemented equal to true.

A STA that is starting a VHT BSS shall be able to receive and transmit at each of the <VHT-MCS, NSS>
tuple values indicated by the Basic VHT-MCS and NSS Set field of the VHT Operation parameter ofithe
MLME-START.request primitive and shall be able to receive at each of the <VHT-MCS, NSS> tuplevalues
indicated by the Supported VHT-MCS and NSS Set field of the VHT Capabilities parameter of the MLME-
START .request primitive.

A STA for which dot11VHTOptionImplemented is true shall set dot11HighThroughputOptionimplemented
to true.

A STA that is a VHT AP or a VHT mesh STA declares its channel width, eapability in the Supported
Channel Width Set subfield of the VHT Capabilities element VHT Capabilities Info field as described in
Table 8-183v.

A VHT STA shall set the Supported Channel Width Set subfield‘in its HT Capabilities element HT
Capabilities Info field to 1, indicating that both 20 MHz operationiand 40 MHz operation are supported.

At aminimum, a VHT STA sets the Rx MCS Bitmask of the-Supported MCS Set field of its HT Capabilities
element according to the setting of the Rx VHT-MCS Map subfield of the Supported VHT-MCS and NSS
Set field of its VHT Capabilities element as follows; for each subfield Max VHT-MCS Forn SS, 1 <n<4,
of the Rx VHT-MCS Map field with a value otherthan 3 (no support for that number of spatial streams), the
STA shall indicate support for MCSs 8(n-1) to.8(n=1)+7 in the Rx MCS Bitmask, where n is the number of
spatial streams, except for those MCSs marked as unsupported as described in 9.7.11.3.

A STA that is a VHT AP or a VHT smesh STA shall set the STA Channel Width subfield in the HT
Operation element HT Operation Infarmation field and the Channel Width subfield in the VHT Operation
element VHT Operation Information field to indicate the BSS operating channel width as defined in
Table 10-19.

Table 10-19—VHT BSS operating channel width

‘STAChama wigtn | ViT Operaton et | 855 operat hanne
0 0 20 MHz
1 0 40 MHz
1 1 80 MHz
1 2 160 MHz
1 3 80+80 MHz
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A VHT STA shall determine the channelization using the combination of the information in the HT
Operation element Primary Channel field and the VHT Operation element VHT Operation Information field
Channel Center Frequency Segment 0 and Channel Center Frequency Segment 1 subfields (see 22.3.14).

- . I . F rfietd
Secondary Channel Offset subfield to indicate the secondary 20 MHz channel as defined in Table 8-130, if

the BSS operating channel width is more than 20 MHz.

A VHT STA that is a member of a VHT BSS shall not transmit a 20 MHz VHT PPDU on a channel other
than the primary 20 MHz channel of the BSS, except for a 20 MHz VHT PPDU transmission on an off<
channel TDLS direct link as constrained by 10.22.6.4.2.

A VHT STA that is a member of a VHT BSS with a 40 MHz, 80 MHz, 160 MHz, or 80+80 MHZ 0Operating
channel width shall not transmit a 40 MHz VHT PPDU that does not use the primary 40 MHz channel of the
BSS, except for a 40 MHz VHT PPDU transmission on an off-channel TDLS direct link.

A VHT STA that is a member of a VHT BSS with an 80 MHz, 160 MHz, or 80+80 MKz operating channel
width shall not transmit an 80 MHz VHT PPDU that does not use the primary 80 MHz channel of the BSS,
except for an 80 MHz VHT PPDU transmission on an off-channel TDLS direct litk.

A VHT STA that is a member of a VHT BSS with a 160 MHz or 80+80 Kz operating channel width shall
not transmit a 160 MHz or 80+80 MHz VHT PPDU that does not use/the“primary 80 MHz channel and the
secondary 80 MHz channel of the BSS, except for a 160 MHz or 80+80 MHz VHT PPDU transmission on
an off-channel TDLS direct link.

A VHT STA shall not transmit to a second VHT STA using@bandwidth that is not indicated as supported in
the Supported Channel Width Set subfield in the HJ~Capabilities element or VHT Capabilities element
received from that VHT STA.

A VHT AP shall set the RIFS Mode field in thesHT Operation element to 0.
10.39.2 Channel selection methods for a VHT BSS

Before a STA starts a VHT BSS, the:STA shall perform a minimum of dot11VHTOBSSScanCount OBSS
scan operations to search for existing BSSs (see 10.39.3).

If an AP or a mesh STA starts a VHT BSS that occupies some or all channels of any existing BSSs, the AP
or mesh STA may select.a primary channel of the new VHT BSS that is identical to the primary channel of
any one of the existing°BSSs.

If an AP or a(mesh STA selects a primary channel for a new VHT BSS with a 40 MHz, 80 MHz, 160 MHz,
or 80+80 MHz operating channel width from among the channels on which no beacons are detected during
the OBSS)scans, then the selected primary channel meets the following conditions:

—~ /It shall not be identical to the secondary 20 MHz channel of any existing BSSs with a 40 MHz,
80 MHz, 160 MHz, or 80+80 MHz operating channel width.

— It should not overlap with the secondary 40 MHz channel of any existing BSSs with a 160 MHz or
80+80 MHz operating channel width.

A STA that is an AP or mesh STA should not start a VHT BSS with a 20 MHz operating channel width on a

channal that 1o thn cnnnndarms 90 MNMLI=2 ~rhaninal AF Ay Avictiney DCCa vanth A~ AN MNMLI=- ON MLI- 160 NMLI—Z Ay
Crore ot 1ot SCCUTOTT Y Z 0 TviT 12 S mic T oT oty CATSUTNY DOIJ WS40Vt T2, OUIVIT 14, TOUIvIT 14, Of

80+80 MHz operating channel width, or is overlapped with the secondary 40 MHz channel of any existing
BSSs with a 160 MHz or 80+80 MHz operating channel width.
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NOTE—AnN AP or a mesh STA operating a VHT BSS with a 40 MHz, 80 MHz, 160 MHz, or 80+80 MHz operating
channel width, on detecting an OBSS whose primary channel is the AP’s or the mesh STA’s secondary 20 MHz channel,
might switch to 20 MHz BSS operation and/or move to a different channel.

10.39.3 Scanning requirements for VHT STA

An OBSS scan operation is a passive or active scan of a set of channels that are potentially affected by VHT
BSS operation (see 10.1.4.1). Each channel in the set may be scanned more than once during a single OBSS
scan operation. OBSS scans are performed by STAs that start a VHT BSS.

During an individual scan within an OBSS scan operation, the minimum per-channel scan duration.is
dot110BSSScanPassiveDwell TUs (for a passive scan) or dot110BSSScanActiveDwell TUs (for ancactive
scan). During an OBSS scan operation, each channel in the set is scanned at least .onece” per
dot11BSSWidthTriggerScaninterval seconds, and the minimum total scan time (i.e., the sum(af-the scan
durations) per channel within a single OBSS scan operation is dot110BSSScanPassiveTotalPerChannel
TUs (for a passive scan) or dot110BSSScanActiveTotalPerChannel TUs (for an active scan).

NOTE—The values provided in the previous paragraph are minimum requirements. Fortsome combinations of
parameter values the minimum might be exceeded for some parameters in order to meet the minimum value constraints
of other parameters.

10.39.4 Channel switching methods for a VHT BSS

A VHT AP announces a switch of operating channel by either of the following:

— Using the Channel Switch Announcement element, Channel Switch Announcement frame, or both,
following the procedure described in 10.9.8.2

— Using the Extended Channel Switch Anna@Uncement element, Extended Channel Switch
Announcement frame, or both, following the procedure described in 10.10

A VHT mesh STA announces a switch attempt. of\operating channel by either of the following:

— Using the Channel Switch Announcement element, Channel Switch Announcement frame, or both,
following the procedure described+n 10.9.8.4

— Using the Extended Channel” Switch Announcement element, Extended Channel Switch
Announcement frame, or both, following the procedure described in 10.10

A VHT AP or a VHT mesh.STA may also announce a switch of operating channel width, a new Country
String field (possibly including a new Operating Class table number), new operating classes, or new TPC
parameters for the BSS\that come into effect at the same time as the switch of operating channel.

NOTE—Other means to switch the operating channel width are described in 10.41.

The New €hannel Number field in the Channel Switch Announcement element, Extended Channel Switch
Announcement element, Channel Switch Announcement frame, or Extended Channel Switch
Annaunicement frame identifies the primary 20 MHz channel after the switch. The value of the New
Channel Number field is set to the value that dot11CurrentPrimaryChannel (see 22.3.14) will have after the
switch.

If a Channel Switch Announcement frame is used to announce a switch to a 20 MHz operating channel
width, then neither a Wide Bandwidth Channel Switch element nor a Secondary Channel Offset element
shall be present in the frame, except that a Secondary Channel Offset element may be present in a Channel

Switch Announcement frame 1T the Secondary Channel Offset field within the Secondary Channel OTfset
element is set to SCN.
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If a Channel Switch Announcement element in a Beacon frame or Probe Response frame is used to
announce a switch to a 20 MHz operating channel width, then a Wide Bandwidth Channel Switch
subelement in a Channel Switch Wrapper element shall not be present in the same frame.

H—amExterded—Chanmet—Switch—Amnmourcement—etement—maframe—oram Extended—Chanmet—Switch—
Announcement frame is used to announce a switch to a 20 MHz operating channel width, then neither a
Wide Bandwidth Channel Switch element nor a Wide Bandwidth Channel Switch subelement shall be
present in the same frame.

NOTE—A Secondary Channel Offset element is never present with the Extended Channel Switch Announcement
element in a frame or in the Extended Channel Switch Announcement frame. Instead, the indicated operating.class
within the Extended Channel Switch Announcement element or frame is used to differentiate between a BSS opérating
channel width of 20 MHz and a BSS operating channel width greater than 20 MHz as well as indicate the location of the
secondary 20 MHz channel. When switching to a 20 MHz operating channel width, the operating class indicated within
the Extended Channel Switch Announcement element or frame has a channel spacing of 20 MHz. Whenyswitching to an
operating channel width greater than 20 MHz, the operating class indicated within the Extended\Channel Switch
Announcement element or frame has a channel spacing of 40 MHz.

If a Channel Switch Announcement frame is used to announce a switch to a 400MHz operating channel
width, then the following apply:

— The Secondary Channel Offset element shall be present in the frame:
— The Wide Bandwidth Channel Switch shall not be present in the frame.

If a Channel Switch Announcement element is used in a Beacon-or Probe Response frame to announce a
switch to a 40 MHz operating channel width, then the Wide Bandwidth Channel Switch subelement in the
Channel Switch Wrapper element shall also be present in thetsame frame.

If an Extended Channel Switch Announcement elementtis used in a Beacon or Probe Response frame to
announce a switch to a 40 MHz operating channel ‘Width, then the Wide Bandwidth Channel Switch
subelement in the Channel Switch Wrapper elemént may be present in the same frame.

NOTE—The indicated operating class within the’ Extended Channel Switch Announcement element identifies the
bandwidth and the relative position of the primary 20 MHz and secondary 20 MHz channels. Hence a Wide Bandwidth
Channel Switch subelement is unnecessary’when the Extended Channel Switch Announcement element is used for a
channel switch to a 40 MHz bandwidth,

If a Channel Switch Announcement frame is used to announce a switch to an 80 MHz, 80+80 MHz, or
160 MHz operating channel~width, then both the Secondary Channel Offset element and the Wide
Bandwidth Channel Switch*element shall be present in the frame.

If a Channel Switeh\Announcement element or an Extended Channel Switch Announcement element is used
in a frame to,announce a switch to an 80 MHz, 80+80 MHz, or 160 MHz operating channel width, then a
Wide Bandwidth Channel Switch subelement in the Channel Switch Wrapper element shall be present in the
same frame.

If can~Extended Channel Switch Announcement frame is used to announce a switch to an 80 MHz,
80+80 MHz, or 160 MHz operating channel width, then the Wide Bandwidth Channel Switch element shall
be present in the frame.

If an Extended Channel Switch Announcement element or Extended Channel Switch Announcement frame
is used to announce a switch to an 80 MHz, 80+80 MHz, or 160 MHz BSS operating channel width, then

— I'nevalue or the New Uperating Class Tield raentities the primary 4U IVIHZ channel, and

— The Operating Triplet fields within the New Country subelement or element, respectively, shall
indicate all the operating classes for the switched BSS.
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If new BSS TPC parameters are announced that come into effect at the same time as the channel switch, then
aSTA thatisa VHT AP, a VHT STA in an IBSS, or a VHT mesh STA in an MBSS shall include

— At least one New VHT Transmit Power Envelope element in a transmitted Channel Switch
Announcement frame or Extended Channel Switch Announcement frame and

— At least one New VHT Transmit Power Envelope subelement in a transmitted Channel Wrapper
element in Beacon and Probe Response frames.

A recipient VHT STA in the BSS STA that has dotllSpectrumManagementRequired or
dot11RadioMeasurementActivated equal to true and that maintains association with the BSS after the switch
shall use the parameters in these received elements and subelements in the recipient STA’s TPC calculations
for the new operating channel and operating channel width (see 10.8). If both New VHT Transmit/Rower
Envelope elements and New VHT Transmit Power Envelope subelements are transmitted for the switch, the
set of New VHT Transmit Power Envelope elements and set of subelements shall contain thefsame set of
values for the Local Maximum Transmit Power Unit Interpretation subfield, and New VHT Transmit Power
Envelope elements and subelements that have the same value for the Local Maximum Transmit Power Unit
Interpretation subfield shall also have the same values for their other fields.

If a new country string, new operating classes or both, are coming into effect at the same time as the channel
switch, then a STA that is a VHT AP, a VHT STA in an IBSS, or a VHT, mésh STA in an MBSS shall
include

— A New Country element in a transmitted Extended Channel Switeh’ Announcement frame and
— A New Country subelement in a transmitted Channel Wrapperelement.

The New Country element or subelement shall contain alk.the”Operating Classes for the BSS after the
switch. The New Country element or subelement,, tfansmitted in an Extended Channel Switch
Announcement frame or in the same frame as an_Extended Channel Switch Announcement element,
respectively, shall include one Operating Triplet field“\that contains the same Operating Class as the New
Operating Class field in the Extended Channel Switch Announcement frame or Extended Channel Switch
Announcement  element. A recipient *x>VHT STA in the BSS STA that has
dot11MultiDomainCapabilityActivated, dot11SpectrumManagementRequired, or
dot11RadioMeasurementActivated equal to-true and that maintains association with the BSS after the switch
shall use the parameters in these received elements and subelements in order to maintain regulatory
compliance. If both New Country.glements and New Country subelements are transmitted for the switch,
their fields shall be the same.

A Channel Switch Wrapper-element shall not be included in Beacons and Probe Responses if the element
contains zero subelements.

NOTE—Channel-Switch Wrapper is not defined to carry subelements in the case of a switch to 20 MHz and when no
change to the country string, operating classes or TPC parameters are announced.

A VHT/SFA uses the VHT Transmit Power Envelope element only for TPC of 80 MHz, 160 MHz, and
80+80-MHz transmissions. In the Country element, a VHT STA shall include zero Subband Triplet fields in
a Operating/Subband Sequence field that contains an Operating Class field for which the “Channel Spacing
((MHz)” column in the applicable table in Annex E equals 80 or 160.

An AP that switches the BSS to a lower operating channel width may recalculate the TS bandwidth budget
and may delete one or more active TSs by invoking the MLME-DELTS.request primitive with a
ReasonCode value of SERVICE_CHANGE_PRECLUDES_TS.

A VHT STA that is a member of an IBSS shall not transmit values in the Wide Bandwidth Channel Switch
element that change the frequency ordering of the primary 40 MHz channel and the secondary 40 MHz
channel from the ordering of the most recently adopted operating channel, if the operating channel includes
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a secondary 40 MHz channel. A VHT STA that is a member of an IBSS shall not transmit values in the
Wide Bandwidth Channel Switch element that change the frequency ordering of the primary 80 MHz
channel and the secondary 80 MHz channel from the ordering of the most recently adopted operating
channel, if the operating channel includes a secondary 80 MHz channel.

10.39.5 NAV assertion in a VHT BSS

A VHT STA shall update its NAV as described in 9.3.2.4 using the Duration/ID field value in any frame that
does not have an RA matching the STA’s MAC address and that was received in a 20 MHz PPDU in the
primary 20 MHz channel or received in a 40 MHz PPDU in the primary 40 MHz channel or received in an
80 MHz PPDU in the primary 80 MHz channel or received in a 160 MHz or 80+80 MHz PPDU.

NOTE—The PHY layer might filter out a PPDU as described in 22.3.21 or not receive a PPDU due to TXOP power
saving described in 10.2.1.19. If so, frames in the PPDU are not received by the MAC and have no effect on/the NAV.

10.39.6 VHT STA antenna indication

A VHT STA that does not change its Rx antenna pattern after association shall set‘the’Rx Antenna Pattern
Consistency subfield in the VHT Capabilities Info field to 1; otherwise, the ST shall set the Rx Antenna
Pattern Consistency subfield in the VHT Capabilities Info field to 0.

A VHT STA that does not change its Tx antenna pattern after association’shall set the Tx Antenna Pattern
Consistency subfield in the VHT Capabilities Info field to 1; otherwise; the STA shall set the Tx Antenna
Pattern Consistency subfield in the VHT Capabilities Info field {0'0.

10.39.7 BSS basic VHT-MCS and NSS set operation

The BSS basic VHT-MCS and NSS set is the set of <\VHT-MCS, NSS> tuples that are supported by all VHT
STAs that are members of a VHT BSS. It is established by the STA that starts the VHT BSS, indicated by
the Basic VHT-MCS and NSS Set field of the)VVHT Operation element in the MLME-START .request
primitive. Other VHT STAs determine the BSS basic VHT-MCS and NSS set from the Basic VHT-MCS
and NSS Set field of the VHT Operation element in the BSSDescription derived through the scan
mechanism (see 10.1.4.1).

A VHT STA shall not attempt to.join (MLME-JOIN.request) a BSS unless it supports (i.e., is able to both
transmit and receive using) all the <VHT-MCS, NSS> tuples in the BSS basic VHT-MCS and NSS set.

A VHT STA shalll not attempt to (re)associate (MLME-ASSOCIATE.request and MLME-
REASSOCIATE.reguest) with a VHT AP unless the STA supports (i.e., is able to both transmit and receive
using) all the <\MHT-MCS, NSS> tuples in the Basic VHT-MCS and NSS Set field in the VHT Operation
element transmitted by the AP.

10.40.Group ID management operation

An~AP determines the possible combinations of STAs that can be addressed by a VHT MU PPDU by
assigning STAs to groups and to specific user positions within those groups.

Assignments or changes of user positions corresponding to one or more Group IDs shall be performed using
a Group ID Management frame defined in 8.5.23.3.

A STA may be assigned to multiple groups by setting multiple subfields of the Membership Status Array
field (see 8.4.1.51) to 1 in the Group ID Management frame addressed to that STA.
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A STA’s user position in each group of which the STA is a member is indicated by the associated subfield in
the User Position Array field (see 8.4.1.52) in the Group ID Management frame addressed to the STA. For
each Group ID, an AP may assign the same user position to multiple STAs. A STA shall have only one user
position in each group of which the STA is a member.

An AP may transmit a Group ID Management frame only if dot11VHTOptionlmplemented is true. A Group
ID Management frame shall not be sent to a VHT STA that does not have the MU Beamformee Capable
field in the VHT Capabilities element equal to 1.

A Group ID Management frame shall be sent as an individually addressed frame.

A STA’s MLME that receives a Group ID Management frame with a RA matching its MAC address|shall
issue a PHYCONFIG_VECTOR primitive with the GROUP_ID_MANAGEMENT parameter based on the
content of the received Group ID Management frame in order to configure the following lookuyp-tables in the
PHY:

a) group ID to Membership Status, denoted by MembershipStatusinGrouplID[g] for, 1< g < 62
b) group ID to User Position, denoted by UserPositionInGrouplID[g] for 1 < g &.62

Group ID values of 0 and 63 are used for SU PPDU and the PHY filtering ofisueh PPDUs is controlled by
the PHYCONFIG_VECTOR primitive LISTEN_TO_GID00 and LISTENVTO_GID63 parameters. The
User Position in Group ID information is interpreted by a STA receiving @ VHT MU PPDU as explained in
22.3.11.4.

Transmission of a Group ID Management frame to a STA andZany associated acknowledgment from the
STA shall complete before the transmission of a VHT MU PPDU to the STA.

A VHT MU PPDU shall be transmitted to a STA baséd on the content of the Group ID Management frame
most recently transmitted to the STA and for which an acknowledgment was received.

10.41 Notification of operating mode changes

A STA whose dotl1OperatingModéNotificationlmplemented is true shall set the Operating Mode
Notification field in the Extended Capabilities element to 1. A VHT STA shall set
dotl1OperatingModeNotificationdmplemented to true. A STA that has the value true for
dot11OperatingModeNotificationImplemented is referred to as operating mode notification capable.

A STA that is operatingsmode notification capable and that transmits an Association Request, Reassociation
Request, TDLS SetupResponse, TDLS Setup Confirm, Mesh Peering Open, or Mesh Peering Confirm
frame to a STA(that is operating mode notification capable should notify the recipient STA of a change in its
operating mode)by including the Operating Mode Notification element in the frame.

A first. STA that is operating mode notification capable should notify a second STA that is operating mode
notification cable of a change in its operating mode by transmitting an Operating Mode Notification frame to
théssecond STA if the first STA has established any of the following with a second STA:

— An association with an AP
— ATDLS link

— ADLSlink

— A Mesh Peer relationship

NOTE—Notify Channel Width frames and elements are used to signal STA operating channel width changes to and
from STASs that are not operating mode notification capable.
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The Operating Mode field in the Operating Mode Notification frame or the Operating Mode Notification
element is set to indicate that the transmitting STA is capable of receiving frames with a bandwidth up to
and including the indicated channel width and with a number of spatial streams up to and including the value
indicated by the Rx NSS subfield.

The notification of a change in supported spatial streams should occur prior to a decrease in the maximum
number of spatial streams and following an increase in the maximum number of spatial streams.

The notification of a change in operating bandwidth should occur prior to a decrease in the operating
channel width and following an increase in the operating channel width.

A STA shall not transmit an individually addressed frame that contains the Operating Mode field unless'the
recipient is operating mode notification capable.

An AP should notify associated STAs of a change in the maximum number of spatial streams it is able to
receive through one or more of the following mechanisms:

— Using individually addressed Operating Mode Notification frames

— Including the Operating Mode Notification element in Beacon frames for a period of time that
ensures that STAs in PS mode will receive the notification

— Using the SM power save mechanism defined in 10.2.4 for HT _STAS that are not operating mode
notification capable

The notification should occur prior to a decrease in the maximum.number of spatial streams and following
an increase in the maximum number of spatial streams.

NOTE—An AP that is reducing the maximum number of spatial’streams the AP is able to receive and that has associated
HT STAs that are not operating mode notification capable \rould use the SM power save mechanism to notify the STAs
that the AP is operating with a single receive chain.

An AP should notify associated STAs of a changg in its operating channel width through one or more of the
following mechanisms:

— Using the Channel Switch Annguncement element, Channel Switch Announcement frame or both
following the procedure defined in 10.9.8.2

— Using the Extended €hannel Switch Announcement element, Extended Channel Switch
Announcement frame orboth, following the procedure described in 10.10

— Using individually~addressed Operating Mode Notification frames and/or Notify Channel Width
frames

— Using the STA Channel Width field in the HT Operation element and/or Channel Width field in the
VHT Ogperation element

The notification should occur prior to a decrease in the operating channel width and following an increase in
the operating channel width.

AVHT AP that has at least one VHT STA associated and that indicates a channel width change using
management action frame(s) shall transmit Operating Mode Notification frame(s) to signal the channel
width change. A VHT AP that has at least one non-VHT HT STA associated and that indicates a channel
width change using management action frame(s) shall transmit Notify Channel Width frame(s) to signal the
channel width change.

A VHT STA shall not transmit an individually addressed Notify Channel Width frame to a VHT STA.
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A VHT STA associated with a VHT AP shall ignore Notify Channel Width frames received from the VHT
AP.

An HT AP that is not a VHT AP that changes its operating channel width shall indicate the new operating

—chanmetwitdthrimthe STA Chammet-Widthrfretdmmthe =T Operatiometement—A-VHT AP that chamgesits
operating channel width shall indicate the new operating channel width in the Channel Width field in the

VHT Operation element and STA Channel Width field in the HT Operation element (see Table 10-19).

An AP shall not include the Operating Mode Notification element in Beacon, Probe Response, Association
Response, and Reassociation Response frames when not changing the maximum number of spatial streams
the AP is able to receive.

A STA shall not transmit an Operating Mode field with the value of the Rx NSS subfield jndicating a
number of spatial streams not supported by the recipient STA. The number of spatial streams supported by
the recipient STA is reported in the Supported Rates element, Extended Supported Rates element, Supported
MCS Set, or Supported VHT-MCS and NSS Set field transmitted in management framies. by the recipient
STA.

A STA shall not transmit an Operating Mode field with the value of the Channel Width subfield indicating a
bandwidth not supported by the STA, as reported in the Supported Channel\Width Set subfield in the HT
Capabilities Info field or the VHT Capabilities Info field in managementframes transmitted by the STA.

A STA that is operating mode notification capable shall not transmit.a PPDU to a STA that uses a bandwidth
that is greater than the channel width indicated in the most recently received Operating Mode Notification
element or Operating Mode Notification frame from that STANA STA that is operating mode notification
capable shall not transmit a PPDU to a STA that uses a greater number of spatial streams than indicated in
the most recently received Operating Mode Notification element or Operating Mode Notification frame
received from that STA.

NOTE 1—To avoid possible frame loss, a VHT STA that sends an individually addressed Operating Mode Notification
frame to a second VHT STA indicating reduced’operating channel width and/or reduced active receive chains can
continue with its current operating channel width and active receive chains until it infers that the second STA has
processed this notification. The first VHT STA might make this inference from either of the following:

— By receiving a frame addressed.te’itself from the second VHT STA in a PPDU with a bandwidth and Ngg that
are equal to or less than the channel width and Ngg, respectively, indicated in the Operating Mode Notification
frame

— Based on the passage-of-time in some implementation dependent way, which is outside the scope of this
standard

NOTE 2—It might take a’long time for a STA to change its operating mode following the transmission of the Operating
Mode Notificationframe and during that time the STA might not be able to receive frames resulting in frame loss. If a
non-AP STA cannot tolerate frame loss during that period it can set the Power Management subfield of the Frame
Control fieJd.of the Operating Mode Notification frame to 1 to indicate that the STA has entered power save. When the
non-AP STA/has completed its operating mode change, it can send another frame (such as a QoS Null) with the Frame
ControNPewer Management subfield set to O to indicate that the STA has exited power save.
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11. Security

11.4 RSNA confidentiality and integrity protocols

11.4.3 CTR with CBC-MAC Protocol (CCMP)
11.4.3.1 General
Change the first paragraph of 11.4.3.1 as follows:

Subclause 11.4.3.1 specifies the-all variants of CCMP, which provides data confidentiality, authentication,
integrity, and replay protection. In a non-DMG network, CCMP-128 is mandatory for RSN compliance.

Change the third and fourth paragraphs in 11.4.3.1 (including creating a new fifth paragraph), and
insert a new sixth paragraph as follows:

The AES algorithm is defined in FIPS PUB 197-2001. AH-AES processing used within CCMP uses AES
with either a 128-bit key (CCMP-128) or a 256-bit key (CCMP-256)-and-a-128-bit bloek-size.

CCM is defined in IETF RFC 3610. CCM is a generic mode that can.be.Gsed with any block-oriented
encryption algorithm. CCM has two parameters (M and L).;-and

CCMP-128 uses the following values for the CCM parameters:
— M =8; indicating that the MIC is 8 octets.

— L =2;indicating that the Length field is 2 octets,which is sufficient to hold the length of the largest
possible IEEE 802.11 MPDU, expressed in octets:

CCMP-256 uses the following values for the CCM.parameters:
— M =16; indicating that the MIC is 16.ectets.

— L = 2; indicating that the Length field is 2 octets, which is sufficient to hold the length of the largest
possible IEEE 802.11 MPDU, expressed in octets.

11.4.3.2 CCMP MPDU format

Change Figure 11-16 as. fallows:

< Encrypted »
CCMP Header Data (PDU MIC £cs
MAC Héader 8 eade ata (PDU) 8-octets oot
A | | ovitets | ) A >= 1 octets variable octets
PNO PN1 Rsvd Rsvd
b0 b4 b5 b6 b7
Key ID octet

Figure 11-16—Expanded CCMP MPDU
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Change the second paragraph of 11.4.3.2 as follows:

CCMP-128 processing expands the original MPDU size by 16 octets, 8 octets for the CCMP Header field
and 8 octets for the MIC field. CCMP-256 processing expands the original MPDU size by 24 octets, 8 octets

forthe€CEMP Header fietdand-t6octets for the i€ fretd—The CCvtPHeader fretd s constroctedfromthe——————————
PN, ExtlV, and Key ID subfields. PN is a 48-bit PN represented as an array of 6 octets. PN5 is the most
significant octet of the PN, and PNO is the least significant. Note that CCMP does not use the WEP ICV.

11.4.3.3 CCMP cryptographic encapsulation
11.4.3.3.6 CCM originator processing
Change the third paragraph of 11.4.3.3.6 as follows:

The CCM originator processing provides authentication and integrity of the frame body and the AAD as
well as data confidentiality of the frame body. The output from the CCM originator processing consists of
the encrypted data and 8-additienal-ectets-of-an encrypted MIC (see Figure 11-16).

11.4.3.4 CCMP decapsulation
11.4.3.4.2 CCM recipient processing
Change the second paragraph of 11.4.3.4.2 as follows:

There are four inputs to CCM recipient processing:
— Key: the temporal key (16 octets).
— Nonce: the nonce (13 octets) constructed as deScribed in 11.4.3.3.4.

— Encrypted frame body: the encrypted frame body from the received MPDU. The encrypted frame
body includes the an-8-ectetMIC.

— AAD: the AAD (22-30 octets) that is.the canonical MPDU header as described in 11.4.3.3.3.
11.4.4 Broadcast/Multicast Integrity Protocol (BIP)
11.4.4.1 BIP overview
Change 11.4.4.1 as follows:

BIP provides datatintegrity and replay protection for group addressed robust management frames after
successful estabtishment of an IGTKSA (see 11.5.1.1.9).

BIP-CMAC:128 provides data integrity and replay protection, using AES-128 in CMAC Mode_with a 128-
bit integrity key and a CMAC TLen value of 128 (16 octets). BIP-CMAC-256 provides data integrity and
replay-protection, using AES-256 in CMAC Mode with a 256-bit integrity key and a CMAC TLen value of
128 (16 octets). NIST SP 800-38B defines the CMAC algorithm,_and NIST SP 800-38D defines the GMAC
algorithm. AH-BIP processing uses AES with a 128-bit or 256-bit integrity key-are-a128-bitblock-size; and
a CMAC TLen value of 128 (16 octets). The CMAC output for both BIP-CMAC-128 and BIP-CMAC-256
is truncated to 64 bits:

MIC = L(CMAC Output, 0, 64)

Where L is defined in 11.6.1.
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BIP-GCMP-128 uses AES with a 128-bit integrity key, and BIP-GCMP-256 uses AES with a 256-bit
integrity key. The authentication tag for both BIP-GCMP-128 and BIP-GCMP-256 is not truncated and shall
be 128 bits (16 octets).

I : . P ;
IGTK PN (IPN) whenever it distributes a new GTK. The IGTK is identified by the MAC address of the

transmitting STA plus an IGTK identifier that is encoded in the MME Key ID field.

11.4.4.5 BIP transmission
Change 11.4.4.5 as follows:

When a STA transmits a protected group addressed robust management frame, it shall

a) Select the IGTK currently active for transmission of frames to the intended group of xecipients and
construct the MME (see 8.4.2.57) with the MIC field masked to 0 and the KeylID field set to the
corresponding IGTK KeyID value. If the frame is not a GQMF, the transmitting STA shall insert a
monotonically increasing non-negative integer into the MME IPN field. If the Tframe is a GQMF,
then the transmitting STA shall maintain a 48-bit counter for use as the IPN, the counter shall be
incremented for each GQMF until the two least significant bits of the€ounter match the ACI of the
AC that is used to transmit the frame, and the counter value shall be.inSerted into the MME IPN field
of the frame. For BIP-GMAC-128 and BIP-GMAC-256, the initialization vector passed to GMAC
shall be a concatentation of address 2 from the MAC header«0f the MPDU and the non-negative
integer inserted into the MMP IPN field.

b) Compute AAD as specified in 11.4.4.3.

c) Compute an integrity value-AES-128-CMAC over the'concatenation of (AAD || Management Frame
Body including MME), and insert the 64-bit-output into the MME MIC field. For BIP-CMAC-128,
the integrity value is 64-bits and is computed/using AES-128-CMAC; for BIP-CMAC-256, the
integrity value is 128-bits and is computed using AES-256-CMAC; for BIP-GMAC-128, the
integrity value is 128-bits and is computed using AES-128-GMAC: and, for BIP-GMAC-256, the
integrity value is 128-bits and is computed using AES-256-GMAC.

d) Compose the frame as the IEEE 802.11 header, management frame body, including MME, and FCS.
The MME shall appear last inthe frame body.

e)  Transmit the frame.

11.4.4.6 BIP reception
Change 11.4.4.6 as follows:

When a STA with)management frame protection negotiated receives a group addressed robust management
frame protected’by BIP-CMAC-128, BIP-CMAC-256, BIP-GMAC-128, or BIP-GMAC-256, it shall

a) Jdentify the appropriate IGTK key and associated state based on the MME KeyID field. If no such
IGTK exists, silently drop the frame and terminate BIP processing for this reception.

b))~ Perform replay protection on the received frame. The receiver shall interpret the MME IPN field as
a 48-bit unsigned integer.

1) If the frame is not a GQMF, the receiver shall compare this MME IPN integer value to the
value of the receive replay counter for the IGTK identified by the MME Key ID field. If the
integer value from the received MME IPN field is less than or equal to the replay counter value
for this IGTK, the receiver shall discard the frame and increment the
dot11RSNAStatsCMACReplays counter by 1.

2) If the frame is a GQMF, the receiver shall compare this MME IPN integer value to the value of
the receive replay counter for the IGTK identified by the MME Key ID field and the AC
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represented by the value of the ACI subfield of the received frame. If the integer value from the
received MME IPN field is less than or equal to the replay counter value for this IGTK and AC,
the receiver shall discard the frame and increment the dot11RSNAStatsCMACReplays counter

¢) Compute AAD for this management frame, as specified in 11.4.4.3. For BIP-GMAC-128 and, BIP-
GMAC-256, an initialization vector for GMAC is constructed as the concatenation of addréss 2
from the MAC header of the MPDU and the 48-bit unsigned integer from the MME IPN field.

d) Extract and save the received MIC value, and compute a verifier the AES-128-EMAC-over the
concatenation of (AAD || Management Frame Body || MME) with the MIC field'masked to O in the
MME. For BIP-CMAC-128, the verifier is AES-128-CMAC; for BIP-CMAC:256, the integrity
value is 128-bits and is computed using AES-256-CMAC; for BIP-GMAC-128, the verifier is AES-
128-GMAC: and, for BIP-GMAC-256, the verifier is AES-256-GMAC.If the result does not match
the received MIC value, then the receiver shall discard/, the frame, increment the
dot11RSNAStatsCMACICVErrors counter by 1, and terminate BIR processing for this reception.

e) Update the replay counter for the IGTK identified by the MME Key ID field with the integer value
of the MME IPN field if the frame is not a GQMF.

f)  Update the replay counter for the IGTK identified by theMME Key ID field and the AC represented
by the value of the ACI subfield of the received franmie with the integer value of the MME IPN field
if the frame is a GQMF.

If management frame protection is negotiated, groupaddressed robust management frames that are received
without BIP protection shall be discarded.

11.4.5 GCM with Galois Message Authentication Code (GMAC) Protocol (GCMP)
11.4.5.1 GCMP overview
Change the third paragraph 0f11.4.5.1 as follows:

The AES algorithm is defined in FIPS PUB 197-2001. All AES processing used within GCMP uses AES
with a 128-bit key (GCMP-128) or a 256-bit key (GCMP-256)-anrd-a-128-bitblock-size.

11.5 RSNArsecurity association management
11.5.3 RSNA policy selection in an ESS
Ligsert the following note after the third paragraph (“An SME initiating ...”) of 11.5.3:

NOTE—Because a VHT STA is also an HT STA, the elimination of TKIP also applies to VHT STAs.

11.5.5 RSNA policy selection in an IBSS and for DLS

tsertthefottowinmg Tote—after theexisting ote—afterthesecondparagraphrof £15-5,ardmomber-the
existing note “1”:

NOTE 2—Because a VHT STA is also an HT STA, the elimination of TKIP also applies to VHT STAs.
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11.5.7 RSNA policy selection in an MBSS

Insert the following note at the end of 11.5.7:
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11.6 Keys and key distribution
11.6.1 Key hierarchy

11.6.1.2 PRF

Change 11.6.1.2 as follows:

A PRF is used in a number of places in this standard. Depending on its use, it may need.to,output 128 bits,
192 bits, 256 bits, 384 bits, e¥-512 bits, or 704 bits. This subclause defines sixfive functions:

— PRF-128, which outputs 128 bits
— PRF-192, which outputs 192 bits
— PRF-256, which outputs 256 bits
— PRF-384, which outputs 384 bits
— PRF-512, which outputs 512 bits
— PRE-704, which outputs 704 bits

In the following, K is a key; A is a unique label for each différent purpose of the PRF; B is a variable-length
string; Y is a single octet containing 0; X is a single oCtét containing the loop parameter i; and || denotes
concatenation:

H-SHA-1(K, A, B, X) < HMAC-SHAL(K, A || Y || B || X)

PRF(K, A, B, Len)
fori « 0to (Len+159)/160 do
R < R|\H-SHA-1(K, A, B, i)
return L(R, O¢ken)

PRF-128(K, A, B)SPRF(K, A, B, 128)
PRF-192(K, A\B) = PRF(K, A, B, 192)
PRF-256(K, A, B) = PRF(K, A, B, 256)
PRF-384(K, A, B) = PRF(K, A, B, 384)
PRR512(K, A, B) = PRF(K, A, B, 512)

When theniegotiated AKM is 00-0F-AC:5, e-00-0F-AC:6, or 00-0F-AC:11, the KDF specified in 11.6.1.7.2
(Keyderivation function (KDF)) shall be used instead of the PRF construction defined here. In this case, A is
used/as the KDF label and B as the KDF Context, and the PRF functions are defined as follows:

PRF-128(K, A, B) = KDF-SHA256-128(K, A, B)
PRF-192(K, A, B) = KDF-SHA256-192(K, A, B)
PRF-256(K, A, B) = KDF-SHA256-256(K, A, B)
PRF-384(K, A, B) = KDF-SHA256-384(K, A, B)

PRF-512(K, A, B) = KDF-SHAZ56-512(K, A, B)
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When the negotiated AKM is 00-0F-AC:12, the KDF specified in 11.6.1.7.2 shall be used instead of the PRF
construction defined here. In this case, A is used as the KDF label and B as the KDF Context, and the PRF
function is defined as follows:

PRETOA(K A By = KDF-SHASSA=T04(K A B)

When the negotiated AKM is 00-0F-AC:13, the KDF specified in 11.6.1.7.2 shall be used instead of the PRF
construction defined here. In this case, A is used as the KDF label and B as the KDF Context, and the PRF
functions are defined as follows:

PRF-384(K, A, B) = KDF-SHA384-384(K, A, B)
PRF-512(K, A, B) = KDF-SHA384-512(K, A, B)
PRE-704(K, A, B) = KDF-SHA384-704(K, A, B)

11.6.1.3 Pairwise key hierarchy
Change 11.6.1.3 as follows:

Except when preauthentication is used, the pairwise key hierarchy utilizes PRF-384, e+PRF-512, or PRF-
704 to derive session-specific keys from a PMK, as depicted in Figure 11-24/(Pairwise key hierarchy). Fhe
PMHCshal-be-256-bits—When using AKM suite selector 00-0F-AC:12, the length of the PMK, PMK_bits,
shall be 384 bits. With all other AKM suite selectors, the length of therPMK, PMK_bits, shall be 256 bits.
The pairwise key hierarchy takes a PMK and generates a PTK. The-PTK is partitioned into KCK, KEK, and
temporal keys, which are used by the MAC to protect individually’addressed communication between the
Authenticator’s and Supplicant’s respective STAs. PTKSs are,used between a single Supplicant and a single
Authenticator.

Change Figure 11-24 as follows:
Replace “L(PTK, 0, 128) (KCK)” with “L(PTK}0, KCK_bits) (KCK)” (one time)
Replace “L(PTK, 128, 128) (KEK)” with “LX(PTK, KCK_bits, KEK_bits) (KEK)”* (one time)
Replace “L(PTK, 256, TK_bits) (TK)” with*“L(PTK, KCK_bits+KEK_bits, TK_bits) (TK)” (one time)

When not using a PSK, the PMK is derived from the MSK. The PMK shall be computed as the first 256
PMK_bits bits (bits 0-255PMK_bits=1) of the MSK: PMK « L(MSK, 0, 256PMK_bits). Whenthis
. ' st ofatl bits.

The PTK shall not be usedenger than the PMK lifetime as determined by the minimum of the PMK lifetime
indicated by the AS, e.g.,.Session-Timeout + dot1xAuthTxPeriod or from dot11RSNAConfigPMKLifetime.
When RADIUS is used and the Session-Timeout attribute is not in the RADIUS Accept message, and if the
key lifetime is not etherwise specified, then the PMK lifetime is infinite.

NOTE 1—+f\the protocol between the Authenticator (or AP) and AS is RADIUS, then the MS-MPPE-Recv-Key
attribute((vendor-id = 17; see Section 2.4.3 in IETF RFC 2548-1999 [B30]) is available to be used to transport the first
32 octets.of the MSKPMK to the AP, and the MS-MPPE-Send-Key attribute (vendor-id = 16; see Section 2.4.2 in IETF
REC\2548-1999 [B30]) is available to be used to transport the remaining 32 octets of the MSK.

NOTE 2—When reauthenticating and changing the pairwise key, a race condition might occur. If a frame is received
while MLME-SETKEY S.request primitive is being processed, the received frame might be decrypted with one key and
the MIC checked with a different key. Two possible options to avoid this race condition are as follows: the frame might
be checked against the old MIC key, and the received frames might be queued while the keys are changed.

g Al VA N\, c d O-U 1 U ]S U c A\ d d Jd =
might be configured into the Supplicant or Authenticator. The method used to configure the PSK is outside this standard,
but one method is via user interaction. If a pass-phrase is configured, then a 256-bit key is derived and used as the PSK.
In any RSNA-PSK method, the PSK is used directly as the PMK. Implementations might support different PSKs for
each pair of communicating STAS.

200 Copyright © 2013 IEEE. All rights reserved.


https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

IEEE
FOR VERY HIGH THROUGHPUT FOR OPERATION IN BANDS BELOW 6 GHz Std 802.11ac-2013

Here, the following assumptions apply:

— SNonce is a random or pseudorandom value contributed by the Supplicant; its value is taken when a
PTK is instantiated and is sent to the PTK Authenticator.

— ANonce is a random or pseudorandom value contributed by the Authenticator.

— The PTK shall be derived from the PMK by

PTK « PRF-X(PMK, “Pairwise key expansion”, Min(AA,SPA) || Max(AA,SPA) ||
Min(ANonce,SNonce) || Max(ANonce,SNonce))

where X = KCK_bits + KEK_bits256 + TK_bits. The values of KCK_bits and KEK_bits are AKM
suite dependent and are listed in Table 11-9 (Integrity and key wrap algorithms). The value_ef
TK _bits is cipher-suite dependent and is defined in Table 11-4 (Cipher suite key lengths). The\Min
and Max operations for IEEE 802 addresses are with the address converted to a positiveninteger
treating the first transmitted octet as the most significant octet of the integer. The Minsand Max
operations for nonces are with the nonces treated as positive integers converted as specified in 8.2.2
(Conventions).

NOTE—The Authenticator and Supplicant normally derive a PTK only once per asseciation. A Supplicant or
an Authenticator uses the 4-Way Handshake to derive a new PTK. Both the Authenticator and Supplicant create
a new nonce value for each 4-Way Handshake instance.

— The KCK shall be computed as the first KCK_bits128 bits (bits 0=22¢KCK_bits-1) of the PTK:
KCK « L(PTK, 0, 128KCK<bits)

The KCK is used by IEEE Std 802.1X-2004 to provide~data origin authenticity in the 4-Way
Handshake and Group Key Handshake messages.

— The KEK shall be computed as the next KEK_bits bi#5128-255-0f the PTK:
KEK « L(PTK, 428KCK_bits, 128KEK _bits)

The KEK is used by the EAPOL-Key ffames to provide data confidentiality in the 4-Way
Handshake and Group Key Handshake messages.

— The temporal key (TK) shall be computed as the next TK_bits bits-256-te{255—+FKbits} of the
PTK:

TK « L(PTK, KCK_bits+KEK_bits256, TK_bits)

The EAPOL-Key state machines_(See 11.6.10 and 11.6.11) use the MLME-SETKEYS.request primitive to
configure the temporal key inte:the STA. The STA uses the temporal key with the pairwise cipher suite;
interpretation of this value is€ipher-suite specific.

A PMK identifier is defined as
PMKID=HMAC-SHA1-128(PMK, "PMK Name" || AA || SPA)

Here, HMAC:-SHA1-128 is the first 128 bits of the HMAC-SHAL of its argument list.

Wher-the negotiated AKM is 00-OF-AC:5 or 00-OF-AC:6, HMAC-SHA-256 is used to calculate the
PMKID, and the PMK identifier is defined as

PMKID = Truncate-128(HMAC-SHA-256(PMK, "PMK Name" || AA || SPA))

When the negotiated AKM is 00-0F-AC:11, HMAC-SHA-256 is used to calculate the PMKID, and the
PMK identifier is defined as

PMKID = Truncate-128(HMAC-SHA-256(KCK, "PMK Name" || AA || SPA))

Copyright © 2013 IEEE. All rights reserved. 201



https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

IEEE
Std 802.11ac-2013 LOCAL AND METROPOLITAN AREA NETWORKS—AMENDMENT 4: ENHANCEMENTS

When the negotiated AKM is 00-0F-AC:12, HMAC-SHA-384 is used to calculate the PMKID, and the
PMK identifier is defined as

PMKID = Truncate-128(HMAC-SHA-384(KCK, "PMK Name" || AA || SPA))

NOTE—When the PMKID is calculated for the PMKSA as part of RSN preauthentication, the AKM has not yet been
negotiated. In this case, the HMAC-SHA1-128 based derivation is used for the PMKID calculation.

11.6.1.7 FT key hierarchy
11.6.1.7.2 Key derivation function (KDF)
Change 11.6.1.7.2 as follows:

The KDF for the FT key hierarchy, and for AKMs 00-0F-AC:11 and 00-OF-AC:12, is g variant of the
pseudorandom function (PRF) defined in 11.6.1.2 and is defined as follows:

Output « KDF-Hash-L ength (K, label, Context) where
Input: K, a 256-bit-key derivation key whose length equals the block size of the hash function
Hash, a cryptographically strong hash function
label, a string identifying the purpose of the keys derived using this KDF
Context, a bit string that provides context to identify the\dérived key
Length, the length of the derived key in bits
Output: a Length-bit derived key

result «
iterations « (Length+255)/256
do i =1to iterations

result «— result || HMAC-HashSHA256(K, i || label || Context || Length)
od
return first Length bits of result, and-securely delete all unused bits

In this algorithm, i and Length are enceded as 16-bit unsigned integers, represented using the bit ordering
conventions of 8.2.2. K, label, and Context are bit strings and are represented using the ordering conventions
of 8.2.2.

11.6.1.7.3 PMK-RO
Change the first paragraph of 11.6.1.7.3 (including its variable list) as follows:

The first-level-key in the FT key hierarchy, PMK-RO, is derived using the KDF defined in 11.6.1.7.2. The
PMK-RO js.the“first level 256-bit keying material used to derive the next level keys (PMK-R1s):

RO-Key-Data = KDF-Hash-Z384(XXKey, "FT-R0", SSIDlength || SSID || MDID || ROKHIength ||
ROKH-ID || SOKH-ID)

PMK-RO0 = L(R0-Key-Data, 0, 256L)

PMK-ROName-Salt = L(RO-Key-Data, 256L, 128)

where

— L(-) is defined in 11.6.1
— If the AKM negotiated is 00-OF-AC:3, then Hash shall be SHA256, Z shall be 384, L shall be 256,
and XXKey shall be the second 256 bits of the MSK (which is derived from the IEEE 802.1X
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authentication), i.e., XXKey = L(MSK, 256, 256). If the AKM negotiated is 00-OF-AC:4, then Hash
shall be SHA256, Z shall be 384, L shall be 256, and XXKey shall be the PSK. If the AKM
negotiated is 00-OF-AC:9, then Hash shall be SHA256, Z shall be 384, L shall be 256, and XXKey
shall be the MPMK generated as the result of SAE authentication. If the AKM negotiated is 00-0F-

\\\\\

384 bits of the MSK (which is derived from the IEEE 802.1X authentication), i.e., XXKey =
L(MSK, 0, 384).

— "FT-R0" is 0x46 0x54 0x2D 0x52 0x30.

— SSIDlength is a single octet whose value is the number of octets in the SSID.

— SSID is the service set identifier, a variable length sequence of octets, as it appears in the Beacon and
Probe Response frames.

— MDID is the Mobility Domain Identifier field from the MDE that was used during FT initial mobility
domain association.

— ROKHIength is a single octet whose value is the number of octets in the ROKH-ID.
— ROKH-ID is the identifier of the holder of PMK-RO in the Authenticator.
— SOKH-ID is the Supplicant’s MAC address (SPA).

11.6.1.7.4 PMK-R1
Change the first paragraph of 11.6.1.7.4 (including its variable list) as‘follows:

The second-level key in the FT key hierarchy, PMK-R1, is a 256-bit’key used to derive the PTK. The PMK-
R1 is derived using the KDF defined in 11.6.1.7.2:

PMK-R1 = KDF-Hash-Z256(PMK-RO0, "FT-R1", RLKH-ID || SIKH-ID)

where

— KDF-Hash-Z256 is the KDF as defined in.11.6.1.7.2-usedto-generate-a-key-ef-length-256-bits.

— If the AKM negotiated is 00-0F-AC:3, 00-0F-AC:4, or 00-0F-AC:9, then Hash shall be SHA256,
and Z shall be 256. If the AKM nedotiated is 00-0F-AC:13, then Hash shall be SHA384, and Z shall
be 384.

— PMK-RO is the first level key.in the FT key hierarchy.

— "FT-R1" is 0x46 0x54 Qx2D 0x52 0x31.

— R1KH-ID is a MAC address of the holder of the PMK-R1 in the Authenticator of the AP.
— S1KH-ID is the(SPA.

11.6.1.7.5 PTK

Change the first eight paragraphs of 11.6.1.7.5 as follows:

The third<level key in the FT key hierarchy is the PTK. This key is mutually derived by the S1KH and the
RIKH- used by the target AP, with the key length being a function of the negotiated cipher suite as defined
by-Table 11-4 in 11.6.2.

Using the KDF defined in 11.6.1.7.2, the PTK derivation is as follows:
PTK = KDF-Hash-PTKLen(PMK-R1, "FT-PTK", SNonce || ANonce || BSSID || STA-ADDR)

WHere
— KDF-Hash-PTKLen is the KDF as defined in 11.6.1.7.2 used to generate a PTK of length PTKLen.
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— If the AKM negotiated is 00-0F-AC:3, 00-0F-AC:4, or 00-0F-AC:9, then Hash shall be SHA256. If
the AKM negotiated is 00-0F-A:13, then Hash shall be SHA384.

— PMK-R1 is the key that is shared between the SIKH and the R1KH.
— "FT-PTK" is 0x46 0x54 0x2D 0x50 0x54 0x4B.

— SNonce is a 256-bit random bit string contributed by the S1IKH.
— ANonce is a 256-bit random bit string contributed by the R1KH.
— STA-ADDR is the non-AP STA’s MAC address.

— BSSID is the BSSID of the target AP.

— PTKiIen is the total number of bits to derive, i.e., number of bits of the PTK. The length is dependent
on the negotiated cipher suites and AKM suites as defined by Table 11-4 in 11.6.2_and Table 11-9'in
11.6.3.

Each PTK has three component keys, KCK, KEK, and a temporal key, derived as follows:

The KCK shall be computed as the first 128KCK_bits bits (bits 0—227KCK_bits-1) of,the PTK:
KCK = L(PTK, 0, £28KCK _hits)

where L(-) is defined in 11.6.1.

The KCK is used to provide data origin authenticity in EAPOL-Key mgssages, as defined in 11.6.2, and in
the FT authentication sequence, as defined in 12.8.

The KEK shall be computed as the next KEK _bits bits-428-255 ef the PTK:
KEK = L(PTK, £28KCK_bits, 428KEK_bits)

The KEK is used to provide data confidentiality for-certain fields (KeyData) in EAPOL-Key messages, as
defined in 11.6.2, and in the FT authentication sequence, as defined in 12.8.

The temporal key (TK) shall be computed asithe next TK_bits (see Table 11-4)bits-256—383(for-CCMP) of
the PTK:
TK = L(PTK, 256 KCK_bits+KEK_bits, 428TK_bits)

11.6.2 EAPOL-Key frames

Change Table 11-4 as foHows:

Table 11-4—Cipher suite key lengths

Cipher suite K?é’c[[if[‘g)th Téﬁl;i)ts
WEP-40 5 40
WEP-104 13 108
TKIP 32 -
CcCMP 16 128
GCMP-128 16 128
GCMP-256 2 256
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Table 11-4—Cipher suite key lengths (continued)
. . Key length TK_bits
Cipher suite (octets) (bits)
CCMP-256 32 256
BIP-GMAC-128 16 128
BIP-GMAC-256 32 256
BIP-CMAC-256 32 256
11.6.3 EAPOL-Key frame construction and processing
Change Table 11-9 as follows:
Table 11-9—Integrity and key-wrap algorithms
AKM Integrity algorithm | KCK_bits Size of MIC Key*wrap algorithm KEK_bits
Deprecated HMAC-MD5 128 16 ARC4 128
00-0F-AC:1 HMAC-SHA1-128 128 16 NIST AES Key Wrap 128
00-0F-AC:2 HMAC-SHA1-128 128 16 NIST AES Key Wrap 128
00-0F-AC:3 AES-128-CMAC 128 16 NIST AES Key Wrap 128
00-0F-AC:4 AES-128-CMAC 128 16 NIST AES Key Wrap 128
00-0F-AC:5 AES-128-CMAC 128 16 NIST AES Key Wrap 128
00-0F-AC:6 AES-128-CMAC 128 16 NIST AES Key Wrap 128
00-0F-AC:11 HMAC-SHA256 128 16 NIST AES Key Wrap 128
00-0F-AC:12 HMAC-SHA384 192 24 NIST AES Key Wrap 256
00-0F-AC:13 HMAC-SHA384 192 24 NIST AES Key Wrap 256

11.7 Mapping . EAPOL keys to IEEE 802.11 keys
11.7.7 Mapping IGTK to BIP keys
Change™1.7.7 as follows:

Seev11.6.1.5 for the definition of the IGTK key. A STA shall use bits 0-127 of the IGTK as the AES-128-
€MAC key, bits 0-127 of the IGTK as the AES-128-GMAC key, and bits 0-255 of the IGTK as the AES-

256-GMAC key.
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13. MLME mesh procedures

13.2 Mesh discovery

13.2.4 Mesh STA configuration
Change 13.2.4 as follows:
The mesh STA configuration consists of the mesh profile (see 13.2.3), the Supported Rates element, the

Extended Supported Rates element, are-the HT Operations element (if present), and the VHT Operations
element (if present).

Mesh STA configurations are identical if the following conditions hold:
— The mesh profiles are identical.
— The BSSBasicRateSet parameters are identical.
— For HT mesh STAs, the BSSBasicMCSSet parameters are identical.

— For VHT mesh STAs, the Basic VHT-MCS and NSS fields in the VAT Operation element are
identical.

13.2.7 Candidate peer mesh STA

Insert a new list item e) into the lettered list of the second\paragraph of 13.2.7, and re-letter the
subsequent list item accordingly:

e) If both the scanning mesh STA and the discovéred neighbor STA are VHT STAs, the mesh STA
uses the same value for the Basic VHT-MGSvand NSS Set field in its VHT Operation element as
received in the Beacon or Probe Response:frame from the neighbor mesh STA.
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18. Orthogonal frequency division multiplexing (OFDM) PHY specification

18.2 OFDM PHY specific service parameter list

18.2.2 TXVECTOR parameters
18.2.2.1 General

Insert the following rows at the end of the Table 18-1:

Table 18-1—TXVECTOR parameters

Parameter Associated primitive Value
CH_BANDWIDTH_IN_NON_HT PHY-TXSTART.request If present, CBW20, EBW40, CBWSO0,
(TXVECTOR) CBW160, or CBW80+80
DYN_BANDWIDTH_IN_NON_HT | PHY-TXSTART.request If present; Static or Dynamic
(TXVECTOR)

Insert the following subclauses, 18.2.2.7 and 18.2.2.8, after 18.2,2:6:
18.2.2.7 TXVECTOR CH_BANDWIDTH_IN_NON_HT

If present, the allowed values for CH_BANDWIDTH. IN_NON_HT are CBW20, CBW40, CBW80,
CBW160, and CBW80+80. If present, this parameteris used to modify the first 7 bits of the scrambling
sequence to indicate the bandwidth of the non-HT duplicate PPDU.

NOTE—The CH_BANDWIDTH_IN_NON_HT-parameter is not present when the frame is transmitted by a non-VHT
STA. The CH_BANDWIDTH_IN_NON_HT parameter is not present when the frame is transmitted by a VHT STA to a
non-VHT STA. See 9.7.10.

18.2.2.8 TXVECTOR DYN_BANDWIDTH_IN_NON_HT

If present, the allowed values for DYN_BANDWIDTH_IN_NON_HT are Static and Dynamic. If present,
this parameter is used t0 modify the first 7 bits of the scrambling sequence to indicate if the transmitter is
capable of Static or Dynamic bandwidth operation. If DYN_BANDWIDTH_IN_NON_HT is present, then
CH_BANDWIDTH'IN_NON_HT is also present.

NOTE—The DYN_BANDWIDTH_IN_NON_HT parameter is not present when the frame is transmitted by a non-
VHT STA\The DYN_BANDWIDTH_IN_NON_HT parameter is not present when the frame is transmitted by a VHT
STA to.anon-VHT STA. See 9.7.10.
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18.2.3 RXVECTOR parameters

18.2.3.1 General

tsertthefottowmgrowsat theendof the Table 18-2;

Table 18-2—RXVECTOR parameters

Parameter Associated primitive Value
CH_BANDWIDTH_IN_NON_HT PHY-RXSTART.request If present, CBW20, CBW40, CBW80,
(RXVECTOR) CBW160, or CBW80+80
DYN_BANDWIDTH_IN_NON_HT PHY-RXSTART.request If present, Static or Dynamic
(RXVECTOR)

Insert the following subclauses, 18.2.3.7 and 18.2.3.8, after 18.2.3.6:
18.2.3.7 RXVECTOR CH_BANDWIDTH_IN_NON_HT

If present, the allowed values for CH_BANDWIDTH_IN_NON«HT are CBW20, CBW40, CBW80,
CBW160, and CBW80+80. If present and valid, this parameter indicates the bandwidth of the non-HT
duplicate PPDU. This parameter is used by the MAC only when-valid (see 9.3.2.6 and 9.7.6.6).

NOTE—The CH_BANDWIDTH_IN_NON_HT parameter is not.present when the frame is received by a non-VHT
STA (see 9.7.10).

18.2.3.8 RXVECTOR DYN_BANDWIDTH_INANON_HT

If present, the allowed values for DYN_BANDWIDTH_IN_NON_HT are Static and Dynamic. If present
and valid, this parameter indicates whether the transmitter is capable of Static or Dynamic bandwidth
operation. This parameter is used-by the MAC only when valid (see 9.3.2.6 and 9.7.6.6). If
DYN_BANDWIDTH_IN_NON_HiRis present, then CH_BANDWIDTH_IN_NON_HT is also present.

NOTE—The DYN_BANDWIDTH-IN_NON_HT parameter is not present when the frame is received by a non-VHT
STA (see 9.7.10).

18.3 OFDM PLGP sublayer
18.3.2 PLCP frame format
18.3.22-0verview of the PPDU encoding process
Change step e) in the lettered list of the first paragraph of 18.3.2.2 as follows:
e) If the TXVECTOR parameter CH_ BANDWIDTH_IN_NON_HT is not present, itnitiate the
scrambler with a pseudorandom nonzero seed; and generate a scrambling sequence. If the

TXVECTOR parameter CH BANDWIDTH_IN_NON_HT is present, construct the first 7 bits
of the scrambling sequence from CH_BANDWIDTH_IN_NON_HT,

DYN_BANDWIDTH_IN_NON_HT (if present), and a pseudorandom integer constrained
such that the first 7 bits of the scrambling sequence are not all zeros; then set the scrambler
state to these 7 bits and generate the remainder of the scrambling sequence. ;-and XOR i the
scrambling sequence with the extended string of data bits. Refer to 18.3.5.5 for details.

208 Copyright © 2013 IEEE. All rights reserved.



https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

IEEE
FOR VERY HIGH THROUGHPUT FOR OPERATION IN BANDS BELOW 6 GHz Std 802.11ac-2013

18.3.5 DATA field

18.3.5.5 PLCP DATA scrambler and descrambler

The DATA field, composed of SERVICE, PSDU, tail, and pad parts, shall be scrambled with a length-127
frame-synchronous scrambler. The octets of the PSDU are placed in the transmit serial bit stream, bit O first
and bit 7 last. The frame synchronous scrambler uses the generator polynomial S(x) as follows and is
illustrated in Figure 18-7:

S(x) = x' +x*+1 (18-14)

Replace Figure 18-7 with the following:

During bits 0-6 of Scrambling Sequence
when CH_BANDWIDTH_IN_NON_HT
First 7 bits of is present
Scrambling Sequence as
defined in Table 18-6a

T ~ Data In
N\

4
L{x7 X® X° fe—e— x* X® X° X

Scrambled
Data Out

Figure 18-7—Data scrambler

The 127-bit sequence generated repeatedly by the scrambler shall be (leftmost used first), 00001110
11110010 11001001 00000010 00100110 00101110 10110110 00001100 11010100 11100111 10110100
00101010 11111010 01010001 106111000 1111111, when the all ones initial state is used. The same
scrambler is used to scramble transmit data and to descramble receive data. If the TXVECTOR parameter
CH_BANDWIDTH_IN_NON-HT is not present, w¥hen transmitting, the initial state of the scrambler
shall be set to,~a> pseudorandom nonzero state. If the TXVECTOR parameter
CH_BANDWIDTH_IN-NON_HT is present,

— The first 7ebits of the scrambling sequence shall be set as shown in Table 18-6a (with field values
defined in/Table 18-6b and Table 18-6d) and shall be also used to initialize the state of the scrambler

— The-scrambler with this initialization shall generate the remainder (i.e., after the first 7 bits) of the
Serambling sequence as shown in Figure 18-7

—)CH BANDWIDTH IN_NON_ HT is transmitted LSB first. For example, if CBW80 has a value of
2. which is “10” in binary representation, then B5=0 and B6=1

During reception by a VHT STA, the CbwInNonHtTemp variable shall be set to selected bits in the
scrambling sequence as shown in Table 18-6a and then mapped as shown in Table 18-6¢ to the
RXVECTOR parameter CH BANDWIDTH_IN_NON_HT. During reception by a VHT STA, the
RXVECTOR parameter DYN BANDWIDTH IN NON _HT shall be set to selected bits in the scrambling
sequence as shown in Table 18-6a. The fields shall be interpreted as being sent L SB-first.

NOTE 1—The receiving PHY cannot determine whether the CH BANDWIDTH IN_ NON_HT and
DYN_BANDWIDTH_IN_NON_HT parameters were present in the TXVECTOR of the transmitting PHY'; therefore,
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the receiving PHY in a VHT STA always includes values for the CH BANDWIDTH IN_ NON_HT and

DYN_BANDWIDTH_IN_NON_HT parameters in the Clause 18 RXVECTOR. It is the responsibility of the MAC to

determine validity of the RXVECTOR parameters CH BANDWIDTH IN_NON HT and
DYN_BANDWIDTH_IN_NON_HT.
NOTE 2—The receiving PHY cannot determine whether the TXVECTOR parameter

CH_BANDWIDTH_IN_NON_HT was present, but it does not matter since descrambling the DATA field is the same

either way.

The seven LSBs of the SERVICE field shall be set to all zeros prior to scrambling to enable estimation of the
initial state of the scrambler in the receiver.

An example of the scrambler output is illustrated in L.1.5.2_with CH BANDWIDTH_IN_NON_HT 'not

present.
Table 18-6a—Contents of the first 7 bits of the scrambling sequence
First 7 bits of scrambling.sequence
Parameter Condition BO B3 B¢ BS B6
Transmit order
TXVECTOR | CH_BANDWIDTH_I | 5-bit pseudorandom nonzerg.integer if CH_BANDWIDTH_
N_NON_HT is CH_BANDWIDTH_IN¢NON_HT equals CBW20 | IN_NON_HT
present and and a 5-bit pseudorandonrinteger otherwise
DYN_BANDWIDTH
_IN_NOT_HT is not
present in
TXVECTOR
TXVECTOR | CH_BANDWIDTH_I | 4-bit pseudorandom DYN_BANDWIDTH
N_NON_HT is nonzero integer if _IN_NON_HT
present and CH_BANDWIDTH_IN_
DYN_BANDWIDTH, (=NON_HT equals CBW20
_IN_NOT_HT s and
present in DYN_BANDWIDTH_IN
TXVECTOR _NON_HT equals Static,
and a 4-bit pseudorandom
integer otherwise
RXVECTOR | CH.BANDWIDTH_I | — DYN_BANDWIDTH | CbwInNonHtTempis
NSNON_HT and _IN_NON_HT set to this subfield of
DYN_BANDWIDTH first 7 bits of
) IN_NOT_HT are scrambling sequence;
present in then
RXVECTOR CbwInNonHtTemp s
mapped according to
Table 18-6¢ to
CH_BANDWIDTH_
IN_NON_HT
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Table 18-6b—TXVECTOR parameter CH_BANDWIDTH_IN_NON_HT values

Enumerated value Value
CTBWZ0 0
CBW40 1
CBWS80 2
CBW160 or CBW80+80 3

Table 18-6c—RXVECTOR parameter CH_BANDWIDTH_IN_NON_HT values

CbwInNonHtTemp (see dotl1CurrentChannelCenter RXVECTOR parameter
Table 18-6a) Frequencylndexl CH_BANDWIDTH_1N, NON_HT
0 0 CBW20
1 0 CBW40
2 0 CBW80
3 0 CBW160
3 1to 200 CBW80+80

Table 18-6d—DYN_BANDWIDTH_IN_NON_HT values

Enumerated value Value
Static 0
Dynamic 1

18.3.9 PMD transmit specifications
18.3.9.3 Transmit spectrum mask

Insert the following.note after the existing note after the first paragraph of 18.3.9.3, and number the
existing note “1”:

NOTE 2—For rules regarding TX center frequency leakage levels by VHT STAs, see 22.3.18.4.2.
18.3:9)7 Modulation accuracy

18.3.9.7.2 Transmitter center frequency leakage

Insert the following paragraph at the beginning of 18.3.9.7.2:

For VHT STAs, the requirements on transmitter center frequency leakage are defined in 22.3.18.4.2;

otherwise, the requirements are defined in this subclause.
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19. Extended Rate PHY (ERP) specification

19.3 Extended Rate PLCP sublayer

19.3.3 PLCP data modulation and rate change

19.3.3.4 Long and short DSSS-OFDM PLCP format

19.3.3.4.1 General

Change 19.3.3.4.1 as follows:

The scrambler of 17.2.4 is used to scramble the DSSS-OFDM PLCP header, and, when the |Clause 18

TXVECTOR parameters CH BANDWIDTH_IN_NON_HT and DYN_BANDWIDTH_IN. NON_HT are
not present, the scrambler in 18.3.5.5 is used to scramble the data symbols in the OFDM segment.
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20. High Throughput (HT) PHY specification

20.1 Introduction

20.1.1 Introduction to the HT PHY
Change the sixth paragraph of 20.1.1 as follows:
An HT rer-AR-STA shall support all equal modulation (EQM) rates for one spatial stream (MCSs 0 to 7)

using 20 MHz channel width. An HT AP that is not a VHT AP shall support all EQM rates for ere-and-two
spatial streams (MCSs 6-8 to 15) using 20 MHz channel width.

20.3 HT PLCP sublayer

Change the title of 20.3.10 as follows:

20.3.10 Transmission of NON_HT format PPDUs with more than one arteraa-transmit chain
20.3.11 Data field

20.3.11.3 Scrambler

Change 20.3.11.3 as follows:

The data field shall be scrambled by the scrambler defined‘in 18.3.5.5-and-initiatized-with, The Clause 18

TXVECTOR parameters CH_BAND-WIDTH_IN_NQGN_HT and DYN_BANDWIDTH_IN_NON_HT
shall not be present; therefore, the initial state of the'scrambler shall be set to a pseudorandom nonzero seed.

20.3.20 PMD transmit specification

20.3.20.1 Transmit spectrum mask

Insert the following note after Note\2 at the beginning of 20.3.20.1:

NOTE 3—For rules regarding F-center frequency leakage levels by VHT STAs, see 22.3.18.4.2.

20.3.20.7 Modulation-accuracy
20.3.20.7.2 Transmit center frequency leakage
Insert the(following paragraph at the beginning of 20.3.20.7.2:

ForWYHT STAs the requirements on transmitter center frequency leakage are defined in 22.3.18.4.2;
otherwise, the requirements are defined in this subclause.

Copyright © 2013 IEEE. All rights reserved. 213



https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

IEEE
Std 802.11ac-2013 LOCAL AND METROPOLITAN AREA NETWORKS—AMENDMENT 4: ENHANCEMENTS

Insert the following text, Clause 22, after Clause 21:

22. Very High Throughput (VHT) PHY specification

22.1 Introduction
22.1.1 Introduction to the VHT PHY

Clause 22 specifies the PHY entity for a very high throughput (VHT) orthogonal frequency division
multiplexing (OFDM) system.

In addition to the requirements in Clause 22, a VHT STA shall be capable of transmitting and receiving
PPDUs that are compliant with the mandatory PHY specifications defined in Clause 20.

The VHT PHY is based on the HT PHY defined in Clause 20, which in turn is based\on’'the OFDM PHY
defined in Clause 18. The VHT PHY extends the maximum number of space-time,streams supported to
eight and provides support for downlink multi-user (MU) transmissions. A, dewnlink MU transmission
supports up to four users with up to four space-time streams per user withthe.total number of space-time
streams not exceeding eight.

NOTE—A VHT SU PPDU includes individually addressed and group addressed transmissions.

The VHT PHY provides support for 20 MHz, 40 MHz, 80 MHZ,/and 160 MHz contiguous channel widths
and support for 80+80 MHz noncontiguous channel width.

The VHT PHY data subcarriers are modulated using“binary phase shift keying (BPSK), quadrature phase
shift keying (QPSK), 16-quadrature amplitude modutlation (16-QAM), 64-QAM, and 256-QAM. Forward
error correction (FEC) coding (convolutional or LDPC coding) is used with coding rates of 1/2, 2/3, 3/4, and
5/6.

A VHT STA shall support the following-features:

— Non-HT and non-HT duplicate formats (transmit and receive) for all channel widths supported by
the VHT STA

— HT-mixed format (trahsmit and receive)

— VHT format (transmit and receive)

— 20 MHz, 40 MHz, and 80 MHz channel widths

— Single spatial stream VHT-MCSs 0 to 7 (transmit and receive) in all supported channel widths
— Binary convolutional coding

A VHT'ST A may support the following features:
~ ~/HT-greenfield format (transmit and receive)
= 2 or more spatial streams (transmit and receive)
— 400 ns short guard interval (transmit and receive)
— Beamforming sounding (by sending a VHT NDP)
— Responding to transmit beamforming sounding (by providing compressed beamforming feedback)

QT

- ol | BC (tlallalllit and ICbC;VC)
— LDPC (transmit and receive)
— VHT MU PPDUs (transmit and receive)

214 Copyright © 2013 IEEE. All rights reserved.



https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

IEEE
FOR VERY HIGH THROUGHPUT FOR OPERATION IN BANDS BELOW 6 GHz Std 802.11ac-2013

— Support for 160 MHz channel width
— Support for 80+80 MHz channel width
— VHT-MCSs 8 and 9 (transmit and receive)

22.1.2 Scope

The services provided to the MAC by the VHT PHY consist of the following protocol functions:

a) A function that defines a method of mapping the PSDUs into a framing format (PPDU) suitable for
sending and receiving PSDUs between two or more STAS.

b) A function that defines the characteristics and method of transmitting and receiving data through-a
wireless medium between two or more STAS. Depending on the PPDU format, these STAs,support
a mixture of VHT: Clause 20 and Clause 18 PHYs.

22.1.3 VHT PHY functions
22.1.3.1 General

The VHT PHY contains two functional entities: the PHY function and the’physical layer management
function (i.e., the PLME). Both of these functions are described in detail in 22.3"and 22.4.

The VHT PHY service is provided to the MAC through the PHY service pfimitives defined in Clause 7. The
VHT PHY service interface is described in 22.2.

22.1.3.2 PHY management entity (PLME)
The PLME performs management of the local PHY functions in conjunction with the MLME.
22.1.3.3 Service specification method

The models represented by figures and state’ diagrams are intended to be illustrations of the functions
provided. It is important to distinguish “between a model and a real implementation. The models are
optimized for simplicity and clarity -of presentation; the actual method of implementation is left to the
discretion of the VHT-PHY -compliant developer.

The service of a layer is theLset of capabilities that it offers to a user in the next higher layer. Abstract
services are specified here-by describing the service primitives and parameters that characterize each
service. This definition‘is/independent of any particular implementation.

22.1.4 PPDU formats

The structtre-of the PPDU transmitted by a VHT STA is determined by the TXVECTOR parameters as
defined‘imTable 22-1.

For.a VHT STA, the FORMAT parameter determines the overall structure of the PPDU and includes the
following:

— Non-HT format (NON_HT), based on Clause 18 and including non-HT duplicate format.
— HT-mixed format (HT_MF) as specified in Clause 20.
— HT-greenfield format (HT_GF) as specified in Clause 20.

— VHT format (VHT). PPDUs of this format contain a preamble compatible with Clause 18 and Clause
20 STAs. The non-VHT portion of the VHT format preamble (the parts of VHT preamble preceding
the VHT-SIG-A field) is defined so that it can be decoded by these STAs.
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NOTE—Required support for these formats is defined in 10.39, 20.1.1, and 22.1.1.

A VHT PPDU can be further categorized as a VHT SU PPDU or a VHT MU PPDU. A VHT PPDU using a
group ID value of 0 or 63 isa VHT SU PPDU and either carries only one PSDU or no PSDU. A VHT PPDU

A oraun 1IN vl ntharanan Af 1 0 689 10 A \/LIT NALL DDI‘\I Land carrine ann ar mnra DO o tn Ana Ar

uuulgugluup Ho-aHHe-H-he TOMgC ot T to Oz To v It Vot DO T O ST T T T O e O o T T O O 5 to-OTTe— Ot

maore users.

22.2 VHT PHY service interface

22.2.1 Introduction

The PHY provides an interface to the MAC through an extension of the generic PHY service-intefface
defined in 7.3.4 (Basic service and options). The interface includes TXVECTOR, RXVECTOR, and
PHYCONFIG_VECTOR.

The TXVECTOR supplies the PHY with per-PPDU transmit parameters. Using the RXVECTOR, the PHY
informs the MAC of the received PPDU parameters. Using the PHYCONFIG_MECTOR, the MAC
configures the PHY for operation, independent of frame transmission or reception.

22.2.2 TXVECTOR and RXVECTOR parameters

The parameters in Table 22-1 are defined as part of the TXVECTOR parameter list in the PHY-

TXSTART.request primitive and/or as part of the RXVEGCTOR parameter list in the PHY-
RXSTART.indication primitive.

Table 22-1—TXVECTOR and"\RXVECTOR parameters

— @ a4
I} @] O
b | E
£ Condition Value 91 Q
; 2k
& o
Determines the format of the PPDU. Y Y
Enumerated type:
= NON_HT indicates Clause 18 (Orthogonal frequency division
< multiplexing (OFDM) PHY specification) or non-HT
5 duplicated PPDU format. In this case, the modulation is
Q determined by the NON_HT_MODULATION parameter.
HT_MF indicates HT-mixed format.
HT_GF indicates HT-greenfield format.
VHT indicates VHT format.
pd FORMAT is NON_HT In TXVECTOR, indicates the format type of the transmitted non- | Y Y
o HT PPDU.
l<T: In RXVECTOR, indicates the estimated format type of the
= received non-HT PPDU.
Q Enumerated type:
g OFDM indicates Clause 18 (Orthogonal frequency division
! multiplexing (OFDM) PHY specification) format
II NON_HT_DUP_OFDM indicates non-HT duplicate format
% Qthenaise Not present N N
z
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Table 22-1—TXVECTOR and RXVECTOR parameters (continued)

— © @
9] @] @]
T =
g Condition Value o | oo
; 2|2
& o
FORMAT is NON_HT Indicates the length of the PSDU in octets in the range of 1 to Y Y
4095. This value is used by the PHY to determine the number of
octet transfers that occur between the MAC and the PHY.
FORMAT is HT_MF Indicates the value in the Length field of the L-SIG intherange | Y Y
T of 1 to 4095.
|_
% FORMAT is HT_GF Not present N N
L
- FORMAT is VHT Not present N | N
-
NOTE—The Length field of the L-SIG in VHT PPDUs_is
defined in Equation (22-24) using the TXTIME value'defined by
Equation (22-109) and Equation (22-110), whigh'itturn depend
on other parameters including the TXVECT@R ‘parameter
APEP_LENGTH.
FORMAT is NON_HT Indicates the data rate used to transmit.the PSDU in Mb/s. The Y Y
allowed values are 6, 9, 12, 18, 24,.36; 48, and 54.
FORMAT is HT_MF Indicates the data rate value that’is encoded in the L-SIG Rate Y Y
g field. This use is defined in*9.23.4 (L_LENGTH and
&t L_DATARATE parameterwalues for HT-mixed PPDUS).
E FORMAT is HT_GF Not present N N
(@)
! FORMAT is VHT Not present N N
NOTE—The RATE field in the L-SIG field ina VHT PPDU is
set to the value representing 6 Mb/s in the 20 MHz channel
spaeing column of Table 18-6 (Contents of the SIGNAL field).
o FORMAT is VHT Not present N N
3
% Otherwise See corresponding entry in Table 20-1
n
-
8 FORMAT is VHT Not present N N
E Otherwise See corresponding entry in Table 20-1
t
% FORMAT is VHT Not present N N
E Otherwise See corresponding entry in Table 20-1
Q
(®)
=
wn
% FORMAT is VHT Not present N N
E Otherwise See corresponding entry in Table 20-1
i
[+
[©)
Q
<
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Table 22-1—TXVECTOR and RXVECTOR parameters (continued)

- [ad @
7} (@) @)
@ = =
g Condition Value o | oo
; 3
& o

A FORMAT is VHT Not present N N
|

Z Otherwise See corresponding entry in Table 20-1

'_

X

-

=

-}

z

E FORMAT is VHT Not present N N

[%2]

<' Otherwise See corresponding entry in Table 20-1

pd

P4

L

|_

e

<

> FORMAT is HT_MF, Indicates the number of transmit chains. Y N

F HT_GF or VHT

z -

Otherwise Not present N N

w FORMAT is VHT and Set to COMPRESSED_SV- Y N

> EXPANSION_MAT

= is present.

g

s Otherwise See corresponding‘entry in Table 20-1

!

o

%)

pd

g

X

L

k FORMAT is VHT Contains a vector in the number of selected subcarriers M N

s containing feedback matrices as defined in 22.3.11.2 based on U

>! the channel measured during the training symbols of a previous

@) VHT NDP PPDU.

2]

<Z,: Otherwise See corresponding entry in Table 20-1

5

Ll

L FORMAT is VHT and Set to COMPRESSED_SV N Y

i PSDU_LENGTH equals 0
I

% FORMAT is VHT and Not present N N

> PSDU_LENGTH is

5! greater than 0

<

5 Otherwise See corresponding entry in Table 20-1
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Table 22-1—TXVECTOR and RXVECTOR parameters (continued)

- [ad @
7} (@) @)
T =
g Condition Value o | oo
; 2|2
& e
FORMAT is VHT and Contains a set of compressed beamforming feedback matricesas | N Y
PSDU_LENGTH equals 0 | defined in 22.3.11.2 based on the channel measured during the
'<T: training symbols of the received VHT NDP PPDU.
>
>! FORMAT is VHT and Not present N, )N
< PSDU_LENGTH is
T
O greater than 0
Otherwise See corresponding entry in Table 20-1
FORMAT is VHT Contains an array of delta SNR values as defined in 8.4.0:49 M Y
o based on the channel measured during the training symbols of U
z the received VHT NDP PPDU.
I
E NOTE—In the RXVECTOR this parameter 4S,present only for
w VHT NDP PPDUs for MU sounding.
Otherwise Not present N
= Is a measure of the received RE.power averaged over all the N Y
@) receive chains in the Data field-0f a received PPDU. Refer to
@ 20.3.21.6 for the definition ‘ef RCPI.
FORMAT is VHT Contains an array of réeeived SNR measurements for each N Y
spatial stream. SNRvindications of 8 bits are supported. SNR
x shall be the sum ofithe decibel values of SNR per tone divided by
z the number oftenes represented in each stream as described in
wn
8.4.1.48
Otherwise See cofresponding entry in Table 20-1
E FORMAT is VHT Neotpresent N N
EI Otherwise See corresponding entry in Table 20-1
Q
@,
o
zZ
O] FORMAT is\VHT Indicates which FEC encoding is used. M Y
% Enumerated type: U
o BCC_CODING indicates binary convolutional code.
O, LDPC_CODING indicates low-density parity check code.
Q
N Qtherwise See corresponding entry in Table 20-1
FORMAT is VHT Indicates whether STBC is used. Y Y
& 0 indicates no STBC (Ng1s=Ngg in the Data field).
@ 1 indicates STBC is used (Nsts=2Ngg in the Data field).
5 This parameter is 0 for a VHT MU PPDU.
Otherwise See corresponding entry in Table 20-1
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Table 22-1—TXVECTOR and RXVECTOR parameters (continued)
14 @
S O | O
@ = =
g Condition Value o | oo
; 2|2
& o
FORMAT is HT_MF, Indicates whether a short guard interval is used in the Y Y
HT_GF or VHT transmission of the Data field of the PPDU.
w Enumerated type:
S LONG_GI indicates short Gl is not used in the Data field of
= the PPDU.
5 SHORT _Gl indicates short Gl is used in the Data field of the
PPDU.
Otherwise Not present N N
N FORMAT is VHT The allowed values for the TXPWR_LEVEL parameter,are in Y N
g the range from 1 to
] numberOfOctets(dot11TxPowerLevelExtended)/2., This
- parameter is used to indicate which of the available/transmit
03: output power levels defined in dot11TxPowerkevelExtended
g shall be used for the current transmission.
= Otherwise See corresponding entry in Table 201
FORMAT is VHT The allowed values for the RSS! ‘parameter are in the range 0 to N Y
255 inclusive. This parameteris.a measure by the PHY of the
_ power observed at the antennas used to receive the current PPDU
7 measured during the reception of the VHT-LTF field. RSSI is
o intended to be used imawelative manner, and it is a
monotonically ingreasing function of the received power.
Otherwise See corresponding entry in Table 20-1
FORMAT is VHT Indicates the modulation and coding scheme used in the M Y
n transmission of the PPDU. U
g Integer: range 0 to 9
Otherwise See corresponding entry in Table 20-1
A FORMAT is HT_MF, Indicates the MCS that the STA’s receiver recommends. N (¢}
S HT_GF or VHT
I
E Otherwise Not present N N
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Table 22-1—TXVECTOR and RXVECTOR parameters (continued)

Condition Value

Paranjeter
TXVEQTOR
RXVECQTOR

FORMAT is HT_MF or See corresponding entry in Table 20-1
HT_GF

FORMAT is VHT Indicates the channel width of the transmitted PPDU: Y Y
Enumerated type:
CBW?20 for 20 MHz
CBWA40 for 40 MHz
CBW80 for 80 MHz
CBW160 for 160 MHz
CBW80+80 for 80+80 MHz

FORMAT is NON_HT In TXVECTOR, indicates the channel width of the transmitted Y Y
PPDU.

In RXVECTOR, indicates the estimated channelwidth of the
received PPDU.

Enumerated type:

CBW40, CBW80, CBW160, or CBW80+80 if
NON_HT_MODULATION equals
NON_HT_DUP_OFDM

CBW?20 if NON_HT_MODULATION equals OFDM

CH_BANDWIDTH

FORMAT is NON_HT In TXVECTOR, if presentindicates whether the transmitter is O Y
capable of Static or Dyhamic bandwidth operation.
In RXVECTOR, if ¥alid, indicates whether the transmitter is
capable of Static @ Dynamic bandwidth operation.
Enumerated type:
Static if the fransmitter is capable of Static bandwidth
operation
Dynamic if the transmitter is capable of Dynamic bandwidth
operation

NOTE—In the RXVECTOR, the validity of this parameter is
determined by the MAC based on the contents of the received
MPDU.

DYN_BANDWIDTH_IN_NON_HT

Otherwise Not present

FORMAT is NON_HT In TXVECTOR, if present, indicates the channel width of the 0] Y
transmitted PPDU, which is signaled via the scrambling
sequence.
In RXVECTOR, if valid, indicates the channel width of the
received PPDU, which is signaled via the scrambling sequence.
Enumerated type:

CBW?20, CBW40, CBW80, CBW160, CBW80+80

NOTE—In the RXVECTOR, the validity of this parameter is
determined by the MAC based on the contents of the currently
received MPDU (e.g RTS) or the previous MPDU in an
exchange (e.g., the RTS preceding a CTS).

CH_BANDWIDTH_IN_NON_HT

Otherwise Not present N N

FORMALT 1s HT_MF or See correspondlng entry In Table 20-1
HT_GF

LENGTH

Otherwise Not present N N
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Table 22-1—TXVECTOR and RXVECTOR parameters (continued)

LOCAL AND METROPOLITAN AREA NETWORKS—AMENDMENT 4: ENHANCEMENTS

— [ad @
7} (@) @)
@ = =
g Condition Value o | oo
; 2|2
& o
FORMAT is VHT If equal to 0, indicates a VHT NDP PPDU for both RXVECTOR | M O
and TXVECTOR. u
If greater than 0 in the TXVECTOR, indicates the number of
octets in the range 1 to 1 048 575 in the A-MPDU pre-EOF
padding (see 9.12.2) carried in the PSDU. This parameter is used
T to determine the number of OFDM symbols in the Data field that
5 do not appear after a subframe with 1 in the EOF subfield and,
= after being rounded up to a 4 octet boundary with the two LSBS
w removed, is placed in the VHT-SIG-B Length field.
I
[a W
& NOTE—The rounding up of the APEP_LENGTH, parameter to a
< 4-octet word boundary could result in a value that is larger than
the PSDU_LENGTH calculated using the equations in 22.4.3.
If greater than 0 in the RXVECTOR, this parameter is the value
obtained from the VHT-SIG-B Lengthdield multiplied by 4.
Otherwise Not present N
T FORMAT is VHT Indicates the number of octets in the VHT PSDU in the range of | N Y
6 0to 1 048 575 octets. A value of 0 indicates a VHT NDP PPDU.
4
"_'.JI Otherwise Not present N | N
2
[a}
)
[a
zZ FORMAT is VHT and Indexsfor user in MU transmission. Integer: range 0-3. M e}
,9 1<GROUP_ID < 62 U
5 NOTE—The entries in the USER_POSITION array are in
o ascending order.
&
é Otherwise Not present N | N
D
* FORMAT is VHT Indicates the number of space-time streams. M Y
— Integer: range 1-8 for SU, 1-4 per user in the TXVECTOR and 0- | U
2 4 in'the RXVECTOR for MU.
% NUM_STS summed over all users is in the range 1 to 8.
z
Otherwise Not present
a FORMAT is VHT Indicates the group ID. Y |Y
= Integer: range 0-63 (see Table 22-12)
& A value of 0 or 63 indicates a VHT SU PPDU. A value in the
8 range 1 to 62 indicates a VHT MU PPDU.
© Otherwise Not present
a) FORMAT is VHT and Provides an abbreviated indication of the intended recipient(s) of | Y Y
< GROUP_ID is 0 or 63 the PSDU (see 9.17a).
3:1' Integer: range 0-511.
E Otherwise Not present N N
S
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Table 22-1—TXVECTOR and RXVECTOR parameters (continued)

- [ad @
7} (@) @)
@ = =
g Condition Value o | oo
; 2|2
& o

2 FORMAT is VHT Indicates the number of users with non-zero space-time streams. | Y N

% Integer: range 1 to 4.

-]

EI Otherwise Not present N N

)

zZ

a FORMAT is VHT and Set to 1 if a beamforming steering matrix is applied to the Y 0]

w GROUP_ID is 0 or 63 waveform in an SU transmission as described in 20.3.11.11.2.

E Set to 0 otherwise.

@]

% NOTE—When BEAMFORMED is set to 1, smoothingtis not

5 recommended.

m .

Otherwise Not present

8 FORMAT is VHT Indicates whether a VHT AP allows non-AP VHT STAs in Y Y

2 TXOP power save mode to enter Dozesstate during the TXOP.

(@]

j 0 indicates that the VHT AP allews'non-AP VHT STAs to enter

< doze mode during a TXOP.

|_

% 1 indicates that the VHT AP does not allow non-AP VHT STAs

&I to enter doze mode during a TXOP.
I

3 Otherwise Not present N N

X

|_

) Boolean value: e} N

o True'indicates that the MAC entity requests that the PHY

i entity measures and reports time of departure parameters

8 corresponding to the time when the first PPDU energy is sent

| by the transmitting port.

& False indicates that the MAC entity requests that the PHY

g entity neither measures nor reports time of departure

E parameters.

o

£

W

a

0!

©

w

=

|_
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Table 22-1—TXVECTOR and RXVECTOR parameters (continued)
— © @
O O

g =
g Condition Value o | oo
; 2
& o

E dot11MgmtOptionTiming | Oto 2%2_ 1. An estimate of the offset (in 10 ns units) from the N Y

7 MsmtActivated is true point in time at which the start of the preamble corresponding to

T the incoming frame arrived at the receive antenna port to the

8| point in time at which this primitive is issued to the MAC.

<§,: Otherwise Not present NN N

i

o

©

&

<

9,

x

(o4

NOTE 1—In the “TXVECTOR” and “RXVECTOR” columns, the following apply:
Y = Present;
N = Not present;
O = Optional;
MU indicates that the parameter is present once for a VHT SU PPRU and present per user for a VHT MU PPDU.
Parameters specified to be present per user are conceptually supplied’as an array of values indexed by u, where u
takes values 0 to NUM_USERS-1.

NOTE 2—On reception, where valid, the CH_BANDWIDTH,) IN_NON_HT parameter is likely to be a more reliable
indication of subformat and channel width than the NON.,HT_MODULATION and CH_BANDWIDTH parameters,
since for non-HT or non-HT duplicate frames, CH_BANDWIDTH is a receiver estimate of the bandwidth, whereas
CH_BANDWIDTH_IN_NON_HT is the signaled handwidth.

22.2.3 Effects of CH_BANDWIDTHparameter on PPDU format

Table 22-2 shows the PPDU farmat as a function of the CH_BANDWIDTH parameter.

Table 22-2—'PPDU format as a function of CH_BANDWIDTH parameter

NON_HT
FORMAT MODULATION CH_BANDWIDTH PPDU format

VHT, CBW20 The STA transmits an HT-mixed PPDU (when

HT_MFor FORMAT is HT_MF) or HT-greenfield PPDU (when

HT-GF FORMAT is HT_GF) or VHT PPDU (when FORMAT
is VHT) of 20 MHz bandwidth. If the operating channel
width is wider than 20 MHz, then the transmission shall
use the primary 20 MHz channel.

VHT, CBW40 The STA transmits an HT-mixed PPDU (when

HT_MF or FORMAT is HT_MF) or HT-greenfield PPDU (when

HT_GF FORMAT is HT_GF) or VHT PPDU (when FORMAT
1s VHT) of 40 MHz bandwidth. If the operating channel
width is wider than 40 MHz, then the transmission shall
use the primary 40 MHz channel.
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Table 22-2— PPDU format as a function of CH_BANDWIDTH parameter (continued)

NON_HT_

FORMAT MODULATION

CH_BANDWIDTH PPDU format

VHT CBW80 The STA transmits a VHT PPDU of 80 MHz
bandwidth. If the operating channel width is 160 MHz
or 80+80 MHz, then the transmission shall use the
primary 80 MHz channel.

VHT CBW160 The STA transmits a VHT PPDU of 160 MHz
bandwidth.

VHT CBW80+80 The STA transmits a VHT PPDU of 80+80 MHz
bandwidth.

NON_HT OFDM CBW20 The STA transmits a NON_HT PPDU,with
NON_HT_MODULATION set to QEDM using the
primary 20 MHz channel as defined.in Clause 18.

NON_HT NON_HT_DUP_ | CBW40 The STA transmits a NON_HT,PPDU with

OFDM NON_HT_MODULAT]@N set to
NON_HT_DUP_OFDM using two adjacent 20 MHz
channels as defined.in 22.3.10.12. If the operating
channel width is'wider than 40 MHz, then the
transmission shalluse the primary 40 MHz channel.
The one 20 WIHZz channel higher in frequency is rotated
+90° relative 'to the 20 MHz channel lowest in
frequency as defined in Equation (22-15).

NON_HT NON_HT_DUP_ | CBW80 THe)STA transmits a NON_HT PPDU with

OFDM NON_HT_MODULATION set to
NON_HT_DUP_OFDM using four adjacent 20 MHz
channels as defined in 22.3.10.12. If the BSS operating
channel width is 160 MHz or 80+80 MHz, then the
transmission shall use the primary 80 MHz channel.
The three 20 MHz channels higher in frequency are
rotated +180° relative to the 20 MHz channel lowest in
frequency as defined in Equation (22-16).

NON_HT NON_HT_DUP_ | -GBW160 The STA transmits a NON_HT PPDU with

OFDM NON_HT_MODULATION set to
NON_HT_DUP_OFDM using eight adjacent 20 MHz
channels as defined in 22.3.10.12. The second, third,
fourth, sixth, seventh, and eighth 20 MHz channels in
the order of increasing frequency are rotated +180°
relative to the 20 MHz channel lowest in frequency as
defined in Equation (22-17).

NON_HT NON_HT_DUP_ | CBW80+80 The STA transmits a NON_HT PPDU with

OFDM NON_HT_MODULATION set to
NON_HT_DUP_OFDM using two non-adjacent
frequency segments, with each frequency segment
consisting of four adjacent 20 MHz channels as defined
in 22.3.10.12. In each frequency segment, the three

20 MHz channels higher in frequency are rotated +180°
relative to the 20 MHz channel lowest in frequency as
defined in Equation (22-16).
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22.2.4 Support for NON_HT and HT formats

22.2.4.1 General

i oTTtar ause 16, ause 20, and auSe P : e MACterfacestothe
PHYSs via the Clause 22 PHY service interface, which in turn interacts with the Clause 18 and Clause 20
PHY service interfaces as shown in Figure 22-1, Figure 22-2, and Figure 22-3.

Clause 22 PHY-TXSTART.request(TXVECTOR)

and 22.3.9.2, and with and 22.3.9.1, and with
22.3.18.1 instead of 20.3.20.1 and 22.3.18.1 instead of 18.3\9:3 and
22.3.18.4.2 instead of 20.3.20.4 22.3.18.4.2 instead of 18.3.9.7.2

|

|

|

| ;

I Procedure duplicate PPDU
|

|

|

Clause 22
PHY-TXSTART.confirm FORMAT FORMAT = NON_HT and FORMAT = NON_HT and FORMAT
PHY-DATA.request =HT NON_HT_MODULATION NON_HT_MODULATION = =VHT
PHY-DATA.confirm = OFDM NON_HT_DUP_OFDM
PHY-TXEND.request
PHY-TXEND.confirm A A A
R IR, AN AN Y ____X -
. 7 N N |
\ 4 \ 4 \ 4 | Clause 18 Clause 22 o ©
Clause 20 22243 Clause 18 22242 1| PHY-TXSTARTConfirm | Transmit o O
PHY-TXSTART.confirm PHY-TXSTART.confirm Il PHY-DATAJequest | Procedure | | > |
PHY-DATA request Clause 20 PHY-DATA request Clause18 1| ppyy pATA confirm fa 2
PHY-DATA confirm | | PHY-TXSTART||  PHY-DATA.confirm PHY-TXSTART 1| o twEND. request I
PHY-TXEND.request ‘request PHY-TXEND.request request : PHY-TXEND.confirm '
PHY-TXEND.confirm || (TXVECTOR) [| PHY-TXEND.confirm || (TXVECTOR) | |
I
¢ l ¢ i '__Q_____________v__ |
(| A( A( |
Clause 20 Transmit Procedure; Clause 18 Transmit Proceduré; : Clause 18 22.3.10.12 and Clause 22 |
Clause 20 PPDU extended by 22.2.3 Clause 18 PPDU extended by 22':2:3 | Transmit 22.3.18 non-HT VHT PPDU :
! |
! |
I |
I |
! |

Figure 22-1— PHY.intgraction on transmit for various PPDU formats
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Clause 22 PHY-RXSTART.indication(RXVECTOR)

Clause 22
PHY-DATA.indication
PHY-RXEND.indication

A r—==—===-=
| : I K |
Note: Not all 22.2.4.2 I Clause 18 [ 22243 : Clause 20 I '
parameters are Il PHY-DATA.indication | I PHY-DATA.indication : I :
shown. : PHY-RXEND.indication | | PHY-RXEND.indication I : I
e — S
|
| Clause 18 Clausg 18 Il Clatse 20 Clausg 20 I Clausg 2
Receive 1l Receive Receive |
I indication Procedure | TRAS Procedure [ Procedure
I Indical (l .indication N |
(RXVECTOR) Il (RXVECTOR) /! |
I_ — S S S = | |
NON_HT  $'NON_HT + HT : VHT |
+ OFDM NON_HT_DUP_OFDM | I
- T TS mm——— |
! [
: Format Detection |
|
L_ T __________________________________________ 1
Figure 22-2—PHY interaction on receive for{various PPDU formats
Clause 22 PHY-CONFIG.request I Clause 22 PHY-CONFIG.confirm I Clause 22

(PH

YCONFIG_VECTOR)

|
1
22.2.4.2 22.2.43 :
|
Clause 18 PHY- Clause 20 PHY- |”Clause 22
CONFIG.request CONFIG.request ]
(PHYCONFIG_ (PHYCONFIG( |
VECTOR) VECTOR), |
.

I
|
|
|
|
: Clause 18 PHY-
|
|
|
|
|

CONFIG.confirm

Clause 20 PHY-
CONFIG.confirm

PHY-CCARESET.request
PHY-CCARESET.confirm
PHY-CCA.indication

~

|
|
|
|
! The PHY-CCA and PHY-
Clause 22 | CCARESET primitives from

| clauses 18 and 20 are unused
1 (CCA requirements are defined
| in 22.3.19.5 instead)

|

|

Figure 22-3—PHY:-CONFIG and CCA interaction with Clause 18, Clause 20, and Clause 22 PHYs
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22.2.4.2 Support for NON_HT format when NON_HT_MODULATION is OFDM

When a PHY-TXSTART.request(TXVECTOR) primitive with the FORMAT parameter equal to NON_HT
and the NON_HT_MODULATION parameter equal to OFDM is issued, the behavior of the VHT PHY is

tefimedHm Clause-18-withradditionat requirerments describedmrthe-foltowimgsubclauses:
— 22391
— 22.3.18.1instead of 18.3.9.3
— 22.3.18.4.2 instead of 18.3.9.7.2

The Clause 22 TXVECTOR parameters in Table 22-1 are mapped to Clause 18 TXVECTOR parameters;in
Table 18-1 according to Table 22-3 and the Clause 18 PHY-TXSTART.request(TXVECTOR) primitive is
issued.

NOTE—When the FORMAT parameter is set to NON_HT and the NON_HT_MODULATION parameter is set to
NON_HT_DUP_OFDM in a PHY-TXSTART.request(TXVECTOR) primitive, the behavior of, the VHT PHY is
defined in Clause 22.

When the VHT PHY receives a Clause 22 PHYCONFIG.request(PHYCONFIG _VECTOR) primitive, the
VHT PHY shall issue a Clause 18 PHYCONFIG.request(PHYCONFIG_VECFOR) primitive but with the
OPERATING_CHANNEL and CHANNEL_OFFSET parameters discarded from
PHYCONFIG_VECTOR. In order to transmit a non-HT PPDU on the primary channel, the MAC shall
configure dot11CurrentFrequency to dotl1CurrentPrimaryChannel before transmission.

As defined in 22.3.21, once a PPDU is received and detected as@NON_HT PPDU, the behavior of the VHT
PHY is defined in Clause 18. The RXVECTOR parameters from the Clause 18 PHY-RXSTART.indication
primitive are mapped to the Clause 22 RXVECTOR _parameters as defined in Table 22-3. VHT PHY
parameters not listed in the table are not present.

Table 22-3—Mapping of the VHT"PHY parameters for NON_HT operation

5 GHz operation defined by

VHT PHY Parameter Parameter List

Clause 18
L LENGTH LENGTH TXVECTOR/RXVECTOR
L_DATARATE DATARATE TXVECTOR/RXVECTOR
TXPWR_LEVEL TXPWR_LEVEL TXVECTOR
RSSI RSSI RXVECTOR
SERVICE SERVICE TXVECTOR/RXVECTOR
RCP} RCPI RXVECTOR

CH) BANDWIDTH_IN_NON_HT CH_BANDWIDTH_IN_NON_HT TXVECTOR/RXVECTOR

DYN_BANDWIDTH_IN_NON_HT | DYN_BANDWIDTH_IN_NON_HT | TXVECTOR/RXVECTOR

OPERATING_CHANNEL discarded (see NOTE) PHYCONFIG_VECTOR

CHANNEL_OFFSET discarded (see NOTE) PHYCONFIG_VECTOR

NOTE—fc in Equation (18-1) is set from dot11CurrentFrequency.
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22.2.4.3 Support for HT formats

When a PHY-TXSTART.request(TXVECTOR) primitive with the TXVECTOR parameter FORMAT in a
PHY-TXSTART.request equal to HT_MF or HT_GF, the behavior of the PHY is defined by Clause 20 with

additionatrequirerments defimed-mrthe-foltowimysubclauses:
— 22392
— 22.3.18.1 instead of 20.3.20.1
— 22.3.18.4.2 instead of 20.3.20.4

The Clause 22 TXVECTOR parameters in Table 22-1 are mapped directly to Clause 20 TXVECTOR
parameters in Table 20-1 and the Clause 20 PHY-TXSTART.request(TXVECTOR) primitive is issuéd.

When the VHT PHY receives a Clause 22 PHYCONFIG.request(PHYCONFIG_VECTOR) primitive, the
VHT PHY shall issue a Clause 20 PHYCONFIG.request(PHYCONFIG_VECTOR) primitive*but with the
OPERATING_CHANNEL parameter set to min(40 MHz, dotl1CurrentChannelWidth) and the
CHANNEL_OFFSET parameter set to CH_OFFSET_NONE if dotl1CurrentChanpelWidth indicates
20 MHz, to CH_OFFSET_ABOVE if fpy0 g < fsz0,iax » OF t0 CH_OFFSET_BELOWAIT o i > fszo.iax - I
order to transmit a 40 MHz HT PPDU, the MAC shall configure dot11CurrentSecondaryChannel to fgy,
The quantities fp,g jax and fspg jgx are defined in 22.3.7.3.

idx -

As defined in 22.3.21, once a PPDU is received and detected as an HT_PRDU, the behavior of the VHT PHY
is defined in Clause 20. The RXVECTOR parameters in Tablev20-1 from the Clause 20 PHY-
RXSTART.indication primitive are mapped directly to the RXMECTOR parameters in Table 22-1 and a
Clause 22 PHY-RXSTART.indication primitive is issued.

22.3 VHT PHY layer
22.3.1 Introduction

This subclause provides the procedure bywhich PSDUs are converted to and from transmissions on the
wireless medium.

During transmission, a PSDU (in the SU case) or one or more PSDUs (in the MU case) are processed (i.e.,
scrambled and coded) and appended to the PHY preamble to create the PPDU. At the receiver, the PHY
preamble is processed to aid-in-the detection, demodulation, and delivery of the PSDU.

22.3.2 VHT PPDU format

A single PPDU(format is defined for this PHY: the VHT PPDU format. Figure 22-4 shows the VHT PPDU
format.

8 us 8 us 4 us 8 us 4 us 4 s per VHT-LTF symbol 4 us
e A ~ A R AL —
L- VHT- VHT-
L-STF L-LTF sIG VHT-SIG-A STE VHT-LTF SIG-B Data

Figure 22-4—VHT PPDU format
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The fields of the VHT PPDU format are summarized in Table 22-4.

Table 22-4—Fields of the VHT PPDU

Field Description
L-STF Non-HT Short Training field
L-LTF Non-HT Long Training field
L-SIG Non-HT SIGNAL field
VHT-SIG-A VHT Signal A field
VHT-STF VHT Short Training field
VHT-LTF VHT Long Training field
VHT-SIG-B VHT Signal B field
Data The Data field carries the PSDU(s)

The VHT-SIG-A, VHT-STF, VHT-LTF, and VHT-SIG-B fields exist.only in VHT PPDUs. In a VHT NDP
the Data field is not present. The number of symbols in the VHT-LTF field, Ny 1r. Can be either 1, 2, 4, 6,
or 8 and is determined by the total number of space-time streams.across all users being transmitted in the
VHT PPDU (see Table 22-13).

22.3.3 Transmitter block diagram

The generation of each field in a VHT PPDU uses:many of the following blocks:

a) PHY padding
b)  Scrambler
¢) BCC encoder parser
d) FEC (BCC or LDPC) encoders
e)  Stream parser
f)  Segment parser (for-contiguous 160 MHz and noncontiguous 80+80 MHz transmissions)
g) BCC interleaver
h)  Constellation ‘mapper
i)  Pilot ingertion
) Replicate over multiple 20 MHz (if BW > 20 MHz)
k) Multiply by 1st column of Pyt 1F
1) C~'LDPC tone mapper
m) Segment deparser
n)  Space time block code (STBC) encoder
0) Cyclic shift diversity (CSD) per STS insertion
p) Spatial mapper
q) Inverse discrete Fourier transform (IDFT)
r)  Cyclic shift diversity (CSD) per chain insertion
s)  Guard interval (Gl) insertion
t)  Windowing
230 Copyright © 2013 IEEE. All rights reserved.



https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

IEEE
FOR VERY HIGH THROUGHPUT FOR OPERATION IN BANDS BELOW 6 GHz Std 802.11ac-2013

Figure 22-5 to Figure 22-16 show example transmitter block diagrams. The actual structure of the
transmitter is implementation dependent. In particular, Figure 22-5 shows the transmit process for the L-SIG
and VHT-SIG-A fields of a VHT PPDU using one frequency segment. These transmit blocks are also used
to generate the non-VHT modulated fields of the VHT PPDU, except that the BCC encoder and interleaver

PI
are ot USEd VV' 5] gEI eratt |g the l:'S I F ol d l:'t I F IeTus.

Insert Gl Analo
and "l and ng: I
Window
) N
. L T Insert Gl
] o
_ o 2| [EZ cSD and > g:j"‘gﬁ S
g z g EN Window
o [<5] o A
2 3 & S
—® O 2 = da™®a ™
Q = = Q= =
O Q i) T N .
m O @ S T .
i} c =
o =
O 4 8
Insert Gl Analo
N Y] - CSD > and > 9 -
M Window and RF
Single Spatial Stream
N
v

Nrx Transmit Chains
Figure 22-5—Transmitter block diagram, forthe L-SIG and VHT-SIG-A fields

Figure 22-6 and Figure 22-7 show the transmit pro€essfor generating the VHT-SIG-B field of a VHT SU
PPDU and VHT MU PPDU, respectively, in 200MHz, 40 MHz, and 80 MHz channel widths. Figure 22-8
and Figure 22-9 show the transmit process for generating the VHT_SIG-B field of a 160 MHz and
80+80 MHz VHT SU PPDU, respectively:

Figure 22-10 shows the transmitter blocks used to generate the Data field of a 20 MHz, 40 MHz, and
80 MHz VHT SU PPDU with BCE\encoding for a single frequency segment. A subset of these transmitter
blocks consisting of the constellation mapper and CSD blocks, as well as the blocks to the right of, and
including, the spatial mapping- block, are also used to generate the VHT-LTF fields. This is illustrated in
Figure 22-21. A subset pof\these transmitter blocks consisting of the constellation mapper and CSD blocks, as
well as the blocks to the/right of, and including, the spatial mapping block, are also used to generate the
VHT-STF field but'without the multiplication by A, ¢ (defined in Equation (22-40)).

Figure 22-11(shows the transmitter blocks used to generate the Data field of a 20 MHz, 40 MHz, and
80 MHz VHT SU PPDU with LDPC encoding for a single frequency segment.

Figure22-12 shows the transmit process for generating the Data field of a 20 MHz, 40 MHz, or 80 MHz
XHT MU PPDU with BCC and LDPC encoding.

Figure 22-13 and Figure 22-14 show the transmit process for generating the Data field of a contiguous 160
MHz VHT SU PPDU with BCC and LDPC encoding, respectively.

Figure 22-15 and Figure 22-16 show the transmit process for generating the Data field of a noncontiguous

80+80 MHz VHT SU PPDU with BCC and LDPC encoding, respectively.
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22.3.4 Overview of the PPDU encoding process

22.3.4.1 General

This subclause provides an overview of the VHT PPDU encoding process.

22.3.4.2 Construction of L-STF

Construct the L-STF field as defined in 22.3.8.2.2 with the following highlights:

a) Determine the CH\BANDWIDTH from the TXVECTOR.

b)  Sequence generation: Generate the L-STF sequence over the CH_BANDWIDTH as described in
22.3.8.2.2,

c) Phase_rotation: Apply appropriate phase rotation for each 20 MHz subchannel as described in
22,3. %4 and 22.3.7.5.

d) dDFT: Compute the inverse discrete Fourier transform.

e)C~ CSD: Apply CSD for each transmit chain and frequency segment as described in 22.3.8.2.1.

f) Insert Gl and apply windowing: Prepend a Gl (LONG_GI) and apply windowing as described in
22.3.7.4.

g) Analog and RF: Up-convert the resulting complex baseband waveform associated with each
transmit chain to an RF signal according to the center frequency of the desired channel and transmit.
Refer to 22.3.7.4 and 22.3.8 for details.
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Figure 22-11—Transmitter block diagram for the Data field of a 20 MH, 40 MHz, or 80 MHz
VHT SUPPDU with LDPC encoding

22.3.4.3 Construction of.the'’L-LTF

Construct the L-LTF field as defined in 22.3.8.2.3 with the following highlights:
a) Determine the CH_BANDWIDTH from the TXVECTOR.
b)  Sequence)generation: Generate the L-LTF sequence over the CH_BANDWIDTH as described in
22.3.8.2.3.
c) (Phase rotation: Apply appropriate phase rotation for each 20 MHz subchannel as described in
22.3.7.4 and 22.3.7.5.

d)) IDFT: Compute the inverse discrete Fourier transform.
e) CSD: Apply CSD for each transmit chain and frequency segment as described in 22.3.8.2.1.

f)  Insert Gl and apply windowing: Prepend a Gl (2 x LONG_GI) and apply windowing as described
in22.3.7.4.

g) Analog and RF: Up-convert the resulting complex baseband waveform associated with each

+ - aloos + DL . 1 A H ot + £. £ 3l l H Al I 1 A+ ++
arsrmmeiranT U dim T SIiyitdi aLLUTuUniy U te LETIICT TTCYUTTIVy UT e U siicuLidimieT diriutrdirsrit.

Refer t0 22.3.7.4 and 22.3.8 for details.
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Figure 22-12—Transmitter block diagram for the Data field of a 20 MHz, 40 MHz, or 80 MHz VHT
MU PPDU

22.3.4.4 Construction of L-SIG

Constructsthe .L-SIG field as the SIGNAL field defined by 22.3.8.2.4 with the following highlights:

a) «'ForaVHT PPDU, set the RATE subfield in the SIGNAL field to 6 Mb/s. Set the Length, Parity, and
Tail bits in the SIGNAL field as described in 22.3.8.2.4.

Py BCC encoder: Encode the SIGNAL field by a convolutional encoder at the rate of R=1/2 as
described in 22.3.10.5.3.

¢) BCC interleaver: Interleave as described in 22.3.10.8.

d) Constellation Mapper: BPSK modulate as described in 22.3.10.9.

e) Pilot insertion: Insert pilots as described in 22.3.10.11.

f)  Duplication and phase rotation: Duplicate the L-SIG field over each 20 MHz of the

CH_BANDWIDTH. Apply appropriate phase rotation for each 20 MHz subchannel as described in
22.3.7.4 and 22.3.7.5.
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Figure 22-13—Transmitter block diagram for the Data-field of a 160 MHz VHT SU PPDU with BCC
encaoding

g) IDFT: Compute the inverse discrete.Fourier transform.

h)  CSD: Apply CSD for each transmit'chain and frequency segment as described in 22.3.8.2.1.

i) Insert Gl and apply windowing: Prepend a Gl (LONG_GI) and apply windowing as described in
22.3.7.4.

j)  Analog and RF: Up-convert the resulting complex baseband waveform associated with each
transmit chain to.arl.RF signal according to the center frequency of the desired channel and transmit.
Refer to 22.3.7(4 and 22.3.8 for details.

22.3.4.5 Construction of VHT-SIG-A

The VHT/SIG-=A field consists of two symbols, VHT-SIG-AL and VHT-SIG-A2, as defined in 22.3.8.3.3
and is constructed as follows:
a)~" Obtain the CH_BANDWIDTH, STBC, GROUP_ID, PARTIAL_AID (SU only), NUM_STS,
GI_TYPE, FEC_CODING, MCS (SU only), BEAMFORMED (SU only), NUM_USERS, and
TXOP_PS_NOT_ALLOWED from the TXVECTOR. Add the reserved bits, append the calculated
CRC, then append the N,,;, tail bits as shown in 22.3.8.3.3. This results in 48 uncoded bits.

b) BCC encoder: Encode the data by a convolutional encoder at the rate of R=1/2 as described in

A} RDOC tntarl ok ntarl ') A yilbhod sn 10 O O 7
\4) DULC TImericavir. 1mineritavi do UTouriuvtu 1Tt 1U.9.J. T,

d) Constellation mapper: BPSK modulate the first 48 interleaved bits as described in 18.3.5.8 to form
the first symbol of VHT-SIG-A. BPSK modulate the second 48 interleaved bits and rotate by 90°
counter-clockwise relative to the first symbol to form the second symbol of VHT-SIG-A.
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Figure 22-14—Transmitter block diagram for the Data field of a 160 MHz VHT SU PPDU with LDPC
encading

e) Pilot insertion: Insert pilots as describéd in 18.3.5.10.

f)  Duplication and phase rotation: Duplicate VHT-SIG-Al and VHT-SIG-A2 over each 20 MHz of the
CH_BANDWIDTH. Apply.theappropriate phase rotation for each 20 MHz subchannel as described
in 22.3.7.4 and 22.3.7.5.

g) IDFT: Compute the inverse discrete Fourier transform.
h)  CSD: Apply CSD foreach transmit chain as described in 22.3.8.2.1.

i) Insert Gl and apply windowing: Prepend a Gl (LONG_GI) and apply windowing as described in
22.3.7.4.

j)  Analog(and RF: Up-convert the resulting complex baseband waveform associated with each
transmit chain to an RF signal according to the center frequency of the desired channel and transmit.
Refer'to 22.3.7.4 and 22.3.8 for details.

22.34)6 Construction of VHT-STF

The VHT-STF field is defined in 22.3.8.3.4 and is constructed as follows:

a) Sequence generation: Generate the VHT-STF in the frequency-domain over the bandwidth indicated
by CH_BANDWIDTH as described in 22.3.8.3.4.

b) Phase rotation: Apply appropriate phase rotation for each 20 MHz subchannel as described in

22314 and 22375
c) CSD: Apply CSD for each space-time stream and frequency segment as described in 22.3.8.3.2.
d) Spatial mapping: Apply the Q matrix as described in 22.3.10.11.1.
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Figure 22-15—Transmitter bleck diagram for the Data field of an 80+80 MHz VHT SU PPDU with
BCC encoding

e) IDFT.-Compute the inverse discrete Fourier transform.

f)  Insert;Gl and apply windowing: Prepend a GI (LONG_GI) and apply windowing as described in
22:3.7.4.

g)“~ Analog and RF: Up-convert the resulting complex baseband waveform associated with each

transmit chain to an RF signal according to the center frequency of the desired channel and transmit.
Refer to 22.3.7.4 and 22.3.8 for details.
22.3.4.7 Construction of VHT-LTF

The VHT-LTF field is defined in 22.3.8.3.5 and constructed as follows:

a) Sequence generation: Generate the VHT-LTF sequence in the frequency-domain over the bandwidth
indicated by CH_BANDWIDTH as described in 22.3.8.3.5.
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Figure 22-16—Transmitterblock diagram for the Data field of an 80+80 MHz VHT SU PPDU with
LDPC encoding

b) Phas€ rotation: Apply appropriate phase rotation for each 20 MHz subchannel as described in
22°3,7.4 and 22.3.7.5.

€) _~NAYHTLTE Matrix mapping: Apply the Pyt e matrix to the VHT-LTF sequence and apply the
RynTLTE Matrix to the pilot tones as described in 22.3.8.3.5.

d) CSD: Apply CSD for each space-time stream and frequency segment as described in 22.3.8.3.2.
e)  Spatial mapping: Apply the Q matrix as described in 22.3.10.11.1.
f)  IDFT: Compute the inverse discrete Fourier transform.

g) Insert GI and apply windowing: Prepend a Gl (LONG_GI) and apply windowing as described in
22374

h)  Analog and RF: Up-convert the resulting complex baseband waveform associated with each
transmit chain to an RF signal according to the center frequency of the desired channel and transmit.
Refer to 22.3.7.4 and 22.3.8 for details.
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22.3.4.8 Construction of VHT-SIG-B

The VHT-SIG-B field is constructed per-user as follows:
a)  Obtain the VHT-MCS (for MU only) and APEP_LENGTH from the TXVECTOR.

b) VHT-SIG-B bits: Set the VHT-MCS (for MU only) and VHT-SIG-B Length field as described in
22.3.8.3.6. Add the reserved bits (for SU only) and N,,;, bits of tail. For an NDP set VHT-SIG-B to
the fixed bit pattern for the bandwidth used as described in 22.3.8.3.6.

€) VHT-SIG-B Bit Repetition: Repeat the VHT-SIG-B bits as a function of CH_BANDWIDTH as
defined in 22.3.8.3.6.

d) BCC encoder: Encode the VHT-SIG-B field using BCC at rate R=1/2 as described in 18.3.5.6.

e)  Segment parser (if needed): For a contiguous 160 MHz or noncontiguous 80+80 MHz transmission,
divide the output bits of the BCC encoder into two frequency subblocks as described iny22.3.10.7.
This block is bypassed for 20 MHz, 40 MHz, and 80 MHz VHT PPDU transmissions!

f)  BCC interleaver: Interleave as described in 22.3.10.8.
g) Constellation mapper: Map to a BPSK constellation as defined in 18.3.5.8.

h)  Segment deparser (if needed): For a contiguous 160 MHz transmission, merge the two frequency
subblocks into one frequency segment as described in 22.3.10.9.3./This block is bypassed for
20 MHz, 40 MHz, 80 MHz, and 80+80 MHz VHT PPDU transmissions:

i)  Pilot insertion: Insert pilots following the steps described in 22,3710.10.

) Pyprire Matrix mapping: Apply the mapping of the 1st column of the Py ¢ Matrix to the data
subcarriers as described in 22.3.8.3.6. The total number of(data and pilot subcarriers is the same as in
the Data field.

k) CSD: Apply CSD for each space-time stream and frequency segment as described in 22.3.8.3.2.
)  Spatial mapping: Apply the Q matrix as described, in 22.3.10.11.1.

m) Phase rotation: Apply the appropriate phasé4otations for each 20 MHz subchannel as described in
22.3.7.4 and 22.3.7.5.

n) IDFT: Compute the inverse discrete Fourier transform.

0) Insert Gl and apply windowing: ‘Rrepend a GI (LONG_GI) and apply windowing as described in
22.3.7.4.

p) Analog and RF: Up-convert the resulting complex baseband waveform associated with each
transmit chain to an RE signal according to the center frequency of the desired channel and transmit.
Refer to 22.3.7.4 and22.3.8 for details.

22.3.4.9 Construction/of the Data field in a VHT SU PPDU
22.3.4.9.1 Using"BCC

The construction of the Data field in a VHT SU PPDU with BCC encoding proceeds as follows:

a) _~JInsert the CRC calculated for VHT-SIG-B in the SERVICE field as described in 22.3.10.2 and
append the PSDU to the SERVICE field.

b) PHY padding: Append the PHY pad bits and tail bits to the PSDU.
¢) Scrambler: Scramble the PHY padded data.

d) BCC encoder: Divide the scrambled bits between the encoders by sending bits to different encoders
in a round robin manner. The number of encoders is determined by rate-dependent parameters
described in 22.5. BCC encode as described in 22.3.10.5.2 and 22.3.10.5.3.

e)  Stream parser: Rearrange the output of the BCC encoders into blocks as described in 22.3.10.6.
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f)  Segment parser (if needed): For a contiguous 160 MHz or noncontiguous 80+80 MHz transmission,
divide the output bits of each stream parser into two frequency subblocks as described in 22.3.10.7.
This block is bypassed for 20 MHz, 40 MHz, and 80 MHz VHT PPDU transmissions.

g) BCC interleaver: Interleave as described in 22.3.10.8.

h)  Constellation mapper: Map to BPSK, QPSK, 16-QAM, 64-QAM, or 256-QAM constellation points
as described in 22.3.10.9.

i)  Segment deparser (if needed): For a contiguous 160 MHz transmission, merge the two frequency
subblocks into one frequency segment as described in 22.3.10.9.3. This block is bypassed for
20 MHz, 40 MHz, 80 MHz, and 80+80 MHz VHT PPDU transmissions.

j)  STBC: Apply STBC as described in 22.3.10.9.4.

k)  Pilot insertion: Insert pilots following the steps described in 22.3.10.10.

I) CSD: Apply CSD for each space-time stream and frequency segment as described in 22(3.8:3.2.

m) Spatial mapping: Apply the Q matrix as described in 22.3.10.11.1.

n) Phase rotation: Apply the appropriate phase rotations for each 20 MHz subcharinel as described in
22.3.7.4 and 22.3.7.5.

0) IDFT: For a noncontiguous 80+80 MHz transmission, map each frequengy, subblocks to the separate
IDFT. Compute the inverse discrete Fourier transform.

p) Insert Gl and apply windowing: Prepend a Gl (SHORT_GI or LONG/GI) and apply windowing as
described in 22.3.7.4.

g) Analog and RF: Up-convert the resulting complex baseband waveform associated with each

transmit chain to an RF signal according to the center frequency of the desired channel and transmit.
Refer to 22.3.7.4 and 22.3.8 for details.

22.3.4.9.2 Using LDPC

The construction of the Data field in a VHT SU RRDU with LDPC encoding proceeds as follows:

a) Insert the CRC calculated for VHT-SIG*B in the SERVICE field as described in 22.3.10.2 and
append the PSDU to the SERVICE field.

b) PHY padding: Append the PHY pad bits to the PSDU. There are no tail bits.

c) Scrambler: Scramble the PHY. padded data.

d) LDPC encoder: The scrambled bits are encoded using the LDPC code with the APEP_LENGTH in
the TXVECTOR as.described in 22.3.10.5.4.

e)  Stream parser: The.eutput of the LDPC encoder is rearranged into blocks as described in 22.3.10.6.

f)  Segment parser(if needed): For a contiguous 160 MHz or noncontiguous 80+80 MHz transmission,
divide the.output bits of each stream parser into two frequency subblocks as described in 22.3.10.7.
This black is bypassed for 20 MHz, 40 MHz, and 80 MHz VHT PPDU transmissions.

g) Constelation mapper: Map to BPSK, QPSK, 16-QAM, 64-QAM or 256-QAM constellation points
as\described in 22.3.10.9.

h)C~'EDPC tone mapper: The LDPC tone mapping shall be performed on all LDPC encoded streams as
described in 22.3.10.9.2.

i)  Segment deparser (if needed): For a contiguous 160 MHz transmission, merge the two frequency
subblocks into one frequency segment as described in 22.3.10.9.3. This block is bypassed for
20 MHz, 40 MHz, 80 MHz, and 80+80 MHz VHT PPDU transmissions.

j)  STBC: Apply STBC as described in 22.3.10.9.4.

[JAY Dilat tncnrtian: Lnenrt malnte fFallvanna thn ctnne dncarihad 10 29 2 110 10

l\, LILLAA LAY R AR L LAV B Y rlIIULJ IUIIUVVIIIy e JL\orl\J UCOUTTUCUTTITT 4, .

I)  CSD: Apply CSD for each space-time stream and frequency segment as described in 22.3.8.3.2.

m)  Spatial mapping: Apply the Q matrix as described in 22.3.10.11.1.
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n) Phase rotation: Apply the appropriate phase rotations for each 20 MHz subchannel as described in
22.3.7.4 and 22.3.7.5.

0) IDFT: For a noncontiguous 80+80 MHz transmission, map each frequency subblocks to the separate
IDFT. Compute the inverse discrete Fourier transform.

p) Insert Gl and apply windowing: Prepend a Gl (SHORT_GI or LONG_GI) and apply windowing as
described in 22.3.7.4.

g) Analog and RF: Up-convert the resulting complex baseband waveform associated with each
transmit chain to an RF signal according to the center frequency of the desired channel and transmit.
Refer to 22.3.7.4 and 22.3.8 for details.

22.3.4.10 Construction of the Data field in a VHT MU PPDU
22.3.4.10.1 General

For an MU transmission, the PPDU encoding process is performed on a per-user basis upta the input of the
Spatial Mapping block except CSD (as described in 22.3.8.3.2). All user data is combinedand mapped to the
transmit chains in the Spatial Mapping block.

22.3.4.10.2 Using BCC

A Data field with BCC encoding is constructed using the process deseribed in 22.3.4.9.1 before the spatial
mapping block and repeated for each user that uses BCC encoding.

22.3.4.10.3 Using LDPC

A Data field with LDPC encoding is constructed using the process described in 22.3.4.9.2 before the spatial
mapping block and repeated for each user that uses LDRC encoding.

22.3.4.10.4 Combining to form a VHT MY-PPDU

The per-user data is combined as follows:

a) Spatial Mapping: The Q matrix:is applied as described in 22.3.10.11.1. The combining of all user
data is done in this block.

b)  Phase rotation: Apply the’appropriate phase rotations for each 20 MHz subchannel as described in
22.3.7.4 and 22.3.7 5!

c) IDFT: Computethe inverse discrete Fourier transform.

d) Insert Gl and ‘apply windowing: Prepend a GI (SHORT_GI or LONG_GI) and apply windowing as
describedin'22.3.7.4.

e) Analog,and RF: Up-convert the resulting complex baseband waveform associated with each
transmit chain to an RF signal according to the center frequency of the desired channel and transmit.
Refer to 22.3.7.4 and 22.3.8 for details.

22:3'5 VHT modulation and coding scheme (VHT-MCS)

The VHT-MCS is a value that determines the modulation and coding used in the Data field of the PPDU. It
is a compact representation that is carried in the VHT-SIG-A field for VHT SU PPDUs and in the VHT-
SIG-B field for VHT MU PPDUs. Rate-dependent parameters for the full set of VHT-MCSs are shown in
Table 22-30 to Table 22-61 (in 22.5). These tables give rate-dependent parameters for VHT-MCSs with

indices 0 to 9, with number of spatial streams from 1 to 8 and bandwidth options of 20 MHz, 40 MHz,
80 MHz, and either 160 MHz or 80+80 MHz. Equal modulation (EQM) is applied to all streams for a
particular user.
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22.3.6 Timing-related parameters

Refer to Table 20-6 for timing-related parameters for non-VHT formats.

LOCAL AND METROPOLITAN AREA NETWORKS—AMENDMENT 4: ENHANCEMENTS

abte-22=5defimes thetimimg-retated-parameters-for- vHTformmat:

Table 22-5—Timing-related constants

Parameter CBW20 CBW40 CBW80 CBW80+80 CBW160 Description

Nsp 52 108 234 234 468 Number of complex
data numbers per
frequency,segment

Ngp 4 6 8 8 16 Number.of pilot values
pef frequency segment

Ngt 56 114 242 242 484 Jotal number of
subcarriers per
frequency segment.
See NOTE.

Nsgr 28 58 122 122 250 Highest data subcarrier
index per frequency
segment

Nseg 1 1 1 2 1 Number of frequency
segments

Ag 312.5 kHz Subcarrier frequency
spacing

ToeT 3,248 IDFT/DFT period

Tal 0.8 p8=Tpe7 /4 Guard interval
duration

T2 1.6 ps Double guard interval

Tais 0.4 us=Tper /8 Short guard interval
duration

TsymL 4ps=Tper + T = 1.25 x Tper Long GI symbol
interval
TSYMS 3.6 US = TDFT + TG|S =1.125 x TDFT Short Gl SymbOl
interval
Tsym TsymL Or Tsyms depending on the Gl used (see Table 22-8) Symbol interval
TL-STF 8 Hus = 10 x TDFT 14 Non-HT Short
Training field duration
TL-LTF 8 us = 2 X TDFT + TG|2 Non-HT Long
Training field duration
TL-S|G 4 us = TSYML Non-HT SIGNAL
field duration
TyuTt.clc.A 8 US = 2Teymy VHT Slqnal A field
duration
TVHT—STF 4 HS = TSYML VHT Short Training
field duration
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Table 22-5—Timing-related constants (continued)
Parameter CBW20 CBW40 CBW80 CBW80+80 CBW160 Description
IVHT—LTF 4 us = ISYML Duration of each VH I-
LTF symbol
TVHT—S|G-B 4 HS = TSYML VHT S|gna| B field
duration
Nservice 16 Number of bits in the
SERVICE field
Neail 6 Number of tail bits/per
BCC encoder
NOTE—NST = NSD + NSP

Table 22-6 defines parameters used frequently in Clause 22.

Table 22-6—Frequently used paramete(s

Symbol Explanation

Nceps: Nesps,u Number of coded bits per symbol for useru, u =0, ..., Nyge—1.
Fora VHT SU PPDU, NCBPS - NCBPS,O
For a VHT MU PPDU, N¢gps is‘undefined

Neepss: Ncepss,u Number of coded bits per symbol per spatial stream.
For the VHT-SIG-B fieldy\N¢gpss is common for all users.

Ngp, for a 20 MHz, 40 MHz, 80 MHz, and 160 MHz PPDU

N =
CBPSS {2NSD, for an 80+80 MHz PPDU

for all users:
For the Data field, Ncgpss , equals the number of coded bits per symbol per spatial

stream-for user u, u =0, ..., Nyger—1.
For the Data f|e|d Of a VHT SU PPDU, NCBPSS = NCBPSS,O
For the Data field of a VHT MU PPDU, N¢gpss is undefined

Ncepssi: Negpssiy | Number of coded bits per symbol per spatial stream per BCC interleaver block.
Fora VHT SU PPDU,

Ncgpss, for a 20 MHz, 40 MHz, or 80 MHz PPDU

Ncepssi = Ncepss

> for a 160 MHz or 80+80 MHz PPDU

For a VHT MU PPDU for user u, u =0, ..., Nyger—1
Ncgpss, v fOr a 20 MHz, 40 MHz, or 80 MHz PPDU

N =N
CBPSSI,u (:B;ssz U for a 160 MHz or 80+80 MHz PPDU

For a VHT MU PPDU, N¢gpsg) is undefined.
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Table 22-6—Frequently used parameters (continued)

Symbol

Explanation

Npgps: Npeps,u

Number of data bits per symbol for user u, u=0, ..., Nyge,—1.
For a VHT SU PPDU, NDBPS = NDBPS,O
For a VHT MU PPDU, Npgps is undefined

Ngpscs: Nepscs,u

Number of coded bits per subcarrier per spatial stream for user u, u =0, ..., Nyger—1.
For a VHT SU PPDU, NBPSCS = NBPSCS,O
For a VHT MU PPDU, Ngpscs is undefined

Number of receive chains

NUSGI’

For pre-VHT modulated fields, Nyger = 1. For VHT modulated fields, N e,

represents the number of users in the transmission (equal to the TXVECTOR
parameter NUM_USERS).

Nsts, NsTs,y

For pre-VHT modulated fields, Ngt5 , = 1 (see NOTE 2). For VHT modulated
fields, Ngts , Is the number of space-time streams for usef, i/ = 0,..., Nyser—1.
Fora VHT SU PPDU, Ng1s = Ngrs 0-

For a VHT MU PPDU, Ngrg is undefined.

NSTS,totaI

For VHT modulated fields, Ngrg 1ot iS the totalnumber of space-time streams in a

PPDU.

N 1

user

> Nsrsy

u=0
For pre-VHT modulated fields, Ngrg (14 is undefined.
Note that Ngrs 1ota) = Naps'for a VHT SU PPDU.

Nsts total =

Nss, Nssu

Number of spatial streams.
For the VHT-SIG-B field, Ngg = 1 for each user.

For the Data“field, Ngg is the number of spatial streams for user u, u =0,..., Nyser—

1.
For; the Data field of a VHT SU PPDU, Ngg = Ngg o-

For the Data field of a VHT MU PPDU, Ngg is undefined.

Nrx

Number of transmit chains

NEs, Nesy

The number of BCC encoders.
For the VHT-SIG-B field, Ngg = 1 for each user.

For a Data field encoded using BCC, Ngg , is the number of BCC encoders for user
u,u=0,..., Nyger1.

For the Data field encoded using LDPC, Ngg = 1 for a VHT SU PPDU and

NEs, =1 fora VHT MU PPDU for user u, u =0, ...Nyse—1.

For the Data field of a VHT SU PPDU, Ngg = Ngg o-

For the Data field of a VHT MU PPDU, Ngg is undefined.

NyhTLTE

Number of VHT-LTF symbols (see 22.3.8.3.5)

246

R, Ry

R, is the coding rate for user u, u=0, ..., Nyge—1.
Fora VHT SU PPDU, R =Ry
For a VHT MU PPDU, R is undefined
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Table 22-6—Frequently used parameters (continued)

Symbol Explanation

My For pre-VHT modulated fields, M, = 0. For VHT modulated fields,

u-1
Mo = 0 foru=0and My = % Ngrg v foru=1,..Nye1.
u'=0

NOTE 1—Pre-VHT modulated fields refer to the L-STF, L-LTF, L-SIG, and VHT-SIG-A fields, while
VHT modulated fields refer to the VHT-STF, VHT-LTF, VHT-SIG-B, and Data fields (see Figure 22-17).

NOTE 2—For pre-VHT modulated fields, u is 0 only since Nyger = 1.

22.3.7 Mathematical description of signhals
22.3.7.1 Notation

For a description of the conventions used for the mathematical description of/the signals, see 18.3.2.5. In
addition, the following notational conventions are used in Clause 22:

Is) . indicates the element in row m and column n of matrix Q,Where 1<m <Ny and 1<n < Ny
Nrow and N are the number of rows and columns, respectively, of the matrix Q

[Q] vy Indicates a matrix consisting of columns M to' N'ef matrix Q

22.3.7.2 Subcarrier indices in use

For description on subcarrier indices over which the signal is transmitted for non-HT and HT PPDUs, see
20.3.7.

Fora 20 MHz VHT PPDU transmission, the 20 MHz is divided into 64 subcarriers. The signal is transmitted
on subcarriers —28 to -1 and 1 to-28, with 0 being the center (DC) subcarrier.

For a 40 MHz VHT PPDU" transmission, the 40 MHz is divided into 128 subcarriers. The signal is
transmitted on subcarriers~58 to -2 and 2 to 58.

For an 80 MHz\HT PPDU transmission, the 80 MHz is divided into 256 subcarriers. The signal is
transmitted onrsubcarriers -122 to -2 and 2 to 122.

For a 166-MHz VHT PPDU transmission, the 160 MHz is divided into 512 subcarriers. The signal is
transmitted on subcarriers 250 to -130, -126 to -6, 6 to 126, and 130 to 250.

For a noncontiguous 80+80 MHz VHT PPDU transmission, each 80 MHz frequency segment is divided into
256 subcarriers. In each frequency segment, the signal is transmitted on subcarriers -122 to -2 and 2 to 122.
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22.3.7.3 Channel frequencies

Let
Te. i = JOLLICUrTentChannelCenterFrequencyndexu (ZZ-1)
fe iaxs = dotllCurrentChannelCenterFrequencylndexl (22-2)
fpo0.iax = dotl1lCurrentPrimaryChannel (22-3)
fon, st = dotl1ChannelStartingFactor x 500 kHz (22-4)
where

dot11CurrentChannelCenterFrequencylndex0, dot11CurrentChannelCenterFrequencylndexl, and
dot11CurrentPrimaryChannel are defined in Table 22-22.

When  dotl1CurrentChannelWidth  (see  Table 22-22) is 20 MHz, ¢, foy0 iax = feigxo-  FOr
dot11CurrentChannelWidth greater than 20 MHz, fpy, i4 and f; j4,o Shall have-the relationship specified in
Equation (22-5).

N
foo0,iax = foio— 4~ (%M_H_Z - ”on) +2 (22-5)

where

2, if dot11CurrentChannelWidth indieates 40 MHz
Noomnz = 14, if dotl1CurrentChannelWidth indicates 80 MHz and 80+80 MHz
8, if dot11CurrentChannelWidth\indicates 160 MHz

Npyo IS an integer with possible range 0 < npyg < Nogynz — 1

When dot11CurrentChannelWidth is 40 MHz, 80 MHz, 160 MHz, or 80+80 MHz,

— The primary 20 MHZz" channel is the channel with 20 MHz bandwidth centered at
fen, start 7 5 % fponsiax-MHZ.

— The secondary~~20 MHz channel is the channel with 20 MHz bandwidth centered at
fom, start + 2. % Fs20, iax » Where fgpq i IS given in Equation (22-6).

fo00.ix + 4 if Npyg is even
fs20,ix = f ~ . . (22.6)
p20.idx — 4 1f Npyg is 0dd
When dot11CurrentChannelWidth is 80 MHz, 160 MHz, or 80+80 MHz,

— The primary 40 MHz channel is the channel with 40 MHz bandwidth centered at
fon, start T 5 % Tpgo,igx MHZ, where fpy4 4, is given in Equation (22-7).

— The secondary 40 MHz channel is the channel with 40 MHz bandwidth centered at
fom, start + 5 % fsa0,iax MHZ, where fq,q 4y is given in Equation (22-8).

N
fpa0,iox = feio— 8- (%HZ - ”P4o> +4 (22-7)
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_ [fea0iax + 8, i npyg iseven
fsa0,i0x = f 8 if < odd (22.8)
P40, idx — 9> 1T Npyy ISO

WHETE Ting = [ Mpgo/ 2 | NG X 15 the targest iMteger tess tharr or equal o x.

When dot11CurrentChannelWidth is 160 MHz,

— The primary 80 MHz channel is the channel with 80 MHz bandwidth centered at
fom, start + 5 % fpgo_iax MHZ, where fpgq i is given in Equation (22-9).

— The secondary 80 MHz channel is the channel with 80 MHz bandwidth centereds-at
fon, start T 5 % fsgo,igx MHZ where fggq 4, i given in Equation (22-10).

N
fego,iax = fciavo =16 ( Z%MHZ - npso) +8 (22-9)

(22-10)

fpgo.iax + 16, if Npgy is even
fse0,iax =

fpgo.iax — 16, 1f Npgy is 0dd

where Npgy = | Npyo/4 |.

When dot11CurrentChannelWidth is 80+80 MHz,

— The primary 80 MHz channel is the channel Cwith 80 MHz bandwidth centered at
for, start 9 % fpgo, igx MHZz, where fogg i = fe jgxo -

— The secondary 80 MHz channel is the ec¢hannel with 80 MHz bandwidth centered at
fom, start 5 % fsg0, iox MHZ Where fegg i = filighs -

22.3.7.4 Transmitted signal

The transmitted signal is described in complex baseband signal notation. The actual transmitted signal is
related to the complex baseband signal by the relation shown in Equation (22-11).

ryge ™) = Re{ L (st exp(iznt ) } (22-11)
Seg

iSeg = 09'~~3NSeg_l; iTX = 1""’NTX

where
Re{ 4 represents the real part of a complex variable;
Nseg represents the number of frequency segments in the transmit signal, as defined in Table 22-5;

(iSeg» iTx)

eppu (1) represents the complex baseband signal of frequency segment igeq in transmit chain iry;

f(clseg) represents the center frequency of the portion of the PPDU transmitted in frequency segment

iseg- Table 22-7 shows flises) as a function of the channel starting frequency and
dot11CurrentChanne\M\/idth (cnn Tahle 22 ’)’)) where fF f df are gi\/nn in

an
70, 10X 7" P40, 10X 7 P8O, TaX

Equation (22-4), Equation (22-5), Equation (22-7), and Equation (22-9), respectively.

NOTE—Transmitted signals may have different impairments such as phase offset or phase noise between the two
frequency segments, which is not shown in Equation (22-11) for simplicity. See 22.3.18.3.
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Table 22-7—Center frequency of the portion of the PPDU transmitted in frequency segment

iSeg
Lm e L 1 fr(‘iSeg) = f(‘l—l start + 5 X f(i )
UULLLCUUTTETIUCTIArriet Bd’)
Width CH_BANDWIDTH . .

(0) (1)
20 MHz CBW20 e igxo -
CBW20 fp20, i0x -

40 MHz
CBW40 fc, idx0 -
CBW20 fo20, iox -
80 MHz CBWA40 Foao, ax s
CBW80 fc, idx0 -
CBW20 fp20, i0x -
CBW40 fpa0, i0x -

160 MHz
CBW80 freteiux -
CBW160 fe ioxo -
CBW20 fp20, iax -
CBW40 fpa0, iax -

80+80 MHz
CBW30 fpgo, iox -
CBW80+80 fc, idx0 fc, idx1

The transmitted RF signal+is derived by up-converting the complex baseband signal, which consists of
several fields. The timing boundaries for the various fields are shown in Figure 22-17 where Ny 1g is the
number of VHT-LTFE symbols and is defined in Table 22-13.

«———Non-VHT portion >« VHT portion »
Pre-VHT-modulated fields- »i€ VHT modulated fields >
VHT-LTF Data
VHT- Y VHT- VHT-
L-STF L-LTF L-siG VHT-SIG-A VHT- e | LT | e LTF | YHT- | Data ||
STF SIG-B | symbol
symbol | symbol symbol
N v
t } bt bt N bt
t=0 tLte tLsic  tvHrsica tvnrst tvHTLTE tvirsic-B  tvHT-Data

Figure 22-1/—Timing boundaries for VHT PPDU fields

The time offset, tg;,4, determines the starting time of the corresponding field.
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The signal transmitted on frequency segment igq of transmit chain iry shall be as shown in Equation (22-
12).

rose ) = plmindy g Ueeind (22-12)
(ise ) (Iseqs iTx)
+ rLSS?GTx (t—tisie) * Mvitsicalt = tuursic.a)

( Seg> Tx) (| o | )

vir-sTR(t = tynr-ste) + TV FR(t = typroire)
(iSeg~ iTX) ('Seg IT)()

rvir-sic-s(t = tynr-sic-s) + M'vit-patalt = twHT-Data)

+r

where

0 < igey < Nogg— 1

1<iry <Nqpy

tore = Tt

tisic = tere v T

tuhrsica = tlsict Tisio

tunr-ste = tvrrsica t Tunrsica
tunrLte = tunrste ¥ Tunrste
tunrsic-s = tvnr-Lte ¥ Nvntire Tunrre
tuhT-Data = tvhrsice T Tuntsics

Each field, r(Fifg?’di”)(t) , is defined as the summation of one or more subfields, where each subfield is defined
to be an inverse discrete Fourier transform.as:specified in Equation (22-13).

NSR Nuser -1 NSTS u

(ISeg 'Tx) 1 ( (I . m) )
SUbeEId (t) W TSubfleld( ) Z z Z |: Iseg:| |T><’ (Mu +m) k BWX u (22 13)
NFleIdNNorm k=-Ngg u=0 =1

exp(i2nkAe(t— T fietd — Tes, vur(My +m)))

This general representation holds for all subfields. In the remainder of this subclause, pre-VHT modulated
fields referto.the L-STF, L-LTF, L-SIG, and VHT-SIG-A fields, while VHT modulated fields refer to the
VHT-STR,-VHT-LTF, VHT-SIG-B, and Data fields, as shown in Figure 22-17. Total power of the time
domain' VHT modulated field signals summed over all transmit chains should not exceed the total power of
the, time domain pre-VHT modulated field signals summed over all transmit chains. For notational
simplicity, the parameter BW is omitted from some bandwidth dependent terms.

In Equation (22-13) the following notions are used:

Nime  Table 22-8 summarizes the various values of Nioy as a function of bandwidth per frequency

segment.

Nnorm For pre-VHT modulated fields, Nyom = Ny . For VHT modulated fields,

Nnorm = Nsts.total Where Ngrg o1q) 1S given in Table 22-6.
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Table 22-8—Tone scaling factor and guard interval duration values for PHY fields

N FTI(;T(? as a function of bandwidth per frequency
it segment Guard interval
o duration
20 MHz 40 MHz 80 MHz 160 MHz
L-STF 12 24 48 96 -
L-LTF 52 104 208 416 Taz
L-SIG 52 104 208 416 Tal
VHT-SIG-A 52 104 208 416 Tal
VHT-STF 12 24 48 96 -
VHT-LTF 56 114 242 484 Tal
VHT-SIG-B 56 114 242 484 Tal
VHT-Data 56 114 242 484 Te10r Tgis
(see NOTE 2)
NON_HT_DUP_OFDM-Data - 104 208 416 Tai
(see NOTE 1)
NOTE 1—For notational convenience, NON_HT_DUP_OFDM-Data.is used as a label for the Data field of a
NON_HT PPDU with format type NON_HT_DUP_OFDM.
NOTE 2—Tg, denotes guard interval duration when TXVECTOR parameter GI_TYPE equals LONG_GlI,
Tgs denotes short guard interval duration when TXVECFOR-parameter GI_TYPE equals SHORT_GI.

TSutineId(t) is a windowing function. An examplée-function, WTSubfieId(t) , iIs given in 18.3.2.5 (Mathematical

conventions in the signal descriptions). Tsypfierg 1S Tr-sTE for L-STF, T 1g for L-LTF, T, g g for
L-SIG, Tgypp for VHT-SIG-ApTynt.sT for VHT-STF, Tyyt.1e for VHT-LTF and Tynt.516-8
for VHT-SIG-B. Tgysiers 18Tsym for VHT-Data, that is Tgyy, when not using the short guard
interval (Short Gl field-of VHT-SIG-A is 0) and Tgyps When using the short guard interval (Short
Gl field of VHT-SIG-A is 1).

Q,Eiseg) is the spatial mapping matrix for the subcarrier k in frequency segment i, . For pre-VHT
modulated'fields, Q{'s+ is a column vector with Ny, elements with element iy being
exp(=j2mkALTi) , where T{x represents the cyclic shift for transmitter chain iry whose values
are/given in Table 22-10. For VHT modulated fields, Q{'s:’ is a matrix with Ny, rows and
Nsts. total COlUMNS.

Y gw  Isdefinedin22.3.7.5

Ar is the subcarrier frequency spacing given in Table 22-5.

XL{SJQ’ m is the frequency-domain symbol in subcarrier k of user u for frequency segment ig,, of space-

time stream m. Some of the Xf(',sjg’ ™ within —Ngg £k < Ngg have a value of 0. Examples of such

cases include the DC tones, guard tones on each side of the transmit spectrum, as well as the
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unmodulated tones of L-STF and VHT-STF fields. Note that the multiplication matrices A¥,1, 1¢

(iSeg’

and Py7 1¢ are included in the calculation of X, ™ for the VHT-LTF and VHT-SIG-B fields,
respectively.

Toiriets 1S the guard interval duration used for each OFDM symbol in the field. For L-STF and VHT-

STF, Tg) riels = T but it can be omitted from Equation (22-13) due to the periodic property of
L-STF and VHT-STF over every 0.8 us. For the L-SIG, VHT-SIG-A, VHT-LTF, and VHT-SIG-B
fields, T, Fiqq is defined in the “Guard interval duration” column of Table 22-8.

Tes, vur(l) For pre-VHT modulated fields, Teg ypur(l) = 0. For VHT modulated fields, Tcg yr(b)
represents the cyclic shift per space-time stream, whose value is defined in Table 22-11.

22.3.7.5 Definition of tone rotation

The function Y, g, is used to represent a rotation of the tones. BW in Y, g S determined by the
TXVECTOR parameter CH_BANDWIDTH as defined in Table 22-9.

Table 22-9—CH_BANDWIDTH and Y, gy

CH_BANDWIDTH Yk, BW
CBW20 Y 20
CBW40 Y 40
CBW80 Trdo
CBW160 Yy 160
CBW80+80 Yk’ go Per frequency segment

For a 20 MHz PPDU transmission,

For a 40 MHz PPDU transmission,

E\~k<0
Y _J& 22-15
40 {j, o0 (22-15)

Foran.80 MHz PPDU transmission,

1, k<-64
Yig =4 22-16
80 {—1, k>-64 (22-16)

Eaor a noncontiguous 80+80 MHz PPDU transmission each 80 MHz frequency segment shall use the phase
rotation for 80 MHz PPDU transmissions as defined in Equation (22-16).
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For a contiguous 160 MHz PPDU transmission,

1, k<-192

4 1.09. I Fal

=1, —I1I9Z=KXU

1, 0<k<64
-1, 64<Kk

(22-17)

22.3.8 VHT preamble

22.3.8.1 Introduction

A VHT preamble is defined to carry the required information to operate in either single user_orimulti-user
mode. To ensure compatibility with non-VHT STAs, specific non-VHT fields are defihed that can be
received by non-VHT STAs compliant with Clause 18 or Clause 20. The non-VHT figlds’are followed by
VHT fields specific to VHT STAs.

22.3.8.2 Non-VHT portion of VHT format preamble

22.3.8.2.1 Cyclic shift for pre-VHT modulated fields

The cyclic shift value T3¢ for the L-STF, L-LTF, L-SIG, and VHT:SIG-A fields of the PPDU for transmit
chain ity out of a total of N1y are defined in Table 22-10.

Table 22-10—Cyclic shift values for L-STF, L-LTF, L-SIG, and VHT-SIG-A fields of the PPDU

Tich values for L-STF, L-LTF, L=SIG, and VHT-SIG-A fields of the PPDU
Total Cyclicshift for transmit chain ity (in units of ns)
number of

Chtarifgs(“N“Ttx) 1 2 3 4 5 6 7 8 >8

1 0 * - - - - - - -

2 0 +200 - - - - - - -

3 0 -100 -200 - - - - - -

4 0 -50 -100 -150 - - - - -

5 0 =175 -25 -50 -75 - - - -

6 0 -200 -25 -150 -175 -125 - - -

7 0 -200 -150 -25 =175 -75 -50 - -

8 0 -175 -150 -125 -25 -100 -50 -200 -
Between

>8 0 -175 -150 -125 -25 -100 -50 -200 | -200and0

inclusive
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22.3.8.2.2 L-STF definition

The L-STF field for a 20 MHz or 40 MHz transmission is defined by Equation (20-8) and Equation (20-9),
respectively, in 20.3.9.3.3 (L-STF definition). For 80 MHz, the L-STF field is defined by Equation (22-18).

Notethat theseequations donot mctude the phase Totatiomper-26-viHzsubchanmet:
S 122,122 = 155,58, 0,0,0,0,0,0,0,0,0,0,0, S_g5 55} (22-18)

where

S_sg,5g Is defined in Equation (20-9)
For 160 MHz, the L-STF is defined by Equation (22-19).
5—250, 250 — {5—122, 1225 0,0,0,0,000,0,0,0,0, 5—122, 122} (22-19)

where

S_122, 122 is defined in Equation (22-18)

For a noncontiguous transmission using two 80 MHz frequency segments, each 80 MHz frequency segment
shall use the L-STF pattern for the 80 MHz (S_;», ;,,) defined in Equation (22-18).

The time domain representation of the signal on frequency segment is., in transmit chain iy shall be as
specified in Equation (22-20).

NSR
(iseq I1x) /0y _ 1 . i
rste O = ===y () Y YiauSeP[i2nkag(t-Tcs)) (22-20)
NNLsTENTX k = -Ngg
where
ng represents the cyclic shitt’for transmit chain iy with a value given in Table 22-10

Yy sw is defined by Equation (22-14), Equation (22-15), Equation (22-16). and Equation (22-17)

N[?Q?F has the vatue-given in Table 22-8

22.3.8.2.3 L-L IR déefinition

For a 20 MHzor 40 MHz transmission, the L-LTF pattern in the VHT preamble is defined by Equation (20-
11) andEquation (20-12) in 20.3.9.3.4 (L-LTF definition), respectively. For an 80 MHz transmission, the L-
LTF¢pattern is defined by Equation (22-21). Note that these equations do not include the phase rotation per
20{MHz subchannel.

L 122,122 = {L_s8,58.0,0,0,0,0,0,0,0,0,0,0, L g5 58} (22-21)

where

dafinad 1n Cayiatian (0N 191
1= =

L—58, T8 iS e oot (Zz9 =)

For a 160 MHz transmission, the L-LTF is defined by Equation (22-22). Note that this equation does not
include the phase rotations per 20 MHz subchannel.

Copyright © 2013 IEEE. All rights reserved. 255



https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

IEEE

Std 802.11ac-2013 LOCAL AND METROPOLITAN AREA NETWORKS—AMENDMENT 4: ENHANCEMENTS
I‘—250, 250 ~ {L—122, 122> 07 0, 0» 07 Oa 0» 0, 09 O» 07 09 L_1225 122} (22-22)

where

1 1 auation (22.21\
—mw—g#@n—by—E_ - geetoR==—==}

For noncontiguous transmissions using two 80 MHz frequency segments, each 80 MHz frequency segment
shall use the L-LTF pattern for the 80 MHz L-LTF pattern (L_;,, 15, ) defined in Equation (22-21).

The time domain representation of the signal on transmit chain ity shall be as defined in Equation (22-23);

NSR

(isegy ix) 1 . [
e () = —/TOHe_WTL-LTF(t) > Yy pwliexp(12nkAR(t=Tg = Tcs)) (22-23)
NL.teNTx k = —Ngg
where
T'gg represents the cyclic shift for transmitter chain iy with a value givén in Table 22-10

Yy sw is defined by Equation (22-14), Equation (22-15), Equation (22<16), and Equation (22-17)

N[?C—?F has the value given in Table 22-8

22.3.8.2.4 L-SIG definition

The L-SIG field is used to communicate rate and lengthr information. The structure of the L-SIG field is
defined in Figure 18-5.

In a VHT PPDU, the RATE field shall be set.tg*the value representing 6 Mb/s in the 20 MHz channel
spacing column of Table 18-6. In a non-HT duplicate PPDU, the RATE field is defined in 18.3.4.2 using the
L_DATARATE parameter in the TXVECTOR.

The LENGTH field shall be set to thedvalue given by Equation (22-24).

TXTIME - 20 &

Length = 2

3-3 (22-24)
where
TXTIME (in(s) s defined in 22.4.3

The LSB 0fthe binary expression of the Length value shall be mapped to B5. In a non-HT duplicate PPDU,
the LENGTH field is defined in 18.3.4.3 using the L_LENGTH parameter in the TXVECTOR.

TheReserved (R) field shall be set to 0.
The Parity (P) field has the even parity of bits 0-16.

The SIGNAL TAIL field shall be set to 0.

The L-SIG field shall be encoded, interleaved, and mapped following the steps described in 18.3.5.6,
18.3.5.7, and 18.3.5.8. The stream of 48 complex numbers generated by these steps is denoted by
d, k =0, ...,47. Pilots shall be inserted as described in 18.3.5.9. The time domain waveform of the L-SIG
field shall be as given by Equation (22-25).
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(iseg- irx) — 1
Mosic () = —wy__ (1) (22-25)
JT Lsie
NL-SIGNTX
Nogaz =1 26 D P
L* (K- RannUaw)), BWLEK 20~ PO' K/ )J
) . _ |
=0 k=26 - exp(j2n(k — Kgpin(igw))Ap(t=Tg = Tg)
where
Nogmu, 1S defined in 22.3.7.3
Kshirt()) = (Noomp, —1 - 2i) - 32
b ] 0,k=0,+7,%21 29.96
k207 ) d . otherwise (22-26)
Mao(K)
k+26,-26 <k<-22
k+25-20<k<-8
Mby(k) = k+24,-6<k<-1 (22-27)
k+23,1<k<6
k+22,8<k<20
k+21,22<k<26
Py is defined in 18.3.5.10
Po is the first pilot value in the Sequence defined in 18.3.5.10
Tone . .
N s hasthe value given inTable 22-8
Yy sw is defined in Equation (22-14), Equation (22-15), Equation (22-16), and Equation (22-17)
ng representsithe cyclic shift for transmitter chain ity with a value given in Table 22-10

NOTE—MY,(k)_is @“reverse” function of the function M(k) defined in 18.3.5.10.
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22.3.8.3 VHT portion of VHT format preamble

22.3.8.3.1 Introduction

= A = - = —ard

VHT-SIG-B fields.
22.3.8.3.2 Cyclic shift for VHT modulated fields

The cyclic shift values defined in this subclause apply to the VHT-STF, VHT-LTF, VHT-SIG-B, and Datd
fields of the VHT PPDU. The cyclic shift values defined in 22.3.8.2.1 apply to VHT-SIG-A field in the VAT
format preamble.

Throughout the VHT modulated fields of the preamble, cyclic shifts are applied to prevent unintended
beamforming when correlated signals are transmitted in multiple space-time streams. The same cyclic shift
is also applied to these streams during the transmission of the Data field of the VHT PPDU. The cyclic shift
value Teg yyr(n) for the VHT modulated fields for space-time stream n out of Negsista total space-time
streams is shown in Table 22-11.

Table 22-11—Cyclic shift values for the VHT modulated-fields of a PPDU

Tcs,vur(n) values for the VHT modulated fields of a PPDU
Totalnumber Cyclic shift for spagce-time stream n (ns)
of space-time
(lfltSrTe;::;) 1 2 3 4 5 6 7 8

1 0 - - - - - - -
2 0 -400 > - - - - -
3 0 -400 ~200 - - - - -
4 0 -400 —200 -600 - - - -
5 0 2400 —200 -600 -350 - - -
6 0 -400 —200 -600 -350 -650 - -
7 0 -400 —200 -600 -350 -650 -100 -
8 0 -400 —200 -600 -350 -650 -100 —750

In a VHIMU PPDU, the cyclic shifts are applied sequentially across the space-time streams as follows: the
cyclie-shift of the space-time stream number m of user u is given by Tcg yyr(M,+ m)of the row
corresponding t0 Ngrg tora IN Table 22-11.

22.3.8.3.3 VHT-SIG-A definition

The VHT-SIG-A field carries information required to interpret VHT PPDUs. The structure of the VHT-SIG-
A field for the first part (VHT-SIG-AL) is shown in Figure 22-18 and for the second part (VHT-SIG-A2) is

shown in Figure 22-19.

NOTE—Integer fields are represented in unsigned binary format with the least significant bit in the lowest numbered bit
position.
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BO Bl B2 B3 B4 B9 B10 B12 B13 B15 B16 B18 B19 B21 B22 B23
Composite Name: NSTS/Partial AID 5a
kS, o 241 B
SU Name: > > g a SU NSTS Partial AID n'S >
- 1] > a O )
o g5 | 8 ad| &
MU Name: x O MU[0] MU[1] MU[2] MUB] |62 |
' NSTS NSTS NSTS NSTS | X !
Bits: 2 1 1 6 3 3 3 3 1 1
Figure 22-18—VHT-SIG-AL1 structure
BO Bl B2 B3 B4 B5 B6 B7 B8 B9 B10.B17 B18 B23
Composite Name: s 2| < SU VHT-MCS/MU[1-3] Coding Ber?]rergor
o © ©
s |28 § |25 —8 |
e |28 = 2 3 eamfor =
SU Name: §|a _g % 8 < SU VHT-MCS tned % e:) 8
n tg s [aya] @
o L = L
=
. 50| 3 Ol MU[1] [ MU[2] [ MU[3]
MU Name: ] Coding | Coding | Coding Reserved }Reserved
Bits: 1 1 1 1 1 1 1 1 1 1 8 6

Figure 22-19—VHT-SIG-AZstructure

The VHT-SIG-A field contains the fields listed in Table 22<12. The mapping of the fields is also described
in Table 22-12. Note that the mapping of the STBC field;\the NSTS/Partial AID field, the SU/MU[0] Coding
field, the SU VHT-MCS/MU[1-3] Coding field, and-the.Beamformed field is different for VHT SU and MU
PPDUs.

The VHT-SIG-A field is composed of two pants, VHT-SIG-Al and VHT-SIG-A2, each containing 24 data
bits, as shown in Table 22-12. VHT-SIG-A1 is transmitted before VHT-SIG-A2. The VHT-SIG-A symbols
shall be BCC encoded at rate, R = 1/2;:%e interleaved, be mapped to a BPSK constellation, and have pilots
inserted following the steps described'in 18.3.5.6, 18.3.5.7, 18.3.5.8, and 18.3.5.9, respectively. The first and
second half of the stream of 96 complex numbers generated by these steps (before pilot insertion) is divided
into two groups of 48 complex numbers d, .,k = 0...47, where n = 0, 1, respectively. The first 48
complex numbers form the_first symbol of VHT-SIG-A and the second 48 complex numbers form the
second symbol of VHT:SIG-A after rotating by 90° counter-clockwise relative to the first symbol. The first
symbol of VHT-SIG-A, which does not have the 90° rotation, is used to differentiate VHT PPDUs from HT
PPDUs, while the'second symbol of VHT-SIG-A, which has the 90° rotation, is used to differentiate VHT
PPDUs fromman<HT PPDUSs. The time domain waveform for the VHT-SIG-A field in a VHT PPDU shall
be as specifiedin Equation (22-28).
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Table 22-12—Fields in the VHT-SIG-A field

Two parts of Bit Field Number

VHT-SIG-A of bits Description

B0-B1 BW 2 Set to 0 for 20 MHz, 1 for 40 MHz, 2 for 80 MHz, and 3 for
160 MHz and 80+80 MHz

B2 Reserved 1 Reserved. Setto 1.

B3 STBC 1 For a VHT SU PPDU:
Set to 1 if space time block coding is used and set to©
otherwise.

Fora VHT MU PPDU:
Setto 0.

B4-B9 Group 1D 6 Set to the value of the TXVECTOR parameter GROUP_ID.
A value of 0 or 63 indicates a VHT SU-PPDU; otherwise,
indicates a VHT MU PPDU.

B10-B21 | NSTS/Partial | 12 For a VHT MU PPDU: NSTS is'divided into 4 user
AID positions of 3 bits each. Userposition p, where 0<p<3,
uses bits B(10 + 3p ) to B(12'+ 3p ). The number of space-
time streams for user u-ar€.indicated at user position
p = USER_POSITION[u]" where
u=0,1,.., NUM_USERS - 1 and the notation A[b] denotes
the value of array~X'at index b. Zero space-time streams are
indicated at.positions not listed in the USER_POSITION
array. Each7User position is set as follows:
Set t0,0 for 0 space-time streams
Set'to 1 for 1 space-time stream
Set to 2 for 2 space-time streams
Set to 3 for 3 space-time streams
Set to 4 for 4 space-time streams
Values 5-7 are reserved
For a VHT SU PPDU:
B10-B12
Set to O for 1 space-time stream
Set to 1 for 2 space-time streams
Set to 2 for 3 space-time streams
Set to 3 for 4 space-time streams
Set to 4 for 5 space-time streams
Set to 5 for 6 space-time streams
Set to 6 for 7 space-time streams
Set to 7 for 8 space-time streams
B13-B21
Partial AID: Set to the value of the TXVECTOR
parameter PARTIAL_AID. Partial AID provides an
abbreviated indication of the intended recipient(s) of the
PSDU (see 9.17a).

VHT-SIG-Al

B22 TXOP_PS 1 Setto 0 by VHT AP if it allows non-AP VHT STAs in
NOT_ALLO TXOP power save mode to enter Doze state during a TXOP.
WED Set to 1 otherwise.

The bit is reserved and set to 1 in VHT PPDUs transmitted
by a non-AP VHT STA.

B23 Reserved 1 Setto 1l
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Table 22-12—Fields in the VHT-SIG-A field (continued)

'\I'/Vm_pg:éstz Bit Field Nol;rgﬁgr Description
BO Short Gl Set to O if short guard interval is not used in the Data field.
Set to 1 if short guard interval is used in the Data field.
Bl Short GI Set to 1 if short guard interval is used and Ngyyy mod 10 = 9;
Nsym otherwise, set to 0. Ngyy, is defined in 22.4.3.
Disambiguati
on
B2 SU/MUI0] For a VHT SU PPDU, B2 is set to 0 for BCC, 1 fornLDPC
Coding Fora VHT MU PPDU, if the MU[0] NSTS field\is\nonzero,
then B2 indicates the coding used for user u,with
USER_POSITION[u] = 0; set to 0 for BC€.and 1 for LDPC.
If the MU[0] NSTS field is O, then this-field is reserved and
B3 LDPC Extra Set to 1 if the LDPC PPDU encoding process (if an SU
OFDM PPDU), or at least one LDPC"uSer’s PPDU encoding process
Symbol (ifa VHT MU PPDU), results’in an extra OFDM symbol (or
symbols) as described«in'22.3.10.5.4 and 22.3.10.5.5. Set to
B4-B7 SU VHT- For a VHT SU RRDU:
MCS/MUJ1- VHT-MCS index
3] Coding For a VHT"MU PPDU:
If thetMU[1] NSTS field is nonzero, then B4 indicates
< coding for user u with USER_POSITIONJu] = 1: setto 0
o for BCC, 1 for LDPC. If the MU[1] NSTS field is 0, then
7 B4 is reserved and set to 1.
= If the MU[2] NSTS field is nonzero, then B5 indicates
E coding for user u with USER_POSITIONJ[u] = 2: setto 0
for BCC, 1 for LDPC. If the MU[2] NSTS field is 0, then
B5 is reserved and set to 1.
If the MU[3] NSTS field is nonzero, then B6 indicates
coding for user u with USER_POSITION[u] = 3: setto 0
for BCC, 1 for LDPC. If the MU[3] NSTS field is 0, then
B6 is reserved and set to 1.
B7 is reserved and set to 1
B8 Beamformed For a VHT SU PPDU:
Set to 1 if a Beamforming steering matrix is applied to the
waveform in an SU transmission as described in
20.3.11.11.2, set to 0 otherwise.
Fora VHT MU PPDU:
Reserved and set to 1
NOTE—If equal to 1 smoothing is not recommended.
B9 Reserved Reserved and set to 1
B10-B17 | CRC CRC calculated as in 20.3.9.4.4 with c¢7 in B10. Bits 0-23 of
HT-SIG1 and bits 0-9 of HT-SIG2 are replaced by bits 0-23
of VHT-SIG-A1 and bits 0-9 of VHT-SIG-A2, respectively.
B18-B23 | Tail Used to terminate the trellis of the convolutional decoder.
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1
r(iSeg~ iTX) (t) - 1 W (t _ nT ) (22'28)
VHT-SIG-A ~Tone . z TevmL SYML
N VHT-SIG-A X n=0U
26
NZOMHz_l Y . (nD + p )
D Y- Kenipu, BWU "Dk n sw + P+ 1Py
z k = -26
igw =0 . . iTx
- exXp(j2m(K — Kgpig(igw ) Ap(t=NTgyp = T = Tes))
where

Nogmnz and Kgpir(i) are defined in 22.3.8.2.4

0,k=0,%7,£21

D = .
k.n, 20 d ., otherwise
Mzo(K), n

MZo(k) s defined in Equation (22-27)
P, and p,, are defined in 18.3.5.10
NV ¢ .4 has the value given in Table 22-8

Yy sw is defined in Equation (22-14), Equation(22-15), Equation (22-16), and Equation (22-17)

T'gé represents the cyclic shift for transmitter chain iy with a value given in Table 22-10

NOTE—This definition results in a QBPSK madulation on the second symbol of VHT-SIG-A where the constellation of
the data tones is rotated by 90° counter-clockwise relative to the first symbol of VHT-SIG-A and relative to the non-HT
signal field in VHT PPDUs (Figure 22-20). In VHT PPDUs, the VHT-SIG-A is transmitted with the same number of
subcarriers and the same cyclic shifts as\the preceding non-HT portion of the preamble.

For a noncontiguous 80+80-MHz transmission, each frequency segment shall use the time domain
waveform for 80 MHz transmissions.

ILSIG \° VHT-SIG-AL 4 VHT-SIG-A2 4@
+14- +14- +1-9-1
0 1, 0 1 N
——T— ——F> I >
-1 +1 -1 +1 -1 +1
1+ 1+ -1-9-0

Figure 22-20—Data tone constellation in the VHT PPDU pre-VHT modulated fields
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22.3.8.3.4 VHT-STF definition

The main purpose of the VHT-STF field is to improve automatic gain control estimation in a MIMO
transmission. The duration of the VHT-STF field is Tynt.g7e regardless of the Short Gl field setting in

transmission is identical to the L-STF field. In a 40 MHz and an 80 MHz transmission, the VHT-STF field is

constructed from the 20 MHz version by frequency shifting a duplicate of it to each 20 MHz subchannel and
applying appropriate phase rotations per 20 MHz subchannel.
For a 20 MHz transmission, the frequency domain sequence is given by Equation (22-29).

VHTS 35 28 = HTS 35 25 (22-29)

where

HTS_,g 25 is defined in Equation (20-19)
For a 40 MHz transmission, the frequency domain sequence is given by Equation. (22+30).
VHTS 55 55 = HTS 55 5 (22-30)

where

HTS g 5 Is defined in Equation (20-20)
For an 80 MHz transmission, the frequency domain sequence’is given by Equation (22-31).

VHTS 55 120 = {VHTS 55.56,0,0,0,0,0,0,0,9,0,0,0, VHTS 55 55} (22-31)
where

VHTS 54 ¢ Is given by Equation (22:30)
For a 160 MHz transmission, the frequency domain sequence is given by Equation (22-32).

VHTS 50 250 = {VHT$435 122, 0,0,0,0,0,0,0,0,0,0,0, VHTS 5, 15} (22-32)
where

VHTS_5, 1,5715:0iven by Equation (22-31)

NOTE—EQuation (22-29), Equation (22-30), Equation (22-31), and Equation (22-32) do not show the phase rotation per
20 MHz'subchannel.

For_a noncontiguous 80+80 MHz transmission, each 80 MHz frequency segment shall use the VHT-STF
pattern for the 80 MHz (VHTS_,5, ;,, ) defined in Equation (22-31).

The time domain representation of the signal on frequency segment ig.q of transmit chain iy shall be as
specified in Equation (22-33).
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(iSegv iTx) —- 1
Fypr-ste(t) = wr, () (22-33)
Tone
’\/NVHT-STFNSTS, total
'\IDI‘( ’\IU €r ’\ID|D u = =
' (iseq)
Y Y ¥ LQk s gJ e my Lo BwVHTSy
k=-Ngg U=0 m=1 - eXp(j2nkAE(t = Tegynr(M, +m)))
where

N ot has the value given in Table 22-8

Teswnr(n) is given in Table 22-11

QUsd s defined in 22.3.10.11.1

Yy sw is defined in Equation (22-14), Equation (22-15), Equation (22-16), and Equation (22-17)
22.3.8.3.5 VHT-LTF definition

The VHT Long Training field (VHT-LTF) field provides a means for the réceiver to estimate the MIMO
channel between the set of constellation mapper outputs (or, if STBC is,applied, the STBC encoder outputs)
and the receive chains. The transmitter provides training for Ngrg (3 "Space-time streams (spatial mapper
inputs) used for the transmission of the PSDU(s). For each tone-the. MIMO channel that can be estimated is
an Nrx x Ngts total Matrix. A VHT transmission has a preamble.that contains VHT-LTF symbols, where the
data tones of each VHT-LTF symbol are multiplied by entries belonging to a matrix Pyy11E, t0 enable
channel estimation at the receiver. The pilot tones of each''VHT-LTF symbol are multiplied by the entries of
a matrix Ryyt_te defined in the following text. Fheumultiplication of the pilot tones in the VHT-LTF
symbol by the Ryyttr matrix instead of the Py, 7 matrix allows receivers to track phase and frequency
offset during MIMO channel estimation using the’\VHT-LTF. The number of VHT-LTF symbols, Nyy1LTE
is a function of the total number of space-time streams Ngrs 1o @S Shown in Table 22-13. As a result the
VHT-LTF field consists of one, two, four;ssix or eight symbols.

Table 22-13—Number of VHT-LTFs required for different numbers of space-time streams

NsTs,total NVHTLTF
1 1
2 2
3 4
4 4
5 6
6 6
7 8
8 8

Let LTFq and LTF g, be the sequences defined in Equation (22-34) and Equation (22-35), respectively.
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LTk = {1,1,-1,-1,1,1,-1,1,-1,1,1,1,1,1,1,-1,-1,1,1,-1,1,-1,1,1,1, 1} (22-34)

LTFign = 11,-1,-1,1,1,-1,1,-1,1,-1,-1,-1,-1,-1,1,1,-1,-1,1,-1,1,-1,1,1,1,1} (22-35)

NOTE—LTF, is identical to the leftmost 26 elements of Equation (17-9), and LTFjgy is identical to the rightmost
26 elements of Equation (17-9).

In a 20 MHz transmission, the VHT-LTF sequence transmitted is given by Equation (22-36).

VHTLTF 56 55 = 1,1, LTFy O, LTF gy =1, -1} (22-36)

HTLTF 55 55

where

HTLTF_, g is defined in Equation (20-23)
In a 40 MHz transmission, the VHT-LTF sequence transmitted is given by Equation. (22=37).

VHTLTF gq 53

{LTFjer L, LTFyign, —1,-1,-1,1,0,0,0,-1,1, 1, -1, KFFq, 1, LTF g b (22-37)
HTLTF sq 53

where
HTLTF g 55 is defined in Equation (20-24)

In an 80 MHz transmission, the VHT-LTF sequence transmitted is given by Equation (22-38).

VHTLTF 155 190 = {LTFjer L, LTFigne =1, -1521,71, 1, -1, 1, -1, 1, 1, =1, LTFeq, 1, LTF g, (22-38)
17 _19 1’ _1’ 09 07 05 19 _15 _1: 19
LT e 1, LTFpigne =151, -1, 1,1, -1, 1, -1, 1,1, -1, LTFeq, 1, LTF g}
Ina 160 MHz transmission, the VHT-LTF'sequence transmitted is given by Equation (22-39).
VHTLTF 50 550 = {VHTLTFZ55 12,,0,0,0,0,0,0,0,0,0,0,0, VHTLTF 155 12, } (22-39)
where

VHTLTF_j,, 15, is given in Equation (22-38)

NOTE—Equation (22-36), Equation (22-37), Equation (22-38), and Equation (22-39) do not show the phase rotation per
20 MHz subchannel.

For a noncontiguous 80+80 MHz transmission, each 80 MHz frequency segment shall use the 80 MHz
VHT-LTF sequence, VHTLTF_j,, 15,, defined in Equation (22-38).
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The generation of the time domain VHT-LTF symbols per frequency segment is shown in Figure 22-21
where A1 1¢ IS given in Equation (22-40).

[ ak 1
| AvHTLTF len

VHTLTF, (x)
IDFT
CsD 5 [Qk :I]JNsrsmal E
IDFT
-
[ AI;HTLTF j|N5Ts stotal N

Figure 22-21—Generation of VHT-LTF symbols per freqdency segment

‘ _ Rynrire if K € Kpjgr
AlnTLTE = . (22-40)
PyuTLTE, Otherwise
where
Kpilot is the set of subcarrier indices for the pilottones.

For a 20 MHz transmission, Kp; o, = {£% £21} .

For a 40 MHz transmission, Kp;,. & {+11, £25, £53} .

For an 80 MHz transmission, Kpjo; = {+11,£39, £75, +103} .

For a 160 MHz transmissiony/Kp; . = {£25, £53, £89, +117, £139, +167, £203, £231} .
For a noncontiguous 80480 MHz transmission, Ky, for each 80 MHz frequency segment is
identical to Kp;,; #0ran 80 MHz transmission.

Ryntite 1S @ Nypri7e x Nypyrre matrix whose elements are defined in Equation (22-41).

|:RVHTLTF:| WA |:PVHTLTF:| L L<m.n<Nyurire (22-41)

The time-domain representation of the waveform transmitted on frequency segment iseq of transmit chain
itxshall be as described by Equation (22-42).

1 Nyprire—1

('Se i )

rypr-L e = Tore Z WTVHT-LTF(t =NTyyrL76) (22-42)
A/NVHT LTFNSTS total n=0

NQR Nu Pr_lNTQH/r

A
Y Y Y LLQ;&' JITX M.+ m) Iy Bw LAVHTLTFJ(M emy ey VITETEE J
)

k=-Ngg u=0 m=1 - eXp(2nkAE(t = NTyrire=Ter = Tesvnr(My +m))
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where

NV, - has the value given in Table 22-8

T e yur(N) is given in Table 22-11

QUsd s defined in 22.3.10.11.1
Yy sw is defined in Equation (22-14), Equation (22-15), Equation (22-16), and Equation (22-17)

Aburie  is defined in Equation (22-40)

P4 Nsts tota <4
Pyutite = 1Pexe Nsts total = 5,6 (22-43)

Psxs Nsts total = 7.8

where

P44 is defined in Equation (20-27)

The VHT-LTF mapping matrix for six VHT-LTF symbols, Py ¢, is definéd in Equation (22-44).

1211 1 1 -1

12
1-w w wd wt —wb

- |1 -w2 w* wé we —wi0
Ps.s = (22-44)
1 _W3 W6 Wg W12 _W15
1 _W5 WlO W15 WZO _W25
where

w = exp(-j2rn/6)
The VHT-LTF mapping matrix for eight VHT-LTF symbols, Py, g, is defined in Equation (22-45).
P8><8 = P4><4 P4><4:| (22_45)
Pid —Pava

where

P45 is defined in Equation (20-27)

As defined in Table 22-5, the duration of each VHT-LTF symbol is Ty, t¢ regardless of the Short Gl
field setting in VHT-SIG-A.
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22.3.8.3.6 VHT-SIG-B definition

The VHT-SIG-B field is one symbol and contains 26 bits in a 20 MHz PPDU, 27 bits in a 40 MHz PPDU,

and 29 bits in 80 MHz, 160 MHz, and 80+80 MHz PPDUs for each user. The fields in the VHT-SIG-B field
—— o559t ot . Fttivtebits : I . I

numbered bit of the field. For example, for an MU transmission using VHT-MCS 5 (0101 in binary) in
20 MHz bandwidth, the VHT-SIG-B field bits are set as follows: B16=1, B17=0, B18=1, and B19=0.

Table 22-14—Fields in the VHT-SIG-B field

Field VHT MU PPDU Allocation (bits) VHT SU PPDU Allocation (bits) Description
80 MHz, 80 MHz,
20 MHz | 40 MHz 160 MHz, 20 MHz | 40 MHz 160 MHz,
80+80 MHz 80+80 MHz
B0-B15 B0-B16 B0-B18 B0-B16 B0-B18 B0-B20 Length of A-
VHT-SIG-B (16) a7 (19) 17 (19) (21) MPDU pre-EOF
Length padding in units of
four octets
B16-B19 | B17-B20 B19-B22 N/A N/A N/A
VHT-MCS
4) (4) 4)
N/A N/A N/A B17-B19 |,B19-B20 B21-B22 All ones
Reserved
(©) @ 2
Tail B20-B25 | B21-B26 B23-B28 B20-B25) | B21-B26 B23-B28 All zeros
(6) (6) (6) (6) (6) (6)
Total # bits 26 27 29 26 27 29

NOTE—Due to the limitations in the maximum*A-MPDU length, B19-20 will always be 0 for an 80 MHz, 160 MHz,
and 80+80 MHz VHT SU PPDU.

The VHT-SIG-B Length field foruser u shall be set using Equation (22-46).

(22-46)

VHT-SIG-B Length (for:user u in units of 4 octets) = {APEP—LENGTH“—‘

4

where
APEP_LENGTH,, is the TXVECTOR parameter APEP_LENGTH for user u (in octets)

NOTE—~<TFhe number of octets represented by the VHT-SIG-B Length field will not exceed the PSDU_LENGTH
determined by Equation (22-112), Equation (22-113), and Equation (22-114) by more than 3 octets.

The VHT-SIG-B bits for an NDP transmission in various channel widths shall be set as defined in
Table 22-15.

For a 40 MHz transmission, the VHT-SIG-B bits are repeated twice. For an 80 MHz transmission, the VHT-
SIG-B bits are repeated four times and a pad bit appended that is set to 0. For a 160 MHz and 80+80 MHz
transmission, the VHT-SIG-B bits are first repeated four times and a pad bit appended that is set to 0 as in
the 80 MHz transmission. Then, the resulting 117 bits are repeated again to fill the 234 available bits. The
repetition of the VHT-SIG-B bits for various channel width PPDUs is shown in Figure 22-22.
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Table 22-15—VHT-SIG-B bits (before Tail field) in NDP for various channel widths

Channel | BO | B1 | B2 | B3 |B4|B5|B6|B7|B8| B9 |B10|B11 |B12|B13|B14 |B15|B16 | B17 | B18 | B19 | B20 | B21 | B22
Width
20 MHz 0 0 0 0 0 1 1 1 0 1 0 0 0 1 0 0 0 0 1 0 - - -
40MHz | 1 0 1 0 0 1 0 1 1 0 1 0 0 0 1 0 0 0 0 1 1 -
80 MHz,
160 MHz,
or 80+80 0 1 0 1 0 0 1 1 0 0 1 0 1 1 1 1 1 1 1 0 0 1 0
MHz
aomz| zubits |11 21pis |1
Repeated
somHz| 2sbis (S zsbis  (S1 23bits (AT oapirs |Gl Pad
Repeated
ooz | 23 bits eb?f‘s" 23 bits eb“[as“ 23 bits bef‘s" 23 bits %E”l;?d 23 bits ebff‘s" 23 bits i}a“ 23 bits eb}tas" 23 bits 6&2”;?‘"
Repeated
N ——

Repeated

Figure 22-22—VHT-SIG-B bits in 20 MHz,*40 MHz, 80 MHz, 160 MHz, and 80+80 MHz
transmissions

For each user u, the VHT-SIG-B field shall"'be BCC encoded at rate R = 1/2 as defined in 18.3.5.6, be
segment parsed as defined in 22.3.10.7%, be interleaved as defined in 22.3.10.8, be mapped to a BPSK
constellation as defined in 18.3.5.8,-and have pilots inserted following the steps described in 22.3.10.10. The
VHT-SIG-B field constellation_points are mapped to Ngyg, space-time streams by the user-specific
elements of the first column of<the Py, 7 matrix, which is defined in clause 22.3.8.3.5. The total number
of data subcarriers and pilat'subcarriers are the same as in the Data field. The space-time streams per each
frequency segment aresinput into the CSD block, which is defined in Table 22-11 and follow the same
transmission flow as-the” Data field from there on. The duration of the VHT-SIG-B field is TynqT.s16-B/
regardless of the value of the TXVECTOR parameter GI_TYPE. The time domain waveform for the VHT-
SIG-B field in.a VHT PPDU is specified by Equation (22-47).

1

Tone
A/NVHT—SIG—BNSTS, total

NSR Nuser_l NSTS,U |:

SDIEEDIED)

k=-Ngg u=0 m=1

(igegnit) _
roersics(®) =

WTVHT-SIG-B(t) (22'47)

i k
Iilseg)} iy (M, + m Tk BW( [PVHTLTFJ (M, +m),  DEdw + p3p°)

- eXp(j2rkAg(t = T = Tegynr(My +m)))
where

NV ¢ .5 has the value given in Table 22-8

Teswnr(n) is given in Table 22-11
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Qs s defined in 22.3.10.11.1

P, is defined in 18.3.5.10

Pk isdefimedim22:3716710
Yy Bw is defined in Equation (22-14), Equation (22-15), Equation (22-16), and Equation (22-17)

Pyutite IS given in Equation (22-43)
For a 20 MHz VHT transmission,
0,k =0,+7,+21

DIE,u%O = d(ur)
Mao(k)’

22-4
otherwise ( 8)

k + 28, -28 <k <22
k+27,-20<k<-8
k+26,-6<k<-1
k+251<k<6
k+24,8<k<20
k+23,22<k<28

Mao(k) = (22-49)

For a 40 MHz VHT transmission,

0,k =0,%1,£11, +25, +53

D{{) = -
’ du otherwise
Mfo(k)’

(22-50)

k + 58, -58 <k < —54
k+57,/52<k <-26
k +.56, 24 <k <-12
K55, -10 <k < -2
K+52,2<k<10
k+51,12 <k <24
k +50, 26 <k <52
k+49,54 <k <58

Mig() = @25

For an 80 MHz VHT transmission,

{ 0,k =0,+1,£11, +39, £75, £103

(2252

D% = 1 4 -
1 dmgo(k),otherwme
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k+122,-122 <k <104
k+121,-102 <k <-76
k + 120, 74 <k <-40
k+119, 38<k<-12
+ ~10<k<—
ML (k) = k+118,-10 <k <-2 (2253)

k+115,2<k<10
k+114,12<k<38
k+113,40<k<74
k+112, 76 <k <102
k+111,104 <k <122

For a 160 MHz VHT transmission,

0,k =0, +1,£2, +3, £4, +5, £25, £53, +89, £117, £127, £128, £129;+139, £167, £203, £231

D(u = :
k'lso dw otherwise
© (22-54)

k + 250, 250 < k < -232

k + 249, 230 < k <204

k + 248, -202 <k <168

k + 247, -166 <k <140

k + 246, -138 <k <130

k +243,-126 <k <118

k + 242, -116 <k <-90

k+241,-88 <k <-54

k + 240, -52 < k <26

ML (k) = k + 239, -24 <k €6 (22-55)
k +228,6 <K<24

k + 227,26 k <52

k +226/54 <k < 88

k1225, 90 <k < 116

K+224,118 <k <126

k+221,130 <k <138

k + 220, 140 <k < 166

k + 219, 168 < k < 202

k + 218,204 <k <230

k + 217,232 <k < 250

For a noncontiguous 80+80 MHz VHT transmission, each frequency segment shall follow the 80 MHz VHT

trancmiccinn farmat ac cnacifiod 1n Eaniatinn (299 B9\ and Ennatinn (29 E2Q)
HRRSHHSSIOR o gt aSSpecHHe eI R=quad oo e =qHaHo R ==o95)-

In Equation (22-48), Equation (22-50), Equation (22-52), and Equation (22-54), d{" is the constellation
point of VHT-SIG-B for user u (starting with 0) at subcarrier k (prior to multiplication by Pyt 1F)-

Copyright © 2013 IEEE. All rights reserved. 271



https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

IEEE
Std 802.11ac-2013 LOCAL AND METROPOLITAN AREA NETWORKS—AMENDMENT 4: ENHANCEMENTS

22.3.9 Transmission of NON_HT and HT PPDUs with multiple transmit chains

22.3.9.1 Transmission of 20 MHz NON_HT PPDUs with more than one transmit chain

m — T T T T 3

preamble and Data field.
22.3.9.2 Transmission of HT PPDUs with more than four transmit chains

A VHT STA that transmits an HT PPDU with FORMAT equal to HT_MF shall apply the cyclic shifts
defined in Table 22-10 for the non-HT portion of the PPDU, including the HT-SIG field.

22.3.10 Data field
22.3.10.1 General

The number of OFDM symbols in the Data field is determined by the Lengtl)field in L-SIG (see
Equation (22-24)), the preamble duration and the setting of the Short Gl field> in VHT-SIG-A (see
22.3.8.3.3).

When BCC encoding is used, the Data field shall consist of the SERVJCE ‘field, the PSDU, the PHY pad
bits, and the tail bits (N,;Ngs bits for SU and Ni,;Ngs , bits fof.€ach user u in MU). When LDPC
encoding is used, the Data field shall consist of the SERVICE field-the:PSDU, and the PHY pad bits. No tail
bits are present when LDPC encoding is used.

The padding flow is as follows. The MAC delivers a PSDU(that fills the available octets in the Data field of
the PPDU for each user u. The PHY determines the aumber of pad bits to add and appends them to the
PSDU. The number of pad bits added will always be 0 to 7 per user. When user u of a VHT MU PPDU uses
BCC encoding, the number of pad bits is calculated using Equation (22-56). In the case of SU ignore u in
Equation (22-56).

NPAD,u = NSYMNDBPS,u -8 PSDU_LENGTHu - Nservice - NtaiINES,u (22'56)

where

PSDU_LENGTH, is defined“in 22.4.3

Ngym is the nuniber of symbols in the Data field and is given by Equation (22-111) for a VHT SU
PPDU and by Equation (22-67) for a VHT MU PPDU

For an SU PPDU; if LDPC encoding is used then the PHY padding bits are calculated using Equation (22-
57).

Npab = Nsym. initNpeps —8 - PSDU_LENGTH — N ryice (22-57)

where
PSDU_LENGTH is defined in 22.4.3

Nsym,init IS given by Equation (22-62)

Fora VHT MU PPDU, if LDPC encoding is used for user u then the PHY padding bits are calculated using
Equation (22-58).
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Npap,u = Nsym_max initNoeps,u =8 - PSDU_LENGTH, = Nygryice (22-58)

where
NP
FSBU_I:EI\IU 1 I_Iu 1S UCTITICTU 11T ££.4.0

Nsym_max_init 1S given by Equation (22-65)
The Data field of the VHT PPDU contains data for one or more users. For a VHT MU PPDU, the data
processing, from scrambling to constellation mapping shall happen on a per-user basis. In the following
subclauses, this process is described from a single user’s point of view.

22.3.10.2 SERVICE field

The SERVICE field is as shown in Table 22-16.

Table 22-16—SERVICE field

Bits Field Description
B0-B6 Scrambler Initialization Setto 0
B7 Reserved Setto 0
B8-B15 CRC CRC calculatedcover VHT-SIG-B (excluding tail bits)

22.3.10.3 CRC calculation for VHT-SIG-B

The CRC calculation and insertion is illustrated\n Figure 22-23.

P VHT-SIG;B L SERVICE field o
20 bits (20 MHz), 21 bits‘(40 MHz), Tail Scrambler Init | Reserved CRC
23 bits (80 MHz, 160°MHz and 80+80 MHz) | (6 bits) (7 bits) (1 bit) (8 bits)
N J
| )
Figure 22-23—VHT-SIG-B and SERVICE field relationship
The value of the CRC field shall be the ones complement of Equation (22-59).
cre(D) = (M(D) @ I(D))D8modG(D) (22-59)
where
M(D) = moDN-1+m;DN-2+ ...+ my_,D+my_;
N is the number of bits over which the CRC is generated; 20 for 20 MHz, 21 for 40 MHz, and 23
for 80 MHz/160 MHz/80+80 MHz
m; is bit i of VHT-SIG-B

Copyright © 2013 IEEE. All rights reserved. 273


https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

IEEE
Std 802.11ac-2013 LOCAL AND METROPOLITAN AREA NETWORKS—AMENDMENT 4: ENHANCEMENTS
N-1
I(D) = Z D' are initialized values that are added modulo 2 to the first 8 bits of VHT-SIG-B
i=N-8

Dy =D+ DD+ tsthe CREgenerating potymomiat

cre(D) = ¢,D7+¢,D8+ ... +cgD + ¢,

Figure 20-8 shows the operation of the CRC. First, the shift register is reset to all ones. The bits are then
passed through the XOR operation at the input. When the last bit has entered, the output is generated by
shifting the bits out of the shift register, ¢ first, through an inverter.

As an example, if bits {mg, ... my,} are given by {100110000000000000000 1 1}, the. GRC bits
{c7,...co}are{00011100}.

The CRC field is transmitted with c- first. Hence, c; is mapped to B8 of the SERVICE fi€ld; cg is mapped to
B9, ..., and cg is mapped to B15 of the SERVICE field.

22.3.10.4 Scrambler

The SERVICE, PSDU, and PHY pad parts of the Data field shall be scrambled by the scrambler defined in
18.3.5.5. The Clause 18 TXVECTOR parameters CH<BANDWIDTH_IN_NON_HT and
DYN_BANDWIDTH_IN_NON_HT are not present; therefore, the initial state of the scrambler is set to a
pseudorandom nonzero seed. Different users in a VHT MU PPDWU.may use different pseudorandom nonzero
seeds.

22.3.10.5 Coding
22.3.10.5.1 General

The Data field shall be encoded using either.the binary convolutional code (BCC) defined in 22.3.10.5.2 and
22.3.10.5.3 or the low density parity check’(LDPC) code defined in 22.3.10.5.4. The encoder is selected by
the SU/MU[0] Coding, MUJ1] Coding;-MU[2] Coding, or MU[3] Coding field in VHT-SIG-A, as defined in
22.3.8.3.3. When BCC FEC encoding is used, the number of encoders is determined by rate-dependent
parameters as defined in 22.5.,The operation of the BCC FEC is described in 22.3.10.5.2 and 22.3.10.5.3.
The operation of the LDPC-godér is described in 22.3.10.5.4. Support for the reception of a BCC encoded
Data field is mandatory.

22.3.10.5.2 BCC encoder parsing operation

If multiple enicaoders are used, the scrambled SERVICE, PSDU, and PHY pad bits are divided between the
encoders by\sending bits to different encoders in a round robin manner. Bit i to encoder j of user u, denoted
x{) | is@as)specified in Equation (22-60).

LU

. Npgps .
by, i+jur 0<T<Ngyy Nes ¥ — Ny 0<j<Ngg =1
Xty = \ " \ (22-60)
0; Ngym NDBPS ¥ = Nigit i <Ngypy ISBPS %, 0<j<Ngg -1
ES,u ES,u
where
by u is bit k of the scrambled SERVICE, PSDU, and pad bits of user u
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Ngym is the number of symbols in the Data field and is given by Equation (22-111) for a VHT SU
PPDU and by Equation (22-67) for a VHT MU PPDU

NOTE—Tail bits with value 0 are being appended to each FEC input sequence in Equation (22-60).

22.3.10.5.3 Binary convolutional coding and puncturing

The BCC encoder parser output sequences of user u {x{J) }, 0 <i<NgyyNpgps y/Ngs 1, 0<j<Ngg , -1
will each be encoded by a rate R = % convolutional encoder defined in 18.3.5.6. After encoding, the encoded
data is punctured by the method defined in 18.3.5.6 (except for rate 5/6), to achieve the rate selected by the
modulation and coding scheme. In the case that rate 5/6 coding is selected, the puncturing scheme willbe
same as described in 20.3.11.6.

22.3.10.5.4 LDPC coding
For a VHT SU PPDU using LDPC coding to encode the Data field, the LDPC code and}encoding process
described in 20.3.11.7 (LDPC codes) shall be used with the following modificationsi-First, all bits in the

Data field including the scrambled SERVICE, PSDU, and pad bits are encoded. Thus, )N,,4 for VHT PPDUs
shall be computed using Equation (22-61) instead of Equation (20-35).

Npig = Nsym,initNpsps (22-61)

where

Nsym,init IS given by Equation (22-62)

(22-62)

_ 8. APEP_LENGTH + N, (o
Nsym, init = MsTac X
Mstec - Npges

where

Mgrge IS equal to 2 when STBC is Used, and 1 otherwise

APEP_LENGTH is the TXVECTOR parameter APEP_LENGTH

Following the calculation of (N4, Naypits Shall be computed using Equation (22-63) instead of Equation
(20-36).

Navbits = Nsva $nitNceps (22-63)
In addition, if Ngy,, computed in Equation (20-41) in step (d) of 20.3.11.7.5 (LDPC PPDU encoding
process) i§ greater than Ngyy ini¢» then the LDPC Extra OFDM Symbol field of VHT-SIG-A shall be set to
1. Otherwise, the LDPC Extra OFDM Symbol field of VHT-SIG-A shall be set to 0.

IFDPC codes used in VHT MU PPDUs shall also follow the definitions in 20.3.11.7 (LDPC codes). Refer to
22.3.10.5.5 for a description of the LDPC encoding process for VHT MU PPDUs.

22.3.10.5.5 Encoding process for VHT MU PPDUs

For a VHT MU PPDU, first compute the initial number of OFDM symbols for each user using Equation (22-

64).
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. + .+ -
[8 APEP—LENGT:“ Nservice * Niail - Nes U—‘ when user u uses BCC
DBPS, u
NevMinitu = 1rg APEP LENGTH, +N (22-64)

( = u 56fViC€—| when tser u uses | DPC
“ NDBPS,u

where

APEP_LENGTH, isthe TXVECTOR parameter APEP_LENGTH for user u

Based on the above equation, compute the largest initial number of symbols over all users‘using
Equation (22-65).

Nuser_ 1
NSYM_max_init = max{ NSYM_init, u } u=0 (22-65)

Then, for each user u that uses LDPC in the VHT MU PPDU, the final number of symbols in the Data field
(Nsym,u) shall be computed as follows. First, perform step a) in 20.3.11.7.5 with.the exception that Nq is
computed using Equation (22-66) instead of Equation (20-35).

Npld = NSYM_max_initNDBPS, u (22-66)

Then, perform steps b) through d) in 20.3.11.7.5 (LDPC PPDU entoding process) with Ncgps and R replaced
with Ncgps ; and Ry, respectively. Ngyy , for user u shall then'be-equal to the value of Ngy), obtained at the
end of step d) using Equation (20-41).

The purpose of going through steps a) to d) in 20.3:11/7.5 (LDPC PPDU encoding process) in the above
paragraph is to compute Ngy - Thus, at this stage Ngyy , for each user may be calculated without actually
encoding the data using LDPC.

For BCC users, Ngyy y = Nsym_init, u -
Then, compute the number of symbpls‘in the Data field using Equation (22-67).

Nyger —
Ngym = MaxX{Ngym u}y=9 (22-67)

When constructing the ‘Data field for user u encoded using LDPC code, the MAC follows the padding
procedure described\in 9.12.6 and delivers a PSDU that contains PSDU_LENGTH,, octets (see 22.4.3). The
PHY follows.(the" padding procedure described in 22.3.10.1 to fill Ngypm max init  SYmbols, where
Noym max init “iS defined in Equation (22-65). Then, for each user, all bits in the Data field including the
scrambled. SERVICE, PSDU, and pad bits shall be encoded using the LDPC encoding process specified in
20.3,13.75 with the following modifications. First, N4 shall be computed using Equation (22-66) instead
of AEguation (20-35). Also, replace Ncgps and R with Negps, and R, respectively. Next, step d) in
20.3.11.7.5 is replaced with step d) below:

d) If Ngyyw computed in Equation (22-67) is equal t0 Ngywm max init» then the number of bits to be

punctured, N from the codewords after encoding is computed as shown in Equation (20-38).

punc *

If Ngym computed in Equation (22-67) is greater than Ngyp max init» then the number of bits to be

punctured, N,,.., from the codewords after encoding is computed using Equation (20-39) and
Equation (20-40). Note also that N pits has now been updated in Equation (20-39) in this case.
The punctured bits shall be equally distributed over all Ngy codewords with the first

276 Copyright © 2013 IEEE. All rights reserved.



https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

IEEE
FOR VERY HIGH THROUGHPUT FOR OPERATION IN BANDS BELOW 6 GHz Std 802.11ac-2013

rem(Npyne Now) codewords punctured 1 bit more than the remaining codewords. Define

Nopew = | Npune/New |- When N, >0, the puncturing is performed by discarding parity bits
Pn—k=Nyye -1 > Pnok-1 of the first rem(N,,c, Ncy) codewords and discarding parity bits
ProkoN._ _»---s Pn_k-1 Of the remaining codewords after encoding.

- >
ppew

When constructing the Data field for users encoded using BCC, the MAC follows the padding procedure
described in 9.12.6 and delivers a PSDU that contains PSDU_LENGTH,, octets. The PHY follows the
padding procedure described in 22.3.10.1 to fill up Ngyp Symbols computed in Equation (22-67). Then, for
each user, all bits in the Data field including the scrambled SERVICE, PSDU, and pad bits shall be encoded
using the BCC encoding process specified in 22.3.10.5.2 and 22.3.10.5.3. Note that this process ensures that
the BCC tail bits are placed at the very end of the PPDU.

In addition, if Ngyy, computed in Equation (22-67) is greater than Ngyp max init COMputed in Equation (22-
65), then the LDPC Extra OFDM Symbol field of VHT-SIG-A2 shall be set to 1. Otherwise, the LDPC
Extra OFDM Symbol field of VHT-SIG-A2 shall be set to 0.

22.3.10.6 Stream parser

After coding and puncturing, the data bit streams at the output of the FEC'‘encoders are processed in groups
of Ncgps bits. Each of these groups is re-arranged into Ngg blocks of Negpss bits (Ngs , blocks of Negpss
bits in the case of an MU transmission). This operation is referred to\as+‘stream parsing” and is described in
this subclause.

The description is given in terms of an SU transmission. For MU transmissions, the rearrangements are
carried out in the same way per user.

The number of bits assigned to a single axis (real.ar imaginary) of a constellation point in a spatial stream is
denoted by Equation (22-68).

N
s = max{ 1, —-BFZ’S-—CS} (22-68)

The sum of these over all streams is S = Ngg- S

Consecutive blocks of § bits are assigned to different spatial streams in a round robin fashion.

Let

N LMJ (22-69)
and

M = NCBPS - NB|OCk : NES ) (22_70)

I‘UI I.IIU IIIDI. NB|OCk NES O Ull.b UI Edbll UI BIVI Sy |b0| S bits I 1Y) the UUtPUt UI Ii ste |COde' are diUidEd

among all spatial streams, s bits per stream. Then, S bits from the output of next encoder are used, and so on.
If Ncgps is greater than Ngjo - Ngs - S, then for the last Nogps — Ngjook - Ngs - S bits of each OFDM
symbol, M - s bits from the output of the first encoder are fed into spatial streams 1 through M (s bits per
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spatial stream), and then M - s bits from the output of the next encoder are used for spatial stream M + 1
through [(2M —1) mod Ngg] + 1, and so on, where z mod t is the remainder resulting from the division of
integer z by integer t.

Fhefohowmgeguationsareamrequivatent descriptiontotheabove procedure: Bitat theoutput of encoder
is assigned to input bit k of spatial stream igg where

LEJ mOd NES’ k = 07 1:-"9 NBIOCk'NES.S_l
j = (22-71)

Lﬁj, k = Ngjock * Ngs * S, -+, Negpss — 1

and
(iss—l)s+8[ k J+kmod s, k=0,1,...,Ngog Nes-S—1
i = £s- S (22-72)
(L mOd M) - S + NB'OCk N S + k mOd S, k = NB'OCk N NES N S, ey NCBPSS 7 1
where

iss = 1,2, ..., Ngg
i =0,1,...,Nggps/Ngs— 1
j=0,1,..,Ngg—1

k=01, .., Negpss— 1

-
|

= LEJNSS +(iss—1)

k' = K= Ngjok - Ngs - S

| x | is the largest integer less thah or equal to x

z mod t is the remainder fesulting from the division of integer z by integer t

NOTE—Ncgps is greater than Ng,.., - Ngs - S in only the following cases:

— 160 MHzand 80+80 MHz, Ngg =5, VHT-MCS =5
— 160 MHzand 80+80 MHz, Ngs =5, VHT-MCS = 6
— 160 MHz and 80+80 MHz, Ngg = 7, VHT-MCS =5
— 160 MHz and 80+80 MHz, Ngs = 7, VHT-MCS = 6

22:3.10.7 Segment parser

The description in this subclause is given in terms of an SU transmission. For MU transmissions, the
rearrangements are carried out in the same way per user.

For a contiguous 160 MHz or a noncontiguous 80+80 MHz transmission, the output bits of each stream

parser are first divided into blocks of Ncgpss bits (Ncgpss  bits in the case of an MU transmission). Then,
each block is further divided into two frequency subblocks of N¢gpgs/2 bits as shown in Equation (22-73).
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Y| = X k=01, Nesess g (22-73)
k1 25~NES{ k J+I~5~NES+kmod(s-NEs)’ )
s - Ngsg
where
Lz] is the largest integer less than or equal to z

zmodt is the remainder resulting from the division of integer z by integer t

X is the m th bit of a block of Nggpgs bits, m=010 Negpss—1
| is the frequency subblock index, | = 0, 1

Vi is bit k of the frequency subblock |

S is defined in Equation (22-68)

If Ncgpss is not divisible by 2s - N, then apply the segment parsing method described-in Equation (22-73)
for | Negpss/(25 - Nis) | sets of 2s- Ngg segment parser input bits. At thispoint, each stream parser
N mod(2s - N
output has 25 - N,y (N,pq = —2522 25( es)

divided into subsets of s bits, with each subset being assigned to different subblock (I = 0, 1) in a round

< Ngg, integer ) residuebits. Then, the residue bits are
robin fashion. The first s bits are assigned to the subblock with index | = 0. Repeat N times (until all

bits are distributed to the two subblocks). That is, if Nqgpgg is not divisible by 2s - Ngg, each block is

further divided into two subblocks of Nqgpss/2 bits as.shown in Equation (22-74).

k = 0, l, "'9LNCBPSS/(23' NES)J'S' NES_l (22_74)

X
25<NE{ J+I-S<NES+kmod(s»NE5)’

S~ Ngg

yk,l = NCBPSS_l

X25<NESL k J+25-Lk mOd(SS"\‘ES)J+|.s+kmod s k= LNCBPSS/(ZS . NES)J S NES’ e
- NEs

Segment parser is bypassed-for a 20 MHz, 40 MHz, or 80 MHz VHT PPDU transmission, i.e., as specified
in Equation (22-75).

Yior = X K=30,1, .., Negpss (22-75)

where
| is the frequency subblock index. | = 0 for a 20, 40 or 80 MHz VHT PPDU transmission.
Y| is bit k of the frequency subblock |

X is bit m of a block of Ngpgg bits, m = 0 t0 Negpgs— 1

m

22.3.10.8 BCC interleaver

For ease of explanation, the operation of the interleaver is described for the SU case. For user u of an MU
transmission, the interleaver operates in the same way on the output bits for the user from the stream parser

by replacing Nss, Ncgpss: Ncgpssi: @1d Ngpscs With Nss i, Ncgpss u: Nespssiu: @1d Ngpscs u» respectively.
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That is, the operation of the interleaver is the same as if the transmission were an SU one, consisting of bits
from only that user.

This subclause describes the interleaver used in the case of BCC encoding. The interleaver described in this

——subclausestatbebypassedhimrthe tase of BPCencodimny:

For a 20 MHz, 40 MHz, or 80 MHz VHT PPDU transmission, the bits at the output of the stream parser are
processed in groups of Negps bits. Each of these groups is divided into Ngg blocks of Ncgpsg bits, and each
block shall be interleaved by an interleaver based on the Clause 18 interleaver. For a contiguous 160 MHz or
a noncontiguous 80+80 MHz VHT PPDU transmission, each frequency subblock of Ncgpss/2 output bits
from the segment parser is interleaved by the interleaver for 80 MHz defined in this subclause. \This
interleaver, which is based on entering the data in rows, and reading it out in columns, has a different
number of columns N.q, and rows Ngq,, for different bandwidths. The values of N, and Ny, are
given in Table 22-17.

Table 22-17—Number of rows and columns in the interleaver

Parameter 20 MHz 40 MHz 80 MHz
NeoL 13 18 26
Nrow 4 x Ngpscs 6 x Ngpscs 9 x Ngpscs

Nrot (Nss<4) 1 29 58
Nrot (Nss>4) 6 13 28

After the operations based on the Clause 18 interleaver have been applied and if more than one spatial
stream exists, a third operation called frequency rotation is applied to the additional spatial streams. The
parameter for the frequency rotation is.NgoT. The values of Nggt are given in Table 22-17.

An additional parameter is the spatial stream index igg = 1, 2, ..., Ngg. The output of the third operation is
a function of the spatial streamindex.

The interleaving is defined using three permutations. The first permutation is given by the rule shown in
Equation (22-76).

i = Npow(ksimiod NCOL)+L k J,k = 0,1, ..., Negpss - 1 (22-76)
NCOL

whefe

% | is the largest integer less than or equal to x

The second permutation is defined by the rule shown in Equation (22-77).

(i+ Negoee = | Noot 1 [\mod's, i = 0.1, ... Negpee, =1 (22-77)

i = s| i |+
Ls] | Ncepssi |

where
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s is defined in Equation (22-68)

If 2<Ngs<4, a frequency rotation is applied to the output of the second permutation as shown in
Equation (22-78).

. . igs—1
r= {J - |:(2(|SS —1)) mod 3 + 3L%ﬂ “Ngor - Nspscs} mod Ncgpssis (22-78)
j=0,1,...,Negpss — 1
where

iss = 1,2, ..., Ngg is the spatial steam index on which this interleaver is operating

If Ngg > 4, a frequency rotation is applied to the output of the second permutation as shown in Equation (22-
79).

r = {j—J(ss) - Nrot - Ngpscs} Mod NegpssisJ = 0,1, ..., Negpsg — 1 (22-79)

where

iss = 1,2, ..., Ngg is the spatial steam index on which this interleaver is operating, and J(igg) is an
integer as defined in Table 22-18.

Table 22-18~"J(igg) values

iss J(iss)
1 0

2

3 2

4 7

5 3

6 6

7 1

8 4

he deinterleaver uses the following three operations to perform the inverse permutations. Let r denote the
index of the bit in the received block (per spatial stream). The first operation reverses the third (frequency
rotation) permutation of the interleaver. When Ngg = 1, this reversal is performed by j =r
(r =0,1, ..., N¢ggpss — 1). When 2 < Ngg < 4, this reversal is performed by as shown in Equation (22-80).
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i= {r + [(Z(iss— 1)) mod 3 + 3r583_ 1ﬂ “Ngor- NBPSCS} mod Ncgpss)» (22-80)
=04 Negpeo—+
When Ngg > 4, this reversal is performed by Equation (22-81).
J = {r+J(iss) - Ngor - Ngpscs} Mod Nggpss;, = 0,1, ..., Nggpss — 1 (22-81)

where

J(igs) is defined in Table 22-18

The second operation defined by Equation (22-82) reverses the second permutation in the interleaver.

i = sH + (j + P&LJJ) mods, j = 0,1, ... Negpss — 1 (22-82)
S Ncepssi
where
S is defined in Equation (22-68)

The third operation defined in Equation (22-83) reversed the firstpermutation of the interleaver.

NROW

22.3.10.9 Constellation mapping

22.3.10.9.1 General

The mapping between bits at the-qutput of the interleaver and complex constellation points for BPSK,
QPSK, 16-QAM, and 64-QAM follows the rules defined in 18.3.5.8. For 256-QAM, the mapping is shown
in Figure 22-24, Figure 22-25--Figure 22-26, and Figure 22-27.

The bit-string convention in Figure 22-24, Figure 22-25, Figure 22-26, and Figure 22-27 follows the bit-
string conventionoutlined in 18.3.5.8.

The streams af complex numbers in frequency subblock | for user u are denoted

Qinrw K=0,1,..,Ngp=1; i=1,..,Ngs,; N =0,1,...,Ngypy—1; (22-84)
I = 0 for 20 MHz, 40 MHz, and 80 MHz;
| = 0,1 for 160 MHz and 80+80 MHz;
U=0,..,Nye—1

The normalization factor, Kyop, for 256-QAM is 1/4/170.
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Figure.22-24—Constellation bit encoding for 256-QAM (1st quadrant)
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Figure22-25—Constellation bit encoding for 256-QAM (2nd quadrant)
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Figure 22-26—Constellation bit encoding for 256-QAM (3rd quadrant)
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Figure 22-27—Constellation bit encoding for 256-QAM (4th quadrant)
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22.3.10.9.2 LDPC tone mapping

The LDPC tone mapping shall be performed on all LDPC encoded streams as described in this subclause
and using an LDPC tone- mapplng dlstance parameter DTM DTM is constant for each bandwidth and its

streams that are encoded using BCC.

Table 22-19—LDPC tone mapping distance for each bandwidth

160 MHz,
Parameter 20 MHz 40 MHz 80 MHz 80+80 MHz
Diu 4 6 9 9

For a 20 MHz, 40 MHz, and 80 MHz VHT PPDU transmission, the LDPC tone mappingfor LDPC-coded
streams corresponding to user u is done by permuting the stream of complex numbers generated by the
constellation mappers (see Equation (22-84)) to obtain

d"t(k), intu=0cinLw K=0,1, . Ngp=1; i=1,..,Ngg; N =0 ..., Ngyy—1; (22-85)
| = 0 for 20 MHz, 40 MHz, and 80 MHz;
| = 0,1 for 160 MHz and 80+80 MHz;
U=0,..,Nye—-1
where
Nsp k-D
DTM(k mod D_M) + {N—TMJ’ for 20 MHz, 40 MHz, 80 MHz, and 80+80 MHz
T
t(k) = " 0 (22-86)
DTM(k mod LZ) +| K Prw | %46 160 MHz
D1wm Ngp/2

As a result of the LDPC tone mapping operation above, each two consecutively generated complex
constellation numbers d'y ; , | ,@nd d' 1 1., Will be transmitted on two data tones that are separated by
at least Dy, — 1 from other-data tones. Note that the operation above is equivalent to block-interleaving the
complex numbers d'y )i s - Ay~ 100,10 fOr €ach i, n, and u using a matrix with Dy, rows and
Ngp/ Dy (for 20.MHz, 40 MHz, 80 MHz, or 80+80 MHz) or (for 160 MHz) columns, where
q

2.
™
o.i,n 1w - {ONg ~1,i,n1,u &re Written row-wise into the matrix, and d"q; , |y ..., d"n. ~1,i,n,1,4 @re read

column-wise from the matrix.

NOTE—LDPC tone mapping is performed separately for the upper and lower 80 MHz segments of a 160 MHz of
80+80 MHz transmission as indicated by the frequency subblock index I in Equation (22-85) and Equation (22-86).

Since LDPC tone mapping is not performed on BCC-coded streams, for BCC-coded streams, the following

applies:
T nio - Okinte K=0 5 Ngp= 1, T= &, Ngs, T =0, Lo Ny =1+ (22=87)
I = 0 for 20 MHz, 40 MHz, and 80 MHz;
I = 0,1 for 160 MHz and 80+80 MHz;
Uu=20,..,Nge—1
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22.3.10.9.3 Segment deparser

For a 160 MHz VHT PPDU transmission, the two frequency subblocks at the output of the LDPC tone
mapper for LDPC or constellation mapper for BCC are combined into one frequency segment as shown in

(O0-0.0

: N
d"inous Iif 0<k<-=P_1
dlﬁ’is'fg”)’“ ) N > iSeg =0 (22-88)
engpr2inrus 1T =7 <k<SNgp-1

N

For a 20 MHz, 40 MHz, or 80 MHz VHT PPDU transmission, the segment deparsing is not performed.
Hence,

difseny = A% inow OSKSNgp—1, iy =0 (22-89)
For an 80+80 MHz VHT PPDU transmission, the segment deparsing is not performed. Hence,

ey = d" 0<k<Ngp—1, igq = 0,1 (22-90)

k, i, n, isEg, u>
22.3.10.9.4 Space-time block coding

This subclause defines a set of optional robust transmission techniques that are applicable only when using
STBC coding for VHT SU PPDUs. In this case, Nggg<Spatial streams are mapped to Ngyg o space-time
streams. These techniques are based on STBC. Whenthe VHT-SIG-A STBC field is 1, a symbol operation
shall occur between the constellation mapper and the spatial mapper as defined in this subclause. STBC
shall not be applied in a VHT MU PPDU. Henge,.the user subscript u is 0 in this subclause.

If STBC is applied, the stream of complex numbers,
d,ﬁ's,"""n)o k=0,...,Nsp—-1; i =15.,Ngso; Nn=0,...,Ngyy—1, generated by the segment
deparser, is the input to the STBC encoder, which produces as output the stream of complex numbers
aﬁf%;il,n,o; k=0,..,Ngp=2; igrs = 1,...,Ngr5; N =0,...,Ngyy—1.For given values of k and i,
STBC processing operates on the complex modulation symbols in sequential pairs of OFDM symbols so

“iseg) ~ (iseg) (iseq) (iseg) ~ (iseq)
that the value of «di5i-1.2m 0 and di i 2m.0 depend on d, %5, pand dy %41 0. AlsO, di -1 2m+1.0

and aﬁfsgﬁ)zm {1, ¢-depend on dilsfgz)mo and d,ilsfgz)m +1,0 - This is defined in Table 22-20. Note that the segment

index iseq.is OMitted in Table 22-20 for simplicity.

Table 22-20—Constellation mapper output to spatial mapper input for STBC

Nsrs Nss | lsTs dk, igrs, 2m, 0 di, igre, 2m+1,0
2 1 1 dl,"")m’f\ d|’1")m4.1’n
2 * *
=i 1,2m+1,0 di 1,2m, 0

288 Copyright © 2013 IEEE. All rights reserved.



https://standardsiso.com/api/?name=4b6dbdbda8b2cda8a1613170823e64a4

FOR VERY HIGH THROUGHPUT FOR OPERATION IN BANDS BELOW 6 GHz

ISO/IEC/IEEE 8802-11:2012/Amd.4:2015(E)

IEEE
Std 802.11ac-2013

Table 22-20—Constellation mapper output to spatial mapper input for STBC (continued)

22.3.10.10 Pilot subcarriers

Copyright © 2013 IEEE. All rights reserved.

Ngrs Nss | lsTs dk, igrs, 2m, 0 di, igre, 2m+1,0
4 2 1
dy 1.2m.0 dy 1, 2m+1,0
2 * *
_dk,l,2m+l,0 dk,l,2m,0
3
dy 2.2m.0 dy 2 2m+1.0
4 * *
—i 2.2m+1.0 di 2.2m.0
6 3 1 dy 1. 2m 0 Ay 1 2m+1,0
2 * *
=i 1,2m+1,0 di 1, 2m, 0
3
dy 2.2m. 0 dy 2 2m+ 20
4 * *
_dk,2,2m+l,0 dk,2,2m,0
5
dy 3.2m0 di 3. 2m+1.0
6 * *
—0i 3.2m+ 1% di 3, 2m, 0
8 4 1 dya, 2o dy 1, 2m+1,0
2 % *
<01 2m+ 1.0 di 1,2m 0
3
dy 2.2m. 0 dy 2 2m+1,0
4 * *
_dk,2,2m+l,0 dk,2,2m,0
5
dy 3.2m.0 Ay 32m+1.0
6 * *
=i 5. 2m+1.0 di 3. 2m, 0
7
dy 4 2m, 0 Ay 4 2m+1,0
8 * *
=i 4, 2m+1,0 di 4, 2m. 0
If STEE44 not applied, dvs? o = d*% and N =N
pplied, diin,0 = Uy o sts,0 — Nsso-

NOTE—When STBC is applied, an odd number of space-time streams is not allowed, and Ngtg g = 2Ngg ¢ -

For a 20 MHz transmission, four pilot tones shall be inserted in subcarriers k e {-21, -7, 7,21} . The pilot

i k i auation (22.01)
—mpwg—mmm%mmwe@%n GHaHoR-{L==1)-
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Pé_21’ -2l = {‘Pilr% mod 4> \P&,lzn +1) mod 4> \ijzn +2) mod 4> \Pi,lzn +3) mod 4}

(22-91)
Pke {-21-7.,7.21} = (

where

W{l) isgiven by the Ngrg = 1 row of Table 20-19

For a 40 MHz transmission, six pilot tones shall be inserted in subcarriers -53, =25, —11, 11, 25, and 53. The
pilot mapping PX for subcarrier k for symbol n shall be as specified in Equation (22-92).

Pé_ss’ =25, -11,11,25,83} = {‘Pil% mod 6> \Pa,lzn +1)mod6> ** > \Pa,lzn +5) mod 6 }

(22-92)
Pke {-53,-25,-11,11,25,53) = (

where
W{l) is given by the Ngrg = 1 row of Table 20-20

For an 80 MHz transmission, eight pilot tones shall be inserted in subcarriers’>103, -75, -39, -11, 11, 39,
75, and 103. The pilot mapping PX for subcarrier k for symbol n shall be as'specified in Equation (22-93).

-103, -75, -39, -11, 11, 39, 75, 103} =
Prjﬁ b= {\anodB’l}l(n+l)mod8’"-’\P(n+7)mod8}

(22-93)
Pk e {-103,-75,-39,-11,11, 39, 75,103} = (
n

where

¥, is defined in Table 22-21

Table 22-21—Pilotvalues for 80 MHz transmission

Yo | Wb, | W, W, | W | W | Yy,

1 1 1 -1 -1 1 1 1

For a 160 MHz transmission, the 80 MHz pilot mapping is replicated in the two 80 MHz subchannels
of the 160 MHz transmission. Specifically, 16 pilot tones shall be inserted in subcarriers =231, —203, -167,
-139, -117, 89,53, 25, 25, 53, 89, 117, 139, 167, 203, and 231. The pilot mapping PX for subcarrier k
for symbol nshalf be as specified in Equation (22-94).

-2814%203, -167,-139, -117, -89, -53, -25, 25, 53, 89, 117, 139, 167, 203, 231
P ) (22-94)

= {\Pn mod 8> \P(n +1) mod 8> ‘P(n +2) mod 8> \P(n +3) mod 8> \P(n +4) mod 8> \Ij(n +5) mod 8> \P(n +6) mod 8> \P(n +7) mod 8>

\Ijn mod 8> ‘P(n +1) mod 8> \P(n +2) mod 8> \P(n +3) mod 8> \Ij(n +4) mod 8> ‘P(n +5) mod 8> \P(n +6) mod 8> \Ij(n +7) mod 8 }
pke {-231,-203,-167, -139, -117, -89, =53, -25, 25, 53, 89, 117, 139, 167, 203,231} = ()
n

where

W, is given in Table 22-21
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For a noncontiguous transmission using two 80 MHz frequency segments, each frequency segment shall
follow the 80 MHz pilot tone allocation and values defined for 80 MHz transmission as specified in
Equation (22-93) and Table 22-21.

Fheabove pitot mappingstat-becopiedtoat-space=timestreams before thespace=timestrearmrcychcshifts
are applied.

22.3.10.11 OFDM modulation
22.3.10.11.1 Transmission in VHT format

The time domain waveform of the Data field of a VHT PPDU from transmit chain iy, 1 < itx < Npyshall be
as defined in Equation (22-95).

NSYM_ 1

I 3w, (t-nTsyy) (22-95)
VHT-Data' ¥STS, total n=0

1

(iSegv iTx)

Mvi-pata(t) =
N

NSR Nuser_ 1 NSTS u . g (iSe ,U)
’ (Iseq) . + k
[kangiTx,(M“m)Yk» sw(Dik,m nBw + B¢ +2Py)

SDIEEDIED)

kK=-Ngzg u=0 m=1 - eXp(J2nkAR(t = nTsy 5\ T ), pata = Tesyrr(My +m)))
where
Pn is defined in 18.3.5.10
Pk is defined in 22.3.10.10

Yy sw is defined in Equation (22-14), Equation (22-15), Equation (22-16), and Equation (22-17)

ISESr;?’nLj)BW is the transmitted constellationdfor user u at subcarrier k, space-time stream m, and Data field

OFDM symbol n and is defined‘in:Equation (22-96) through Equation (22-99)

NV ... has the value given in-Table 22-8
Tesvur(n) is given in Table:22211

Toipaa 1S the guardhinterval duration. Tg py, = Tg When not using the short guard interval (Short
Gl field of VHT-SIG-A2is 0) and T, pas = Tgis When using the short guard interval (Short GI
field of VHT-SIG-A2 is 1). Ty, and T, are given in Table 22-5.

For a 20 MHz VHT transmission,

B lse W _ 0,k=0,+7,+21
k,m,n,20 — ”‘(iSeg)

(22-96)
dMgo(k), m, n, u’

otherwise

where

M2, (K) is defined in Equation (22-49)
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For a 40 MHz VHT transmission,

Slisep W) [ 0,k =0,+1, £11, £25, £53

ORI, 1, 40 seq) R (22 97)
\ Mzo(k)ym,n,u,otherwwe
where
M/o(k) is defined in Equation (22-51)
For an 80 MHz transmission,
~ (5o U) 0,k =0,+1, +11, +£39, +75, +103
Dicmin80 = 9§ ~(igy) ) (22-98)
dMgo(k), m.n, u otherwise
where
M{o(K) is defined in Equation (22-53)
For a 160 MHz transmission,
~ (5o U) 0,k =0,+1, +2, +3, +4, £5, +25, £53; +89, +117, +127, +128, +£129, +139, +167, £203, +231
Dk m,n, 160 = a(iSeg) therwi
Migo(k). m,n,u> OtNEMWISE (22-99)
where

MIgo(K) is defined in Equation (22-55)

For a noncontiguous 80+80 MHKz transmission, each frequency segment shall follow the 80 MHz VHT
subcarrier mapping as specified in Equation (22-98) and Equation (22-53).

Qo) is a spatial mapping/steering matrix with Nty rows and Ngrg tota) COlumns for subcarrier k in
frequency segmentiise, - ﬁ'seg_) may be frequency dependent. Refer to the examples of Q, listed in
20.3.11.11.2 for'examples of Qﬁ'seu) that could be used for VHT SU PPDUs. Note that implementations are
not restricted to the spatial mapping matrix examples listed in 20.3.11.11.2 and the number of transmit
chains N+ could be greater than 4. For VHT SU PPDUs to which beamforming is applied, Q{'s= is a
beamforming steering matrix and is derived from the TXVECTOR parameter EXPANSION_MAT. For
VHT-MU PPDUs, Q{'s=o is the DL-MU-MIMO steering matrix and is derived from the TXVECTOR
parameter EXPANSION_MAT. The beamforming steering matrices and DL-MU-MIMO steering matrices
are implementation specific.

22.3.10.12 Non-HT duplicate transmission

When the TXVECTOR parameter FORMAT is NON HT and the TXVECTOR parameter

NON_HT_MODULATION is NON_HT_DUP_OFDM, the transmitted PPDU is a non-HT duplicate. Non-
HT duplicate transmission is used to transmit to non-HT OFDM STAs, HT STAs, or VHT STAs that may be
present in a part of a 40 MHz, 80 MHz, or 160 MHz channel (see Table 22-2). The VHT-SIG-A, VHT-STF,
VHT-LTF, and VHT-SIG-B fields are not transmitted. The L-STF, L-LTF, and L-SIG fields shall be
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transmitted in the same way as in the VHT transmission, with the exceptions for the Rate and Length fields
which shall follow 18.3.4.

For a 40 MHz non-HT duplicate transmission, the Data field shall be as defined by Equation (20-61).

For 80 MHz and 160 MHz non-HT duplicate transmissions, the Data field shall be as defined by
Equation (22-100).

NSYM -1

Tone Z WTSYM(t —NTsym) (22-100)
NON_HT_DUP_OFDM-Data |, - 0

1

rnnr, sw(® =
) /\/N

26
NZOMHZ_ 1
> Yk Kgnlipw) BW Pk n ¥ P+ 1Pi)

Z k =-26

fow = 0 - exp(i2m(K ~ Kepin(ipu)) Ap(t = NTsyy = Ty — Te))

where
Noomnz and Kgir(i) are defined in 22.3.8.2.4
Py and p,, are defined in 18.3.5.10
D n is defined in Equation (22-26)
Ty sw is defined in Equation (22-16) and Equatiof/(22-17)

T‘gg represents the cyclic shift for transmitter chain ity with a value given in Table 22-10

For a noncontiguous 80+80 MHz non-HT duplicate transmission, data transmission in each frequency
segment shall be as defined for an 80-MHz non-HT duplicate transmission in Equation (22-100).

22.3.11 SU-MIMO and DLMU-MIMO Beamforming
22.3.11.1 General

SU-MIMO and-BE=MU-MIMO beamforming are techniques used by a STA with multiple antennas (the
beamformer)(tosteer signals using knowledge of the channel to improve throughput. With SU-MIMO
beamforming-all space-time streams in the transmitted signal are intended for reception at a single STA.
With DL=MU-MIMO beamforming, disjoint subsets of the space-time streams are intended for reception at
different STAs.

For SU-MIMO beamforming, the steering matrix Q, can be determined from the beamforming feedback
matrix Vj that is sent back to the beamformer by the beamformee using the compressed beamforming
feedback matrix format as defined in 20.3.12.3.6. The feedback report format is described in 8.4.1.48.

For DL-MU-MIMO beamforming, the receive signal vector in subcarrier k at beamformee u,

— T . - - — T T T T
Yiou = DYoo Vi1 - YioNgy —1] » 18 shown in Equation (22-101), where X, = [Xy g, Xy 1, - X N, 1]
- u . . -
denotes the transmit signal vector in subcarrier k for all Ny, beamformees, with
T - . -
Xiu = [Xi 0o X 1> -5 X ngpg ,—1] DEING the transmit signal for beamformee u.
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Yiu = Hk,u X [Qk 0 Qk’ 1 cees Qk»Nuser-l] XX +n (22-101)
where
I_IK,U is-the-channelmatrix-from-the-beamformerto-beamformes-t-n-subscarrierk-with-dimensions
Nrx, % Nx
Nex, is the number of receive antennas at beamformee u
Qx.u is a steering matrix for beamformee u in subcarrier k with dimensions Ny x Ngrg

Nuser is the number of VHT MU PPDU recipients (see Table 22-6)

n is a vector of additive noise and may include interference

The DL-MU-MIMO steering matrix Qy = [Qy ¢, Qy 1, ---» Qe —1] can be determined by the
beamformer using the beamforming feedback matrices for subcarrier k from beamformeelu, Vi.u, and SNR
information for subcarrier k from beamformee u, SNRy ,, where u = 0, 1, ..., N, ~-12 The steering matrix
that is computed (or updated) using new beamforming feedback matrices and new SNR information from
some or all of participating beamformees might replace the existing steering matrix Q, for the next DL-MU-
MIMO data transmission. The beamformee group for the MU transmissioniS-signaled using the Group 1D
field in VHT-SIG-A (see 22.3.8.3.3 and 22.3.11.4).

22.3.11.2 Beamforming Feedback Matrix V

Upon receipt of a VHT NDP sounding PPDU, the beamformee shall remove the space-time stream CSD in
Table 22-11 from the measured channel before computing a'set of matrices for feedback to the beamformer.
The beamforming feedback matrix, Vy ,, found by thedseamformee u for subcarrier k shall be compressed in
the form of angles using the method described in_20:3.12.3.6. The angles, ¢k,v)and yk,u), are quantized
according to Table 8-53e. The number of bits for quantization is chosen by the beamformee, based on the
indication from the beamformer as to whether the feedback is requested for SU-MIMO beamforming or DL-
MU-MIMO beamforming. The compressed-beamforming feedback using 20.3.12.3.6 is the only Clause 22
beamforming feedback format defined.

The beamformee shall generate the-beamforming feedback matrices with the number of rows (Nr) equal to
the Ngtg of the NDP.

After receiving the angle information, ¢(k,u)and w(k,u), the beamformer reconstructs V ,, using Equation
(20-79). For SU-MIMO-beamforming, the beamformer can use this V o matrix to determine the steering
matrix Q. For DL-MU-MIMO beamforming, the beamformer may calculate a steering matrix
Qx = [Qxo Qkp+-> Q1] using Vi, and SNRy ;; (0 <u <N, —1) in order to suppress crosstalk
between participating beamformees. The method used by the beamformer to calculate the steering matrix Qy
is implementation specific.

The-beamformee decides the tone grouping value to be used in the beamforming feedback matrix V. A STA
with’dot11VHTSUBeamformerOptionImplemented equal to true shall support all tone grouping values and
€odebook Information values.

NOTE—An MU beamformer is required to set dot11VHTSUBeamformerOptionImplemented to true (see 9.31.5).

22.3.11.3 Maximum Number of Total Spatial Streams in VHT MU PPDUs

An MU-capable STA shall support reception of VHT MU PPDUs with the total number of space-time
streams across the NUM_USERS users being less than or equal to its Beamformee STS Capability in the
VHT Capabilities Info field.
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22.3.11.4 Group ID

A value in the Group ID field in VHT-SIG-A (see 22.3.8.3.3) in the range 1 to 62 indicates a VHT MU
PPDU. Prior to transmitting a VHT MU PPDU, group assignments have been established by the AP for DL-

o=viHviOtapable STAS usmythe Group D Mamagement frameas defimed-m8:5:23:3:

After the STA’s MLME is configured using the PHYCONFIG_VECTOR parameter
GROUP_ID_MANAGEMENT, the following lookup tables are populated:

a) group ID to Membership Status, denoted by MembershipStatusinGrouplID[g] for 1 < g <62
b) group ID to User Position, denoted by UserPositioninGroupID[g] for 1 < g <62

When a STA receives a VHT MU PPDU where the Group ID field in VHT-SIG-A has the value k and\where
MembershipStatusIinGroupID[K] is equal to 1, then the number of space-time streams for that’STA is
indicated in the MU[UserPositionInGroupID[k]] NSTS field in VHT-SIG-A. The space-time ‘streams of
different users are ordered in accordance to user position values, i.e., the space-time streams for the user in
user position 0 come first, followed by the space-time streams for the user in position“\1; followed by the
space-time streams for the user in position 2, and followed by the space-time (streams for the user in
position 3.

A STA is also able to identify the space-time streams intended for other STAS.that act as interference. VHT-
LTF symbols in the VHT MU PPDU are used to measure the channel fon the space-time streams intended
for the STA and can also be used to measure the channel for thélinterfering space-time streams. To
successfully demodulate the space-time streams intended for the(STA, the STA may use the channel state
information for all space-time streams to reduce the effect of interfering space-time streams.

If a STA finds that it is not a member of the group;,or'the STA is a member of the group but the
corresponding MU NSTS field in VHT-SIG-A indicates)that there are zero space-time streams for the STA
in the PPDU, then the STA may elect to not process the remainder of the PPDU.

22.3.12 VHT preamble format for sounding PPDUs

NDP is the only VHT sounding format.

The format of a VHT NDP PPDU is‘shown in Figure 22-28.

8 us 8 us 4 us 8 us 4us 4 psper VHT-LTF symbol 4 ps

P A - A N N "
L- VHT- VHT-
LESTF L-LTF SIG VHT-SIG-A STE VHT-LTF SIG-B

Figure 22-28—VHT NDP format
NQ@TE=The number of VHT-LTF symbols in the NDP is determined by the SU NSTS field in VHT-SIG-A.

The VHT NDP PPDU has the following properties:
— uses the VHT PPDU format but without the Data field
— isa VHT SU PPDU as indicated by the VHT-SIG-A field
— has the data bits of the VHT-SIG-B field set to a fixed bit pattern (see 22.3.8.3.6)
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22.3.13 Regulatory requirements

Wireless LANs (WLANS) implemented in accordance with this standard are subject to equipment
certification and operating requirements established by regional and national regulatory administrations. The

regulations at the time this standard was issued. These regulations are subject to revision or may be
superseded. Requirements that are subject to local geographic regulations are annotated within the PHY
specification. Regulatory requirements that do not affect interoperability are not addressed in this standard.
Implementers are referred to the regulatory sources in Annex D for further information. Operation in
countries within defined regulatory domains might be subject to additional or alternative national
regulations.

22.3.14 Channelization

A VHT channel is specified by the four PLME MIB fields specified in Table 22-22.

Table 22-22—Fields to specify VHT channels

Field Meaning

dot11CurrentChannelWidth Channel width. Possibledzalues represent 20 MHz, 40 MHz,
80 MHz, 160 MHz, and*80+80 MHz channels.

dot11CurrentChannelCenterFrequencylndex0 For a 20 MHz, 40-MHz, 80 MHz, or 160 MHz channel, denotes
the channel ceterfrequency.

For an 80+80_MHz channel, denotes the center frequency of the
frequency«segment 0, which is the frequency segment containing
the primary channel.

Valid¢range is 1 to 200.

See'Equation (22-102).

dot11CurrentChannelCenterFrequencyIndexl For an 80+80 MHz channel, denotes the center frequency of the
frequency segment 1, which is the frequency segment that does
not contain the primary channel.

Valid range is 1 to 200.

See Equation (22-102).

For a 20 MHz, 40 MHz, 80 MHz, or 160 MHz channel, set to 0.

dot11CurrentPrimaryChannel Denotes the location of the primary 20 MHz channel.
Valid range is 1 to 200.
See Equation (22-103).

Given dot1l1CurrentChannelCenterFrequencylndex0 and dot11CurrentChannelCenterFrequencylndexl, the
respective.center frequency is given by Equation (22-102).

Channel center frequency [MHz] (22-102)
£ Channel starting frequency + 5 x dot11CurrentChannelCenterFrequencylndex

where

Channel starting frequency is given by the operating class (Annex E)

dot11CurrentChannelCenterFrequencylndex is either dot11CurrentChannelCenterFrequencylndex0 or
dot11CurrentChannelCenterFrequencylndexl

The center frequency of the primary 20 MHz channel is given by Equation (22-103).
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Primary 20 MHz channel center frequency [MHz] (22-103)

= Channel starting frequency + 5 x dot11CurrentPrimaryChannel

The channel starting frequency is defined as dotl1ChannelStartingFactor x 500 kHz. If a channel center
froounnoy, 1o |~ aYalaWad N it chall bC mdicatad g dot11ChannalStartinalantAr — ONNN and

TequcTicy L SOOI T ITTeerT ToTreTteT Ty TotrroTar e Tota g aCtoT TUTT T

dotl1CurrentPrimaryChannel = 200.

For an 80+80 MHz channel, any two channels that would each be allowed as 80 MHz channels and whose
center  frequencies are  separated by greater than 80 MHz  (difference  between
dot11CurrentChannelCenterFrequencyindex0 and dot11CurrentChannelCenterFrequencylIndexl
corresponds to a frequency difference greater than 80 MHz) may be used.

For example, a channel specified by
channel starting frequency = 5000 MHz
dot11CurrentChannelWidth = 80 MHz
dot11CurrentChannelCenterFrequencylndex0 = 42
dotl1CurrentPrimaryChannel = 36

is an 80 MHz channel with a center frequency of 5210 MHz and the primary,20’MHz channel centered at
5180 MHz.

A channel specified by
channel starting frequency = 5000 MHz
dot11CurrentChannelWidth = 160 MHz
dot11CurrentChannelCenterFrequencylndex0 = 50
dot11CurrentPrimaryChannel = 56

is a 160 MHz channel with a center frequency of 5250MHz and the primary 20 MHz channel centered at
5280 MHz.

A channel specified by
channel starting frequency = 5000:MHz
dot11CurrentChannelWidth = 80+80 MHz
dot11CurrentChannelCenterkrequencylndex0 =155
dot1l1CurrentChannelCenterFrequencylndexl = 106
dot1l1CurrentPrimaryChannel = 161

is an 80+80 MHz channel in which frequency segment 0 has 80 MHz bandwidth and center frequency of
5775 MHz. Frequency-segment 1 also has 80 MHz bandwidth and center frequency of 5530 MHz. The
primary 20 MHz-channel is centered at 5805 MHz.

22.3.15 Transmit RF delay

The transmitter RF delay is defined in 18.3.8.6.

22.3.16 Slot time

The slot time for the VHT PHY shall be 9 us for 20 MHz, 40 MHz, 80 MHz, 160 MHz, and 80+80 MHz
channel spacing.

22.3.17 Transmit and recelve port impedance

Transmit and receive antenna port impedance for each transmit and receive antenna is defined in 18.3.8.8.
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22.3.18 VHT transmit specification

22.3.18.1 Transmit spectrum mask

I‘\iUTE 1—ill liIC plcacubc Uf au'diliuuai |cguiaLU|y lc:uiuiuua, Li |15 UIUVibC ilab W TTIETU Il..ll.)lil Li 15 |cguiaLU|y IUL{UiICIIIl‘:IILD
and the mask defined in this subclause.

NOTE 2—Transmit spectral mask figures in this subclause are not drawn to scale.

NOTE 3—For rules regarding TX center frequency leakage levels, see 22.3.18.4.2. The spectral mask requirements in
this subclause do not apply to the RF LO.

For a 20 MHz mask PPDU of non-HT, HT or VHT format, the interim transmit spectral mask shall have a 0
dBr (dB relative to the maximum spectral density of the signal) bandwidth of 18 MHz, —20 dBr-at.11 MHz
frequency offset, —28 dBr at 20 MHz frequency offset, and —40 dBr at 30 MHz frequency offset.and above.
The interim transmit spectral mask for frequency offsets in between 9 and 11 MHz, 11 and 20 MHz, and 20
and 30 MHz shall be linearly interpolated in dB domain from the requirements for.9,MHz, 11 MHz,
20 MHz, and 30 MHz frequency offsets. The transmit spectrum shall not exceed-tfie maximum of the
interim transmit spectral mask and —53 dBm/MHz at any frequency offset. Figure 22-29 shows an example
of the resulting overall spectral mask when the —40 dBr spectrum level is abové ~53 dBm/MHz.

PSD

0dBr

-20 dBr

-28 dBr

-40 dBr

Freq [MHz]

-30 =20 11 -9 9 11 20 30

Figure22-29—Example transmit spectral mask for a 20 MHz mask PPDU

For a 40 MHz mask PPDU of non-HT, non-HT duplicate, HT or VHT format, the interim transmit spectral
mask shiall"have a 0 dBr (dB relative to the maximum spectral density of the signal) bandwidth of 38 MHz, —
20 dBrat 21 MHz frequency offset, —28 dBr at 40 MHz frequency offset, and —40 dBr at 60 MHz frequency
offset and above. The interim transmit spectral mask for frequency offsets in between 19 and 21 MHz, 21
and 40 MHz, and 40 and 60 MHz shall be linearly interpolated in dB domain from the requirements for
19 MHz, 21 MHz, 40 MHz, and 60 MHz frequency offsets. The transmit spectrum shall not exceed the
maximum of the interim transmit spectral mask and -56 dBm/MHz at any frequency offset greater than
19 MHz. Figure 22-30 shows an example of the resulting overall spectral mask when the —40 dBr spectrum
level is above —-56 dBm/MHz.
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* psp
0dBr
-20 dBr
-28 dBr
-40 dBr
Freq [MHz]
-60 -40 21 -19 19 21 40 60

Figure 22-30—Example transmit spectral mask for a 40MHz mask PPDU

For an 80 MHz mask PPDU of non-HT, non-HT duplicate, HT\or“"VHT format, the interim transmit
spectral mask shall have a 0 dBr (dB relative to the maximum spectral density of the signal) bandwidth of
78 MHz, 20 dBr at 41 MHz frequency offset, —28 dBr at“80° MHz frequency offset, and —40 dBr at
120 MHz frequency offset and above. The interim transmit spectral mask for frequency offsets in between
39 and 41 MHz, 41 and 80 MHz, and 80 and 120 MHz shall be linearly interpolated in dB domain from the
requirements for 39 MHz, 41 MHz, 80 MHz, and 120"MHz frequency offsets. The transmit spectrum shall
not exceed the maximum of the interim transmit spectrum mask and -59 dBm/MHz at any frequency offset.
Figure 22-31 shows an example of the resulting.overall spectral mask when the —40 dBr spectrum level is
above -59 dBm/MHz.

PSD

0dBr

-20 dBr

-28 dBr

-40 dBr

Freq [MHz]

-120 -80 -41 -39 39 41 80 120

Figure 22-31—Example transmit spectral mask for an 80 MHz mask PPDU
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For a 160 MHz mask PPDU of non-HT, non-HT duplicate, HT or VHT format, the interim transmit spectral
mask shall have a 0 dBr (dB relative to the maximum spectral density of the signal) bandwidth of 158 MHz,
-20 dBr at 81 MHz frequency offset, —-28 dBr at 160 MHz frequency offset, and —40 dBr at 240 MHz
frequency offset and above. The interim transmit spectral mask for frequency offsets in between 79 and

8t viHz 8T and—160viHzamd—160—amd240-viHzshattbetimearty mterpotatedmdB—domaimfromthe
requirements for 79 MHz, 81 MHz, 160 MHz, and 240 MHz frequency offsets. The transmit spectrum shall
not exceed the maximum of the interim transmit spectrum mask and -59 dBm/MHz at any frequency offset.
Figure 22-32 shows an example of the resulting overall spectral mask when the —40 dBr spectrum level is
above -59 dBm/MHz.

PSD

0dBr

-20 dBr

-28 dBr

-40 dBr

Freq [MHz]

-240 -160 -81 -79 79 81 160 240

Figure 22-32—Example transmit.spectral mask for a 160 MHz mask PPDU

For an 80+80 MHz mask PPDU of non-H¥ duplicate or VHT format, the overall transmit spectral mask is
constructed in the following manner.-First, the 80 MHz interim spectral mask is placed on each of the two
80 MHz segments. Then, for each, frequency at which both of the 80 MHz interim spectral masks have
values greater than -40 dBr and. less than —20 dBr, the sum of the two interim mask values (summed in linear
domain) shall be taken as thelaverall spectral mask value. Next, for each frequency at which neither of the
two 80 MHz interim masks.have values greater than or equal to —20 dBr and less than or equal to 0 dBr, the
higher value of the two-interim masks shall be taken as the overall interim spectral value. Finally, for any
frequency region_where the mask value has not been defined yet, linear interpolation (in dB domain)
between the nearest two frequency points with the interim spectral mask value defined shall be used to
define the interim spectral mask value. The transmit spectrum shall not exceed the maximum of the interim
transmit spéctrum mask and -59 dBm/MHz at any frequency offset. Figure 22-33 shows an example of a
transmit~spectral mask for a noncontiguous transmission using two 80 MHz channels where the
centerfrequency of the two 80 MHz channels are separated by 160 MHz and the —-40 dBr spectrum level is
above -59 dBm/MHz.

Different center frequency separation between the two 80 MHz frequency segments of the spectral mask as
well as different peak levels of each 80 MHz frequency segment of the spectral mask are possible, in which
case a similar procedure in determining the spectral mask as in Figure 22-33 is followed.

The transmit spectral mask for noncontiguous transmissions using two nonadjacent 80 MHz channels is
applicable only in regulatory domains that allow for such transmissions.

Measurements shall be made using a 100 kHz resolution bandwidth and a 30 kHz video bandwidth.
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Figure 22-33—Example transmit spectral mask for an 80+80 MHz mask PPDU

22.3.18.2 Spectral flatness

Spectral flatness measurements'shall be conducted using BPSK modulated PPDUs. Demodulate the PPDUs
according to the following (or-equivalent) procedure:

a) Start of PPDU $hall be detected.

b)  Transition from L-STF to L-LTF shall be detected and fine timing shall be established.
c) Coarse @and'fine frequency offsets shall be estimated.

d) Symbels in a PPDU shall be derotated according to estimated frequency offset.

e) _(Ear‘each VHT-LTF symbol, transform the symbol into subcarrier received values, estimate the
phase from the pilot subcarriers, and derotate the subcarrier values according to the estimated phase.

f)/ For each of the data OFDM symbols: transform the symbol into subcarrier received values.

The spectral flatness test shall be performed over at least 20 PPDUs. The PPDUs under test shall be at least
16 data OFDM symbols long.

Evaluate spectral flatness using the subcarrier received values or the magnitude of the channel estimation.

Let E; ,,4 denote the magnitude of the channel estimation on subcarrier i or the average constellation

energy of a BPSK modulated subcarrier i in a VHT data symbol.
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In a contiguous non-HT duplicate or VHT transmission having a bandwidth listed in Table 22-23, E; ,,, of
each of the subcarriers with indices listed as tested subcarrier indices shall not deviate by more than the
specified maximum deviation in Table 22-23 from the average of E; ,,, over subcarrier indices listed as
averaging subcarrier indices. Averaging of E; ;4 is done in the linear domain.

Table 22-23—Maximum transmit spectral flatness deviations

Bandwidth of . . N Maximum
Format transmission A\iﬁg?g;?% rs,léﬁj zeil\l;ger Tested S(I.Jr?cﬁmi; indices deviation
(MHz) (dB)
-16to-1and +1to +16 4
20 -16to-1and +1to +16
—-28't0 17 and +17 to +28 +4/-6
—42 to -2 and +2 to +42 +4
40 -42 to -2 and +2 to +42
-58 to —43 and +43 to +58 +4/-6
VHT -84 to -2 and +240 +84 +4
80 -84 to -2 and +2 to +84
-122 to -85 antA485 to +122 +4/-6
-172 t0 -130,=126 to —44, +44 to +4
-172 to -130, 126 to —44, +126,'dnd +130 to +172 -
160 +44 to +126, and +130 to
+172 —-2500 173, —-43 to -6, +6 t0 +4/-6
443, and +173 to +250
<42 to -33, -31 to -6, +6 to +31, +4
40 -42 to =33, -31 to -6, and +33 to +42 -
+6 to +31, and +33 to #42
-43 to -58 and +43 to +58 +4/-6
-84 to -70,-58 to —33, =31 to -6, +4
-84 to —70, <568 to -33, +6 to +31, +33 to +58, +70 to +84 -
80 -31to -6, +6 to +31,
+33 to +58, +70 to +84 -122 to -97, -95 to -85 and +85 +4/-6
to +95, +97 to +122
non-HT
duplicate —172 t0 -161, —159 to —-134, -172t0 -161, -159 to —-134,
=122 to -97, -95 to -70, -122 to -97, -95 to 70,
-58 to —44, +44 to +58, -58 to —44, +44 to +58, +4
+70 to +95, +97 to +122, +70 to +95, +97 to +122,
+134 to +159, +161 to +172 +134 to +159, +161 to +172
160
—250 to —225, —223 to —198,
-186 to —173, 43 to 33,
-31to -6, +6 to +31, +33 to +43, +4/-6
+173 to +186, +198 to +223,
+225 to +250

I a noncontiguous transmission consisting of two 80 MHz frequency segments nonadjacent in frequency,
each segment shall meet the spectral flatness requirement for an 80 MHz transmission.

For the spectral flatness test, the transmitting STA shall be configured to use a spatial mapping matrix Qy
(see 22.3.10.11) with flat frequency response. Each output port under test of the transmitting STA shall be

connected through a cable to one input port of the testing instrumentation. The requirements apply to
20 MHz, 40 MHz, 80 MHz, and 160 MHz contiguous transmissions as well as noncontiguous 80+80 MHz
transmissions.
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22.3.18.3 Transmit center frequency and symbol clock frequency tolerance

The symbol clock frequency and transmit center frequency tolerance shall be 20 ppm maximum. The
transmit center frequency and the symbol clock frequency for all transmit antennas and frequency segments

——statt—be—derived—fromthe—sameTeference—oscittator—Tramsmit—sigmats—with— T XVECTOR parameter
CH_BANDWIDTH set to CBW160 or CBW80+80 may be generated using two separate RF LOs, one for
each of the lower and upper 80 MHz frequency portions.

NOTE—The signal phase of the two 80 MHz frequency portions might not be correlated.

22.3.18.4 Modulation accuracy
22.3.18.4.1 Introduction to modulation accuracy tests

Transmit modulation accuracy specifications are described in 22.3.18.4.2 and 22.3.18.4.3. Fhe test method
is described in 22.3.18.4.4.

22.3.18.4.2 Transmit center frequency leakage

TX LO leakage shall meet the following requirements for all formats and baridwidths except noncontiguous
80+80 MHz where the RF LO falls outside both frequency segments:

— When the RF LO is in the center of the transmitted PPDU BW,/tl1e power measured at the center of
transmission BW using resolution BW 312.5 kHz shall not-exceed the average power per-subcarrier
of the transmitted PPDU, or equivalently, (P — 10log10(Ns7) ), where P is the transmit power per
antenna in dBm, and Ngt is defined in Table 22-5.

— When the RF LO is not at the center of the transmitted PPDU BW, the power measured at the
location of the RF LO using resolution BW 312:5 kHz shall not exceed the maximum of -32 dB
relative to the total transmit power and —20 dBm, or equivalently max(P — 32, —20) , where P is the
transmit power per antenna in dBm, and Ngy is defined in Table 22-5.

For an 80+80 MHz transmission where the'RF LO falls outside both frequency segments, the RF LO shall
follow the spectral mask requirements as.défined in 22.3.18.1.

The transmit center frequency leakage is specified per antenna.
22.3.18.4.3 Transmitter constellation error

The relative constellation RMS error, calculated by first averaging over subcarriers, frequency segments,
OFDM PPDUs, andsspatial streams (see Equation (20-89)) shall not exceed a data-rate dependent value
according to Table 22-24. The number of spatial streams under test shall be equal to the number of utilized
transmitting STA antenna (output) ports and also equal to the number of utilized testing instrumentation
input ports. In the test, Ngg = Ng15 (no STBC) shall be used. Each output port of the transmitting STA shall
be conneeted through a cable to one input port of the testing instrumentation. The requirements apply to
20MHz, 40 MHz, 80 MHz, and 160 MHz contiguous transmissions as well as 80+80 MHz noncontiguous
transmissions.

For non-HT duplicate transmissions, requirements defined in 18.3.9.7.4 apply to each 20 MHz subchannel.
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Table 22-24—Allowed relative constellation error versus constellation size and coding rate

Modulation Coding rate Relative constellation error (dB)
BPSK 177 =5
QPSK 1/2 -10
QPSK 3/4 -13

16-QAM 1/2 -16
16-QAM 3/4 -19
64-QAM 2/3 -22
64-QAM 3/4 -25
64-QAM 5/6 =27
256-QAM 3/4 =30
256-QAM 5/6 -32

22.3.18.4.4 Transmitter modulation accuracy (EVM) test

The transmit modulation accuracy test shall be performed by .instrumentation capable of converting the
transmitted signals into a stream of complex samples at sampling-rate greater than or equal to the bandwidth
of the signal being transmitted; except that

— For non-HT duplicate transmissions, each 20 MKZ subchannel may be tested independently while all
subchannels are being transmitted and

— For noncontiguous transmissions, each frequency segment may be tested independently while both
segments are being transmitted.

In this case, transmit modulation accuracy of each segment shall meet the required value in Table 22-24
using only the subcarriers within the g@rresponding segment.

The instrument shall have suffigient accuracy in terms of 1/Q arm amplitude and phase balance, DC offsets,
phase noise, and analog to digital quantization noise. A possible embodiment of such a setup is converting
the signals to a low |F\frequency with a microwave synthesizer, sampling the signal with a digital
oscilloscope and decomposing it digitally into quadrature components. The sampled signal shall be
processed in a mannéer similar to an actual receiver, according to the following steps, or equivalent
procedure:

a) Start ef/PPDU shall be detected.

b) (Transition from L-STF to L-LTF shall be detected and fine timing shall be established.

¢)C~ Coarse and fine frequency offsets shall be estimated.

dY’ Symbols in a PPDU shall be derotated according to estimated frequency offset.

e) For each VHT-LTF symbol, transform the symbol into subcarrier received values, estimate the
phase from the pilot subcarriers, and derotate the subcarrier values according to the estimated phase.

f)  Estimate the complex channel response coefficient for each of the subcarriers and each of the
transmit streams.

g) For each of the data OFDM symbols: transform the symbol into subcarrier received values, estimate
the phase from the pilot subcarriers, derotate the subcarrier values according to the estimated phase,
group the results from all the receiver chains in each subcarrier to a vector, and multiply the vector
by a zero-forcing equalization matrix generated from the estimated channel.
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h)  For each data-carrying subcarrier in each spatial stream, find the closest constellation point and
compute the Euclidean distance from it.

i)  Compute the average across PPDUs of the RMS of all errors per PPDU as given by Equation (20-
89).

NOTE—In the case the transmit modulation accuracy test is performed simultaneously for the two frequency segments
of the noncontiguous 80+80 MHz transmissions, Ngt in Equation (20-89) represents the total number of subcarriers of
both 80 MHz frequency segments.

The test shall be performed over at least 20 PPDUs (N; as defined in Equation (20-89)). The PPDUs under,
test shall be at least 16 data OFDM symbols long. Random data shall be used for the symbols.

22.3.18.5 Time of Departure accuracy

The Time of Departure accuracy test evaluates TIME_OF DEPARTURE against aTxPHY TxStartRMS and
aTxPHYTxStartRMS against TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH’ as defined in
Annex T with the following test parameters:

— MULTICHANNEL_SAMPLING_RATE is:

20 x 106(1 + 5%”'\_/'_&_ sample/s, for a CH_BANDWIDTH parameter equal to CBW20
z

40 x 106(1 + 424% sample/s, for a CH_BANBWIDTH parameter equal to CBW40
z

C L —f, T

80 x 106(1 +
80 MHz

sample/s, for a CHLBANDWIDTH parameter equal to CBW80

f—f,

160 x 106(1 + {
160 MHz

D samplels, fora CH_BANDWIDTH parameter equal to CBW160

or CBW80+80

fy is the nominal center frequency in Hz of the highest channel in the channel set

f is the.nominal center frequency in Hz of the lowest channel in the channel set, the

channel set is the set of channels upon which frames providing measurements are
transmitted, the channel set comprises channels uniformly spaced across

f,—f_ <50 MHz

X7 equals the smallest integer equal to or larger than x.
— EIRST_TRANSITION_FIELD is L-STF.
—~SECOND_TRANSITION_FIELD is L-LTF.

— TRAINING_FIELD is L-LTF windowed in a manner which should approximate the windowing
described in 18.3.2.5 (Mathematical conventions in the signal descriptions) with TTR = 100 ns.

— TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH is 80 ns.

NOTE—The indicated windowing applies to the time of departure accuracy test equipment, and not the transmitter or
receiver.
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22.3.19 VHT receiver specification

For tests in this subclause, the input levels are measured at the antenna connectors and are referenced as the
average power per receive antenna. The number of spatial streams under test shall be equal to the number of

utitized transmittmy-STAantenma toutput) portsand-atsoequat-tothe mumber of utitized Device Urder Test
input ports. Each output port of the transmitting STA shall be connected through a cable to one input port of
the Device Under Test.

22.3.19.1 Receiver minimum input sensitivity
The packet error ratio (PER) shall be less than 10% for a PSDU length of 4096 octets with the rate-

dependent input levels listed in Table 22-25. The test in this subclause and the minimum sensitivity levels
specified in Table 22-25 apply only to non-STBC modes, 800 ns GI, BCC, and VHT PPDUs.

Table 22-25—Receiver minimum input level sensitivity

Min@nju_m Minin_mm Minimu_m :grlwr;:?:vﬂ?;/

oo | e | MY | ey | e
®) PPDU) PPDU) PPDU) 80+80 MHz

PPDU)

(dBm) (dBm) (dBm) (dBm)

BPSK 12 82 79 76 73
QPSK 172 79 76 73 70
QPSK 3/4 77 &4 71 68
16-QAM 12 74 271 68 65
16-QAM 3/4 70 67 64 61
64-QAM 213 66 -63 60 57
64-QAM 3/4 65 62 59 56
64-QAM 5/6 64 61 58 55
256-QAM | _3/4 59 56 53 50
256-QAM [5/6 57 54 51 48

22.3.19.2 Adjaeent channel rejection

Adjacent channel rejection for W MHz channels (where W is 20, 40, 80 or 160) shall be measured by setting
the desired-signal’s strength 3 dB above the rate dependent sensitivity specified in Table 22-25 and raising
the power of the interfering signal of W MHz bandwidth until 10% PER is caused for a PSDU length of
4096 octets. The power difference between the interfering and desired channel is the corresponding adjacent
channel rejection. The center frequency of the adjacent channel shall be placed W MHz away from the
center frequency of the desired signal.

Adjacent channel rejection for 80+80 MHz channels shall be measured by setting the desired signal’s
strength 3 dB above the rate dependent sensitivity specified in Table 22-25. Then, an interfering signal of

80 MHz bandwidth 1S infroduced, where the center frequency of the interfering signal 1S placed 80 MHz
away from the center frequency of the frequency segment lower in frequency of the desired signal. The
power of the interfering signal is raised until 10% PER is caused for a PSDU length of 4096 octets. Let AP,
be the power difference between the interfering and desired signal. Next, the interfering signal of 80 MHz
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bandwidth is moved to a frequency where the center frequency of the interfering signal is 80 MHz away
from the center frequency of the frequency segment higher in frequency of the desired signal. The power of
the interfering signal is raised until 10% PER is caused for a PSDU length of 4096 octets. Let AP, be the
power difference between the interfering and desired signal. The smaller value between AP, and AP, is the

correspondimnyadjacent thanmetrejectio:

The interfering signal in the adjacent channel shall be a conformant OFDM signal, unsynchronized with the
signal in the channel under test, and shall have a minimum duty cycle of 50%. For a conforming OFDM
PHY, the corresponding rejection shall be no less than specified in Table 22-26.

The test in this subclause and the adjacent sensitivity levels specified in Table 22-26 apply only tonen-
STBC modes, 800 ns Gl, BCC, and VHT PPDUsEs.

Table 22-26—Minimum required adjacent and nonadjacent channel rejection levels

Adjacent channel rejection (dB) Nonadjacent channel rejection (dB)
Modulation Rate (R) 5264%?_?/ 80+80 MHz 20/40/801 80+80 MHz
z Channel 160 N2 Channel
Channel €hannel
BPSK 1/2 16 13 32 29
QPSK 1/2 13 10 29 26
QPSK 3/4 11 8 27 24
16-QAM 1/2 8 5 24 21
16-QAM 3/4 4 1 20 17
64-QAM 2/3 0 -3 16 13
64-QAM 3/4 -1 -4 15 12
64-QAM 5/6 ~2 -5 14 11
256-QAM 3/4 -7 -10 9 6
256-QAM 5/6 -9 -12 7 4

The measurement of adjacent channel rejection for 160 MHz operation in a regulatory domain is required
only if such a frequency band plan is permitted in that regulatory domain.

22.3.19.3 Nonadjacent channel rejection

Nonadjacent channel rejection for W MHz channels (where W is 20, 40, 80, or 160) shall be measured by
settingthe desired signal’s strength 3 dB above the rate-dependent sensitivity specified in Table 22-25, and
raising the power of the interfering signal of W MHz bandwidth until a 10% PER occurs for a PSDU length
of 4096 octets. The power difference between the interfering and desired channel is the corresponding
nonadjacent channel rejection. The nonadjacent channel rejection shall be met with any nonadjacent
channels located at least 2xW MHz away from the center frequency of the desired signal.

Nonadjacent channel rejection for 80+80 MHz channels shall be measured by setting the desired signal’s

strength 3 dB above the rate dependent sensitivity specified in Table 22-25. Then, an interfering signal of
80 MHz bandwidth is introduced, where the center frequency of the interfering signal is placed at least
160 MHz away from the center frequency of the frequency segment lower in frequency of the desired signal.
The center frequency of the interfering signal shall also be at least 160 MHz away from the center frequency
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of the frequency segment higher in frequency of the desired signal. The power of the interfering signal is
raised until 10% PER is caused for a PSDU length of 4096 octets. Let AP, be the power difference between
the interfering and desired signal. Next, the interfering signal of 80 MHz bandwidth is moved to a frequency
where the center frequency of the interfering signal is at least 160 MHz away from the center frequency of

the—frequencysegmenttighermfrequency of thedesiredsignat—Thecenter frequency of the-imterfering
signal shall also be at least 160 MHz away from the center frequency of the frequency segment lower in
frequency of the desired signal. The power of the interfering signal is raised until 10% PER is caused for a
PSDU length of 4096 octets. Let AP, be the power difference between the interfering and desired channel.
The smaller value between AP, and AP, is the corresponding nonadjacent channel rejection.

The interfering signal in the nonadjacent channel shall be a conformant OFDM signal, unsynchronizedwith
the signal in the channel under test, and shall have a minimum duty cycle of 50%. For a conforming.OFDM
PHY, the corresponding rejection shall be no less than specified in Table 22-26.

The test in this subclause and the nonadjacent sensitivity levels specified in Table 22-26 apply only to non-
STBC modes, 800 ns GI, BCC, and VHT PPDUs.

The measurement of non-adjacent channel rejection for 160 MHz operation in a.regulatory domain is only
required if such a frequency band plan is permitted in that regulatory domain.

22.3.19.4 Receiver maximum input level

The receiver shall provide a maximum PER of 10% at a PSDU length~of 4096 octets, for a maximum input
level of —30 dBm, measured at each antenna for any baseband VVHT~modulation.

22.3.19.5 CCA sensitivity

22.3.19.5.1 General

The thresholds in this subclause are compared with the signal level at each receiving antenna.
22.3.19.5.2 CCA sensitivity for operating classes requiring CCA-ED

For the operating classes requiring CCA-Energy Detect (CCA-ED), CCA shall also detect a medium busy
condition when CCA-ED detects a channel busy condition.

For improved spectrum sharing, CCA-ED is required in some bands. The behavior class indicating CCA-ED
is given in Table D-2. The operating classes requiring the corresponding CCA-ED behavior class are given
in Annex E. A STA that is operating within an operating class that requires CCA-ED shall operate with
CCA-ED. The €EA-ED is not required for license-exempt operation in any band.

CCA-ED shall indicate a channel busy condition when the received signal strength exceeds the CCA-ED
threshold-as given by dot110FDMEDThreshold for the primary 20 MHz channel and the secondary 20 MHz
channel,  dotl1OFDMEDThreshold + 3dB  for the  secondary 40 MHz  channel, and
dotlAOFDMEDThreshold+6 dB for the secondary 80 MHz channel. The CCA-ED thresholds for the
operating classes requiring CCA-ED are subject to the criteria in D.2.5.

NOTE—The requirement to issue a CCA signal busy as stated in 22.3.19.5.3 and 22.3.19.5.4 is a mandatory energy
detect requirement on all Clause 22 receivers. Support for CCA-ED is an additional requirement that relates specifically
to the sensitivities described in D.2.5.

22.3.19.5.3 CCA sensitivity for signals occupying the primary 20 MHz channel

The PHY shall issue a PHY-CCA.indication(BUSY, {primary}) if one of the conditions listed in Table 22-
27 is met in an otherwise idle 20 MHz, 40 MHz, 80 MHz, 160 MHz, or 80+80 MHz operating channel
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width. With >90% probability, the PHY shall detect the start of a PPDU that occupies at least the primary
20 MHz channel under the conditions listed in Table 22-27 within a period of aCCATime (see 22.4.4) and
hold the CCA signal busy (PHY_CCA.indicate(BUSY, channel-list)) for the duration of the PPDU.

Table 22-27—Conditions for CCA BUSY on the primary 20 MHz

Operating Channel Width Conditions

20 MHz, 40 MHz, 80 MHz, The start of a 20 MHz NON_HT PPDU in the primary 20 MHz channel as
160 MHz, or 80+80 MHz defined in 18.3.10.6.

The start of an HT PPDU under the conditions defined in 20.3.21.5.

The start of a 20 MHz VHT PPDU in the primary 20 MHz channel at or
above —-82 dBm.

40 MHz, 80 MHz, 160 MHz, | The start of a 40 MHz non-HT duplicate or VHT PPDU in the primary 40 MHz
or 80+80 MHz channel at or above —79 dBm.
The start of an HT PPDU under the conditions defined in 20,3(21.5.

80 MHz, 160 MHz, or The start of an 80 MHz non-HT duplicate or VHT PPDUcinithe primary 80 MHz
80+80 MHz channel at or above =76 dBm.
160 MHz or 80+80 MHz The start of a 160 MHz or 80+80 MHz non-HT duplicate or VHT PPDU at or

above —73 dBm.

The receiver shall issue a PHY-CCA.indication(BUSY, {primary})yfor any signal that exceeds a threshold
equal to 20 dB above the minimum modulation and coding rate)sensitivity (-82 + 20 = -62 dBm) in the
primary 20 MHz channel within a period of aCCATime after.the signal arrives at the receiver's antenna(s);
then the receiver shall not issue a PHY=CCA.indication(BUSY,{secondary}), PHY-
CCA.indication(BUSY {secondary40}), PHY-CCAindication(BUSY ,{secondary80}), or PHY-
CCA.indication(IDLE) while the threshold continués:to be exceeded.

22.3.19.5.4 CCA sensitivity for signals not occupying the primary 20 MHz channel

The PHY shall issue a PHY-CCA.indication(BUSY, {secondary}) if the conditions for issuing PHY-
CCA.indication(BUSY, {primary}).are not present and one of the following conditions are present in an
otherwise idle 40 MHz, 80 MHz, 160" MHz, or 80+80 MHz operating channel width:

— Any signal within the seeondary 20 MHz channel at or above a threshold of =62 dBm within a period
of aCCATime aftercthe signal arrives at the receiver’s antenna(s); then the PHY shall not issue a
PHY-CCA.indication(BUSY {secondary40}), PHY-CCA.indication(BUSY {secondary80}), or
PHY-CCA.indication(IDLE) while the threshold continues to be exceeded.

— A 20 MHZNON_HT, HT_MF, HT_GF or VHT PPDU detected in the secondary 20 MHz channel at
or above=72 dBm with >90% probability within a period aCCAMidTime (see 22.4.4).

The PHYAshall issue a PHY-CCA.indication(BUSY, {secondary40}) if the conditions for issuing PHY-
CCAindication(BUSY, {primary}) and PHY-CCA.indication(BUSY, {secondary}) are not present and one
ofithe following conditions are present in an otherwise idle 80 MHz, 160 MHz, or 80+80 MHz operating
channel width:

— Any signal within the secondary 40 MHz channel at or above a threshold of -59 dBm within a period
of aCCATime after the signal arrives at the receiver’s antenna(s); then the PHY shall not issue a
PHY-CCA.indication(BUSY, {secondary80}) or PHY-CCA.indication(IDLE) while the threshold
continues to be exceeded.

— A 40 MHz non-HT duplicate, HT_MF, HT_GF or VHT PPDU detected in the secondary 40 MHz
channel at or above 72 dBm with >90% probability within a period aCCAMidTime (see 22.4.4).
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— A 20 MHz non-HT, HT_MF, HT_GF or VHT PPDU detected in any 20 MHz sub-channel of the
secondary 40 MHz channel at or above -72 dBm with >90% probability within a period
aCCAMidTime.

Tre—PHY —statt—Tsste—aPHY=-CCATdcatiom(BUS Y —{secomdary863})—if—the—comditions—for—PHY=
CCA.indication(BUSY,  {primary}), PHY-CCA.indication(BUSY, {secondary}), and PHY-
CCA.indication(BUSY, {secondary40}) are not present and one of the following conditions are present in
an otherwise idle 160 MHz or 80+80 MHz operating channel width:

— Any signal within the secondary 80 MHz channel at or above -56 dBm.

— An 80 MHz non-HT duplicate or VHT PPDU detected in the secondary 80 MHz channel at or abeve
—69 dBm with >90% probability within a period aCCAMIidTime (see 22.4.4).

— A 40 MHz non-HT duplicate, HT_MF, HT_GF or VHT PPDU detected in any 40 MHz sub-channel
of the secondary 80 MHz channel at or above -72 dBm with >90% probability withip-a period
aCCAMidTime.

— A 20 MHz NON_HT, HT_MF, HT_GF or VHT PPDU detected in any 20 MHz' sub-channel of the
secondary 80 MHz channel at or above -72 dBm with >90% probahility within a period
aCCAMidTime.

22.3.19.6 RSSI

The RSSI parameter returned in the RXVECTOR shall be calculated during the reception of the VHT-LTFs
and shall be a monotonically increasing function of the received power.

22.3.20 PHY transmit procedure

There are two paths for the transmit PHY procedure:

— The first path, for which typical transmit_praceédures are shown in Figure 22-34, is selected if the
FORMAT parameter of the PHY-TXSTART.request(TXVECTOR) primitive is VHT. These
transmit procedures do not describe the operation of optional features, such as LDPC, STBC or MU.

— The second path is to follow the transmit procedure in Clause 18 if the FORMAT parameter of the
PHY-TXSTART .request(TXVECTOR) primitive is NON_HT and the NON_HT_MODULATION
parameter is set to NON_HT.(DUP_OFDM except that the signal referred to in Clause 18 is instead
generated simultaneously ~on each of the 20 MHz channels that are indicated by the
CH_BANDWIDTH parameter as defined in 22.3.8 and 22.3.10.12.

NOTE 1—For a VHT MUY PRDU the A-MPDU is per user in the MAC sublayer and the VHT Training Symbols, VHT-
SIG-B, and Data are per user in the PHY layer in Figure 22-34, with the number VHT Training Symbols depending on
the total number of space“time streams across all users.

NOTE 2—The transmit procedure for NON_HT format where NON_HT_MODULATION is OFDM is specified in
22.2.4.2. Thetransmit procedure for HT_MF and HT_GF formats is specified in 22.2.4.3.

In beth\paths, in order to transmit data, the MAC generates a PHY-TXSTART.request primitive, which
calses the PHY entity to enter the transmit state. Further, the PHY is set to operate at the appropriate
frequency through station management via the PLME, as specified in 22.4. Other transmit parameters, such
as VHT-MCS Coding types and transmit power, are set via the PHY-SAP using the PHY-
TXSTART.request(TXVECTOR) primitive, as described in 22.2.2. The remainder of the clause applies to
the first path.

ThePH Y dicates the state of the primary chanmetand other charmets (it any) via the PHY=-CCATmdiTation
primitive (see 22.3.19.5 and 7.3.5.11). Transmission of the PPDU shall be initiated by the PHY after
receiving the PHY-TXSTART.request(TXVECTOR) primitive. The TXVECTOR elements for the PHY-
TXSTART.request primitive are specified in Table 22-1.
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