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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are

£1CO

members—of156-or1E€participate—in—the—development-of-International-Standards—through—technieat
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.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criterid\needed for the
different types of ISO documents should be noted (see www.iso.org/directives).

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 evaludte;test, or verify the accuracy of any of
the information contained in its standards.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.
Details of any patent rights identified during/the development of the document will be in the
Introduction and/or on the ISO list of patent declarations received (see www.iso.org/patents) or the
IEC list of patent declarations received (see http://patents.iec.ch).

Any trade name used in this document{s information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT)
see www.iso.org/iso/foréword.html.

ISO/IEC/IEEE 8802-11:2018/Amd 3 was prepared by the LAN/MAN of the IEEE Computer Society (as
IEEE Std 802.11aj-2018) and drafted in accordance with its editorial rules. It was adopted, under the
“fast-track (procedure” defined in the Partner Standards Development Organization cooperation
agreement’between ISO and IEEE, by Joint Technical Committee ISO/IEC JTC 1, Information technology,
Subcommittee SC 6, Telecommunications and information exchange between systems.

Allist of all parts in the ISO/IEC/IEEE 8802 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Abstract: The IEEE 802.11™ directional multi-gigabit (DMG) physical layer (PHY) and the
medium access control (MAC) layer are modified by this amendment to IEEE Std 802.11™-2016
to enable operation in the Chinese millimeter wave frequency band around 60 GHz. This

operation in the Chinese millimeter wave frequency band around 45 GHz.

Keywords: beamforming, CDMG, China directional multi-gigabit, China millimeter-wave multi-
gigabit, CMMG, DBC, DCS, dynamic bandwidth control, dynamic channel selection,
IEEE 802.11™, |IEEE 802.11aj™, opportunistic transmission, spatial sharing
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made avallable for use subject to important notices and legal disclaimers. These notices and

eading “Tmnnrfqnf Natices

and Dlsclalmers Concerning IEEE Standards Documents.” They can also be obtained on request from IEEE or viewed at
http://standards.ieee.org/[PR/disclaimers.html.

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are deyeloped
within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Association (“IEEE-SA”)
Standards Board. IEEE (“the Institute”) 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 final product. IEEE Standards are documents developed through scientific, academic, and
industry-based technical working groups. Volunteers in IEEE working groups are not necessarily members of the
Institute and participate without compensation from IEEE. While IEEE administers the process and establishes rules to
promote fairness in the consensus development process, IEEE does not independently/evaltuate, test, or verify the
accuracy of any of the information or the soundness of any judgments contained in its standatds.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against
interference with or from other devices or networks. Implementers and users-of IEEE Standards documents are
responsible for determining and complying with all appropriate safety, secutity;*environmental, health, and interference
protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of thématerial contained in its standards, and expressly
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:~therchantability; fitness for a particular purpose; non-
infringement; and quality, accuracy, effectiveness, currenCy,»or completeness of material. In addition, IEEE disclaims
any and all conditions relating to: results; and workmaiilike' effort. IEEE standards documents are supplied “AS IS” and
“WITH ALL FAULTS.”

Use of an IEEE 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 IEEE
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 qr(entity nor is IEEE undertaking to perform any duty owed by any other person or entity to
another. Any person utilizing any IEEE 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 a competent
professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: PROCUREMENT OF
SUBSTIFUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
KIABILITY, 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 IEEE
standard is translated, only the English version published by IEEE should be considered the approved IEEE 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 pnciti{m of IEEFE or any of its committees and shall not be considered

to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or educational courses, an
individual presenting information on IEEE 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 IEEE Standards documents are welcome from any interested party, regardless of memberShip
affiliation with IEEE. However, IEEE does not provide consulting information or advice pertaining to IEEE Standards
documents. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it)is important that
any responses to comments and questions 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 iristant response to
comments or questions except in those cases where the matter has previously been addressed. Eor'the same reason, IEEE
does not respond to interpretation requests. Any person who would like to participate in reyisions to an IEEE standard is
welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

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

Laws and regulations

Users of IEEE Standards documents should consult all. applicable laws and regulations. Compliance with the provisions
of any IEEE Standards document does not imply compliance to any applicable regulatory requirements. Implementers of
the standard are responsible for observing or referring to the applicable regulatory requirements. IEEE does 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

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. They are made
available by IEEE and érejadopted for a wide variety of both public and private uses. These include both 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 use only. 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

ance o1 NCw _€d Ons _Or 1Mma DC _AMENdcd om me 10 e 1nrougn 1ne ance o1 amendamen orrigcnda, o

errata. A current IEEE document at any point in time consists of the current edition of the document together with any
amendments, corrigenda, or errata then in effect.

Every IEEE 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.icee.org or contact IEEE
at the address listed previously. For more information about the IEEE SA or IEEE’s standards developnient 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 Website€at ;the following URL: http://
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URDdor 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 IEEE with respect to the existence or validity of
any patent rights in connection therewith. If a patent holder oratetit applicant has filed a statement of assurance via an
Accepted Letter of Assurance, then the statement is listed On‘\the IEEE-SA Website at http://standards.ieee.org/about/
sasb/patcom/patents.html. Letters of Assurance may indicat€ whether the Submitter is willing or unwilling to grant
licenses under patent rights without compensation or under reasonable rates, with reasonable terms and conditions that
are demonstrably free of any unfair discrimination te.applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a‘Letter of Assurance has not been received. The IEEE is not responsible for
identifying Essential Patent Claims for whigh a license may be required, for conducting inquiries into the legal validity
or scope of Patents Claims, or determifiing whether any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, ifiany, 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 theid-own responsibility. Further information may be obtained from the IEEE Standards
Association.

5
Copyright © 2018 IEEE. All rights reserved.


http://ieeexplore.ieee.org/xpl/standards.jsp
http://standards.ieee.org
http://standards.ieee.org/findstds/errata/index.html
http://standards.ieee.org/findstds/errata/index.html
http://standards.ieee.org/about/sasb/patcom/patents.html
http://standards.ieee.org/about/sasb/patcom/patents.html
https://standardsiso.com/api/?name=f253c1254c61c2ae3182dd321aad0758

ISO/IEC/IEEE 8802-11:2018/Amd.3:2020(E)

Participants

At the time this amendment was submitted to the IEEE-SA Standards Board for approval, the IEEE 802.11
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Stephen McCann, Secretary

Robert Stacey and Peter Ecclesine, Technical Editors

The following were the officers and members of Task Group aj:

Xiaoming Peng and Jiamin Chen, Chair
Haiming Wang, Vice-Chair
Jiamin Chen, Technical Editor
Shiwen He, Sub-Technical Editor

Osama S. Aboulmagd Cagatay Capar Chuttabrata Ghosh
Santosh P. Abraham Laurent Cariou Monisha Ghosh
Shadi A. Abu Surra William Carney James P. Gilb
Tomoko Adachi Sanghyun Chang Tim Godfrey
Kare Agardh Clint F. Chaplin Michael Grigat
Jachyun Ahn Kwang-Cheng Chen Zion Hadad
Jinsoo Ahn Lidong Chen David Halls
Woojin Ahn Teyan Chen Mark Hamilton
Dmitry Akhmetov Paul Cheng Yoshikazu Hanatani
Carlos H. Aldana Minho Cheong Thomas Handte
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Introduction

Local and

This introduction is not part of IEEE Std 802.11aj-2018, IEEE Standard for Information technology:

metropolitan—area—netuo: foPart 11. Wiroloce T AN _MAC and PHY Shocifications

r i
Amendment 3: Enhancements for Very High Throughput to Support Chinese Millimeter Wave Frequency Bands
(60 GHz and 45 GHz).

The purpose of this amendment is to support operation in the Chinese millimeter wave frequency bands
(60 GHz and 45 GHz) to enable multi-Gb/s throughput.
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IEEE Standard for Information technology—

Telecommunications and information exchange between systems
Local and metropolitan area networks—

Specific requirements

Part 11: Wireless LAN Medium Access Control
(MAC) and Physical Layer (PHY) Specifications

Amendment 3: Enhancements for Very High
Throughput to Support Chinese Millimeter Wave
Frequency Bands (60 GHz and-45 GHz)

(This amendment is based on IEEE Std 802¢1JT-2016 as amended by IEEE Std 802.11ai™-2016 and
IEEE Std 802.11ah™-2016.)

NOTE—The editing instructions containedsin this amendment define how to merge the material contained here into the
base document and its other amendments(to form the new comprehensive standard.

Editing instructions are shown 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 either steikethrough (to remove old material) or underscore (to add new
material). Delete removes existing material. Insert adds new material without disturbing the existing material. Insertions
may require renumbering, If so, renumbering instructions are given in the editing instruction. Replace is used to make
large changes in existihg text, subclauses, tables, or figures by removing existing material and replacing it with new
material. Editorialsnotes will not be carried over into future editions because the changes will be incorporated into the
base standard. !

1. Overview

1.3 Supplementary information on purpose

Insert the following item at the end of the dashed list in 1.3:

— Defines the PHY and MAC enhancements to enable operation in the Chinese millimeter wave
frequency bands (60 GHz and 45 GHz).

! Notes 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

3.2 Definitions specific to IEEE Std 802.11

Insert the following definitions into 3.2 in alphabetical order:

China directional multi-gigabit (CDMG): Pertaining to operation in DMG and where the channel is
contained within the Chinese 60 GHz frequency band.

NOTE—The Chinese 60 GHz channel set is defined in Table E-5 in Annex E.

China directional multi-gigabit small band beacon interval (CDMG SBBI): A value, in units-0f\TUs,
represents the length of a beacon interval (BI) operating on a 1.08 GHz channel.

China millimeter-wave multi-gigabit (CMMG): Pertaining to operation in a frequency band containing a
channel in 42.3 GHz to 47.3 GHz or 47.2 GHz to 48.4 GHz frequency bands.

NOTE—The Chinese 45 GHz channel set is defined in Table E-5 in Annex E.

China millimeter-wave multi-gigabit (CMMG) basic service set (BSS): A BSS in which DMG Beacon
frames are transmitted by CMMG stations (STAs).

China millimeter-wave multi-gigabit (CMMG) duplicate physical/layer (PHY) protocol data unit
(PPDU) format: The data transmission (TXVECTOR parameter(CH BANDWIDTH equal to CBW1080)
duplicates the transmission of a 540 MHz signal over every 540 MHz frequency segment.

China millimeter-wave multi-gigabit (CMMG) physical Tayer (PHY) protocol data unit (PPDU): A
Clause 26 PPDU transmitted or received using the Clause 26 physical layer (PHY).

China millimeter-wave multi-gigabit (CMMG)-beamformee: A CMMG station (STA) that receives a
CMMG physical layer (PHY) protocol data unit(PPDU) that was transmitted using a beamforming steering
matrix and that supports the CMMG transniit beamforming feedback mechanism as described in 10.34a.

China millimeter-wave multi-gigabit (CMMG) beamformer: A CMMG station (STA) that transmits a
CMMG physical layer (PHY) protecol data unit (PPDU) using a beamforming steering matrix.

China millimeter-wave multi-gigabit (CMMG) single medium access control (MAC) protocol data
unit (CMMG single MPDU): An MPDU that is the only MPDU in an aggregate MPDU (A-MPDU) carried
in a CMMG 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.

synchronizing access point (AP) or personal basic service set (PBSS) control point (PCP): A CDMG
AP or PCP, that is operating on a 1.08 GHz channel but still transmitting its DMG Beacon frames on the
relevant’2.16 GHz channel with the AP or PCP Role subfield of the Dynamic Bandwidth Control element
(9.42,218) set to 0 and providing synchronization service to a synchronized AP or PCP on the relevant
2116 GHz channel.

synchronized access point (AP) or personal basic service set (PBSS) control point (PCP): A CDMG AP
or PCP that is operating on a 1.08 GHz channel but still transmitting its DMG Beacon frames on the relevant
2.16 GHz channel with the AP or PCP Role subfield of the Dynamic Bandwidth Control element (9.4.2.218)
set to 1 and synchronizing with the synchronizing AP or PCP on the relevant 2.16 GHz channel.
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3.4 Abbreviations and acronyms

Insert the following abbreviations into 3.4 in alphabetical order:

CEF

CDMG

DBC

DCS

OCEF

CMMG

SBBI

SCEF

OSTF

2CZ

channel estimation field

China directional multi-gigabit
dynamic bandwidth control

dynamic channel selection

OFDM channel estimation field
China millimeter-wave multi-gigabit
small band beacon interval

single carrier channel estimation field
OFDM short training field

zero correlation zone
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4. General description

4.3 Components of the IEEE 802.11 architecture

Insert the following subclauses, 4.3.25 and 4.3.26, after 4.3.24:
4.3.25 CDMG STA

The IEEE 802.11 CDMG STA is a DMG STA that supports CDMG operation in Chinese 60 GHz frequency
band when dot] ICDMGOptionImplemented is true. In addition to CDMG features, a CDMG STA supports
DMG features as described in 4.3.21. A CDMG STA also supports CDMG features as identified in
Clause 10, Clause 11, and Clause 24. A CDMG STA supports transmission and reception of frames-that are
compliant with PHY specifications as defined in Clause 24. A CDMG STA is also a QoS STA. .The basic
channel access of a CDMG STA (see 10.36 and 10.60) allows it to operate in an InfrastructuresBSS or in an
IBSS or in a PBSS.

Besides supporting DMG PHY features defined in Clause 20, a CDMG STA alsorsupports the PHY signal-
ing as described in 24.4, 24.5, and 24.6. At a minimum, a CDMG STA suppotts th€ mandatory modulation
and coding scheme (MCS) and PHY protocol data unit (PPDU) formats desctibed in 24.4 and 24.5.

4.3.26 CMMG STA

The IEEE 802.11 CMMG STA operates in 42.3 GHz to 47.3(GHz or 47.2 GHz to 48.4 GHz frequency
bands.

The main PHY features in a CMMG STA are the followifig:
— 540 MHz channel width
— Control mode and SC mode (directional transmit and receive)
— Single spatial stream MCS 0 (controlgmode transmit and receive) in all supported channel widths
— Single spatial stream MCSs 1 to 3(SC mode transmit and receive) in all supported channel widths
— LDPC coding with length 672
— Normal guard interval as defined in Table 25-3
— Optional support for 1080 MHz channel width
— Optional supportfor’'CMMG MCSs 4 to 8 (SC mode transmit and receive)
— Optional supportfor CMMG MCSs 9 to 16 (OFDM mode transmit and receive)
—  Optionalsupport for short guard interval (transmit and receive)
— Optienalsupport for LDPC coding with length 2016
— Optional support MIMO transmission (SC mode and OFDM mode transmit and receive)
—"Optional support for STBC (transmit and receive)
~~/ Optional support for transmit beamforming sounding (by sending a CMMG NDP)

— Optional support for responding to transmit beamforming sounding

The CMMG STA provides PHY and MAC features that can support a throughput of 1 Gb/s and greater, as
measured at the MAC data service access point (SAP). A CMMG STA supports CMMG features as
identified in Clause 10, Clause 11, and Clause 25. A CMMG STA operates in a CMMG BSS and supports

245 A
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CMMG STA is also a QoS STA. The basic channel access of a CMMG STA (see 10.36) allows it to operate
in an Infrastructure BSS, in an IBSS, or in a PBSS. Certain CMMG features such as service period
allocation are available only to CMMG STAs that are associated with an AP or with a PCP, while other
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CMMG features such as EDCA operation in a PBSS do not require association. A CMMG STA supports
beamforming (BF) as described in 10.38 and 20.10 and GCM encryption as described in 12.5.5.

A CMMG STA supports the PHY Qigna]ing as described in 254 255 and 25 6 At a minimum_a CMMG

STA supports the mandatory modulation and coding scheme (MCS) and PHY protocol data unit (PPDU)
formats described in 25.4 and 25.5. A CMMG STA has PHY features that include a low-density parity
check (LDPC) encoding, a preamble making use of zero correlation zone (ZCZ) sequences, and
beamforming. The PPDUs are always transmitted with the same channel spacing as described in Annex E.

A CMMG STA supports MAC features that provide channel access in an environment in which transmis:
sions use a directional antenna pattern or use multiple input multiple output antenna pattern. A CMMG:STA
has MAC features that include frame aggregation, block ack features, service periods, contentipn based
access periods, CMMG protected period, AP or PCP clustering, dynamic channel time management,reverse
direction, spatial sharing, beamforming, and fast session transfer in a multi-band device. A CMMG STA is
not a mesh STA. A CMMG STA follows the same channel access rules irrespective of the type of BSS in
which it operates.
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6. Layer management

6.3 MLME SAP interface

Support Chinese Millimeter Wave Frequency Bands (60 GHz and 45 GHz)

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 BSSDescriptions in 6.3.3.3.2:

Name

Type Valid range

Description

IBSS adoption

CDMG
Capabilities

As defined in
9.4.2.217.

CDMG
Capabilities
element

Specifies the parameters
within the CDMG Capabilities
element that are supported by
the MAC entity.

The parameter is presenitdf
dot11CDMGOptionlmple-
mented is true; otherwise not
present.

Bonot adopt.

CMMG Capabilities

CMMG
Capabilities
element

As defined in
9.4.2.227.

Specifies the parameters
within the CMMG
Capabilities element that are
supported by the MAC entity.
The parameter is present if
dot11ICMMGOptionlmpleme
nted is true; otherwise not
present.

Do not adopt.

CMMG Operation

CMMG
Operation
element

As defined in
94:2.228.

Specifies the parameters
within the CMMG Operation
element that are supported by
the MAC entity.

The parameter is present if
dot11CMMGOptionImpleme
nted is true; otherwise not
present.

Do not adopt.

6.3.7 Associate

6.3.7.2 MLME-ASSOCIATE.request

6.3.7.2.2-Semantics of the service primitive

Insert the following parameters in the primitive parameters list in 6.3.7.2.2:

MLME-ASSOCIATE.request(

CDMG Capabilities,
CMMG Capabilities,
VendorSpecificInfo

)
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Insert the following rows before the VendorSpecificInfo row in the untitled table in 6.3.7.2.2:
Name Type Valid range Description
CDMG CDMG As defined in Specifies the parameters within the CDMG

Capabilities Capabilities 9.42.217. Capabilities element that are supported by the MAC
element entity.
The parameter is present if
dot11CDMGOptionlmplemented is true; otherwise
not present.
CMMG CMMG As defined in Specifies the parameters within the CMMG
Capabilities Capabilities 9.4.2.227. Capabilities element that are supported by the MAC
element entity. The parameter is present if

dot] ICMMGOptionImplemented is true; otherwise
not present.

6.3.7.3 MLME-ASSOCIATE.confirm

6.3.7.3.2 Semantics of the service primitive

Insert the following parameters in the primitive parameters list in 6.3.7:3.2:

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

CDMG Capabilities,

CMMG Capabilities,
VendorSpecificInfo
)
Insert the following rows before the VendorSpecificInfo row in the untitled table in 6.3.7.3.2:
Name Type Valid range Description
CDMG CDMG As defined in Specifies the parameters within the CDMG
Capabilities Capabilities 9.4.2.217. Capabilities element that are supported by the MAC
element entity.
The parameter is present if
dot1 1CDMGOptionImplemented is true; otherwise
not present.
CMMG CMMG As defined in Specifies the parameters within the CMMG
CapabilitieS Capabilities 9.4.2.227. Capabilities element that are supported by the MAC
element entity. The parameter is present if
dot11CMMGOptionlmplemented is true; otherwise
not present.

6.3.7.4 MLME-ASSOCIATE.indication

6.3.7.4.2 Semantics of the service primitive

Insert the following parameters in the primitive parameters list in 6.3.7.4.2:

The primitive parameters are as follows:

Copyright © 2018 IEEE. All rights reserved.



https://standardsiso.com/api/?name=f253c1254c61c2ae3182dd321aad0758

MLME-ASSOCIATE.indication(

ISO/IEC/IEEE 8802-11:2018/Amd.3:2020(E)

IEEE Std 802.11aj-2018

|EEE Standard for Information technology—Local and metropolitan area networks—Specific requirements—
Part 11: Wireless LAN MAC and PHY Specifications—Amendment 3: Enhancements for Very High Throughput to
Support Chinese Millimeter Wave Frequency Bands (60 GHz and 45 GHz)

CDMG Capeabilities,

CMMG Capabilities
VendorSpecificlnfo
)
Insert the following rows before the VendorSpecificInfo row in the untitled table in 6.3.7.4.2:
Name Type Valid range Description
CDMG CDMG As defined in Specifies the parameters within the CDMG
Capabilities Capabilities 9.42.217. Capabilities element that are supported by the-MAC
element entity.
The parameter is present if
dot1 1CDMGOptionlmplemented is true; otherwise
not present.
CMMG CMMG As defined in Specifies the parameters withintthe CMMG
Capabilities Capabilities 9.4.2.227. Capabilities element that afe/Supported by the MAC
element entity. The parameter is present if
dot11CMMGOptionlmplémented is true; otherwise
not present.

6.3.7.5 MLME-ASSOCIATE.response

6.3.7.5.2 Semantics of the service primitive

Insert the following parameters in the primitive parameters list in 6.3.7.5.2:

The primitive parameters are as follows:

MLME-ASSOCIATE.response(

CDMG Capabilities,

CMMG Cdpabilities,
VendorSpecificlnfo
)
Insert the following rows.before the VendorSpecificInfo row in the untitled table in 6.3.7.5.2:
Name Type Valid range Description
CDMG CDMG As defined in Specifies the parameters within the CDMG
Capabifities Capabilities 9.42.217. Capabilities element that are supported by the MAC
element entity.
The parameter is present if
dot11CDMGOptionlmplemented is true; otherwise
not present.
CMMG CMMG As defined in Specifies the parameters within the CMMG
Capabilities Capabilities 9.4.2.227. Capabilities element that are supported by the MAC
element entity. The parameter is present if
dot11CMMGOptionlmplemented is true; otherwise
not present.
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6.3.8.2 MLME-REASSOCIATE.request

6.3.8.2.2 Semantics of the service primitive

Insert the following parameters in the primitive parameters list in 6.3.8.2.2:

The primitive parameters are as follows:

MLME-REASSOCIATE.request(

CDMG Capabilities,

CMMG Capeabilities,
VendorSpecificlnfo
)
Insert the following rows before the VendorSpecificInfo row in the untitled table in 6.3.8.2.2:
Name Type Valid range Desefiption
CDMG CDMG As defined in Specifies the paramieters within the CDMG
Capabilities Capabilities 9.42.217. Capabilities elefnent that are supported by the MAC
element entity.
The parameter is present if
dot11CDMGOptionlmplemented is true; otherwise
not present.
CMMG CMMG As defined in Specifies the parameters within the CMMG
Capabilities Capabilities 9.4.2.227. Capabilities element that are supported by the MAC
element entity. The parameter is present if
dot11CMMGOptionlmplemented is true; otherwise
not present.

6.3.8.3 MLME-REASSOCIATE.confirm

6.3.8.3.2 Semantics of the service primitive

Insert the following parameters in the primitive parameters list in 6.3.8.3.2:

The primitive parameters are as follows:

MLME-REASSOCIATE.confirm(

CDMG Capabilities,

CMMG Capabilities,

VendorSpecificlnfo

)
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Insert the following rows before the VendorSpecificInfo row in the untitled table in 6.3.8.3.2:
Name Type Valid range Description
CDMG CDMG As defined in Specifies the parameters within the CDMG
Capabilities Capabilities 9.42.217. Capabilities element that are supported by the MAC
element entity.
The parameter is present if
dot11CDMGOptionlmplemented is true; otherwise
not present.
CMMG CMMG As defined in Specifies the parameters within the CMMG
Capabilities Capabilities 9.4.2.227. Capabilities element that are supported by the MAC
element entity. The parameter is present if

dot] ICMMGOptionImplemented is true; otherwise
not present.

6.3.8.4 MLME-REASSOCIATE.indication

6.3.8.4.2 Semantics of the service primitive

Insert the following parameters in the primitive parameters list in 6.3.84.2:

The primitive parameters are as follows:

MLME-REASSOCIATE.indication(

CDMG Capabilities,

CMMG Capabilities,
VendorSpecificInfo
)
Insert the following rows before the VendorSpecificInfo row in the untitled table in 6.3.8.4.2:
Name Type Valid range Description
CDMG CDMG As defined in Specifies the parameters within the CDMG
Capabilities Capabilities 9.4.2.217. Capabilities element that are supported by the MAC
element entity.
The parameter is present if
dot1 1CDMGOptionImplemented is true; otherwise
not present.
CMMG CMMG As defined in Specifies the parameters within the CMMG
CapabilitieS Capabilities 9.4.2.227. Capabilities element that are supported by the MAC
element entity. The parameter is present if
dot11CMMGOptionlmplemented is true; otherwise
not present.
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6.3.8.5 MLME-REASSOCIATE.response

6.3.8.5.2 Semantics of the service primitive

Insert the following parameters in the primitive parameters list in 6.3.8.5.2:

The primitive parameters are as follows:

MLME-REASSOCIATE.response(

CDMG Capabilities,

CMMG Capabilities,
VendorSpecificnfo
)
Insert the following rows before the VendorSpecificInfo row in the untitled table in 6.3.8.5.2:
Name Type Valid range Description.
CDMG CDMG As defined in Specifies the parameters@yithin the CDMG
Capabilities Capabilities 9.42.217. Capabilities element that are supported by the MAC
element entity.
The parameter is present if
dot11CDMGOptienlmplemented is true; otherwise
not present’
CMMG CMMG As defined in Specifies-the parameters within the CMMG
Capabilities Capabilities 9.4.2.227. Capabilities element that are supported by the MAC
element entity. The parameter is present if
dot1 ICMMGOptionlmplemented is true; otherwise
not present.
6.3.11 Start

6.3.11.2 MLME-START.request

6.3.11.2.2 Semantics of the service primitive

Insert the following parameters in the primitive parameters list in 6.3.11.2.2:

The primitive parameters are as follows:
MLME-START \request(

CDMG Capabilities,

CMMG Capabilities,

CMMG Operation,

VendorSpecificnfo

)
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Insert the following rows before the VendorSpecificInfo row in the untitled table in 6.3.11.2.2:

Name Type Valid range Description

CDMG CDMG As defined in Specifies the parameters within the CDMG

Capabilities Capabilities 9.42.217. Capabilities element that are supported by the MAC
element entity.

The parameter is present if
dot1 ICDMGOptionlmplemented is true.

CMMG CMMG As defined in Specifies the parameters within the CMMG

Capabilities Capabilities 9.4.2.227. Capabilities element that are supported by the MAC.
element entity. The parameter is present if

dot1 ICMMGOptionlmplemented is true and is@absent
otherwise.

CMMG Operation CMMG As defined in Specifies the parameters within the CMMG Operation
Operation 9.4.2.228. element that are supported by the MAC entity.
element The parameter is present if

dot1 ICMMGOptionlmplemented'is true; otherwise
not present.

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 CMMG STA receives an MLME-START.request primitive with a Basic CMMG MCS
and NSS Set field in the CMMG Operation parameter confaining any unsupported <CMMG MCS, NSS>
tuple, the MLME response in the resulting MLME=START.confirm primitive contains a ResultCode
parameter that is not set to the value SUCCESS.

6.3.26 TS management interface

6.3.26.1 General

Change Table 6-1 as follows:

Table 6-1—Supported TS management primitives

Primitive Request Confirm Indication Response
ADDTS (in the DMG STA DMG STA DMG STA DMG STA
context of CMMG STA CMMG STA CMMG STA CMMG STA
establishingya TS) non-AP QoS STA non-AP QoS STA HC HC
ADBTS(in the Non-AP and non-PCP | Non-AP and non-PCP DMG AP or PCP DMG AP or PCP
confext of DMG STA DMG STA CMMG AP or PCP | CMMG AP or
réquesting an CMMG STA CMMG STA PCP
allocation)

DELTS DMG STA DMG STA DMG STA —
CMMG STA CMMG STA CMMG STA
non-AP QoS STA non-AP QoS STA non-AP QoS STA
HC HC HC
ADDTSRESERVE HC HC non-AP QoS STA non-AP QoS STA
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6.3.26.2 MLME-ADDTS.request

6.3.26.2.2 Semantics of the service primitive

Change the primitive parameter list in 6.3.26.2.2 as follows:

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

DialogToken,
TSPEC,
TCLAS,
TCLASProcessing,
U-APSD Coexistence,
EBR,
IntraAccessCategoryPriority,
HigherLayerStreamlID,
STAAddress,
DMG TSPEC,
CMMG TSPEC
Multi-band,
U-PID,
MMS,
VendorSpecificnfo

)

Insert the following row after the ‘DMG TSPEC’ row in theé)untitled table in 6.3.26.2.2:

Name Type Valid range Description

CMMG TSPEC CMMG TSPEC element As defined in 9.4.2.134a. Specifies the
characteristics and QoS
scheduling requirements
of the CMMG allocation
request.

6.3.26.3 MLME-ADDTS.confirm
6.3.26.3.2 Semantics of the service primitive
Change the prinitive parameter list in 6.3.26.3.2 as follows:

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

ResultCode,
DialogToken,
TSDelay,
TSPEC,
Schedule,
TCLAS,

TCLASProcessing,
EBR,

HigherLayerStreamID
STAAddress,
DMG TSPEC,
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CMMG TSPEC
Multi-band,
U-PID,

MMS

VendorSpecificInfo
)

Insert the following rows after the ‘DMG TSPEC’ row in the untitled table in 6.3.26.3.2:

Name Type Valid range Description

CMMG TSPEC CMMG TSPEC element As defined in 9.4.2.228. Specifies the
characteristics and*QoS
scheduling requirements
of the CMMG allocation
request.

Change the first two paragraphs after the untitled table in 6.3.26.3.2 as follows;

For the ResultCode value of SUCCESS received by a non-DMG STA or.a‘won-CMMG STA, the TSPEC
and the optional TCLAS parameters describe the characteristics of the\TS that has been created (or
modified); and the specified (nonzero) parameters [with the exception ©f Service Start Time, Medium Time,
and any possibly unspecified minimum set of parameters (see 40.22.4.3) in the TSPEC element in an
ADDTS Request frame] exactly match those of the matching MECME-ADDTS.request primitive.

For other values of ResultCode received by a non-DMG, STA or a non-CMMG STA, no new TS has been
created. In the case of REJECTED WITH SUGGESTED CHANGES, the TSPEC represents an
alternative proposal by the HC based on informatiod about the current status of the MAC entity. In the case
of REJECTED HOME WITH SUGGESTED GCHANGES, the TSPEC represents an alternative proposal
by the HC based on information received from<the SSPN interface. A TS is not created with this definition.
If the suggested changes are acceptable to the’STA, it is the responsibility of the STA to set up the TS with
the suggested changes.

6.3.26.3.3 When generated
Change the second paragraphof 6.3.26.3.3 as follows:
This primitive is generated when that MLME-ADDTS.request primitive is found to contain invalid

parameters, when,a timeout occurs, or when the STA receives a response in the form of an ADDTS
Response framejn-the corresponding QoS Action frame from the HC, e#DMG STA, or CMMG STA.

6.3.26.4 MLME-ADDTS.indication
6.3:26.4.1 Function

€hange 6.3.26.4.1 as follows:

This primitive reports to the DMG STA’s SME, CMMG STA’s SME, or HC’s SME the request for adding
(or modifying) a TS.
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6.3.26.4.2 Semantics of the service primitive

Change the primitive parameter list in 6.3.26.4.2 as follows:

MLME-ADDTS.mdication (
DialogToken,
STAAddress,
TSPEC,
TCLAS,
TCLASProcessing,
U-APSD Coexistence,
EBR,
IntraAccessCategoryPriority,
HigherLayerStreamlID,
DMG TSPEC,
CMMG TSPEC
Multi-band,
U-PID,
MMS,
VendorSpecificInfo

)

Insert the following row after the ‘DMG TSPEC’ row in the untitled.table in 6.3.26.4.2:

Name Type Valid range Description

CMMG TSPEC CMMG TSPEC element As.defined in 9.4.2.134a. Specifies the
characteristics and QoS
(scheduling) requirements
of the CMMG allocation
request.

6.3.26.5 MLME-ADDTS.response
6.3.26.5.2 Semantics of the service primitive
Change the primitive parameter list in 6.3.26.5.2 as follows:

The primitive parameters are as follows:
MLME-ADDTS:tesponse (

ResultCode,
DialogToken,
STAAddress,
TSDelay,
TSPEC,
Schedule,
TCLAS,
TCLASProcessing,
U-APSD Coexistence,
EBR,
HigherLayerStreamID,

DMG TSPEC,
CMMG TSPEC
Multi-band,
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U-PID,

MMS,
VendorSpecificlnfo
)

Insert the following row after the ‘DMG TSPEC’ row in the untitled table in 6.3.26.5.2:

Name Type Valid range Description

CMMG TSPEC CMMG TSPEC element As defined in 9.4.2.134a. Specifies the
characteristics and QoS
(scheduling) requirements
of the CMMG allodation
request.

Insert the following subclause, 6.3.118, after 6.3.117.5.4:
6.3.118 DCS procedure
6.3.118.1 General

This subclause describes the management procedures associated .with™ the dynamic channel selection
mechanism.

6.3.118.2 MLME-DCSMEASUREMENT.request
6.3.118.2.1 Function

This primitive requests transmission of a DCS Measurement Request frame to the DCS responder AP or
PCP with which to perform the DCS procedureé:

6.3.118.2.2 Semantics of the servicée primitive

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

DCSResponderAddress,
DCSMeasurementRequest
)

Name Type Valid range Description
DCSResponderAd | MAC Address Any valid Specifies the MAC address of the AP or PCP to
dress individual MAC which the DCS Measurement Request frame is

address. transmitted.
DCSMeasurement | DCS As defined in Specifies the parameters of the DCS
Request Measurement 9.6.8.37. measurement request.
Request Action
field

6.3.118.2.3 When generated

This primitive is generated by the SME to request that a DCS Measurement Request frame be sent to the
DCS responder AP or PCP with which to perform the DCS procedure.

42
Copyright © 2018 IEEE. All rights reserved.



https://standardsiso.com/api/?name=f253c1254c61c2ae3182dd321aad0758

ISO/IEC/IEEE 8802-11:2018/Amd.3:2020(E)

IEEE Std 802.11aj-2018
|EEE Standard for Information technology—Local and metropolitan area networks—Specific requirements—
Part 11: Wireless LAN MAC and PHY Specifications—Amendment 3: Enhancements for Very High Throughput to
Support Chinese Millimeter Wave Frequency Bands (60 GHz and 45 GHz)

6.3.118.2.4 Effect on receipt

On receipt of this primitive, the MLME indicates the MAC sublayer to construct and attempt to transmit a
DCS Measurement Request frame

6.3.118.3 MLME-DCSMEASUREMENT.indication

6.3.118.3.1 Function

This primitive indicates that a DCS Measurement Request frame is received.
6.3.118.3.2 Semantics of the service primitive

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

DCSRequesterAddress,
DCSMeasurementRequest
)

Name Type Valid range Description
DCSRequesterAd | MAC Address Any valid Specifies theeMAC address of the AP or PCP
dress individual MAC fromwhich the DCS Measurement Request

address. frame-is received.
DCSMeasurement | DCS As defined in Specifies the parameters of the DCS
Request Measurement 9.6.8.37. measurement request.
Request Action
field

6.3.118.3.3 When generated

This primitive is generated by the MLME when a valid DCS Measurement Request frame is received.
6.3.118.3.4 Effect on receipt

Once the SME receives this'primitive, the STA operates according to the procedure defined in 11.49.
6.3.118.4 MLME-DCSMEASUREMENT.response

6.3.118.4.1 Function

This primitive requests transmission of a DCS Measurement Report frame to the DCS requester AP or PCP
with syhtich to perform the DCS procedure.

6:3.118.4.2 Semantics of the service primitive

The primitive parameters are as follows:
MLME-DCSMEASUREMENT.response (
DCSRequesterAddress,
DCSMeasurementReport

)
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Name Type Valid range Description
DCSRequesterAd | MAC Address Any valid Specifies the MAC address of the AP or PCP to
dress mdiadual MAC swhich the DCS Measurement Do?r\rf frameds

address. transmitted.
DCSMeasurement | DCS As defined in Specifies the parameters of the DCS
Report Measurement 9.6.8.40. measurement response.
Report Action
field

6.3.118.4.3 When generated

This primitive is generated by the SME to request that a DCS Measurement Report frame be sent-to.the DCS
requester AP or PCP with which to perform the DCS procedure.

6.3.118.4.4 Effect on receipt

On receipt of this primitive, the MLME indicates the MAC sublayer to constructéand attempt to transmit a
DCS Measurement Report frame.

6.3.118.5 MLME-DCSMEASUREMENT.confirm

6.3.118.5.1 Function

This primitive indicates that a DCS Measurement Report frame was received.
6.3.118.5.2 Semantics of the service primitive

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

DCSResponderAddress,
DCSMeasurementReport
)

Name Type Valid range Description
DCSResponderAd | MAC-Address Any valid Specifies the MAC address of the AP or PCP
dress individual MAC from which the DCS Measurement Report frame

address. was received.
DCSMeasurement | DCS As defined in Specifies the parameters of the DCS
Report Measurement 9.6.8.40. measurement response.
Report Action
field

6:3.118.5.3 When generated
This primitive is generated by the MLME when a valid DCS Measurement Report frame is received.

6.3.118.5.4 Effect on receipt

Once the SME receives this primitive, the STA operates according to the procedure defined in 11.49.
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6.3.118.6 MLME-DCS.request

6.3.118.6.1 Function

This primitive requests transmission of a DCS Request frame to the DCS responder AP or PCP with which
to perform the DCS procedure.

6.3.118.6.2 Semantics of the service primitive

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

DCSResponderAddress,
DCSRequest
)

Name Type Valid range Description
DCSResponderAd | MAC Address Any valid Specifies the MAC address of the AP or PCP to
dress individual MAC which the DCS Request’frame is transmitted.

address.
DCSRequest DCS Request As defined in Specifies the parameters of the DCS request.
Action field 9.6.8.39.

6.3.118.6.3 When generated

This primitive is generated by the SME to request that-adDCS Request frame be sent to the DCS responder
AP or PCP with which to perform the DCS procedure.

6.3.118.6.4 Effect on receipt

On receipt of this primitive, the MLME indicates the MAC sublayer to construct and attempt to transmit a
DCS Request frame.

6.3.118.7 MLME-DCS.indication

6.3.118.7.1 Function

This primitive indicates that a DCS Request frame is received.

6.3.118.7.2 Semantics of the service primitive

The primitive parameters are as follows:
MDBME-DCS.indication (

DCSRequesterAddress,
DCSRequest

)
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Name Type Valid range Description
DCSRequesterAd | MAC Address Any valid Specifies the MAC address of the AP or PCP
diess individual MAC from-whichthe DCSRequest-frame-isreceived:

address.
DCSRequest DCS Request As defined in Specifies the parameters of the DCS request.
Action field 9.6.8.39.

6.3.118.7.3 When generated

This primitive is generated by the MLME when a valid DCS Request frame is received.

6.3.118.7.4 Effect on receipt

Once the SME receives this primitive, the STA operates according to the procedure definedin 11.49.
6.3.118.8 MLME-DCS.response

6.3.118.8.1 Function

This primitive requests transmission of a DCS Response frame to the D€Srequester AP or PCP with which
to perform the DCS procedure.

6.3.118.8.2 Semantics of the service primitive

The primitive parameters are as follows:
MLME-DCS. Response (

DCSRequesterAddress,
DCSResponse
)

Name Type Valid range Description
DCSRequesterAd | MAC Address Any valid Specifies the MAC address of the AP or PCP to
dress individual MAC which the DCS Measurement Report frame is

address. transmitted.
DCS Response DCS Response As defined in Specifies the parameters of the DCS response.
Action field 9.6.8.40.

6.3.118.8.3.When generated
This primitive is generated by the SME to provide the results of a DCS request.
6.3.118.8.4 Effect on receipt

On receipt of this primitive, the MLME indicates the MAC layer to construct and attempt to transmit a DCS
Response frame.
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6.3.118.9 MLME-DCS.confirm

6.3.118.9.1 Function

This primitive indicates that a DCS Response frame was received.

6.3.118.9.2 Semantics of the service primitive

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

DCSResponderAddress,
DCSResponse
)

Name Type Valid range Description
DCSResponderAd | MAC Address Any valid Specifies the MAC address_of the AP or PCP
dress individual MAC from which the DCS Measurement Report frame

address. was received.
DCSResponse DCS Response As defined in Specifies the parameters of the DCS response.
Action field 9.6.8.40.

6.3.118.9.3 When generated
This primitive is generated by the MLME when a valid DCS Measurement Report frame is received.
6.3.118.9.4 Effect on receipt

Once the SME receives this primitive, the ST Acoperates according to the procedure defined in 11.49.
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9. Frame formats

9.2 MAC frame formats

9.2.3 General frame format
Change the second paragraph of 9.2.3 as follows:

For PV0O MPDUs, the first three fields (Frame Control, Duration/ID, and Address 1) and the last field (FCS)
in Figure 9-1 constitute the minimal frame format and are present in all these frames, including reserved
types and subtypes. The fields Address 2, Address 3, Sequence Control, Address 4, QoS Control,~HT
Control, CMMG Control, and Frame Body are present only in certain frame types and subtypes./Each field
is defined in 9.2.4. For PV1 MPDU, the fields constituting the minimal frame format are defined inf9.8. The
format of each of the individual subtypes of each PVO0 frame type is defined in 9.3, the format.of each PV1
frame type is defined in 9.8, and the format of NDP CMAC frames is defined in 9.9. The-components of
management frame bodies are defined in 9.4. The formats of Action frame bodie$PVO and PV1) are
defined in 9.6.

Change Figure 9-1 as follows:

Octets: 2 2 6 Oor6 Oor6 Oor2 Oor6 0,0r 2 Oor4 Qor4d variable 4
Frame Duration | Address | Address | Address | Sequence | Address QoS HT CMMG Frame FCS
Control /ID 1 2 3 Control 4 Control | Control | Control Body
- P

MAC Header

Figure 9-1—MAC frame format
9.2.4 Frame fields
9.2.4.1 Frame Control field
9.2.4.1.8 More Data field
Insert the following paragraph at the end of 9.2.4.1.8:
The More Data subfield is set to 1 in individually addressed frames transmitted by a CMMG AP to a CMMG
STA when both support the CMMG TXOP power save feature (as determined from their CMMG
Capabilities elements) to indicate that at least one additional buffered BU is present for the STA, see
11.2.3.21.
9.2.4.4.10'+HTC/Order subfield

Insert the following item at the end of the dashed list of the first paragraph of 9.2.4.1.10:

— TItissetto I in a QoS Data or Management frame transmitted by a QoS CMMG STA to indicate that
the frame contains a CMMG Control field.
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Insert the following subclause, 9.2.4.6a (including Figure 9-15b, Figure 9-15c¢, Figure 9-15d,
Table 9-18a, and Table 9-18b), after 9.2.4.6.3:

9.2.4 6a CMMG Control field

The format of the 4-octet CMMG Control field is shown in Figure 9-15b.

BO B1 B14 B15  BI7 B18  B20 B21 B22
MRQ MFB MFSI MSIUSTBC | FBTxType | Unsolicited MFB
Bits: 1 14 3 3 1 1
B23  B24 B25 B26 B27  B28 B29 B31
csiistesting | arnouncement | Gonsirainte | | PPDU Reséryed
Bits: 2 1 1 2 3

Figure 9-15b—CMMG Control field

The link adaptation related subfields including the first six subfields afe’defined in Table 9-18a.

Table 9-18a—Subfields corresponding.to’link adaptation

Subfield Meaning Definition

MRQ CMMG MCS Feedback | Setto 1 to)request CMMG MCS feedback (solicited MFB);
request otherwise; set to 0.

MFB NUM_STS, CMMG MFBsubfield is interpreted as defined in 9-18b. This subfield
MCS, BW and SNR contains the recommended MFB. The combination of CMMG
feedback MCS=31 and NUM_STS=3 indicates that no feedback is present.

MFSI MFB sequence Set to the received value of MSI contained in the frame to which the
identifier MFB information refers. Set to 7 for unsolicited MFB.

MSI/STBC MSI/STBC If the Unsolicited MFB subfield is 0 and the MRQ subfield is 1, the

MSI/STBC subfield contains a sequence number in the range 0 to 6
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 9-15d.

The STBC Indication subfield indicates whether the estimate in the
MEFB 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 9-18a—Subfields corresponding to link adaptation (continued)

Subfield Meaning Definition
FB Tx Type Transmission type of If the Unsolicited MFB subfield is 1 and FB Tx Type subfield is 0,
the measured PPDU then the unsolicited MFB is estimated from a CMMG 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 CMMG
PPDU with RXVECTOR parameter BEAMFORMED equal to 1.
Otherwise, this subfield is reserved.

Unsolicited Unsolicited CMMG Set to 1 if the MFB is not a response to an MRQ.

MFB MCS feedback indicator | Set to 0 if the MFB is a response to an MRQ.

The format of the MFB subfield in the CMMG Control field is shown in Figure 9-15c,

B1 B2 B3 B7 B8 B9 B14
NUM_STS CMMG MCS BW SNR
Bit: 2 5 1 6

Figure 9-15¢c—MFB subfield in the CMMG Control field

The subfields of the MFB subfield in the CMMG ControlAield are defined in Table 9-18b.

Table 9-18b—MFB subfield in the CMMG Control field

Subfield Meaning Definition
NUM_STS Recommended Indicates the recommended NUM_STS as defined in 10.31.4.
NUM_STS The NUM_STS subfield contains an unsigned integer representing the
number of space-time streams minus 1.
CMMG MCS | Recommended Indicates the recommended CMMG MCS as defined in 10.31.4.
CMMG MCS The CMMG MCS subfield contains an unsigned integer in the range 0
to 31 representing a CMMG MCS Index value (defined in 25.15).
BW Bandwidth of the If the Unsolicited MFB subfield is 1, the BW subfield indicates the
recommended bandwidth for which the recommended CMMG MCS is intended, as
CMMG MCS defined in 10.31.4:
Set to 0 for 540 MHz.
Set to 1 for 1080 MHz.
If the Unsolicited MFB subfield is 0, the BW subfield is reserved.
SNR Average SNR The SNR subfield of the MFB subfield in the CMMG Control field is
defined in Table 9-18.

The format of the MSI/STBC subfield when the Unsolicited MFB subfield is 1 is shown in Figure 9-15d.
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B18 B19 B20
Compressed MSI STBC Indication
Bits: 2 1

Figure 9-15d—MSI/STBC subfield when the Unsolicited MFB subfield is 1

The CSI/Steering subfield of the CMMG Control field is defined in Table 9-16.

The CMMG NDP Announcement subfield of the CMMG Control field indicates that an NDP willybe
transmitted after the frame (according to the rules described in 10.34a). It is set to 1 to indicate that’an NDP
follows; otherwise, it is set to 0.

The CMMG AC Constraint subfield of the CMMG Control field is the same as defined inc/Table 9-10.

The RDG/More PPDU subfield of the CMMG control field is defined in Table 9-11¢

9.3 Format of individual frame types
9.3.3 Management frames
9.3.3.6 Association Request frame format

Insert the following rows into Table 9-29 in numeric order:

Table 9-29—Association Request frame body

Order Information Notes

39 CDMG Capabilities The CDMG Capabilities element is present if
dot1 1ICDMGOptionlmplemented is true; otherwise not present.

40 CMMG Capabilities The CMMG Capabilities element is present when the
dot11CMMGOptionImplemented is true; otherwise not present.

9.3.3.7 Association Response frame format

Insert the following rows into Table 9-30 in numeric order:

Table 9-30—Association Response frame body

Order Information Notes

50 CDMG Capabilities The CDMG Capabilities element is present if
dot11CDMGOptionlmplemented is true; otherwise not present.

51 CMMG Capabilities The CMMG Capabilities element is present when the

dotI TCMMGOptionImplemented 18 true; otherwise not present.

52 CMMG Operation The CMMG Operation element is present when the
dot11CMMGOptionImplemented is true; otherwise not present.
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9.3.3.8 Reassociation Request frame format

Insert the following rows into Table 9-31 in numeric order:

Table 9-31—Reassociation Request frame body

Order Information Notes

44 CDMG Capabilities The CDMG Capeabilities element is present if
dot11CDMGOptionlmplemented is true; otherwise not present.

45 CMMG Capabilities The CMMG Capabilities element is present when the
dot1 ICMMGOptionlmplemented is true; otherwise not present.

9.3.3.9 Reassociation Response frame format

Insert the following rows into Table 9-32 in numeric order:

Table 9-32—Reassociation Response frame'body

Order Information Notes

53 CDMG Capabilities The CDMG Capabilitiés element is present if
dot11CDMGOptionlmplemented is true; otherwise not present.

54 CMMG Capabilities The CMMG apabilities element is present when the
dot11CMMGOptionImplemented is true; otherwise not present.

55 CMMG Operation The CMMG Operation element is present when the
dotlZEMMGOptionImplemented is true; otherwise not present.

9.3.3.10 Probe Request frame format

Insert the following rows into Table 9-33 in numeric order:

Table 9-33—Probe Request frame body

Order Information Notes

28 CDMG Capabilities The CDMG Capabilities element is present if
dot11CDMGOptionlmplemented is true; otherwise not present.

29 Cluster Probe The Cluster Probe element is optionally present if
dot11ClusteringActivated is true; otherwise not present.

30 CMMG Capabilities The CMMG Capabilities element is present when the
dot11CMMGOptionImplemented is true; otherwise not present.
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9.3.3.11 Probe Response frame format

Insert the following rows into Table 9-34 in numeric order:

Table 9-34—Probe Response frame body

Order Information Notes

85 CDMG Capabilities The CDMG Capabilities element is present if
dot11CDMGOptionlmplemented is true; otherwise not present.

86 Extended Cluster Report | The Extended Cluster Report element is optionally present if
dot11ClusteringActivated is true; otherwise not present.

87 CMMG Capabilities The CMMG Capabilities element is present when the
dot11CMMGOptionImplemented is true; otherwise ot present.

88 CMMG Operation The CMMG Operation element is present whensthe
dot11CMMGOptionlmplemented is true; otherwise not present.

9.3.4 Extension frames
9.3.4.2 DMG Beacon

Insert the following rows into Table 9-41 in numeric order:

Table 9-41—DMG/Beacon frame body

Order Information Notes

40 CDMG Capabilities | The:*CDMG Capabilities element is present if
dot1 1CDMGOptionlmplemented is true; otherwise not present.

41 Dynamic The Dynamic Bandwidth Control element is optionally present if a
Bandwidth Cofitrol | STA operates as an AP or PCP and dot11CDMGOptionlmplemented
is true; otherwise not present.

42 Cluster.Probe The Cluster Probe element is optionally present if
dot11ClusteringActivated is true; otherwise not present.

43 Extended Cluster The Extended Cluster Report element is optionally present if
Report dot11ClusteringActivated is true; otherwise not present.

44 Cluster Switch The Cluster Switch Announcement element is optionally present if
Announcement dot11ClusteringActivated is true; otherwise not present.

45 Extended Cluster The Extended Cluster Report element is optionally present if
Report dot11ClusteringActivated is true; otherwise not present.

46 Cluster Switch The Cluster Switch Announcement element is optionally present if
Announcement dot11ClusteringActivated is true; otherwise not present.

47 SPSH Report The SPSH Report element is optionally present if

dot11ClusteringActivated is true; otherwise not present.

48 Clustering The Clustering Interference Assessment element 1s optionally
Interference present if dot11ClusteringActivated is true; otherwise not present.
Assessment
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Table 9-41—DMG Beacon frame body (continued)

Order Information Notes
49 CMMG The CMMG Capabilities element is present when
Capabilities dot1 ICMMGOptionlmplemented is true; otherwise not present.
50 CMMG Operation The CMMG Operation element is present if dotl 1CMMG

Optionlmplemented is true; otherwise not present.

51 Power Constraint The Power Constraint element is present if
dot11SpectrumManagementRequired is true and is optionally present
if dotl 1RadioMeasurementActivated is true; otherwise not present.

52 TPC Report The TPC Report element is present if
dotl1SpectrumManagementRequired is true or
dotl1RadioMeasurementActivated is true; otherwise not present.

53 BSS Load The BSS Load element is present if dot11QosOptionlmplémented
and dot11QBSSLoadlmplemented are both true; pthetwise not
present.

Change Figure 9-62 as follows:

BO B7 B8 B55 B56 B57 B58 B62 B63
Beacon SP Cluster Reserved-SPSH
Duration Cluster ID Member Role ElusterMaxMem Measurement Enabled

Bits: 8 48 2 5 1

Figure 9-62—Clustering Control field format if the Discovery Mode field is 0

Insert the following paragraph before the'last paragraph (“The A-BFT Responder Address subfield ....”)
0f 9.3.4.2:

The SPSH Measurement Enabled subfield is used by a CDMG S-AP or S-PCP to indicate whether the
member APs or member PCPs-in an AP or PCP cluster are allowed to perform channel measurement to
achieve spatial sharing. If the: SPSH Measurement Enabled subfield is 1, a SPSH measurement period starts.
In this period, the meniber APs or member PCPs in an AP or PCP cluster can perform channel measurement
in its BSS and spatial reuse is not allowed. If the SPSH Measurement Enabled subfield is 0, SPSH
measurement terminates and SP reuse is conducted in the following time interval, i.e., APs or PCPs of the
AP or PCP cluster are allowed to allocate time-overlapping SPs among different BSSs. In a DMG Beacon
frame transmitted by a non-CDMG S-AP or S-PCP, the SPSH Measurement Enabled subfield is reserved.
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9.4 Management and Extension frame body components

9.4.1 Fields that are not elements

9.4.1.7 Reason Code field

Insert the following rows into Table 9-45 in numeric order, and change the Reserved row accordingly:

Table 9-45—Reason codes

Reason code Name Meaning
67 TRANSMISSION LINK ESTABLISHM Transmission link establishment in
ENT_FAILED alternative channel failed.
68 ALTERATIVE CHANNEL_OCCUPIED The alterative channel is occupied.

9.4.1.9 Status Code field

Insert the following rows into Table 9-46 in numeric order, and change-the Reserved row accordingly:

Table 9-46—Status codes

Status code Name Meaning

116 DENIED NOTIFICATION PERIOD ‘' Request denied because the allocation of notification
_ALLOCATION period is failed.

117 DENIED CHANNEL SPLITTING Request denied because the request of channel splitting is

failed.

118 DENIED ALLOCATION Request denied because the allocation request is failed.

119 CMMG_FEATURES NOT_SUPPO Association denied because the requesting STA does not
RTED support CMMG features.

9.4.1.11 Action field

Insert the following rows into Table 9-47 in numeric order, and change the Reserved row accordingly:

Table 9-47—Category values

Group
Code Meaning See subclause Robust addressed
privacy
27 CDMG 9.6.29 Yes No
28 CMMG 9.6.30 Yes No
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9.4.1.46 Band ID field

Insert the following row into Table 9-63 in numeric order, and change the Reserved row accordingly:

Table 9-63—Band ID field

Band ID value Meaning

6 45 GHz

Insert the following subclause, 9.4.1.47a, after 9.4.1.47:
9.4.1.47a CMMG Parameters field
The definition of the CMMG parameters field is the same as the definition of the DMG-parameters field.

Insert the following subclauses, 9.4.1.61 to 9.4.1.63 (including Figure 9-121d, Figure 9-121e, and
Table 9-76¢ through Table 9-76i), after 9.4.1.60:

9.4.1.61 CMMG MIMO Control field
The CMMG MIMO Control field is used to manage the exchange of CMMG MIMO channel state or
transmit beamforming feedback information. It is used inthe CMMG Compressed Beamforming (see

9.6.30.2) frame.

The CMMG MIMO Control field is defined in Figute’9<121d.

BOB1 B2B3 B4 B5 B6 B7 B8 B9 B11 B12 B13 B14 B37 B38 B39
Remaining .
Nc Nr Channel ) Codebook : Sounding
Index | Index Width Grauping Information Matrix Reserved Timestamp Reserved
Segment
Bits: 2 2 1 2 2 3 2 24 2

Figure 9-121d—CMMG MIMO Control field

The subfields ofthe" CMMG MIMO Control field are defined in Table 9-76c¢.

Table 9-76c—Subfields of the CMMG MIMO Control field

Subfield Description

W, Index Indicates the number of columns in a matrix minus 1:
Setto 0 for N, = 1
Setto 1 for N, = 2
Setto 2 for N, = 3
Setto 3 for N, = 4

N, Index Indicates the number of rows in a matrix minus 1:

Setto 0 for N, = 1
Set to 1 forN, = 2
Setto2 for N, = 3
Setto 3 for N, = 4
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Table 9-76c—Subfields of the CMMG MIMO Control field (continued)

Subfield Description

Channel Width Indicates the width of the channel in which a measurement was made:
Set to 0 for 540 MHz
Set to 1 for 1080 MHz

Grouping Indicates the number of subcarriers grouped into one:
Set to 0 for N, = 1 (No grouping)

Setto 1 for N, = 2

Setto2 for N, = 4

g
Set to 3 for N, =6

Codebook Information Indicates the size of codebook entries:
Set to 0 for 2 bits for y , 4 bits for ¢
Set to 1 for 3 bits for v, 5 bits for ¢
The value 2 and 3 are reserved.

Remaining Matrix Segments Contains the remaining segment number for the associated mieasurement report.
Valid range: 0 to 7.

Set to 0 for the last segment of a segmented report or theronly segment of an
unsegmented report.

Sounding Timestamp Contains the lower 3 octets of the TSF timer yalué.Sampled at the instant that the
MAC received the PHY-CCA .indication(IDLE) primitive that corresponds to the
end of the reception of the sounding packetthat was used to generate feedback
information contained in the frame.

9.4.1.62 CMMG Compressed Beamforming Report field

The CMMG Compressed Beamforming Report field is used by the CMMG Compressed Beamforming
frame (see 9.6.30.2) to carry explicit feedback itiformation in the form of angles representing compressed
beamforming feedback matrices ¥ for use by atransmit CMMG beamformer to determine steering matrices
0, as described in 10.32.5 and 25.6.8.13.

The size of the CMMG Compressed Beamforming Report field depends on the values in the CMMG MIMO
Control field.

The CMMG Compressed Beamforming Report field contains the channel matrix elements indexed, first, by
matrix angles in the ordershown in Table 9-76d, second, by data subcarrier index from lowest frequency to
highest frequency. The_éxplanation of how these angles are generated from the beamforming feedback
matrix V is given in 25.6.8.13.2.

Table 9-76d—Order of angles in the
CMMG Compressed Beamforming Report field

Size of V Number of angles () The order of angles in the Compressed Beamforming
(N, xN,) g a Feedback Matrix subfield

2x1 2 @115 V2,

2x2 2 11 Wa

3x1 4 PP : Mo Wy

3x2 6 P11 Py s Vo, 15 V3, 10 P2, 25 V3 2

3x3 6 (Pl,ly(PQ,l’\Vz,1a‘V3,1a‘P2,2, V3 2
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Table 9-76d—Order of angles in the
CMMG Compressed Beamforming Report field (continued)

Size of V Number of angles (N ) The order of angles in the Lo.mpressed Beamforming
(N.xN,) a Feedback Matrix subfield
4x1 6 Pr1 P 1o P31 Wy p V3, 10 Wa i
4x2 10 @115 Py > P31 Vo 1o W3, 15 Wa 1> P2, 25 P32 W3, 20 Va2
4x3 12 Pr1 P 1 P31 Vo o W3, 10 Wa, 15 P2, 20 P3, 25 V3,20 Wa, 2 93,3, Wa 3
4x4 12 Pr1 P 1 P31 Wy 1o W3, 10 Wa, 15 P2, 20 P3,25 V3,20 Wa, 2 P33, Wy 3

The angles are quantized as defined in Table 9-76e. All angles are transmitted LSB to MSB.

Table 9-76e—Quantization of angles

Quantized y

Quantized ¢

bk—” +—"__ radians
2V+1

2V+2
where k = 0,1, ...

y =
b

271

b,, is the number of bits used to quantize y defined by the
Codebook Information field of the CMMG MIMO Control
field

/k“ + T radians
D
274

2 “’+2b
where £5\0,1,...,2°-1

¢ =

by, 18\hie number of bits used to quantize ¢ defined
by 'the Codebook Information field of the CMMG
MIMO Control field

The Compressed Beamforming Report field has.the structure and order defined in Table 9-76f, where N, is
the number of angles used for the CMMG compressed beamforming feedback matrix subfield.

Table 9-76f—Compressed Beamforming Report field

Field Size (bits)

Meaning

Average SNR of Space-Tim€ Stream 1 8

Signal-to-noise ratio at the beamformee for space-
time stream 1 averaged over all data subcarriers

Average SNR lof Space-Time Stream N, 8

Signal-to-noise ratio at the beamformee for space-
time stream N, averaged over all data subcarriers.

Compressed Beamforming Feedback
Matrix-V for Subcarrier k = scidx(0)

N, x (b, +b,)/2

Compressed beamforming feedback matrix

Compressed Beamforming Feedback
Matrix V for Subcarrier k = scidx(1)

N, x (by+b,)/2

Compressed beamforming feedback matrix

Compressed Beamforming Feedback
Matrix V for Subcarrier k = scidx(2)

N, x(by+b,)/2

Compressed beamforming feedback matrix

Compressed Beamforming Feedback
Matrix V for Subcarrier & = scidx(N,;— 1)

N, x (by+b,)/2

Compressed beamforming feedback matrix

NOTE—The scidx() is defined in Table 9-76g.

58

Copyright © 2018 IEEE. All rights reserved.



https://standardsiso.com/api/?name=f253c1254c61c2ae3182dd321aad0758

ISO/IEC/IEEE 8802-11:2018/Amd.3:2020(E)

IEEE Std 802.11aj-2018
|EEE Standard for Information technology—Local and metropolitan area networks—Specific requirements—
Part 11: Wireless LAN MAC and PHY Specifications—Amendment 3: Enhancements for Very High Throughput to
Support Chinese Millimeter Wave Frequency Bands (60 GHz and 45 GHz)

Ny is the number of subcarriers for which the CMMG Compressed Beamforming Feedback Matrix subfield
is sent back to the CMMG beamformer. N is a function of the Channel Width and Grouping subfields in
the CMMG MIMO Control field. Table 9- 76g lists N s, the exact subcarrier 1nd1ces and their order for which

beamformmg report mformatlon even 1f they correspond to dlfferent subcarrlers If the length of the
CMMG Compressed Beamforming Report field is not an integral multiple of 8 bits, up to 7 Os are appended
to the end of the field to make its size an integral multiple of 8 bits.

Table 9-76g—Subcarriers for which a Matrix subfield is sent back

Chanael | N, | N, | Subcarriers for which Matrix subfield is sent: scidx(0), seidx(1), ..., seidx(Ny-1)

540 MHz 1 168 | —89,-88,-87,-86, -85, -84, 83,82, -81,-80,-79, -78, 76,75, —74,~73, 72, 71,
70, -69, —68, —67, —66, —65, —64, —63, 62, —61, —60, —59, —58, —57,£56, —54, 53, 52,
—51,-50,—49, 48, 47,46, 45,44, -43,-42,-41,-40, -39, -38,=87, -36, 35, —34,
-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,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31{ 32,34, 35, 36, 37, 38, 39, 40,
41,42,43,44, 45,46, 47, 48, 49, 50, 51, 52, 53, 54, 56,67, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69, 70, 71, 72,73, 74, 75, 76, 78, 79, 80,81, 82, 83, 84, 85, 86, 87, 88, 89
NOTE—Pilot subcarriers (+77, +55, £33, £11) and DC subcarriers (0, £1) are skipped

2 | 90 | -89, -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, 4, 2, 234:6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30,
32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 525,54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78,
80, 82, 84, 86, 88, 89

4 46 -89, —86, 82, -78, 74, —70s566, —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, 89

6 |32 | —89,-86,-80,-74, 68, 62, —56, —50, 44, -38,-32, -26, 20, —14, -8, -2, 2, 8, 14, 20,
26, 32, 38, 44, 50,56, 62, 68, 74, 80, 86, 89

1080 MHz | 1 | 336 | —177,-176,~195, ~174, -173, -172, 171, ~170, —169, ~ 168, —167, —166, 164, —163,
~162, -1613-160, ~159, ~158, —157, ~156, —155, ~154, ~153, ~152, ~151, ~150, 149,
148, ~147, —146, -145, ~144, —142, ~141, ~140, —139, —138, —137, ~136, —135, 134,
1333132, 131, 130, 126, —125, —124, —123, 122, ~120, -119, ~118, ~117, ~116,
IS, 114, -113, -112, 111, -110, -109, —108, 107, —106, —105, 104, —103, ~102,
S101, -100, -98, —97, -96, —95, -94, -93, 92, -91, -90, -89, 88, —87, 86, —85, 84,

" 83,-82,-81,-80, 79, 78, ~76, 75, 74,73, 72, 71,70, ~69, —68, —67, 66, —65,
—64, 63,62, 61,60, —59, —58, —57, —56, —54, —53, -52, —51, —50,-49, 48, —47, —46,
45,44, 43,42, 41,40, -39, 38, 37,36, 35, 34, 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, 17, 18, 19, 20, 21, 22, 23, 24,
25,26, 27, 28,29, 30,31, 32, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 51, 52, 53, 54, 56, 57, 58, 59, 60, 61,62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,
75,76, 78, 79, 80, 81, 82, 83,84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 100,
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,
119, 120, 122, 123, 124, 125, 126, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159,
160, 161, 162, 163, 164, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177

NOTE—Pilot subcarriers (165, +143, £121, £99, £77, £55, +33, £11) and DC
subcarriers (0, £1) are skipped
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Table 9-76g—Subcarriers for which a Matrix subfield is sent back (continued)

Channel

Subcarriers for which Matrix subfield is sent: scidx(0), scidx(1), ..., scidx(N.—1)

.33
AAZLtLA1]

1080 MHz

2 170

~177,-176, —174, -172, ~170, —168, —166, —164, 162, ~160, —158, —156, —154, 152,
—150, 148, 146, —144, —142, —140, —138, —136, —134, —132, —130, —128, —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, -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, 1145146,
118, 120, 122, 124, 126, 128, 130, 132,134, 136, 138, 140, 142, 144, 146, 148, 150} 152,
154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 177

4 90

177,174, —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, L 70, ~66, 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, 9094, 98, 102, 106, 110,
114, 118, 122, 126, 130, 134, 138, 142, 146, 150, 154, 158, 162, 166, 170, 174, 177

6 62

177,176,170, —164, —158, —152, —146, —140, —134,£128, 122, ~116, ~110, —104,
98,92, -86, —80,-74,-68, —62, 56, —50, —44, —38,.°32726, 20, 14, -8, -2, 2, 8, 14,
20, 26, 32, 38, 44, 50, 56, 62, 68, 74, 80, 86, 92, 98104, 110, 116, 122, 128, 134, 140,
146, 152, 158, 164, 170, 176, 177

The SNR values are encoded as an 8-bit 2s complement value‘of 4xX(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.

The Average SNR of Space-Time Stream i subfieldds an 8-bit 2s complement integer whose definition is
shown in Table 9-76h.

Table 9-76h—Average SNR of Space-Time Stream i subfield

Average SNR of Space-Time Stream i subfield AV(%SBI\)IR"
-128 < -10
-127 -9.75
-126 -9.5
+126 53.5
+127 53.75

9.4.1.63 CMMG Operating Mode field

The CMMG Operating Mode field is present in the Operating Mode Notification frame (see 9.6.30.3) and
Operating Mode Notification element (see 9.4.2.229).

60
Copyright © 2018 IEEE. All rights reserved.



https://standardsiso.com/api/?name=f253c1254c61c2ae3182dd321aad0758

ISO/IEC/IEEE 8802-11:2018/Amd.3:2020(E)

IEEE Std 802.11aj-2018
|EEE Standard for Information technology—Local and metropolitan area networks—Specific requirements—
Part 11: Wireless LAN MAC and PHY Specifications—Amendment 3: Enhancements for Very High Throughput to
Support Chinese Millimeter Wave Frequency Bands (60 GHz and 45 GHz)

The CMMG Operating Mode field is shown in Figure 9-121e.

BO B1 B4 B5 B6 B7
Channel Width Reserved RX NSS RX NSS Type
Bits: 1 4 2 1

Figure 9-121e—CMMG 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 9-76i.

Table 9-76i—Subfield values of the CMMG Operating Mode field

Subfield Description

Channel Width If the Rx NSS Type subfield is 0, indicates the supported channel width:
Set to 0 for 540 MHz

Set to 1 for 1080 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
STA can receive as a beamformee in an SU BPDU using a beamforming steering matrix
derived from a CMMG Compressed Béamforming report with the Feedback Type subfield
indicating SU in the corresponding €EMMG Compressed Beamforming frame sent by the
STA.

Set to 0 for NSS =1

Set to 1 for NSS =2

Set to 3 for NSS = 4

RX NSS Type Set to 0 to indicatethat the Rx NSS subfield carries the maximum number of spatial streams
that the STA cafnreceive.

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 CMMG-Compressed Beamforming report with the Feedback Type subfield indicating SU
in_the'eorresponding CMMG Compressed Beamforming frame sent by the STA.
NOTE—An AP always sets this field to 0.
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9.4.2 Elements

9.4.2.1 General

Insert the following rows into Table 9-77 in numeric order:

Table 9-77— Element IDs

Element Element D | lementID | g oonsible | Fragmentable
Extension

CDMG Capabilities (see 9.4.2.217) 255 17 Yes No
Dynamic Bandwidth Control (see 9.4.2.218) 255 18 Yes No
CDMG Extended Schedule (see 9.4.2.219) 255 19 Yes Yes
SSW Report (see 9.4.2.220) 255 20 Yes Yes
Cluster Probe (see 9.4.2.221) 255 21 Yes No
Extended Cluster Report (see 9.4.2.222) 255 22 Yes No
Cluster Switch Announcement (see 9.4.2.223) 255 23 Yes No
Enhanced Beam Tracking (see 9.4.2.224) 255 24 Yes No
SPSH Report (see 9.4.2.225) 255 25 Yes Yes
Clustering Interference Assessment 255 26 Yes No
(see 9.4.2.226)

CMMG Capabilities (see 9.4.2.227) 255 27 Yes No
CMMG Operation (see 9.4.2.228) 255 28 Yes No
CMMG Operating Mode Notification 255 29 Yes No
(see 9.4.2.229)

CMMG Link Margin (see 9.4.2.230), 255 30 Yes No
CMMG Link Adaptation Acknewledgment 255 31 Yes No
(see 9.4.2.231)

9.4.2.132 Extended Schedule element
Change the(fourth paragraph of 9.4.2.132 as follows:

The .Adlocation Control subfield is defined in Figure 9-518_for a DMG STA and in Figure 9-518a for a
CDMG STA.

Change the title of Figure 9-518 as follows:

Figure 9-518—Allocation control subfield format_(DMG)
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Insert the following figure, Figure 9-518a, after Figure 9-518:

BO B3 B4 B6 B7 B8 B9 B10

Allocation ID AllocationType Pseudo-static Truncatable Extendable PCP Active

Bits: 4 3 1 1 1 1

B11 B12 B13 B14 B15

LP SC Used | Truncation Type | Protected Period | Reserved

Figure 9-518a—Allocation Control subfield format (CDMG)

Change Table 9-236 as follows:

Table 9-236—AllocationType subfield values

Bit 4 Bit 5 Bit 6 Meaning
0 0 0 SP allocation
1 0 0 CBAP allocation
0 1 0 SP allocation on a.1.08 GHz channel
1 1 0 CBAP allocatiéiron a 1.08 GHz channel
All other combinations Reserved

Insert the following paragraph after the eighth paragraph (“For an SP allocation, the Truncatable
subfield ....”) of 9.4.2.132:

For an SP allocation, the* Truncatable subfield is set to 1 to indicate that the source CDMG STA and
destination CDMG STA can request SP truncation, and the SP truncation type is determined by the
Truncation Type.subfield. Otherwise, it is set to 0, and the Truncation Type subfield is reserved. For a
CBAP allocation) the Truncatable subfield is reserved.

Change the now 11th paragraph of 9.4.2.132 as follows (the dashed list remains unchanged):

EoraPCP in active mode (see 11.2.7), or when applied to a CBAP or SP in a PCP Awake BI, a value of 1
forthe PCP Active subfield indicates that the PCP is available to transmit or receive during the CBAP or SP,
and a value of 0 indicates the PCP unavailability to transmit or receive. For a DMG PCP, the PCP Active
subfield is set to 1 at least in the following cases:
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Insert the following paragraph after the now 11th paragraph of 9.4.2.132:

For a CDMG PCP, the PCP Active subfield is set to 1 at least in the following cases:

la i) DD L e CRAD

FrePEP-transmitting-the—fretdis-the-sourcc-ordestinationof-the- EBAP-or-SP-
— The Truncatable subfield is equal to 1, and the Truncation Type subfield is equal to 0.
— The Extendable subfield is equal to 1.
— The subfield is transmitted by an AP.

Insert the following paragraphs (including Table 9-236a and Table 9-236b) at the end of 9.4.2.132:

If the Truncatable subfield is equal to 0, the Truncation Type subfield is reserved. Otherwise, a CDMG AP
or a CDMG PCP sets the Truncation Type subfield to 0 to indicate that the CDMG STA is to retufn the time
left in the SP to the CDMG AP or PCP, and it sets the Truncation Type subfield to 1 to indicate that the
CDMG STA allocates any portion of its SP as a CBAP.

For CDMG STA:s, the Protected Period subfield is used to indicate whether the source and destination STAs
of the allocated SP are required to establish a protected period and on which channels‘the protected period is
established. The Protected Period subfield is set to O to indicate the source and destination STAs of the SP
are allowed to create a protected period, and the STA determines whether o establish a protected period.
The Protected Period subfield is set to a nonzero value to indicate the soufce\and destination STAs of the SP
are required to create a protected period on the indicated channel(s)./The values of the Protected Period
subfield for a CDMG STA operating on a 2.16 GHz channel or a-h08 GHz are listed in Table 9-236a and
Table 9-236D, respectively. For a CBAP allocation, the ProtectedRetiod subfield is reserved.

Table 9-236a—Protected Period subfield value for a CDMG STA operating
on a 2.16 GHz channel

Value Meaning
0 The STA determines whether‘torestablish a protected period.
1 The current channel needs;a protected period.
2 Both the current 2.16 GHz channel and the low-frequency channel 35 or channel 37 need a
protected period.
3 Both the current 2.16 GHz channel and the high-frequency channel 36 or channel 38 need a
protected period.

Table 9-236b—Protected Period subfield value for a CDMG STA operating on a 1.08 GHz

channel
Value Meaning
0 The STA determines whether to establish a protected period.
1 The current channel needs a protected period.

2 The current 1.08 GHz channel and the overlapping 2.16 GHz channel need a protected period.

3 Reserved.
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Insert the following subclause, 9.4.2.134a (including Figure 9-524a and Figure 9-524b), after 9.4.2.134:

9.4.2.134a CMMG TSPEC element

The definition of the CMMG TSPEC element is similar with the definition of the DMG TSPEC element
except for the specific change defined by Figure 9-524a and Figure 9-524b.

The Constraint subfield is defined as illustrated in Figure 9-524a for CMMG STAs.

TSCONST TSCONST TSCONST Interferer MAC Interferer Channel
Start Time Duration Period Address Bandwidth
Octets: 4 2 2 6 1

Figure 9-524a—Constraint subfield format for CMMG STAs
The Interference Channel Bandwidth subfield is defined in Figure 9-524b.

BO B1 B2 B7

Interferer Channel Bandwidth Indication Reserved

Bits: 2 6

Figure 9-524b—Interferer Channel Bandwidth subfield format

The Interferer Channel Bandwidth Indication subfields present only when the operating channel bandwidth
of the CMMG STA is 1080 MHz. The Interferer Channel Bandwidth Indication subfield indicates which
part of the operating channel was interfered during'the time interval indicated by the TSCONST subfields. If
the Interferer Channel Bandwidth Indication subfield is 0, interference occurred in the upper 540 MHz of the
1080 MHz operating channel. If the Intetferer Channel Bandwidth Indication subfield is 1, interference
occurred in the lower 540 MHz of the 1080 MHz operating channel. If the Interferer Channel Bandwidth
Indication subfield is 2, interferencé”occurred in over the total operating channel. A value of 3 for the
Interferer Channel Bandwidth Indieation subfield is reserved.

9.4.2.147 Cluster Report.element

Change the Figure 9-541 as follows:

BO B1 B2 B3 B4 B5 B6 B7
Reserved-
Cluster Cluster | Schedule | TSCONST EF%E;? EF%‘I}EVC Cluster
Request Report Present Present Enforoed Present %IE?T?S:J
Bits: 1 1 1 1 1 1 2

Figure 9-541—Cluster Report Control field format
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Insert the following paragraph after the ninth paragraph (“The ECAPC Policy Present subfield ....”) of
9.4.2.147:

The Cluster Channel Numhber subfield is set to 0 to indicate that the operating channel of the reported cluster
is the common 2.16 GHz channel; it is set to 1 to indicate that the operating channel of the reported AP or
PCP cluster is the low frequency 1.08 GHz channel 35 or 37 (see Annex E); it is set to 2 to indicate the
operating channel of the reported AP or PCP cluster is the high frequency 1.08 GHz channel 36 or 38; and
the value 3 is reserved.

Insert the following subclauses, 9.4.2.217 to 9.4.2.231 (including Figure 9-589c¢j through Figure 9-589dr
and Table 9-2627 through Table 9-262af), after 9.4.2.216:

9.4.2.217 CDMG Capabilities element
9.4.2.217.1 General

The capabilities of a CDMG STA include the capabilities indicated by both the DM({Capabilities element
(9.4.2.128) and the CDMG Capabilities element (9.4.2.217). The CDMG Capabiliti¢s element contains a
STA identifier and several fields to indicate the capabilities that are applicable_ for'a CDMG STA; they are
not applicable for a DMG STA. A CDMG STA uses the CDMG Capabilities element to advertise the
support of optional CDMG capabilities. The element is present in (Association Request, Association
Response, Reassociation Request, Reassociation Response, Probe Reduést, and Probe Response frames and
is optionally present in DMG Beacon, Information Request, and Infermation Response frames. The CDMG
Capabilities element is formatted as defined in Figure 9-589c;.

Element ID STA AID CDMG STA CDMG AP or PCP

Element ID | Length Extension | Address Capability Information | Capability Information

Octets: 1 1 1 6 1 4 1

Figure 9-589cj—CDMG Capabilities element format

The Element ID, Length, and ElemeritID Extension fields are defined in 9.4.2.1.
The STA Address field contains-the MAC address of the STA.

The AID field contains-the¢ AID assigned to the STA by the AP or CP. The value of the AID field is reserved
in Association Request;-Reassociation Request, and Probe Request frames and when used in an IBSS.

9.4.2.217.2 CDMG STA Capability Information field

The CDMG STA Capability Information field, shown in Figure 9-589ck, represents the transmitting STA
capabilities irrespective of the role of the STA.

BO B23 B24 B25 B26 B27 B28 B31
Supported Dynamic Opportunistic Selection of CDMG Enhanced
Mg% Set Channel Transmissions Candidate SPs Beam Tracking Reserved
Selection Capable Capable Capable
Bits: 24 1 1 1 1 4

Figure 9-589ck—CDMG STA Capability Information field format
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The Supported MCS Set subfield indicates which MCSs a CDMG STA supports. A MCS is identified by a
MCS index, which is represented by an integer in the range 0 to 23. The interpretation of the MCS index
(i.e., the mapping from MCS to data rate) is PHY dependent. For the CDMG PHY, see Clause 24. The

structure of the Supported MCS Set snbfield is defined in Figan 9-3R9c¢]

BO B4 B5 B9 B10 B14 B15 B19 B20 B21 B22 B23
. . Low Power
Maximum SC Reserved Maximum SC Reserved SC Mode Code Rate Reserved
Rx MCS Tx MCS Supported 13/16

Bits: 5 5 5 5 1 1 2

Figure 9-589cl—Supported MCS Set subfield format

The Maximum SC Rx MCS subfield contains the value of the maximum MCS index, the CDMG STA
supports for reception of single-carrier frames. Values 0-8 of this subfield are reseryéd:)Possible values for
this subfield are shown in Table 24-9.

The Maximum SC Tx MCS subfield contains the value of the maximunMCS index the CDMG STA
supports for transmission of single-carrier frames. Values 0-8 of this subficld are reserved. Possible values
for this subfield are shown in Table 24-9.

The Low-Power SC Mode Supported subfield is set to 1 to indicate-that the CDMG STA supports the low-
power SC mode (24.6). Otherwise, it is set to 0. If the CDMGVSTA supports the low-power SC mode, it
supports all low-power SC mode MCSs indicated in Table 24>11.

The Code Rate 13/16 subfield specifies whether the LDMG STA supports rate 13/16. It is set to 1 to indicate
that the CDMG STA supports rate 13/16 and is-Set to 0 otherwise. If this subfield is 0, MCSs with 13/16
code rate specified in Table 24-9 is not supported.regardless of the value in Maximum SC Tx/Rx MCSMCS
subfields.

The Dynamic Channel Selection subfield is set to 1 if the STA supports DCS procedures as defined in 11.49
and is set to 0 otherwise.

The Opportunistic Transmissions’Capable subfield is set to 1 if the STA supports opportunistic transmission
in alternative channels for CDMG STAs as defined in 10.36.11 and is set to 0 otherwise.

The Selection of Candidate SPs Capable subfield is set to 1 if the STA supports selection of candidate SPs
for spatial sharingtas described in W.1 and is set to 0 otherwise.

The CDMG(Enhanced Beam Tracking Capable subfield is set to 1 if the STA supports CDMG enhanced
beam tracking as defined in 10.38.9 and W.3 and is set to 0 otherwise.

9.42,217.3 CDMG AP or PCP Capability Information field
The CDMG AP or PCP Capability Information field, illustrated in Figure 9-589cm, represents the

capabilities, when the transmitting CDMG STA performs in the role of AP or PCP, that are in addition to the
capabilities in the CDMG STA Capability Information field.
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BO B1 B2 B3 B4 B5
CDMG CDMG Lo
Decentralized | Centralized | OPPortunistic | opain cpma <o
AP or PCP AP or PCP acsa asbsle"'“ Cluster ResEIvet
Clustering Clustering P
Bits: 1 1 1 1 5

Figure 9-589cm—CDMG AP or PCP Capability Information field format

The CDMG Decentralized AP or PCP Clustering subfield is set to 1 if the STA, when operating as an AP or
PCP, is capable of performing decentralized AP or PCP clustering as described in 10.37a and .i$.Set to 0
otherwise.

The CDMG Centralized AP or PCP Clustering subfield is set to 1 if the STA, when opefating as an AP or
PCP, is capable of performing centralized AP or PCP clustering and is set to 0 otherwise.An AP or PCP that
is incapable of performing centralized AP or PCP clustering is subject to requirements as described in
10.37a.

The SPSH in CDMG Cluster subfield is set to 1 if the STA supports spatial sharing in a CDMG AP or PCP
cluster as defined in 10.37a.6 and is set to 0 otherwise. If both the, €DMG Decentralized AP or PCP
Clustering subfield and the CDMG Centralized AP or PCP Clustering stbfield are equal to 0, the SPSH in
CDMG Cluster subfield is reserved.

9.4.2.218 Dynamic Bandwidth Control element

The Dynamic Bandwidth Control element defines thé.information from the CDMG AP or PCP to support
the dynamic bandwidth control mechanism described in 10.60 and the CDMG AP or PCP clustering
mechanism described in 10.60. The Dynamic Bandwidth Control element is included in a DMG Beacon,
Announce, or Notification Period Response frame transmitted to the peer STA and the AP or PCP of a BSS.
The format of the Dynamic Bandwidth Control element is shown in Figure 9-589c¢n.

Adjacent
Element Element ID DBC Channel TBTT NP/BHI
ID Length Extension Control | Number Bl Offset Offset | Duration E’)\lupr;?igL
Octets: 1 1 1 7 1 4 4 2 2
Eigure 9-589cn—Dynamic Bandwidth Control element format
The ElementID, Length, and Element ID Extension fields are defined in 9.4.2.1.
The format of the DBC Control field is shown in Figure 9-589co.
BO B1 B2 B3 B4 B5 B6 B53 B54 B55
; : Synchronizing
Channel DBC AP or PCP Adjacent Clustering
Splitting | Option Role Channel Occupancy Status MAA%OArdZEePss Reserved
Bits: 1 1 1 1 2 48 2

Figure 9-589co—DBC Control field format
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The Channel Splitting subfield is set to 0 to indicate that an AP or PCP operates on a 2.16 GHz channel and
the following subfields are reserved. Otherwise, this subfield is set to 1 to indicate that an AP or PCP
operates on a 1.08 GHz channel.

The DBC Option subfield indicates the DBC option that an AP or PCP selects to operate on a 1.08 GHz
channel. It is set to 0 to indicate that beacon intervals or BHIs are present on the 1.08 GHz channel and
otherwise set to 1.

The AP or PCP Role subfield is set to 0 to indicate that the transmitting AP or PCP operating on a 1.08 GHz
channel can provide a time reference to the AP or PCP operating on the adjacent 1.08 GHz channel,
Otherwise, this subfield is set to 1 to indicate that the transmitting AP or PCP scans for DMG Beacon framges
transmitted from the AP or PCP operating on the adjacent 1.08 GHz channel to maintain synchronization
among them following the rules defined in 10.60.2.3.

The Adjacent Channel Occupancy subfield is set to O to indicate that the adjacent 1.08 GHz channel of the
transmitting AP or PCP is occupied by another AP or PCP. Otherwise, this subfield is setto~1.

The Clustering Status subfield indicates the cluster status of the two 1.08 GHz channel within the same
2.16 GHz channel. The first/second bit is set to 0 to indicate that a cluster §tarts in the current/adjacent
1.08 GHz channel. Otherwise, the first/second bit of this field is set to 1.

The Synchronizing AP or PCP MAC Address subfield indicates the MAC address of the AP or PCP that
provides the time reference for the transmitting AP or PCP. If the AR ot PCP Role subfield is 0, this subfield
is set to the MAC address of itself. Otherwise, this subfield is(setto the MAC address of the AP or PCP
operating on the adjacent 1.08 GHz channel.

The Channel Number field is set to the number of the channel on which the transmitting STA is operating.

The BI Offset field contains the time offset of thesFBTT of the first beacon interval that the transmitting AP
or PCP starts on a 1.08 GHz channel relative to.the TBTT of the beacon interval that the transmitting AP or
PCP starts on the 2.16 GHz channel encompassing this 1.08 GHz channel. This field is reserved if the DBC
Option subfield is 1.

The TBTT Offset field contains the'time offset of the target starting time of the NP/BHI on a 2.16 GHz
channel of the transmitting AP or,PCP operating on one of the 1.08 GHz channels relative to that of another
AP or PCP operating on the adjacent 1.08 GHz channel.

The NP/BHI Duration field is set to the length of the NP/ BHI duration on a 2.16 GHz channel by the
transmitting AP ot PCP operating on one of the 1.08 GHz channels.

The Adjacent NP/BHI Duration field is set to the length of the NP/ BHI duration on a 2.16 GHz channel by
the AP or-PCP operating on the adjacent 1.08 GHz channel of the transmitting AP or PCP.

9.4:2:219 CDMG Extended Schedule element

The CDMG Extended Schedule element is defined in Figure 9-589cp. Like the Extended Schedule element
(9.4.2.227), the AP or PCP can split the Allocation fields in the CDMG Extended Schedule element into
more than one CDMG Extended Schedule element entry in the same DMG Beacon frame or Announce
frame. Despite this splitting, the set of CDMG Extended Schedule element entries conveyed within a DMG
Beacon or Announce frame is considered to be a single schedule for the beacon interval and, in this standard,

is referred to Qimp]y as CDMG Extended Schedule element unless otherwise noted. The Allocation fields

are ordered by increasing allocation start time with allocations beginning at the same time arbitrarily
ordered.
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Element ID | Length %ﬁggg}olr? Allocation 1 | Allocation 2 Allocation n
Qctets: 1 1 1 19 19 19

Figure 9-589cp—CDMG Extended Schedule element format

The Element ID, Length, and Element ID Extension fields are defined in 9.4.2.1.

The Allocation field is formatted as illustrated in Figure 9-589cq.

Allocation Control | BF Control | Source AID | Destination AID | Allocation Start
Octets: 2 2 1 1 4
Allocation Block Number of Allglcé)actli(on Number of Number of
Duration Blocks ) Alternate TX Bl Suspension Bl
Period
Octets: 2 1 2 2 2

Figure 9-589cq—Allocation field\format
The Allocation Control subfield format is the same as defined in 9.4.2.132, including Allocation ID,
AllcationType, Pseudo-static, Truncatable, Extendable, PCRAetive, and LP SC Used subfields and reserved
bits.
The Allocation ID subfield is the same as defined«in9.4.2.132.

The AllocationType subfield defines the channel access mechanism during the allocation, with the possible
values listed in Table 9-262z for CDMG STAs:

Table 9-262z—AllocationType subfield values for CDMG STAs

Bit4 Bit5S Bit 6 Meaning

0 0 0 SP allocation in dedicated channel

1 0 0 CBAP allocation in dedicated channel
0 1 0 SP allocation in alternative channel

1 1 0 CBAP allocation in alternative channel
All other combinations Reserved

The Pseudo-static, Truncatable, Extendable, PCP Active, and LP SC Used subfields are the same as defined
in 9.4.2.132.

The BF Control subfield is defined in Figure 9-589c¢r and Figure 9-589cs.
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Beamforming | IslInitiator | IsResponder | Total Number | Number of RX | NoPrimary Reserved
Training TXSS TXSS of Sectors DMG Antennas Channel
Qctets: 1 1 1 7 2 1 3

Figure 9-589cr—BF Control field format when both IsInitiatorTXSS and IsResponderTXSS
subfields are equal to 1 and the BF Control field is transmitted in Grant or Grant Ack frames

Beamforming | Islnitiator | IsResponder RXSS NoPrimary
Training TXSS TXSS Length RXSSTxRate Channel Reserygd
Octets: 1 1 1 7 2 1 3

Figure 9-589cs—BF Control field format in all other cases

The BeamformingTraining, IsInitiatorTXSS, IsResponderTXSS, Total Number of Seetors, Number of RX
DMG Antennas, RXSS Length, RXSSTxRate subfields are the same as defined,ing9.5.5.

The NoPrimaryChannel subfield is set to 1 to indicate the CDMG initiator does not need to perform SLS on
the primary channel. It is set to O to indicate that the CDMG initiator needs to perform SLS on the primary
channel. This subfield is reserved when it is transmitted by an AP or\PCP.

The Source AID, Destination AID, Allocation Start, Allocatien.Block Duration, Number of Blocks, and
Allocation Block Period subfields are the same as defined in-9:4.2.132.

The Number of Alternate TX BI subfield indicatestthe duration of transmission phase in the alternate
channel in terms of number of beacon intervals.

The Number of Suspension BI subfield indicates the duration of the suspension phase in the alternate
channel in terms of the number of beacon ifitervals.

9.4.2.220 SSW Report element

The SSW Report element isc'used by a non-AP and non-PCP STA to report beamforming training
information to an AP or PCP (see 11.32.1) or used by a responder STA to deliver the backup sector
information to an initiator;STA. The format of the SSW Report element is as illustrated in Figure 9-589ct.

Element ID | Length %itrgﬁgltc:r? Report Info 1 | Report Info Report Info n
Octets: 1 1 1 50r2 50r2 50r2

Figure 9-589ct—SSW Report element format

The Element ID, Length, and Element ID Extension fields are defined in 9.4.2.1.

The Report Info field is formatted as defined in Figure 9-589cu when its SSW Report Control subfield is 1;
otherwise, the Report Info field is formatted as defined in Figure 9-589cv.
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BO B1 B8 B9 B16 B17 B22 B23 B24 B25 B32 B33 B34 B39
RSPSDY)V” Initiator | Responder Sector Ara';/lﬁa SNR Is Initiator TXSS/ | Reserved
COntrOl AU Al od‘l‘bu SeleCt Neport IS N
Bits: 1 8 8 6 2 8 1 6

Figure 9-589cu—Report Info field format when the SSW Report Control subfield is 1

The SSW Report Control subfield indicates the format of the Report Info field.

The Initiator AID subfield identifies the STA that is the initiator of the beamforming training.

The Responder AID subfield identifies the STA that is the responder of the beamforming training.

The Sector Select subfield is as defined in 9.5.3.

The DMG Antenna Select subfield is as defined in 9.5.3.

The SNR Report subfield is as defined in 9.5.3.

The Is Initiator TXSS/Is Responder TXSS subfield is set to 1 to indicate that an initiator TXSS has been

performed between the initiator and the responder. This subfieldds-set to 0 to indicate that a responder TXSS
has been performed between the initiator and the responder.

BO B1 B6 B7 B8 B9 B15

SSW Report Control | Peer TxSector ID | Peer Tx_Antenna ID | Reserved

Bits: 1 6 2 7

Figure 9-589cv—Report Info-field format when the SSW Report Control subfield is 0

If the SSW Report Control subfield is 0, the Peer Tx_Sector ID subfield indicates the Sector ID of the
alternative Tx sector of the\peer STA. The determination of the alternative Tx sector is implementation
dependent. Possible vahies.of this subfield range from 0 to 63. Otherwise, the Peer Tx_Sector ID subfield is
reserved.

If the SSW Report Control subfield is 0, the Peer Tx Antenna ID subfield indicates the alternative antenna
ID of the alternative Tx antenna of the peer STA. The determination of the alternative Tx antenna is
implementation dependent. Otherwise, the Peer Tx_Sector ID subfield is reserved.

9.4.2)221 Cluster Probe element

The Cluster Probe element is used to probe the presence of a CDMG AP or PCP cluster operating on the
common 2.16 GHz channel by the CDMG AP or PCP operating on a 1.08 GHz channel. This element can be
included in a DMG Beacon, Announce, or Probe Request frame. The Cluster Probe element is shown in
Figure 9-589cw.
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Element ID | Request : Repetition
Element ID | Length Extension Token SP Offset | SP Space | SP Duration Count

Qctets: 1 1 1 2 2 4 2 1

Figure 9-589cw—Cluster Probe element format

The Element ID, Length, and Element ID Extension fields are defined in 9.4.2.1.
The Request Token field is set to a nonzero value chosen by the requesting AP or PCP.

The SP Offset field is set to the offset of the start of the first SP from the frame that contains this elément,
expressed in TUs. The reference time is the start of the preamble of the PPDU that contains this element.

The SP interval field is set to the spacing between the start of two consecutive SP intervals, expressed in
TUs.

The SP Duration field is set to duration of a single SP, expressed in TUs.
The Repetition Count field is set to the number of requested SPs.
9.4.2.222 Extended Cluster Report element

The Extended Cluster Report element is used to report the clustef’syrichronization and control information to
the cluster probe requesting CDMG AP or PCP by the S-AP¢or'S-PCP of a CDMG AP or PCP cluster. The
Extended Cluster Report element is also used by an S-AP\to report the cluster information of the S-APs
within the same CCSS for an AP or PCP that intends-t0.join the centralized cluster. This element can be
included in a DMG Beacon, Announce, or Probe R¢sponse frame. The Extended Cluster Report element is
shown in Figure 9-589cx.

Element Element Eétlﬁgfeerd Request Next Reported Reported Cluster Aéﬁjgglre
Length ID Report Tc?ken BTI Clustering Bl Channel Offset
Extension Cor?trol Offset Control Duration Number Bitmap
Octets: 1 1 1 1 Oor2 4 8 Oor2 Oor1 Oor4

Figure-9-589cx—Extended Cluster Report element format

The Element IDsLength, and Element ID Extension fields are defined in 9.4.2.1.

If the Extended Cluster Report Control field is 0, this element is used in decentralized clustering mechanism,
and the-Reported BI Duration, Cluster Channel Number, and Available Cluster Offset Bitmap fields are not
present-in this element. Otherwise, this element is used in centralized clustering mechanism, and the Request
TokKen field is not present in this element.

The Request Token field value is copied from the corresponding received Cluster Probe element.

The Next BTI Offset field contains the low-order 4 octets of the TSF for the earliest time at which the next
BTI in a subsequent beacon interval starts.

The Reported Clustering Control field is defined in 9.3.4.1 and contains the Clustering Control field in the
last transmitted DMG Beacon frame of the S-AP or S-PCP or the reported S-AP.
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The Reported BI Duration field is set to the BI value of the reported S-AP, expressed in TUs.

The Cluster Channel Number field is set to the operating channel number of the reported S-AP.

The Available Cluster Time Offset Bitmap field is set to the Available Cluster Time Offset Bitmap field of
the reported S-AP’s ECAPC Policy element.

9.4.2.223 Cluster Switch Announcement element

A CDMG AP or PCP transmits the Cluster Switch Announcement element to its original cluster before
switching from a cluster to another. One of the synchronization pair APs or PCPs also transmits the Cluster
Switch Announcement element to its peer CDMG AP or PCP before joining a cluster. The Cluster, Switch
Announcement element can be included in the DMG Beacon frame or Announce frame received by other
member APs or member PCPs. The format of the Cluster Switch Announcement element’is ‘shown in
Figure 9-589cy.

Element New Reported Reéported | Cluster
Element Length ID Channel -ﬁﬁfgﬁ:ﬁe Clustering Bl Switch
Extension | Number P Control Duration Count
Octets: 1 1 1 2 2 q 2 1

Figure 9-589cy—Cluster Switch Announcement element format

The Element ID, Length, and Element ID Extension fields aré defined in 9.4.2.1.

The New Channel Number field is set to the operating, channel number of the target cluster after cluster
switching.

The Reference Timestamp field contains the lower 4 octets of the TSF timer value sampled at the instant that
the STA’s MAC received the DMG Beacon.ftame of the S-AP or S-PCP of the target cluster.

The Reported Clustering Control field-contains the Clustering Control field included in the received DMG
Beacon frame of the S-AP or S-PCP:

The Reported BI Duration fieldis set to the BI value of the reported S-AP or S-PCP, expressed in TUs.

The Cluster Switch Count field either is set to the number of TBTTs until the AP or PCP sending the Cluster
Switch Announcement element switches to the new cluster or is set to 0. This field is set to 1 to indicate that
the switch occurssimmediately before the next TBTT. It is set to 0 to indicate that the switch occurs at any
time after the frame containing the element is transmitted.

9.4.2.224Enhanced Beam Tracking element

The Enhanced Beam Tracking element is used to configure the alternative link of a CDMG STA, track the
alternative link of the enhanced beam tracking initiator and responder, and switch to an alternative link from
the current link. The element can be included in a BRP, DMG Beacon, Information Request, or Information

Response frame.

The format of the Enhanced Beam Tracking element is shown in Figure 9-589cz.
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ElementID | Length EEI)e(gﬁgltolr? E-BT Control | Peer Tx Antenna Parameter
Qctets: 1 1 i 1 1

Figure 9-589cz—Enhanced Beam Tracking element format

The Element ID, Length, and Element ID Extension fields are defined in 9.4.2.226.

The E-BT Control field is defined in Figure 9-589da.

BO B1 B2 B3 B4 B5 B6 BY
g Switching to
Backup Peer E-BTR | E-BTR | PeereBT.T [ E-BT.T [ SWilchingto Backup
AWV Setting Request Enabled Request Enabled AWV Re Eest AWV
a Enabled
Bits: 2 1 1 1 1 1 1

Figure 9-589da—E-BT Control field format

The Backup AWV Setting subfield is used to set the alternative\AWYV of the peer STA. The default
alternative AWV of the peer STA is set to omnidirectional. If he Backup AWV Setting subfield is 0, the
peer STA does not update the alternative AWV. If the Backup AWV Setting subfield is 1, the peer STA set
the alternative AWV according to the AWV specified by the\Peer Tx Antenna Parameter field. If the Backup
AWYV Setting subfield is 2, the current received AW V-of'peer is used to update the alternative AWV, if the
Backup AWV Setting subfield is 3, the last transmitted AWV of peer is used to update the alternative AWV.

The Peer E-BT-R Request subfield is set to 1 to indicate that the peer STA is requested to enable enhanced
beam tracking to receive the e-TRN-R trainiftg sequences; otherwise, it is set to 0.

The E-BT-R Enabled subfield is set toil to indicate that the requested peer STA acknowledges that it has
enabled enhanced receive beam tracking to receive the e-TRN-R training sequences; otherwise, it is set to 0.

The Peer E-BT-T Request subfield is set to 1 to indicate that the peer STA is requested to enable enhanced
transmit beam tracking to.fransmit the e-TRN-T training sequences; otherwise, it is set to 0.

The E-BT-T Enabled subfield is set to 1 to indicate that the requested peer STA acknowledges that it has
enabled enhangced transmit beam tracking to transmit the e-TRN-T training sequences; otherwise, it is set
to 0.

The Switehing to Backup AWV Request subfield is set to 1 to indicate that the peer STA is requested to
switchinto the alternative AWV, otherwise, it is set to 0.

The Switching to Backup AWV Enabled subfield is set to 1 to indicate that the requested STA
acknowledges that its antenna setting is to be switched to the alternative AWV before the next frame and to

set the AWV of the current link as the new alternative AWV, otherwise, it is set to 0.

The Peer TX Antenna Parameter field is defined in Figure 9-589db.
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BO B5 B6 B7

Peer Tx_Sector ID | Peer Tx_Antenna ID

Bits: 6 2
Figure 9-589db—Peer TX Antenna Parameter field format

If the Backup AWV Setting subfield is 1, the Peer Tx Sector ID field is set to the Sector ID of the
alternative Tx AWV of the peer STA. Otherwise, the Peer Tx_Sector ID field is set to 0.

If the Backup AWV Setting subfield is 1, the Peer Tx_Antenna ID field indicates the Antenna-JD)of the
alternative Tx AWV of the peer STA. Otherwise, the Peer Tx_Sector ID field is set to 0.

9.4.2.225 SPSH Report element

The SPSH Report element is used for an AP or PCP in a cluster to report the possibility of spatial sharing
and coexistence between links in other BSSs and links in its own BSS. ThexSPSH Report element is
transmitted in the DMG Beacon frame and is formatted as illustrated in Figure 94589dc. Because the length
parameter supports only 255 octets of payload in an element, the AP or PCP.¢an split the SPSH List fields
into more than one SPSH Report element entry in the same DMG Beagon-er Announce frame.

Element ID | Length [ EMeNtID | spsiyisif 'sPsHList2 | ... [ SPSH Listn
Octets: 1 1 1 17 1 1

Figure 9-589dc—SPSH Report element format

The Element ID, Length, and Element ID Extension fields are defined in 9.4.2.1.

The SPSH List field contains information of non-interfering links and is formatted as illustrated in
Figure 9-589dd.

; — Measurement Measurement
SPSH List ID_ {"BSSID | SP Source AID | SP Destination AID Source AID Destination AID

Octets: 1 6 1 1 1 1

Figure 9-589dd—SPSH List field format

The SPSH List ID subfield indicates the identification of the SPSH List field, which is the same as the index
of-the® corresponding field in the SPSH Report Element. It indicates that the channel measurement, between
the’/ two STAs indicated by the following Measurement Source AID subfield and the Measurement
Destination AID subfield, shows no severe interference while the STA indicated by the SP Source AID
subfield communicates with the STA indicated by the SP Destination AID subfield.

The BSS ID subfield indicates the identification of the measured infrastructure BSS or PBSS, which is the
MAC address of the AP or PCP in the measured infrastructure BSS or PBSS.

The SP Source AID subfield indicates the AID of the transmitter STA of the link in the measured
infrastructure BSS or PBSS.
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The SP Destination AID subfield indicates the AID of the receiver STA of the link in the measured
infrastructure BSS or PBSS. The SP Source AID and SP Destination AID subfields uniquely identify the
link from the source AID STA to the destination AID STA in the BSS identified by the BSSID field.

The Measuring Source AID subfield indicates the AID of the transmitter of the link that is conducting SPSH
measurement in the measured infrastructure BSS or PBSS, and the measured link does not interfere with it.

The Measuring Destination AID subfield indicates the AID of the receiver of the link that is conducting
SPSH measurement in the measured infrastructure BSS or PBSS, and the measured link does not interfere
with it. The Measuring Source AID and Measuring Destination AID subfields uniquely identify the link
from the measuring source AID STA to the measuring destination AID STA in the BSS.

9.4.2.226 Clustering Interference Assessment element

The S-AP or S-PCP in a CDMG AP or PCP cluster uses a Clustering Interference Assessment element to
enable spatial sharing in the cluster and sets channel quality measurement and control parameters of spatial
sharing for their member APs or member PCPs. The Clustering Interference Assessmient element can be
included in the DMG Beacon frames transmitted by the S-AP or S-PCP, as showmw'in Figure 9-589de.

Element ID | Length E|zl>e<{2ﬁ2.tolr? Clustering SPSH Enabled\ |* Clustering SPSH Control
Octets: 1 1 1 1 1

Figure 9-589de—Clustering InterferencecAssessment element format

The Element ID, Length, and Element ID Extension fields are defined in 9.4.2.1.

The Clustering SPSH Enabled field is set to, O\to indicate that a SPSH measurement phase starts. The
Clustering SPSH Enabled field is set to 1 to indicate that the SPSH measurement phase for all member APs
or member PCPs terminates and SP spatial sharing among BSSs starts. Other values are reserved. The
Clustering SPSH Enabled field is set.as the same as the SPSH Measurement Enabled subfield in the
Clustering Control field defined in 934.2.

The Clustering SPSH Control field is illustrated in Figure 9-589df.

BO B4 B5 B12 B13 B15

Channel Quality Measurement Duration | Clustering SPSH Duration | Reserved

Bits: 5 8 3

Figure 9-589df—Clustering SPSH Control field format

The Channel Quality Measurement Duration subfield is set to a value of time duration of directional channel
quality measurement for all member APs or member PCPs in a CDMG AP or PCP cluster, in units of BI.

The Clustering SPSH Duration subfield is set to a value of time duration of spatial sharing among BSSs for
all member APs or member PCPs in a CDMG AP or PCP cluster, in units of BI.
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9.4.2.227 CMMG Capabilities element

9.4.2.227.1 CMMG Capabilities element structure

The CMMG Capabilities element contains a number of fields that are used to advertise the CMMG
capabilities of STA. The CMMG Capabilities element is defined in Figure 9-589dg.

: Supported | CMMG AP
Element Element | CMMG A-MPDU Transmit CMMG or PCP
Length ID Capabilites Parameters Beamforming MCS and Capabilit
Extension Info Capabilites pablity
NSS Set Information
Octets: 1 1 7 1 4 8 2
Figure 9-589dg—CMMG Capabilities element format
The Element ID, Length, and Element ID Extension fields are defined in 9.4.2.1.
9.4.2.227.2 CMMG Capabilities Info field
The structure of the CMMG Capabilities Info field is defined in Figure 9¢589dh.
BO B1 B2 B3 B4 B5 B6 B7 B8 B9
Maximum | Supported T R Short GHf Short G f s d
MPDU Channel X X ort (s ort Gl for | Supported | oot peat
Length Width Set STBC STBC 540, MHZ 1080 MHz MIMO
Bits: 2 1 1 2 1 1 1 1
B10 B11 B12 B13 B14 B15 B16 B17 B18 B23
Number of CMMG Link Rx Antenna Ant-g);ma :
TPC %?r};ggg}g TXOP PS BDIc?(I:akyAegk Adaptation Pattern Pattern AFde;Sttle_llt?cL(n
ns CMMG Capable Consistency | Consistenc P
y
Bits: 2 1 1 1 1 1 1 6
B24 B25 B26 27 B28 B29 B30 B31 B37 B38 B40
PSH and
Number of RXSS Tx CMMG Antenna
LE:I(SH?S Color Integf: ren Rx DMG ()Stlﬁg‘r)ogl?:) Rate Antenna Pattern
9 Mitigation Antennas — Supported Reciprocity | Reciprocity
BitsT 1 2 1 1 1 1 7 3
B41 B47 B48 B50 B51 B52 B53 B54 B55
Total Heartbeat
MCS RD
Number of Elapsed Reserved
Sectors Indication Feedback | Responder
Bits: 7 3 2 1 2

Figure 9-589dh—CMMG Capabilities Info field
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The subfields of the CMMG Capabilities Info field are defined in Table 9-262aa.

Table 9-262aa—Subfields of the CMMG Capabilities Info field

Subfield Definition Encoding

Maximum MPDU Indicates the maximum MPDU Set to 0 for 3895 octets.

Length length (see 10.12). Set to 1 for 7991 octets.

Set to 2 for 11 454 octets.
The value 3 is reserved.

Supported Channel | Indicates the channel widths Set to 0 if the STA does not support 1080 MHz.

Width Set supported by the STA. See 11.50. | Set to 1 if the STA supports 1080 MHz.

Tx STBC Indicates support for the Set to 0 if not supported.
transmission of at least 2x1 Set to 1 if supported.

STBC.

Rx STBC Indicates support for the Set to 0 for no support.
reception of PPDUs using STBC. | Set to 1 for support of one spatial stream.

Set to 2 for support of on€.dnd two spatial streams.
The value 3 is reserved:

Short GI for Indicates short GI support for the | Set to 0 if not supperted.

540 MHz reception of packets transmitted Set to 1 if supperted.
with TXVECTOR parameter
CH_BANDWIDTH set to
CMMG_CBW540.

Short GI for Indicates short GI support for the | Set to"0 if not supported.

1080 MHz reception of packets transmitted Set to 1 if supported.
with TXVECTOR parameter
CH _BANDWIDTH set to
CMMG_CBW1080.

Supported MIMO Indicates whether the STA The Supported MIMO field is set to 1 if the STA
supports MIMO. supports the SC and OFDM MIMO and is set to 0

otherwise.

Heartbeat Indicate that.whether the STA Set to 1 to indicate that the STA expects to receive a
expects tareceive a frame from frame from the AP or PCP during the ATI and expects
the AR or*PCP during the ATI to receive a frame with the CMMG Control modulation
and@xpects to receive a frame from a source CMMG STA at the beginning of an SP or
with the CMMG Control TXOP. Otherwise, this field is set to 0.
modulation from a source
CMMG STA at the beginning of
an SP or TXOP.

TPC Indicates whether the STA The TPC field is set to 1 if the STA supports the TPC as
supports TPC. defined in 11.8 and is set to 0 otherwise.

Numbet of Beamformer’s capability If beamformer capable, set to the maximum supported

Sounding indicating the maximum value of | value of the TXVECTOR parameter NUM_STS minus

Dimensions the TXVECTOR parameter 1.

NUM_STS for a CMMG NDP. Otherwise, reserved.

TXOP PS Indicates whether the AP Set to 0 if the AP does not support TXOP power save
supports CMMG TXOP power mode.
save mode or whether the non- Set to 1 if the AP supports TXOP power save mode.
AP STA has enabled CMMG Set to 0 if the non-AP STA does not enable TXOP
TXOPpower save Imode. POWET Save TTodT.

Set to 1 if the non-AP STA enables TXOP power save
mode.
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Table 9-262aa—Subfields of the CMMG Capabilities Info field (continued)

Subfield Definition Encoding
Delayed Block Ack | Indicates support for CMMG Set to 0 if not supported.
delayed Block Ack operation. Set to 1 if supported.
See 10.24.8. Support indicates that the STA is able to accept an
ADDBA request for Delayed Block Ack.
CMMG Link Indicates whether the STA Set to 0 (No Feedback) if the STA does not provide
Adaptation Capable | supports link adaptation using CMMG MFB.
CMMG Control field. Set to 2 (Unsolicited) if the STA provides only
unsolicited CMMG MFB.
Set to 3 (Both) if the STA can provide CMMG MEB'in
response to CMMG MRQ and if the STA provides
unsolicited CMMG MFB.
The value 1 is reserved.
Rx Antenna Pattern | Indicates the possibility of a Set to 0 if the receive antenna pattern might change
Consistency receive antenna pattern change. during the lifetime of the curredfrassociation.

Set to 1 if the receive antenna,pattern does not change
during the lifetime of the€urrent association.
See 11.50.6.

Tx Antenna Pattern

Indicates the possibility of a

Set to 0 if the transmit'antenna pattern might change

the Other_AID subfield in the
BRP Request field.

Consistency transmit antenna pattern change. | during the lifetim€,of the current association.
Set to 1 if the-fransmit antenna pattern does not change
during the'lifetime of the current association.
See 11.50:6.
Fast Link Indicates whether the STA The East Link Adaptation field is set to 1 to indicate that
Adaptation supports fast link adaptation. the STA supports the CMMG fast link adaptation
procedure described in 10.39a.3. Otherwise, it is set to
0.
RXSS Length Specifies the total number’of The value represented by this field is in the range 2 to
receive sectors combinedoverall | 128 and is given by (RXSS Length+1)x2. The
receive DMG antennas,of the maximum number of SSW frames transmitted during an
STA. RXSS is equal to the value of (RXSS Length+1)x2
times the total number of transmit DMG antennas of the
peer device.
Color Indicates\the value that is used Set to an unsigned integer in the range 0 to 7 if sent by
for the.TXVECTOR parameter an AP.
COLOR in frames transmitted by | Otherwise reserved.
members of this BSS, as
described in 10.20.
SPSH and Indicate whether the STA is Set to 1 if the STA is capable of performing the function
Interference capable of performing the of SPSH and interference mitigation and if
Mitigation function of SPSH and dotl1RadioMeasurementActivated is true and is set to 0
interference mitigation or not. otherwise (see 10.32).
Number of RX Indicates the total number of The value of this field is in the range 1 to 4, with the
DMG Antennas receive DMG antennas of the value being equal to the bit representation plus 1.
STA.
Supports Indicate that the STA sets its Set to 1 if the value of the Other_ AID subfield is
Other AID AWYV configuration according to | different from zero. Otherwise, this field is set to 0.
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Table 9-262aa—Subfields of the CMMG Capabilities Info field (continued)

Subfield Definition Encoding

RXSSTxRate Indicate whether the STA can Set to 1 to indicate that the STA can perform an RXSS

Supported perform an RXSS with the SSW | with the SSW frames transmitted at MCS 1 of the
frames transmitted at MCS 1 of CMMG SC modulation class. Otherwise, it is set to 0.
the CMMG SC modulation class
or not.

DMG Antenna Indicate that the best transmit Set to 1 to indicate that the best transmit DMG antenna,

Reciprocity CMMG antenna of the STA is of the STA is the same as the best receive DMG antenna

the same as the best receive
CMMG antenna of the STA and
vice versa.

of the STA and vice versa. Otherwise, this field is setito
0.

Antenna Pattern
Reciprocity

Indicate whether the transmit
antenna pattern associated with
an AWV is the same as the
receive antenna pattern for the
same AWV or not.

Set to 1 to indicate that the transmit antenna pattern
associated with an AWV is the same as|the receive
antenna pattern for the same AWYOtherwise, this field
is setto 0.

Total Number of Indicates the total number of The value of this field i§ invthe range 1 to 128, with the
Sectors transmit sectors the STA uses in value being equal to _the bit representation plus 1.
a transmit sector sweep
combined over all DMG
antennas.
Heartbeat Elapsed Used to calculate the value of the | The hearttbeat elapsed time is computed according to the
Indication heartbeat elapsed time. following equation:
0,Fyp =10
T HE — ZF HE
e Fyp>0
where
Ty is the heartbeat elapsed time (in milliseconds);
Fyp is the value of the Heartbeat Elapsed Indication
subfield.
MCS Feedback Indicates whether the STA can Set to 0 (No Feedback) if the STA does not provide
proyide MFB. MFB.
Set to 2 (Unsolicited) if the STA provides only
unsolicited MFB.
Set to 3 (Both) if the STA can provide MFB in response
to MRQ (either Delayed or Immediate, see 10.31) as
well as unsolicited MFB
The value 1 is reserved.
RD_Responder Indicates support for acting as a Set to 0 if not supported.

reverse direction responder, i.e.,
the STA might use an offered
RDG to transmit data to an RD
initiator using the reverse
direction protocol described in
10.28.

Set to 1 if supported.

NOTE—The value for the Maximum MPDU Length subfield in the CMMG Capabilities Info field imposes a

constraint on the allowed value of the Maximum MPDU Length i the CMMG Capabilities Info field of the CMMG
Capabilities element carried in the same frame (see 9.11).
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9.4.2.227.3 A-MPDU Parameters field

The structure of the A-MPDU Parameters field of the CMMG Capabilities element is shown in
Figure 9-589di The definition for the subfields of the A-MPDIT Parameters field is shown in Tahle 9-262ah

BO B2 B3 B5 B6 B7
Maximum AMPDU Minimum MPDU
Length Exponent Start Spacing Reserved
Bits: 3 3 2

Figure 9-589di—A-MPDU Parameters field

Table 9-262ab—Subfields of the A-MPDU Parameters field

Subfield Definition Encoding
Maximum AMPDU Indicates the maximum length of A- This field is/an‘nteger in the range 0 to 7.
Length Exponent MPDU that the STA can receive. The length defined ‘%% this field is e%ual to
(13 + MaximumA - PPDUULenghtExponent)

EOF padding is not included in this 2
limit.

octets.

Minimum MPDU Start Determines the minimum time Setito 0 for no restriction.
Spacing between the start of adjacent MPDUs, 4~ Set to 1 for 16 ns.
within an A-MPDU that the STA cdn Set to 2 for 32 ns.
receive, measured at the PHY-SAPR. Set to 3 for 64 ns.
See 9.7d.3. Set to 4 for 128 ns.
Set to 5 for 256 ns.
Set to 6 for 512 ns.

Set to 7 for 1024 ns.

9.4.2.227.4 Supported CMMG MCS and NSS Set field

The Supported CMMG MCS and"NSS Set field is used to convey the combinations of CMMG MCSs and
spatial streams that a STA supports for reception and the combinations that it supports for transmission. The
structure of the field is showarin Figure 9-589d;.

BO B15, B16 B29 B30 B31 B32 B47 B48 B61 B62 B63
Rx CMMG Rx Highest Supported Tx CMMG Tx Highest Supported
MCS Map Long Gl Data Rate | Reserved | vics Map Long Gl Data Rate | Reserved
Bits: 16 14 2 16 14 2

Figure 9-589dj—Supported CMMG MCS and NSS Set field
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The Supported CMMG MCS and NSS Set subfields are defined in Table 9-262ac.

Table 9-262ac—Supported CMMG MCS and NSS Set subfields

Subfield Definition Encoding
Rx CMMG MCS Map | Indicates the maximum value of the The format and encoding of this subfield
RXVECTOR parameter MCS of aPPDU | are defined in Figure 9-589dk and the
that can be received at all channel widths | associated description.
supported by this STA for each number
of spatial streams.
Rx Highest Supported | Indicates the highest CMMG PPDU data | The largest integer value less than or'equal
Long GI Data Rate rate that the STA is able to receive. to the highest CMMG PPDU data rate in
Mb/s the STA is able to receive (See
10.7.14.1).
The value 0 indicates that'this subfield
does not specify thehighest CMMG
PPDU data rate that the STA is able to
receive.
Tx CMMG MCS Map | Indicates the maximum value of the The format and encoding of this subfield

TXVECTOR parameter MCS of a PPDU
that can be received at all channel widths
supported by this STA for each number
of spatial streams.

are defified in Figure 9-589dk and the
asso€lated description.

Tx Highest Supported
Long GI Data Rate

Indicates the highest CMMG PPDU data
rate that the STA is able to transmit at.

The largest integer value less than or equal
to the highest CMMG PPDU data rate in
Mb/s the STA is able to receive/transmit
(see 10.7.14.2).

The value 0 indicates that this subfield
does not specify the highest CMMG
PPDU data rate that the STA is able to
receive transmit.

The Rx CMMG MCS Map subfield and the Tx CMMG MCS Map subfield have the structure shown in

Figure 9-589dk.

BO B2 B3 B5 B6 B8 B3 B11 B12 B15
Max CMMG Max CMMG Max CMMG Max CMMG Reserved
MES For 1 SS MCS For 2 SS MCS For 3 SS MCS For 4 SS
Bits: 3 3 3 3 4

Figure 9-589dk—Rx CMMG MCS Map and Tx CMMG MCS Map subfields and
Basic CMMG MCS and NSS Set field

The Max CMMG MCS For n SS subfield (where n =1, 2, 3, 4) is encoded as follows:

0 indicates support for SC CMMG-MCSs 1 to 5 or OFDM CMMG-MCSs 9 to 13 for n spatial streams
1 indicates support for SC CMMG-MCSs 1 to 6 or OFDM CMMG-MCSs 9 to 14 for n spatial streams
2 indicates support for SC CMMG-MCSs 1 to 7 or OFDM CMMG-MCSs 9 to 15 for n spatial streams
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3 indicates support for SC CMMG-MCSs 1 to 8 or OFDM CMMG-MCSs 9 to 16 for n spatial streams

4-7 indicate that n spatial streams are not supported
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9.4.2.227.5 Transmit Beamforming Capabilities field

The structure of the Transmit Beamforming Capabilities field is defined in Figure 9-589dl.

BO B1 B2 B3 B4 B5 B7
. - Explicit
Receive . Explicit
Staggered Transmit Staggered Receive NDP Tr?lre)slgmt Compressed é):er]nn?froersn?ﬁ]d
Sounding Sounding Capable Capable Capabl Steering Feedback 9
Capable pable Capable gedbac
Capable
Bits: 1 1 1 1 1 3
B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B23
CSI| Max
CSI Number of StCompr?\lsseg Number of NCSIbMaxf
ini i Beamformer o?%relzr;?nfc;me?r Rows ul?ov?é \ Reserved
Minimal Grouping
Antennas Supported Antennas Bear;]rform Beamforrar
Supported Supported Supported
Bits: 2 2 2 2 2 6

Figure 9-589dl—Transmit Beamforming Capabilities field

The subfields of the Transmit Beamforming Capabilities field ar¢"defined in Table 9-262ad.

Table 9-262ad—Subfields of the Transmit Beamforming Capabilities field

Subfield

Definition

Encoding

Receive Staggered
Sounding Capable

Indicates whether this.STA can receive
staggered sounding frames.

Set to 0 if not supported.
Set to 1 if supported.

Transmit Staggered

Indicates whether this STA can transmit

Set to 0 if not supported.

Sounding Capable staggered-sounding frames. Set to 1 if supported.
Receive NDP Indicates whether this receiver can interpret | Set to 0 if not supported.
Capable null-data packets as sounding frames. Set to 1 if supported.
Transmit NDP Indicates whether this STA can transmit Set to 0 if not supported.
Capable null data packets as sounding frames. Set to 1 if supported.
Explicit Contpressed Indicates whether this STA can apply Set to 0 if not supported.
Steering Capable transmit beamforming using compressed Set to 1 if supported.
beamforming feedback matrix explicit
feedback in its transmission.
Explicit Compressed | Indicates whether this receiver can return Set to 0 if not supported.
Beamforming compressed beamforming feedback matrix Set to 1 for delayed feedback.

Feedback Capable

explicit feedback.

Set to 2 for immediate feedback.
Set to 3 for delayed and immediate
feedback.
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Table 9-262ad—Subfields of the Transmit Beamforming Capabilities field (continued)

Subfield

Definition

Encoding

Minimal Grouping

Indicates the minimal grouping used for
explicit feedback reports.

Set to 0 if the STA supports groups of 1 (no
grouping).

Set to 1 indicates groups of 1, 2.

Set to 2 indicates groups of 1, 4.

Set to 3 indicates groups of 1, 2, 4.

Set to 4 indicates groups of 1, 6.

Set to 5 indicates groups of 1, 2, 6.

Set to 6 indicates groups of 1, 4, 6.

Set to 7 indicates groups of 1, 2, 4, 6.

CSI Number of
Beamformer
Antennas Supported

Indicates the maximum number of
beamformer antennas the CMMG
beamformee can support when CSI
feedback is required.

Set to 0 for single Tx antenna sounding.
Set to 1 for 2 Tx antenna sounding!
Set to 2 for 3 Tx antenna sounding.
Set to 3 for 4 Tx antenna-sounding.

Compressed Steering
Number of
Beamformer
Antennas Supported

Indicates the maximum number of
beamformer antennas the beamformee can
support when compressed beamforming
feedback matrix is required.

Set to 0 for single TiX:antenna sounding.
Set to 1 for 2 Tx/antenna sounding.
Set to 2 for 3 4'x antenna sounding.
Set to 3 for4/TX antenna sounding.

CSI Max Number of
Rows Beamformer
Supported

Indicates the maximum number of rows of
CSI explicit feedback from the CMMG
beamformee that a CMMG beamformer can
support when CSI feedback is required.

Set to O for a single row of CSL
Set.te”I-for 2 rows of CSI.
Set\to 2 for 3 rows of CSI.
Set to 3 for 4 rows of CSI.

Channel Estimation
Capability

Indicates the maximum number of space-
time streams (columns of the MIMO,
channel matrix) for which channel
dimensions can be simultaneously
estimated when receiving an NDP sounding
PPDU or the extension portion‘of the
MCTFs in a staggered sounding PPDU.

Set 0 for 1 space-time stream.

Set 1 for 2 space-time streams.
Set 2 for 3 space-time streams.
Set 3 for 4 space-time streams.

NOTE—The maximum number of space-time streams for which channel coefficients can be simultaneously
estimated using the MCTFs corresponding.to the data portion of the packet is limited by the Rx MCS Bitmask
subfield of the Supported MCS Set fieldand by the Rx STBC subfield of the CMMG Capability Information field.
Both fields are part of the CMMG Capabilities element.

9.4.2.227.6 CMMG AP.or PCP Capability Information field

The CMMG AP tor ‘PCP Capability Information field, illustrated in Figure 9-589dm, represents the
capabilities, when the transmitting STA performs in the role of AP or PCP, that are in addition to the
capabilities in the CMMG STA Capability Information field.

BO B1 B2 B3 B10 B11
Pseudo-static MAX Associated Power
TDDTI Allocations PCP Handover STA Number Source
Bits: 1 1 1 8 1
B12 B13 B14 B15
Decentralized AP or PCP : Centralized AP or PCP
Clustering PCP Forwarding Clustering Reserved
Bits: 1 1 1 1

Figure 9-589dm—CMMG AP or PCP Capability Information field format
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The TDDTI (time division data transfer interval) subfield is set to 1 if the STA, while operating as an AP or
PCP, is capable of providing channel access as defined in 10.36.6 and 11.4 and is set to 0 otherwise.

The Psendo-static Allocations subfield is set to 1 ifthe STA while operating as an AP or PCP_is capable of
providing pseudo-static allocations as defined in 10.36.6.4 and is set to 0 otherwise. The Pseudo-static
Allocations subfield is set to 1 only if the TDDTI subfield in the CMMG AP or PCP Capability Information
field is equal to 1. The Pseudo-static Allocations subfield is reserved if the TDDTI subfield in the CMMG
AP or PCP Capability Information field is equal to 0.

The PCP Handover field is set to 1 if the STA, while operating as a PCP, is capable of performing a PGP
handover as defined in 11.29.2 and is set to 0 if the STA does not support PCP handover.

The MAX Associated STA Number field indicates the maximum number of STAs that the STA can 'perform
association with if operating as an AP or PCP. The value of this field includes the STAs, if'any, that are
collocated with the AP or PCP.

The Power Source field is set to 0 if the STA is battery powered and is set to 1 otherwise.

The Decentralized AP or PCP Clustering field is set to 1 if the STA, when operating as an AP or PCP, is
capable of performing decentralized AP or PCP clustering and is set to 0 otherwise.

The PCP Forwarding field is set to 1 if the STA, while operating as a PCP, is capable of forwarding frames
it receives from a non-PCP STA and destined to another non-PCP-ST'A in the PBSS. This field is set to 0
otherwise.

The Centralized AP or PCP Clustering field is set to 1,if the STA, when operating as an AP or PCP, is
capable of performing centralized AP or PCP clustering.and is set to 0 otherwise. An AP or PCP that is
incapable of performing centralized AP or PCP «lustering is subject to requirements as described in
10.37.2.2.

9.4.2.228 CMMG Operation element

The operation of CMMG STAs in the-BSS is controlled by the CMMG Operation element. The format of
the CMMG Operation element is defined in Figure 9-589dn.

Element ID CMMG Operation Basic CMMG MCS
Element 1D Length Extension Information and NSS set
Octets: 1 1 1 1 2

Figure 9-589dn—CMMG Operation element format

The Element ID, Length, and Element ID Extension fields are defined in 9.4.2.1.

The structure of the CMMG Operation Information field is defined in Figure 9-589do.

BO B2 B3 B4 B5 B6

Primary Channel Channel Width PCO Active PCO Phase Reserved

Bits: 3 4 + 1 4

Figure 9-589do—CMMG Operation Information field
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The subfields of the CMMG Operation Information field are defined in Table 9-262ae.

Table 9-262ae—CMMG Operation Information field format

Subfield Definition Encoding

Primary Channel Indicates the channel number of the primary Channel number of the primary channel.
channel, see 25.10.

Channel Width This field, defines the BSS operating channel | Set to 0 for 540 MHz operating channel
width. width.
Set to 1 for 1080 MHz operating channel
width.

The Basic CMMG MCS and NSS Set field indicates the CMMG MCSs for each number.of spatial streams
in CMMG PPDUs that are supported by all CMMG STAs in the BSS (including IBSS and MBSS). The
Basic CMMG MCS and NSS Set field is a bitmap of size 2 bits. The Basic CMMG MCS and NSS Set field
is defined in Figure 9-589dk.

9.4.2.229 CMMG Operating Mode Notification element
The CMMG Operating Mode Notification element is used to netify* STAs 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 CMMG Operating Mode Notification element is defined in Figure 9-589dp.

Element ID Length %itrgﬁgrolr? CMM(RAgggrating
Octets: 1 1 1 1

Figure 9-589dp—CMMG Operating Mode Notification element

The Element ID, Length, and Element ID Extension fields are defined in 9.4.2.1.
The Operating Mode field is(defined in 9.4.1.63.

9.4.2.230 CMMG Link/Margin element

9.4.2.230.1 General

The format of the CMMG Link Margin element is shown in Figure 9-589dq. The CMMG Link Margin
elementis-included in a Link Measurement Report frame.

Element | Length %ﬁ{gﬁgg? Activity MCS Link Margin SNR Reference Timestamp
Octets: 1 1 1 1 1 1 1 4

Figure 9-589dq—CMMG Link Margin element format

The Element ID, Length, and Element ID Extension fields are defined in 9.4.2.1.
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The Activity field is set to a preferred action that the STA sending this element recommends that the peer
STA indicated in the RA field of the Link Measurement Report frame execute. The method by which the
sending STA determines a suitable action for the peer STA is implementation specific. The Activity field is
definedin 942 2302

The MCS field is set to an MCS value that the STA sending this element recommends that the peer STA
indicated in the RA field of the Link Measurement Report frame use to transmit frames to this STA. The
reference PER for selection of the MCS is for an MPDU length of 4096 octets. The method by which the
sending STA determines a suitable MCS for the peer STA is implementation specific. The Link Margin field
contains the measured link margin of the Data frames received from the peer STA indicated in the RA field
of the Link Measurement Report frame and is coded as a 2s complement signed integer in units of decibels.
A value of —128 indicates that no link margin is provided. The measurement method of link margin is
beyond the scope of this standard.

The SNR field indicates the SNR measured during the reception of a PHY packet. Valuegs are‘from —13 dB
to 50.75 dB in 0.25 dB steps.

The Reference Timestamp field contains the lower 4 octets of the TSF timer valugsampled at the instant that
the MAC received the PHY-CCA indication (IDLE) signal that corresponds tothe€ end of the reception of
the PPDU that was used to generate the feedback information contained in‘the Link Measurement Report
frame.

9.4.2.230.2 Activity field

The Activity field values are defined in Table 9-262af.

Table 9-262af—Activity field values

Preferred Action value Meaning
0 No change preferred
1 Change(d) MCS
2 Decrease(d) transmit power
3 Increase(d) transmit power
4 Fast session transfer (FST)
5 Power conserve mode
6 Perform SLS

7-255 Reserved

9:4.2.231 CMMG Link Adaptation Acknowledgment element

The format of the CMMG Link Adaptation Acknowledgment element is shown in Figure 9-589dr. The
CMMG Link Adaptation Acknowledgment element is carried in the Optional Subelements field of the Link
Measurement Report frame.
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Element ID Length Activity Reference Timestamp

Octets: 1 1 1 4

Figure 9-589dr—CMMG Link Adaptation Acknowledgment element format

The Element ID, Length, and Element ID Extension fields are defined in 9.4.2.1.

The Activity field is set to the action that the STA sending this element has executed following the reception
of the recommended activity in a Link Measurement Report frame. The method by which the sending STA
determines the action is described in 10.31, and the Activity field is defined in 9.4.2.230.2.

The Reference Timestamp field contains the lower 4 octets of the TSF timer value sampled at the‘instant that
the MAC received the PHY-CCA indication (IDLE) signal that corresponds to the end of the reception of

the PPDU that was used to generate the feedback information contained in the Link M¢astirement Report
frame.

9.5 Fields used in Management and Extension frame bodies and Control frames
9.5.1 Sector Sweep field

Change Figure 9-635 as as follows:

BO B1 B9 B10 B15 B16 B17 B18 B23
Direction CDOWN Sector ID DMG/CMMG Antenna ID RXSS Length
Bits: 1 9 6 2 6

Figure 9-635—SSW field format

Change the fifth paragraph of 9.5.1c@s follows:

The DMG/CMMG Antenna ID_subfield indicates the DMG/CMMG antenna the transmitter is currently
using for this transmission,

9.6 Action frame format details
9.6.8 Publie ‘Action details
9.6.8.1 Public Action frames

Insert the following rows into Table 9-307 in numeric order, and change the Reserved row accordingly:

Table 9-307—Public Action field values

Public Action field value Description
35 DCS Measurement Request
36 DCS Measurement Report
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Table 9-307—Public Action field values (continued)

Public Action field value Description
37 DCS Request
38 DCS Response
39 Extended Notification Period Request
40 Extended Notification Period Response
41 Extended Channel Splitting Request
42 Extended Channel Splitting Response

Insert the following subclauses, 9.6.8.37 to 9.6.8.44 (including Figure 9-687f through Figure 9-687k and
Table 9-325h through Table 9-325m), after 9.6.8.36:

9.6.8.37 DCS Measurement Request frame format

The DCS Measurement Request frame is transmitted by a DCS requesting"\CDMG AP or PCP to a DCS
responder CDMG AP or PCP to request all of the STAs in the DCS réspender AP’s infrastructure BSS or
PCP’s PBSS to measure a specified channel or all other channels, within the supported operating class
(as defined in 9.4.2.54). The format of the DCS Measurement Request frame Action field is shown in
Figure 9-687f.

DCS
Category | Public Action | Dialog Token Measurement | Operating Class
Request Mode

Optional
Subelements

Octets: 1 1 1 1 1 variable

Figure 9-687f—DCS Measurement Request frame Action field format

The Category field is defined in9.4.1.11.
The Public Action field is defined in 9.6.8.1.
The Dialog Token field is defined in 9.4.1.12 and set by the requesting STA.

The Measurement Request Mode field is set to 1 to indicate that the DCS requesting AP or PCP requests all
STAs within-the DCS responder AP’s or PCP’s infrastructure BSS or PBSS to measure all channels within
the operating class specified in the following Operating Class field. The Measurement Request Mode field is
set to\2-to indicate that the DCS requesting AP or PCP requests all STAs within the DCS responder AP’s
infrastructure BSS or PCP’s PBSS to measure the specified channel(s) indicated within the Optional
Subelements field. Other values are reserved.

The Operating Class field is valid when the Measurement Request Mode field is 1. In all other cases, the
Operating Class field is reserved. The Operating Class and Channel Number fields together specify the
channel frequency and channel bandwidth for which the DCS procedure applies. Valid values of the
Operating Class field are shown in Annex E.

The Optional Subelements field is present when the Measurement Request Mode field is 2. The
Optional Subelements field contains zero or more subelements, each consisting of a 1-octet Subelement ID
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field, a 1-octet Length field, and a variable-length Data field, as defined in 9.4.3. The optional subelements
are ordered by nondecreasing subelement ID.

The Subelement 1D field values for the defined aptional subelements are shown in Table 9-325h A Yes in

the Extensible column of a subelement listed in Table 9-325h indicates that the Length of the subelement
might be extended in future revisions or amendments of this standard. When the Extensible column of an
element is Subelements, then the subelement might be extended in future revisions or amendments of this
standard by defining additional subelements within the subelement. See 10.27.9.

Table 9-325h—Optional subelement IDs for DCS Measurement Request frame

Subelement ID Name Extensible
0 Reserved
1 Channel Measurement Request Yes
2-220 Reserved
221 Vendor Specific
222-255 Reserved

The Channel Measurement Request subelement is used to specifythe channel(s) to be measured. The format
of the DCS Channel Measurement Request subelement is shown'in Figure 9-687g.

Subelement ID | Length ppaghrement Operating Class | §ranne!
Octets: 1 1 1 1 1

Figure 9-687g—DCS Channel Measurement Request subelement format

The Subelement ID field is defined in Figure 9-325h.

The Length field is defined1n 9.4.3.

The Measurement Token field is set to a nonzero value that is unique among the Channel Measurement
Request subelements in a particular DCS Measurement Request frame.

The Operating Class and Channel Number fields together specify the channel frequency and channel
bandwidth for which the DCS procedure applies. Valid values of the Operating Class field are shown in

Annex E/(Country elements and operating classes).

The Channel Number field is set to the channel number for which the Channel Measurement Request applies
(as defined in 17.3.8.4.3).

9.6.8.38 DCS Measurement Response frame format

The DCS Measurement Response frame is transmitted by a DCS responder AP or PCP to a DCS requesting

AP or PCP to report the results of measuring one or more channels. The format of the DCS Measurement
Response frame Action field is shown in Figure 9-687h.
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DCS Measurement

. ) ) ) Optional
Category | Public Action | Dialog Token Report Mode Operating Class

Subelements

Qctets: 1 1 1 1 1 variable

Figure 9-687h— DCS Measurement Response frame Action field format

The Category field is defined in 9.4.1.11.
The Public Action field is defined in 9.6.8.1.
The Dialog Token field is copied from the corresponding DCS Measurement Request frame.

The Measurement Report Mode field is set to 0 to indicate no clear channel to which the DCS responder
AP’s or PCP’s BSS can move within the operating class specified in the following Operating Class field, or
the DCS request has been declined by the DCS responder AP or PCP. The Measurement-Report Mode field
is set to 1 to indicate that all other channels within the operating class specified in the following Operating
Class field are available for the DCS responder AP’s or PCP’s BSS. The Measurément Report Mode field is
set to 2 to indicate that the clear channel for the DCS responder AP’s or PCR$ BSS is indicated by the
Optional Subelement field in the DCS Measurement Response frame. Other values are reserved.

The Operating Class field is valid when the Measurement Report Mode field is 1. In all other cases, the
Operating Class field is reserved. The Operating Class and Channel Number fields together specify the
channel frequency and channel bandwidth for which the DCS/procedure applies. Valid values of the
Operating Class field are shown in Annex E.

The Optional Subelements field is present wheni the Measurement Report Mode field is 2. The
Optional Subelements field contains zero or more stbelements, each consisting of a 1-octet Subelement ID
field, a 1-octet Length field, and a variable-length Data field, as defined in 9.4.3. The optional subelements
are ordered by nondecreasing subelement ID,

The Subelement ID field values for the'defined optional subelements are shown in Table 9-325i. A Yes in
the Extensible column of a subelemént listed in Table 9-325i indicates that the Length of the subelement
might be extended in future revisions or amendments of this standard. When the Extensible column of an
element is Subelements, then ‘the’subelement might be extended in future revisions or amendments of this
standard by defining additional subelements within the subelement. See 10.27.9.

Table 9-325i—Optional subelement IDs for DCS Measurement Response frame

Subelement ID Name Extensible
0 Reserved
1 Channel Measurement Report Yes
2-220 Reserved
221 Vendor Specific
222-255 Reserved
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The Channel Measurement Report subelement is used to report the number of available channel to which the
DCS responder AP’s or PCP’s BSS can move. The DCS Channel Measurement Report subelement format is
as shown in Figure 9-687i.

Subelement ID Length Mea_?gligrent Operating Class ﬁnﬁ?l?:rl
Octets: 1 1 1 1 1

Figure 9-687i—DCS Channel Measurement Report subelement format

The Subelement ID field is defined in Table 9-325i.

The Length field is defined in 9.4.3.

The Measurement Token field is copied from the corresponding Channel Measurement-Reéquest subelement
in the received DCS Measurement Request frame.

The Operating Class and Channel Number fields together specify the channél frequency and channel
bandwidth for which the DCS procedure applies. Valid values of the Qperating Class field are shown in
Annex E.

The Channel Number field is set to the channel number to which.the DCS responder AP’s or PCP’s BSS can
move (as defined in 17.3.8.4.3).

9.6.8.39 DCS Request frame format

The DCS Request frame is transmitted by a DCS.requesting AP or PCP to a DCS responder AP or PCP to
request the DCS responder AP’s or PCP’sc BSS to move to an available channel indicated in the
DCS Measurement Response frame. The fermat of the DCS Request frame Action field is shown in
Figure 9-687;.

New
Category | Public Action | Dialog Token Request Type Operating Class Channel
Number
Octets: 1 1 1 1 1 1

Figure 9-687j— DCS Request frame Action field format

The Category.field is defined in 9.4.1.11.

The Public Action field is defined in 9.6.8.1.

The Dialog Token field value is copied from the corresponding DCS Measurement Response frame.

The Request Type field value is set to 0 to indicate that the requesting AP or PCP requests the responder AP
or PCP to tear down the DCS procedure or the DCS request is refused by the responder AP or PCP; then the

following Operation Class field and New Channel Number field are reserved. The Request Type field value
is set to 1 to indicate that the DCS requesting AP or PCP to request the DCS responder AP’s or PCP’s BSS

to move to an available channel indicated by the following Operating Class field and New Channel Number
field. Other values are reserved.
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The Operating Class and Channel Number fields together specify the channel frequency and channel
bandwidth for which the DCS procedure applies. Valid values of the Operating Class field are shown in
Annex E. This field is valid when the Request Type field sets to 1; otherwise, it is reserved.

The New Channel Number field is set to the channel number to which the DCS requesting AP or PCP
request the DCS responder AP’s or PCP’s BSS to move (as defined in 17.3.8.4.3). This field is valid when
the Request Type field sets to 1; otherwise, it is reserved.

9.6.8.40 DCS Response frame format
The DCS Response frame is transmitted by a DCS responder AP or PCP to a DCS requesting AP or PEP\to

confirm that the DCS responder AP’s or PCP’s BSS is moving to the channel specified in the DCS.tequest
frame. The format of the DCS Response frame Action field is shown in Figure 9-687k.

Octets:

Category

Public Action

Dialog Token

Responder
Type

Operating
Class

New Channel
Number

Channel
Switch Count

1

1

1

Figure 9-687k— DCS Response frame Action field format

The Category field is defined in 9.4.1.11.

The Public Action field is defined in 9.6.8.1.

The Dialog Token field is copied from the corresponding DCS Request frame.

The Operating Class and Channel Number fields‘together specify the channel frequency and channel
bandwidth for which the DCS procedure applies,~Valid values of the Operating Class field are shown in

Annex E.

The New Channel Number field is set to the channel number copied from the corresponding received DCS
Request frame.

The Channel Switch Count field-either is set to the number of TBTTs until the DCS responder AP or PCP
sending the Channel Switch~Announcement frame or element within its BSS switches to the new channel or
is set to 0. It is set to Lto.ndicate that the switch occurs immediately before the next TBTT. It is set to 0 to
indicate that the switchveCcurs at any time after the frame containing the element is transmitted.

9.6.8.41 Extended Notification Period Request frame format

The forniatyof the Extended Notification Period Request frame Action field is shown in Table 9-325j.

Table 9-325j]—Extended Notification Period Request frame Action field format

Order Information
0 Category
1 Public Action
2 Dialog Token
3 NP/BHI Duration
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The Category field is defined in 9.4.1.11.

The Public Action field is defined in 9.6.29.4.

The Dialog Token field is defined in 9.4.1.12 and set by the requesting STA.

The NP/BHI Duration field is set to the length of the NP/BHI duration requested by the STA intending to
establish its BSS on a free 1.08 GHz channel to the peer STA operating on the adjacent 1.08 GHz channel.
The length of this field is 2 octets.

9.6.8.42 Extended Notification Period Response frame format

The format of the Extended Notification Period Response frame Action field is shown in Table 9¢325k.

Table 9-325k—Extended Notification Period Response frame Action field format

Order Information
0 Category
1 Public Action
2 Dialog Token
3 Status Code
4 Dynamic Bandwidth Control element

The Category field is defined in 9.4.1.11.

The Public Action field is defined in 9.6.8, L.

The Dialog Token field is copied froni'the corresponding Extended Notification Period Response frame.
The NP/BHI Duration field is _s€t to the length of the NP/BHI duration requested by the STA intending to
establish its BSS on a free 1/08 GHz channel to the peer STA operating on the adjacent 1.08 GHz channel.
The length of this field is2.dctets.

9.6.8.43 Extended Channel Splitting Request frame format

The format of the Extended Channel Splitting Request frame Action field is shown in Table 9-3251.

Table 9-3251—Extended Channel Splitting Request frame Action field format

Order Information
0 Category
1 Public Action
o] Daial Tal
DiastegTolen
3 NP/BHI Duration
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The Category field is defined in 9.4.1.11.

The Public Action field is defined in 9.6.29.4.

The Dialog Token field is defined in 9.4.1.12 and set by the requesting STA.

The NP/BHI Duration field is set to the length of the NP/BHI duration requested by the STA intending to
establish its BSS on a free 1.08 GHz channel to the peer STA operating on the adjacent 1.08 GHz channel.
The length of this field is 2 octets.

9.6.8.44 Extended Channel Splitting Response frame format

The format of the Extended Channel Splitting Response frame Action field is shown in Table 9-325m.

Table 9-325m—Extended Channel Splitting Response frame Action field format

Order Information
0 Category
1 Public Action
2 Dialog Token
3 Status Code

Channel Switch Announéement

5 Beacon Interval

6 Dynamic Bandwidth Control

The Category field is defined in 9.4.1.11.
The Public Action field is defined.in'9.6.8.1.
The Dialog Token field is copied from the corresponding Extended Channel Splitting Response frame.

The Status Code field. indicates the result of the notification period allocation request and is defined in
9.4.1.9.

The ChannelSwitch Announcement element is defined in 9.4.2.19. This element is present if the Status
Code fieldnindicates successful; otherwise, it is not present.

The”Beacon Interval field specifies the beacon interval length on a 2.16 GHz channel set by the STA
operating on one of the 1.08 GHz channel after channel splitting and is defined in 9.4.1.3. This field is
present if the Status Code field indicates successful; otherwise, it is not present.

The Dynamic Bandwidth Control element specifies the information of the STA operating on a 1.08 GHz
channel after channel splitting and is defined in 9.4.2.218. This element is present if the Status Code field
indicates successful; otherwise, it is not present.
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9.6.22 Unprotected DMG Action frame details

9.6.22.2 Announce frame format

Insert the following rows into Table 9-416 in numeric order:

Table 9-416—Announce frame Action field format

Order Information
23 Cluster Probe
24 Extended Cluster Report
25 Cluster Switch Announcement

9.6.22.3 BRP frame format

Insert the following rows into Table 9-417 in numeric order:

Table 9-417—BRP frame Action field format

Order Information
7 Enhanced Beam Tracking element
8 SSW Report element

Insert the following two paragraphs at the-end of 9.6.22.3:
The Enhanced Beam Tracking element is defined in 9.4.2.224.
The SSW Report element is defined in 9.4.2.220.

Insert the following subclauses, 9.6.29 and 9.6.30 (including Table 9-4217 through Table 9-421af and
Figure 9-740e through Figure 9-740g), after 9.6.28.3:

9.6.29 CDMG Action frame details
9.6.29.1.CDMG Action field
Several Action frame formats are defined to support CDMG features. A CDMG Action field, in the octet

immediately after the Category field, differentiates the CDMG Action frame formats. The CDMG Action
field values associated with each frame format within the CDMG category are defined in Table 9-421z.
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Table 9-421z—CDMG Action field values

CDMG A'ction field Meaning
vatue

0 Notification Period Request frame
1 Notification Period Response frame
2 Channel Splitting Request frame
3 Channel Splitting Response frame
4 CDMG Allocation Request frame
5 CDMG Allocation Response frame

9.6.29.2 Notification Period Request frame format

The format of the Notification Period Request frame Action field is shown in Figufe 9-740e.

Category | CDMG Action | Dialog Token | NP/BHI Duration

Octets: 1 1 1 2

Figure 9-740e—Notification Period Request frame Action field format

The Category field is defined in 9.4.1.11.
The CDMG Action field is defined in 9.6.29.1,
The Dialog Token field is defined in 9.4. 1.#2%nd set by the requesting STA.

The NP/BHI Duration field is set to¢he length of the NP/BHI duration requested by the STA intending to
establish its BSS on a free 1.08 GHz channel to the peer STA operating on the adjacent 1.08 GHz channel.

9.6.29.3 Notification Period Response frame format

The format of the Notification Period Response frame Action field is shown in Table 9-421aa.

Table 9-421aa—Notification Period Response frame Action field format

Order Information
0 Category
1 CDMG Action
2 Dialog Token
3 Status Code
% Dymarmic Bamdwidtr Comntrot eiemenmt
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The Category field is defined in 9.4.1.11.

The CDMG Action field is defined in 9.6.29.1.

The Dialog Token field is copied from the corresponding Notification Period Request frame.

The Status Code field indicates the result of the notification period allocation request and is defined in
9.4.1.9.

The Dynamic Bandwidth Control element is defined in 9.4.2.218. This element is present if the Status Code
field indicates successful; otherwise, it is not present.

9.6.29.4 Channel Splitting Request frame format

The format of the Channel Splitting Request frame Action field is shown in Figure 9-740f,

Category | CDMG Action | Dialog Token | NP/BHI Duration

Octets: 1 1 1 2

Figure 9-740f—Channel Splitting Request frame, Action field format

The Category field is defined in 9.4.1.11.
The CDMG Action field is defined in 9.6.29.1.
The Dialog Token field is defined in 9.4.1.12 and set'by/the requesting STA.

The NP/BHI Duration field is set to the length.ef the NP/BHI duration requested by the STA intending to
establish its BSS on a free 1.08 GHz channel(to the peer STA operating on the adjacent 1.08 GHz channel.

9.6.29.5 Channel Splitting Response frame format

The format of the Channel Splitting Response frame Action field is shown in Table 9-421ab.

Table 9-421ab—Channel Splitting Response frame Action field format

Order Information
0 Category
1 CDMG Action
2 Dialog Token
3 Status Code
4 Channel Switch Announcement
5 Beacon Interval
6 Dynamic Bandwidth Control

The Category field is defined in 9.4.1.11.
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The CDMG Action field is defined in 9.6.29.1.

The Dialog Token field is copied from the corresponding Channel Splitting Request frame.

The Status Code field indicates the result of the channel splitting request and is defined in 9.4.1.9.

The Channel Switch Announcement element is defined in 9.4.2.18. This element is present if the Status
Code field indicates successful; otherwise, it is not present.

The Beacon Interval field specifies the beacon interval length on a 2.16 GHz channel set by the STA
operating on one of the 1.08 GHz channel after channel splitting and is defined in 9.4.1.3. This element, is
present if the Status Code field indicates successful; otherwise, it is not present.

The Dynamic Bandwidth Control element specifies the information of the STA operating on\a <1.08 GHz
channel after channel splitting and is defined in 9.4.2.218. This element is present if the Status Code field
indicates successful; otherwise, it is not present.

9.6.29.6 CDMG Allocation Request frame format

The format of the CDMG Allocation Request frame Action field is shown in‘Figure 9-740g.

Category | CDMG Action | Dialeg.Token

Octets: 1 1 1

Figure 9-740g—CDMG Allocation Request frame Action field format

The Category field is defined in 9.4.1.11.

The CDMG Action field is defined in 9.6.29¢F;

The Dialog Token field is defined in 9.4:1.12 and set by the requesting STA.
9.6.29.7 CDMG Allocation Response frame format

The format of the CDMG_ Allocation Response frame Action field is shown in Table 9-421ac.

Table'9-421ac—CDMG Allocation Response frame Action field format

Order Information
0 Category
1 CDMG Action
2 Dialog Token
3 Status Code
4 Extended Schedule

The Category field is defined in 9.4.1.11.
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The CDMG Action field is defined in 9.6.29.1.

The Dialog Token field is copied from the corresponding CDMG Allocation Request frame.

The Status Code field indicates the result of the Allocation request and is defined in 9.4.1.9.

The Extended Schedule element indicates all the available time that can be allocated to the DMG STAs on a
2.16 GHz channel by the STA operating on the adjacent 1.08 GHz channel of the STA sending this response
and is defined in 9.4.2.132. This element is present if the Status Code field indicates successful; otherwise, it
is not present.

9.6.30 CMMG Action frame details

9.6.30.1 CMMG Action field

Several Action frame formats are defined to support CMMG functionality. A CMMG(Agtion field, in the
octet immediately after the Category field, differentiates the CMMG Action, ffame formats. The

CMMG Action field values associated with each frame format within the CMMG category are defined in
Table 9-421ad.

Table 9-421ad—CMMG Action field¢valtues

Value Meaning Time priority
0 CMMG CSI Yes
1 CMMG Compressed Beamforming Yes
2 Operating Mode Notification frame format Yes
3-255 Reserved

9.6.30.2 CMMG Compressed Beamforming frame format

The CMMG Compressed Beamforming frame is an Action or an Action No Ack frame of category CMMG.
The format of its Action fieldis defined in Table 9-421ae.

Table 9-421ae—CMMG Compressed Beamforming frame Action field format

Order Information
1 Category
2 CMMG Action
3 CMMG MIMO Control (see 9.4.1.61)
4 CMMG Compressed Beamforming Report (see 9.4.1.62)

Ine Latcgory Ticld S defined m 94111

The CMMG Action field is defined in 9.6.30.1.
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The CMMG MIMO Control field (see 9.4.1.61) are used as described in Table 9-76c¢.

The CMMG Compressed Beamforming Report field is defined in 9.4.1.62.

9.6.30.3 Operating Mode Notification frame format
The Operating Mode Notification frame is an Action frame of category CMMG. It is used to notify STAs
that the transmitting STA is changing its operating channel width, the maximum number of spatial streams it

can receive, or both.

The Action field of the Operating Mode Notification frame contains the information shown.\in
Table 9-421af.

Table 9-421af— Operating Mode Notification frame Action field format

Order Information
1 Category
2 CMMG Action
3 CMMG Operating Mode (see 9.4,£.63)

The Category field is defined in 9.4.1.11.
The CMMG Action field is defined in 9.6.30.1.

The CMMG Operating Mode field is defined in 9:4.1.63.
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10. MAC sublayer functional description

10.2 MAC architecture

10.2.1 General
Change the first paragraph as follows:
The MAC architecture is shown in Figure 10-1, Figure 10-1a, and-Figure 10-2, and Figure 10-2a.
Change the title of Figure 10-1 as follows:
Figure 10-1—Non-DMG non-CMMG non-S1G STA MAC architecture

Insert the following figure, Figure 10-2a, after Figure 10-2:

Used for Used for Dynamic
Contention Allocation
Services Services
Used for Non- Used for
data Services Scheduled
Used for Service
Beamforming with an T
AP or p%p ‘ Dynamic Allogation
CBAP
Access
N (HCF
A-BFT ATl Contention SP
Access Access Access) Access
DCF

CMMG Channel Access

‘ CMMG PHY ‘

Figure™10-2a—CMMG STA MAC architecture

Change the second paragraph of 10.2.1 as follows (the dashed list remains unchanged:
In a non-DMGa0n:CMMG and-non-S1G STA:
Insert the-following paragraph at the end of 10.2.1:

In 2CMMG STA:
— The MAC provides services using the CMMG channel access mechanisms.

— Specific rules apply for access during scheduled periods, which include the association
beamforming training (A-BFT) period, announcement transmission interval (ATI), contention based

access period (CBAP), and service period (SP).

—  The DCF is used during contention based access periods.
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10.3 DCF

10.3.2 Procedures common to the DCF and EDCAF

Insert the following subclause, 10.3.2.6a, after 10.3.2.6:
10.3.2.6a CMMG RTS procedure

A CMMG STA shall transmit an RTS frame carried in CMMG or CMMG duplicate format (see 25.3.10). If
the STA sending the RTS frame is capable of dynamic bandwidth operation (see 10.3.2.7), the CMMG STA
shall set the TXVECTOR parameter DYN_  BANDWIDTH to Dynamic. Otherwise, the STA shall set-the
TXVECTOR parameter DYN. BANDWIDTH to Static.

10.3.2.7 CTS and DMG CTS procedure
Insert the following paragraphs at the end of 10.3.2.7:

A CMMG STA that has received an RTS frame in a CMMG or CMMG duplicate PPDU that has the
RXVECTOR parameter DYN_BANDWIDTH equal to Static behaves as follows;

— If the NAV indicates idle and CCA has been idle for the secondary ehannel (secondary 540 MHz
channel) in the channel width indicated by the RTS, frame’s RXVECTOR parameter
CH_BANDWIDTH for a PIFS period prior to the start of the RTS frame, then the STA shall respond
with a CTS frame carried in a CMMG or CMMG duplicdte)PPDU after a SIFS. The CTS frame’s
TXVECTOR parameters CH_ BANDWIDTH shall be st to the same value as the RTS frame’s
RXVECTOR parameter CH_ BANDWIDTH.

— Otherwise, the STA shall not respond with a CTS frame.

A CMMG STA that is addressed by an RTS frametin a CMMG or CMMG duplicate PPDU that has the
RXVECTOR parameter DYN_ BANDWIDTH, equal to Dynamic behaves as follows:

— If the NAV indicates idle, then the STA shall respond with a CTS frame in a CMMG or CMMG
duplicate PPDU after a SIFS. The €TS frame’s TXVECTOR parameters CH_ BANDWIDTH may
be set to any channel width foftwhich CCA has been idle for a PIFS prior to the start of the RTS
frame and that is equal to orJess than the channel width indicated in the RTS frame’s RXVECTOR
parameter indicated in the RTS frame’s RXVECTOR parameter CH BANDWIDTH.

— Otherwise, the STAsshall not respond with a CTS frame.
10.3.4 DCF access procedure
10.3.4.4 Recovery procedures and retransmit limits
Insert the-following paragraph at the end of 10.3.4.4:
A EMMG AP that fails to receive an acknowledgment after the AP transmits a frame with the More Data

fieldSet to 0 to a non-AP CMMG STA in CMMG TXOP power save mode, may retransmit the frame within
the current TXOP under certain conditions as described in 11.2.3.21.
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10.7 Multirate support

10.7.1 Overview

Change the fourth paragraph in 10.7.1 as follows:

Otherwise, a non-DMG_and non-CMMG STA shall transmit the frame using a rate that is in accordance with
rules defined in 10.7.5 and 10.7.6. A DMG STA shall transmit the frame using a rate that is in accordance

with rules defined in 10.7.7._A CMMG STA shall transmit the frame using a rate that is in accordance with
rules defined in 10.7.7a.

Insert the following items at the end of the dashed list of the fifth paragraph of 10.7.1:

—  Clause 24 for CDMG
—  Clause 25 for CMMG

Insert the following items at the end of the dashed list of the sixth paragraph of 10.7.1:
— 25.14.3 for CMMG PLME TXTIME calculation

Insert the following subclause, 10.7.7a, after 10.7.7.5:

10.7.7a Multirate support for CMMG STAs

10.7.7a.1 Usage of CMMG Control modulation class

The CMMG Control modulation class has only one MES, which is CMMG MCS 0 defined in 25.6.8.14.
The DMG Beacon, SSW-Feedback, SSW-Ack, RTSyCTS, and first BRP packet in beam refinement shall be
transmitted using the CMMG Control modulatiomiz¢lass. In the case of an RXSS that was specified through
the Beamforming Control field in which the RXSSTxRate subfield is 1 and the RXSSTxRate Supported
field in the CMMG Capabilities element ef\the STA performing the RXSS is 1, the first SSW frame of the
RXSS shall be transmitted using the CMMG Control modulation class, and the remaining frames of the
RXSS shall be transmitted using MES0 of the CMMG SC modulation class. In all other cases, the SSW
frames shall be transmitted using\the CMMG Control modulation class. Other CMMG beamforming
training frames may be transiitted using the CMMG Control modulation class or the CMMG SC
modulation class.

10.7.7a.2 Rate selection rules for Control frames transmitted by CMMG STAs

This subclausedescribes the rate selection rules for Control frames transmitted by CMMG STAs. The rate
selection rulesapply only for MCSs defined in Clause 25.

A Cortrol frame that does not have an MCS defined in 10.7.7a.1 and that is not a control response frame
shall-be transmitted using an MCS from the mandatory MCS set of the CMMG SC modulation class or
CMMG Control modulation class.

A STA transmitting a Grant Ack frame shall use the CMMG Control modulation class or any MCS from the
mandatory MCS set of the CMMG SC modulation class.

A STA transmitting an Ack or a BlockAck frame that is a response to a frame sent using the CMMG Control

Todulation ciass shatt use the CMIMG Control modutation ciass.
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A STA transmitting an Ack frame or a BlockAck frame in response to a frame sent using the CMMG SC
modulation class or CMMG OFDM modulation class shall use an MCS from the mandatory MCS set of the
CMMG SC modulation class as long as (a) the selected MCS has a data rate that does not exceed the data
rate of the frame that elicited the response (h) no other MCS satisfying condition (a) resnlts in a shorter

frame transmission time.

NOTE—A control response frame is a Control frame that is transmitted within an MPDU as a response to a reception
SIFS after the PPDU containing the frame that elicits the response, e.g., a CTS frame in response to an RTS frame
reception, an Ack frame in response to a Data frame reception, a BlockAck frame in response to a BlockAckReq frame
reception. In some situations, the transmission of some of these Control frames is not a control response transmission,
such as when a DMG CTS frame is used to initiate a TXOP.

Except in an A-MPDU consisting of one of the combinations listed below, the rules in this subclausejdé-not
apply to Control frames that are contained in A-MPDUs that also include at least one MPDU with the Type
subfield equal to Data or Management. In the following cases, the rate selection rules are the same’as those
for a standalone Ack or BlockAck frame:

—  An Ack frame and a QoS Null frame

— A BlockAck frame and a QoS Null frame

— A BlockAckReq frame and a QoS Null frame

— A BlockAck frame, a BlockAckReq frame, and a QoS Null frame

10.7.7a.3 Rate selection for group addressed Data and Management frames transmitted by
CMMG STAs

This subclause describes the rate selection rules for groupsaddressed Data and Management frames
transmitted by CMMG STAs. The rate selection rules applyconly for MCSs defined in Clause 25.

If the transmit antenna pattern of a single transmission/of a group addressed frame covers more than one
receiver and the supported set of each of the receivers is known to the sender, then the MCS used for the
transmission shall be an MCS common to the supported MCS sets of all of the receivers. If such an MCS is
not known, the frame shall be transmitted using an MCS from the mandatory MCS set of the CMMG control
or SC mode.

If the transmit antenna pattern of a single transmission of a group addressed frame covers only one receiver,
the frame shall be transmitted following the rate selection rules of individually addressed frames as
described in 10.7.7a.4.

For SC and OFDM MIM@rtransmission, if the BSSBasicRateSet parameter is empty, the BSSBasicMCSSet
parameter is empty,.and the BSS basic CMMG MCS and NSS set is not empty, then the frame shall be
transmitted in a.CMMG PPDU using one of the <CMMG MCS, NSS> tuples included in the BSS basic
CMMG MCS and NSS set.

10.7.7al4 Rate selection for individually addressed Data and Management frames
transmitted by CMMG STAs

This subclause describes the rate selection rules for individually addressed Data and Management frames as
transmitted by CMMG STAs. The rate selection rules apply only for MCSs defined in Clause 25.

An individually addressed Data or Management frame shall be sent using an MCS supported by the receiver
STA, as reported in the maximum receive MCS subfields in the Supported MCS Set field in Management
frames transmitted by the receiver STA.

When the supported MCS set of the receiving STA is not known, the transmitting STA shall transmit using
an MCS from the mandatory MCS set of the CMMG control or SC mode.
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The rules in this subclause also apply to A-MPDUs that contain at least one MPDU with Type subfield equal
to Control and at least one MPDU with Type subfield equal to Data or Management.

A Data frame or Management frame for SC and OFDM MIMO transmission shall he sent nsing any data

rate, MCS, or <CMMG 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 the Management frames transmitted by the receiver STA.

— A STA shall not transmit a frame using a <CMMG MCS, NSS> tuple that is not supported by the
receiver STA, as reported in any Supported CMMG MCS and NSS Set field in the Management
frames transmitted by the receiver STA.

— Ifat least one Operating Mode field with the Rx NSS Type subfield equal to 0 was receivedfrom 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.

— 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 reportedsinyany CMMG Capabilities
element or CMMG Capabilities element received from the intended\tée€iver.

— A STA that is a member of a BSS and that is not a CMMG SPA.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 CMMG_Operation element with the exception
transmissions on a TDLS off-channel link, which follow the rules described in 11.22.

— A CMMG STA that is a member of a BSS shallynot 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 CMM&G"Operation element with the following exceptions:

—  Transmissions on a TDLS off-channel link follow the rules described in 11.22.
—  Transmissions by a CMMG STA‘en-a TDLS link follow the rules described in 11.22.

— 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 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 n6t 1hitiate 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 CMMG OperationalMCSset, or using a
<CMMG-MCS, NSS> tuple that is not in the OperationalCMMGMCS NSSSet, which are
parameters of the MLME-JOIN.request primitive.

When the supported rate set of the receiving STA or STAs is not known, the transmitting STA shall transmit
using\a-trate in the BSSBasicRateSet parameter, or an MCS in the BSSBasicMCSSet parameter, or a
<EMMG MCS, NSS> tuple in the BSS basic CMMG MCS and NSS set, or a rate from the mandatory rate
set’of the attached PHY if the BSSBasicRateSet, the BSSBasicMCSSet, and the BSS basic CMMG MCS
and NSS set are empty.

The rules in this subclause also apply to A-MPDUs that aggregate MPDUs of type Data or Management
with any other types of MPDU.

10.7.7a.5 Rate selection for BRP packets for CMMG STAs

The first BRP packet transmitted from the initiator to the responder after the SLS phase shall use MCS 0.
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The first BRP packet transmitted from the responder to the initiator after the SLS phase shall use MCS 0.

BRP packets transmitted during beam refinement should use MCS 0 and shall not use any MCS greater than
MCS & BRP packets fransmitted during beam refinement should nse MCS 0 if the BRP packet is sent at

start of an SP as defined in 10.36.6.2.

BRP packets transmitted during the BRP setup subphase, the MID subphase, and the BC subphase shall use
MCS 0.

BRP packets transmitted during a BC subphase, as part of a BC subphase only training, may use MCS 00
MCS 8. BRP packets transmitted during beam tracking may use any MCS.

10.7.9 Modulation classes

Change the second column heading of Table 10-6 as shown, and insert the following rows,at the end of

the table:
Table 10-6—Modulation classes
Condition that selects this modulation class
Description of Clause 15 to Clause 18
modulation PHYs, or Clause 20, or
Clause 24. or Clause 25 Clause’19 PHY Clause 21 PHY
PHY
CDMG Control Clause 24 transmission and N/A N/A
MCS is 0
CDMG SC Clause 24 transmission and. N/A N/A
1<MCS<16
CDMG Clause 24 transmission and N/A N/A
Low-power SC 17<MCS <23
CMMG Control Clause 25 transmission and N/A N/A
MCS is Q
CMMG SC Claus€25 transmission and N/A N/A
L<SMCS <8
CMMG OFDM Clause 25 transmission and N/A N/A
9<MCS<16

Insert thefollowing subclause, 10.7.14, after 10.7.13.3:
10:7-14 Rate selection constraints for CMMG STAs
10.7.14.1 Rx supported CMMG MCS and NSS set

The Rx supported CMMG MCS and NSS set of a CMMG STA is determined for each <CMMG MCS,

NSS> tuple NSS = 1,..., 4 and bandwidth (540 MHz and 1080 MHz) from its Supported CMMG MCS and
NSS Set field as follows:

— If support for the CMMG MCS for NSS spatial streams at that bandwidth is mandatory (see 25.15),
then the <CMMG MCS, NSS> tuple at that bandwidth is supported by the STA on receive.
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— Otherwise, the <CMMG MCS, NSS> tuple at that bandwidth is not supported by the STA on
receive.

A CMMG STA shall not_unless explicitly stated otherwise transmit a CMMG PPDIT unless the <CMMG
MCS, NSS> tuple and bandwidth used are in the Rx Supported CMMG MCS and NSS Set of the receiving
STAC(s).

10.7.14.2Tx supported CMMG MCS and NSS set

The Tx supported CMMG MCS and NSS set of a CMMG STA is determined for each <CMMG MGS,
NSS> tuple NSS = 1,..., 4 and bandwidth (540 MHz and 1080 MHz) from its Supported CMMG MCS§)and
NSS Set field as follows:

— If support for the <CMMG MCS, NSS> tuple at that bandwidth is mandatory (see 25.15), then the
<CMMG MCS, NSS> tuple at that bandwidth is supported by the STA on transmit.

— Otherwise, the <CMMG MCS, NSS> tuple at that bandwidth is not supported)by the STA on
transmit.

Insert the following subclause, 10.9a, after 10.9:

10.9a CMMG Control field operation

If the CMMG Control field is present in an MPDU aggregated in.an 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 a CMMG Control field. The EMMG Control field of all MPDUs containing
the CMMG Control field aggregated in the same A-MPBU shall be set to the same value.

10.12 A-MSDU operation
Change the now 16th paragraph of 10.12 asfollows:

A STA shall support the reception of-ansA-MSDU, where the A-MSDU is carried in a QoS Data frame with
Ack Policy equal to Normal Ack in\the following cases:

— For an HT STA if the AX\MSDU is not aggregated within an A-MPDU
— Fora VHT STA if the A-MSDU is sent as a VHT single MPDU
— Fora CMMG STA if the A-MSDU is not aggregated within an A-MPDU

Change the now-21st and 22nd paragraphs of 10.12 as follows:

A VHT STA-shall not transmit 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 any Extended Capabilities element sent by
the xecipient STA. An HT STA should not transmit 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 any Extended Capabilities
element sent by the recipient STA._A STA shall not transmit an A-MSDU in a CMMG PPDU to a STA if the

A-MSDU length exceeds the value indicated by the Maximum A-MSDU Length field of the CMMG
Capabilities element received from the recipient STA.

A DMG STA shall not transmit an A-MSDU that includes a number of Basic A-MSDU subframes greater
than the value indicated by the Maximum Number Of Basic A-MSDU Subframes In A-MSDU subfield in

any DMG Capabilities element sent by the recipient STA. A DMG STA shall not transmit an A-MSDU that
includes a number of Short A-MSDU subframes greater than the value indicated by the Maximum Number
Of Short A-MSDU Subframes In A-MSDU subfield in any DMG Capabilities element sent by the recipient
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STA. A DMG STA that sets the A-MSDU Subframe subfield to 1 in a DMG Attributes field of TSPEC
element (9.4.2.30), which indicates Short A-MSDU subframe support, shall be capable of receiving at least
32 Short A-MSDU subframes in A-MSDU. A CMMG STA that sets the Maximum MPDU Length subfield
in the CMMG Capabilities element to indicate 3895 octets shall set the maximum A-MSDIT lenoth in the

CMMG Capabilities element to indicate 3839 octets. A CMMG STA that sets the Maximum MPDU Length

subfield in the CMMG Capabilities element to indicate 7991 octets or 11 454 octets shall set the maximum
A-MSDU length in the CMMG Capabilities element to indicate 7935 octets.

Insert the following two paragraphs at the end of 10.12:

The length of an A-MSDU transmitted in a CMMG PPDU is limited by the maximum MPDU size supported
by the recipient STA (see 10.13.5).

A CMMG STA shall not transmit to a recipient CMMG STA an A-MSDU that includes 'a, number of

MSDU s 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.

10.14 PPDU duration constraint

Insert the following paragraph after the second paragraph (“A STA shall\not transmit a DMG PPDU
) of 10.14:

A CMMG STA shall not transmit a PPDU that has a duration (as.determined by the PHY-TXTIME.confirm
primitive defined in 6.5.8) that is greater than aPPDUMaxTimé.

10.17 STBC operation
Insert the following paragraphs at the end of 10.17:

A STA that has not set the Tx STBC subfield to 1 in the CMMG Capabilities element shall not transmit
CMMG PPDUs with a TXVECTOR patameter STBC set to a nonzero value.

A STA shall not send a CMMG PRBDU 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 CMMG Capabilities
element that it supports the,recéption of PPDUs using STBC with a number of spatial streams equal to or

greater than the number Of'spatial streams in the CMMG PPDU.

Change the title of 10:20 as follows:

10.20 Group ID and partial AID in VHT and CMMG PPDUs
Change-the first paragraph of 10.20 as follows:
The partial AID is a nonunique STA identifier defined in Table 10-9_and in Table 10-9a. The partial AID is

carried in the TXVECTOR parameter PARTIAL AID of a VHT SU PPDU or a CMMG PPDU and is
limited to 9 bits.

Insert the following paragraph after the second paragraph of 10.20:

A STA transmitting a CMMG PPDU carrying one or more group addressed MPDUs shall set the
TXVECTOR parameters PARTIAL _AID to 0.
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Change the title of Table 10-9 as follows:

Table 10-9—Settings for the TXVECTOR parameters GROUP_ID and PARTIAL_AID
for VHT STAs

Insert the following paragraph and Table 10-9a after Table 10-9:

A STA transmitting a CMMG PPDU carrying one or more individually addressed MPDUs shall set the
TXVECTOR parameter PARTIAL AID as shown in Table 10-9a.

Table 10-9a—Settings for the TXVECTOR parameter PARTIAL_AID for CMMG STAs

Condition PARTIAL_AID

A frame that is not a Control frame that (dec(BSSID[39:47])mod(29 -1))+1
is addressed to an AP.

A frame that is not a Control frame that (dec(RA[39:47])mod(29 —-1)+1
is addressed to an AP.

A et et Conml e | actamto (0-120
. . 5 6

associated with that AP or sent by a DLS dec(BSSID[44:47] ® BSSID{40:43]) x 27)mod2

or TDLS STA in a direct path to a DLS

here
TDLS peer STA. W : .
or peer dec(A[b:c]) is the.cast to decimal operator where

b is scaled by 207and ¢ by 2¢

Otherwise (see NOTE) 0

NOTE—The last row covers the following cases:
— A PPDU sent to an IBSS STA
— A PPDU sent by an AP to a non associated STA
—  Any other condition not explicitly listed elsewhere in the table

Change the now sixth paragraph of 10.20 as follows:

In Table 10-9 and Table.1049a, BSSID[b:c] and RA[b:c] represent bits b to ¢ inclusive of the BSSID and
RA, respectively, with'bit 0 being the Individual/Group bit and bit 47 being the last transmitted bit, in which
bit position & is then scaled by 2° and ¢ by 2¢2.

Change themow eighth paragraph of 10.20 as follows:

A STACthat transmits a VHT or CMMG PPDU to a DLS or TDLS peer STA obtains the AID for the peer
STAArom the DLS Setup Request, DLS Setup Response, TDLS Setup Request, or TDLS Setup Response
frame.

Change the now ninth paragraph of 10.20 as follows:

A VHT AP should not assign an AID to a VHT STA that results in a 0 value PARTIAL AID (as computed
using Equation (10-12)). A CMMG AP should not assign to a CMMG STA an AID that results in the

DA TFI-AT AT 1 1 . = - 1015 I 1 il
FARTIAL AL VAIUC, d5 COLIPULICU USIITE EUUAUOL (1U=12d), DCIIE CUUAT 1O CIUITT

0 or (dec(BSSID[39:47])mod(2’ — 1)) + 1 or (dec(OBSSID[39:47])mod(2’ — 1))+ 1
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where OBSSID is the BSSID of a BSS that is not the BSS of which the AP is a member and for which the
AP might be heard by the STA being assigned the AID.

_ Insertthe following paragraphs at the end of 10.20:

As an example of the PARTIAL AID setting, consider the case of a BSS with BSSID 00-21-6A-AC-53-52
that has as a member a non-AP CMMG STA assigned AID 5. In CMMG PPDUs sent to an AP, the
PARTIAL_AID is set to 165. In CMMG PPDUs sent by the AP to the non-AP STA associated with that AP,
the PARTIAL AID is set to 37.

NOTE 1—In the example above, BSSID[47:40] = 0x52, that is, BSSID[47] = 0, BSSID[46] = 1, BSSID[45] =0,
BSSID[44] =1, etc.

NOTE 2—As described in IEEE Std 802-2001, the use of hyphens for the BSSID indicates hexadecimal representation
rather than bit-reversed representation such that the leftmost octet in the representation is the first transmitted octet for
802.11. Using the BSSID vector numbering described above, the BSSID in IEEE Std 802-2001 hexadecimal
representation is BSSID[7:0]-BSSID[15:8]- BSSID[23:16]-BSSID[31:24]- BSSID[39:32]-BSSID[47:40].

A STA transmitting a CMMG PPDU that is addressed to an AP shall set the TXVECTOR parameter
UPLINK_INDICATION to 1. The UPLINK INDICATION parameter shall be,set’to O for all other cases.

The TXVECTOR parameter COLOR is used to assist a receiving STA in identifying the BSS from which a
reception originates so that the receiving STA might increase spatial renise’ and reduce power consumption
by terminating the reception process in the case when the reception is'not from the BSS with which the STA
is associated. A STA transmitting a CMMG PPDU that is addressed to an AP need not include the
TXVECTOR parameter COLOR in the TXVECTOR. A STAxttansmitting a CMMG PPDU that is not an
NDP frame and that is sent by a DLS or TDLS STA in a direet path to a DLS or TDLS peer STA shall set
the TXVECTOR parameter COLOR to the value ¢f the COLOR parameter, if present, from the
RXVECTOR of the most recently received frame froém)its associated AP or from the DO of the IBSS of
which it is a member that contained a COLOR paranieter. An AP transmitting a CMMG PPDU shall set the
TXVECTOR parameter COLOR to a value of its'choosing within the range 0 to 7 and shall maintain that
value for the duration of the existence of the BSS. The AP which is a member of a Multiple BSSID Set shall
set the TXVECTOR parameter COLOR fof each different BSSID(7) to a same value.

An AP shall include the value within@he range 0 to 7 that it is using for the TXVECTOR parameter COLOR
in the COLOR field of the CMMG-Capabilities Info field of the CMMG Capabilities element in all frames
that contain that element. The/COLOR field of the CMMG Capabilities Info field of the CMMG
Capabilities element in all frames transmitted from a non-AP STA is reserved.

10.22 HCF

10.22.2 HCF ‘contention based channel access (EDCA)

10.22:2.4-Obtaining an EDCA TXOP

Change the last paragraph of 10.22.2.4 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 except when 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 nonbandwidth signaling TA value obtained from the

Addrece D fiold T o non VIIT QT A rocatvoc an RTC Gomma vith tho DA addeoce shatohing tho NMMAC addeace
eSS Hera— a4 oo FeeeveSai >t Wit thHe - —aaareSSaterHRE e v roaaaress

of the STA and the MAC address in the TA field in the RTS frame matches the saved TXOP holder address,
then the STA shall send the CTS frame after SIFS, without 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
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nonbandwidth 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 CTS frame after SIFS, without regard for, and without
resettlng, its NAV._If a CMMG STA recelves an RTS frame with the RA address matching the MAC

es the saved

TXOP holder address then the STA shall send the CTS frame after SIFS, Wlthout regardmg for and without
resetting its NAV. When a STA receives a frame addressed to it that requires an immediate response, except
for RTS frames, it shall transmit the response independent of its NAV. The saved TXOP holder address shall
be cleared when the NAYV is reset or when the NAV counts down to 0.

10.22.2.7 Multiple frame transmission in an EDCA TXOP
Change the second paragraph of 10.22.2.7 as follows:

Multiple frames may be transmitted in an EDCA TXOP that was acquired following the rules in10.22.2.4 if
there is more than one frame pending in the primary AC for which the channel has been acquired. However,
those frames that are pending in other ACs shall not be transmitted in this EDCA TXOP@x¢épt when sent in
a VHT or S1G MU PPDU with TXVECTOR parameter NUM_USERS > 1 and if allowed by the rules in
10.22.2.6. If a TXOP holder has in its transmit queue an additional frame of the ptimaty AC as the duration
of transmission of that frame plus any expected acknowledgment for that frame js’less than the remaining
TXNAYV timer value, then the STA TXOP holder may commence transmission of that frame a SIFS (or a
RIFS, if the conditions defined in 10.3.2.3.2 are met) after the completion of the immediately preceding
frame exchange sequence, subject to the TXOP limit restriction as deSetibed in 10.22.2.8. A STA shall not
commence the transmission of an RTS frame with a bandwidth signaling TA until at least PIFS time after
the immediately preceding frame exchange sequence. A CMMG.STA shall not commence the transmission
of an RTS frame until at least PIFS time after the 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 plusany expected BlockAck response is less than the
remaining TXNAYV timer value. An S1G STA that §9avIXOP 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
(NDP) BlockAck frame response is less than the\remaining TXNAYV timer value.

NOTE 1—PIFS is used by a VHT STA to pérform CCA in the secondary 20 MHz, 40 MHz, and 80 MHz channels
before receiving RTS (see 10.3.2).

NOTE 2—An RD responder can transthit multiple MPDUs as described in 10.28.4.

NOTE 3—Within a BDT, STAs can transmit multiple MPDUs as described in 10.46.

NOTE 4—A PIFS interval iswrequired to be present preceding an RTS transmission by a CMMG STA in order to allow a

recipient of the RTS to pérform CCA in the secondary 540 MHz channels to determine the appropriate response to the
RTS.

Insert the following subclause, 10.22.2.12 (including Table 10-12a), after 10.22.2.11.2:

10.22(2:12 EDCA channel access in a CMMG BSS

If the MAC receives a PHY-CCA.indication primitive with the channel-list parameter present, the channels
considered idle are defined in Table 10-12a.

Table 10-12a—Channels indicated idle by the channel-list parameter

PHY-CCA.indication channel-list element Idle channel
Primary None
Secondary Primary 540 MHz
113
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In the following description, the CCA is sampled according to the timing relationships defined in 10.3.7.
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 10.22.2.3) 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 1080 MHz mask PPDU if the secondary 540 MHz channel is idle during an interval of
PIFS immediately preceding the start of the TXOP.

b) Transmit a 540 MHz mask PPDU on the primary 540 MHz channel.

¢) Restart the channel access attempt by invoking the backoff procedure as specified in 40.22.2 as
though the medium is busy on the primary channel as indicated by either physical or virtual CS and
the backoff timer has a value of 0.

NOTE 1—In the case of rule c), the STA selects a new random number using the current value of CW[AC], and the retry
counters are not updated (as described in 10.22.2.5; backoff procedure invoked for event a)).

NOTE 2—For CMMG STAs, an EDCA TXOP is obtained based on activity on the primapy‘ehannel (see 10.22.2.3). The
width of transmission is determined by the CCA status of the non-primary channels-duting the PIFS interval before
transmission (see 10.22.2.4).

10.30 Sounding PPDUs

Change the first paragraph of 10.30 as follows:

The behavior described in this subclause is specificte<the use of the HT variant HT Control field_and
CMMG Control field.

Change the third paragraph through the fifth>paragraph of 10.30 as follows:

A STA transmits sounding PPDUs when it.operates in the following roles:
— MFB requester (see 10.31.2 and*10.31.4)

— HT beamformee responding to a training request, calibration initiator, or responder involved in
implicit transmit beamforming (see 10.32.2.2, 10.32.2.3, and 10.32.2.4)

— HT beamformer inyolved in explicit transmit beamforming (see 10.32.3)
— ASEL transmitteryand ASEL sounding-capable transmitter involved in ASEL (see 10.33.2)
— CMMG beamformer involved in explicit transmit beamforming (see 10.32.5

A STA receives-Sounding PPDUs when it operates in the following roles:
— MFBrresponder (see 10.31.2_and 10.31.4)

—\_HT beamformer sending a training request, calibration initiator, or responder involved in implicit
transmit beamforming (see 10.32.2.2, 10.32.2.3, and 10.32.2.4)

“— HT beamformee involved in explicit transmit beamforming (see 10.32.3)
— Transmit ASEL responder and ASEL receiver involved in ASEL (see 10.33.2)

— CMMG beamformee involved in explicit transmit beamforming (see 10.32.5

When transmitting a sounding PPDU, the transmitting STA follows the rules stated below to determine the

maximum number of space-time streams for which channel coetficients can be simultaneously estimated:
— When transmitting a sounding PPDU that
—  Contains a +tHTC frame with the MRQ subfield equal to 1, or
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— Is sent as a response to a +HTC frame with 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,

— Is sent by a CMMG beamformer involved in explicit transmit beamforming

10.31 Link adaptation

Insert the following subclause, 10.31.4, after 10.31.3:

10.31.4 Link adaptation using the CMMG Control field

The behavior described in this subclause is specific to the CMMG Control field.

A STA that supports link adaptation using the CMMG Control field shall set the CMMG Link Adaptation
Capable subfield in the CMMG Capabilities Info field of the CMMG Capabilities element to Unsolicited or
Both, depending on its specific link adaptation feedback capability. A STA,shall not send an MRQ to STAs
that have not set the CMMG Link Adaptation Capable subfield to Bothdivthe CMMG Capabilities Info field
of the CMMG Capabilities element. A STA whose most recently transmitted MCS Feedback field of the
CMMG Extended capabilities field of the CMMG Capabilities €leriient is equal to Unsolicited or Both may
transmit unsolicited MFB in any frame that contains a CMM@ Control field.

The MFB requester may set the MRQ field to 1 in the.€MMG Control field of a frame to request a STA to
provide link adaptation feedback. In each request th¢ 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 onh.the settings in the Unsolicited MFB and STBC fields (see
9.2.4.6a). The choice of MSI value is implemetifation dependent.

NOTE—The MFB requester might use the MSI subfield as an MRQ sequence number, or it might implement any other
encoding of the field.

The appearance of more than one instance of a CMMG 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.

In OFDM transmission the-number of MCTFs sent in the sounding PPDU or in the NDP is determined by
the total number of spatial dimensions to be sounded, including any extra spatial dimensions beyond those
used by the data portion of the frame.

On receipt ¢f a*=CMMG Control field with the MRQ subfield equal to 1, an MFB responder computes the
CMMG-MCS, NUM_STS, and SNR estimates based on the PPDU carrying the MRQ or, in the case of a
CMMG-with the NDP Announcement subfield set to 1 carrying the MRQ, based on the subsequent CMMG
NDE-The MFB responder labels the result of this computation with the MSI value from the CMMG Control
field in the received frame carrying the MRQ. The MFB responder may include the received MSI value in
the MFSI field of the corresponding 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 CMMG Control
field to 0.

The MFB responder may send a solicited response frame with any of the following combinations of CMMG
MCS, NUM_STS, and MFSI:
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— CMMG-MCS =31, NUM_STS = 3 in the MFB subfield, MFSI = 7: no information is provided for
the immediately preceding request or for any other pending request. This combination is used when
the responder is required to include a CMMG Control field due to other protocols that use this field

(e g the reverse direction protacol) and when no MFR is available Tt has no effect on the statns of
any pending MRQ.

— CMMG-MCS =31, NUM_STS = 3 in the MFB subfield, MFSI in the range 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.

— CMMG-MCS = valid value, NUM_STS = valid value in the MFB subfield, MFSI in the range 0 to 6:
the responder is providing feedback for the request that had the MSI value that matches the MEST
value.

An MFB responder that discards or abandons the MFB estimates computed in response to an-MRQ may
indicate that it has done so by setting the CMMG-MCS to 31 and NUM_STS to 3 in the MFBrsubfield in the
next frame addressed to the MFB requester that includes the CMMG Control field. The valu¢ of the MFSI is
set to the value of the MSI/STBC subfield of the frame that contains an MRQ for whichythe computation was
abandoned, regardless of whether the MSI/STBC subfield contains an MSI or a Comipressed MSI and STBC
Indication subfields.

The STA receiving MFB may use the received MFB to compute the appropridte CMMG-MCS, SNR, BW,
and NUM_STS.

When computing the MCS estimate for an MFB requester whose Tx MCS Set Defined field is equal to 1, the
number of spatial streams corresponding to the recommended"MES shall not exceed the limit indicated by
the Tx Maximum Number Spatial Streams Supported field.

Hardware and buffer capability may limit the number‘of)MCS estimate computations that a MFB responder
is capable of computing simultaneously. When.a“new MRQ is received either from a different MFB
requester or from the same MFB requester with a different MSI value and when the MFB responder is not
able to complete the computation for MRQ, then the MFB responder may either discard the new request or
abandon an existing request in order to injtiateé computation for the new MRQ.

A STA sending unsolicited MFB feédback using the CMMG Control field shall set the Unsolicited MFB
subfield to 1.

Unsolicited CMMG-MCS, NUM_STS, BW, and SNR estimates reported in the MFB subfield of a CMMG
Control field sent by a, STA are computed based on the most recent PPDU received by the STA that matches
the description indicated’by the STBC Indication and FB Tx Type fields in the same CMMG Control field.

In an unsolicitedyMFB response the STBC Indication, FB Tx Type, and BW fields are set according to the
RXVECTOR parameters of the received PPDU from which the CMMG-MCS, SNR, BW, and NUM_STS
are estinfated, as follows:

—\_The STBC Indication field is set to 1 if the parameter STBC is equal to 1 and set to 0 if the parameter
STBC 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 the
parameter BEAMFORMED is 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 CMMG NDP Announcement frame, the

MEFB is computed based on RXVECTOR parameters CH BANDWIDTH, NUM_STS, 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 the CMMG Control field
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shall be set to an equal or smaller value than the RXVECTOR parameter NUM_STS of the received PPDU
that triggered the MRQ.

If the MFR isin the same PPDIT as a CMMG Compressed Beamforming frame the MFR responder should

estimate the recommended MFB under the assumption that the MFB requester uses the steering matrices
contained therein.

If the MFB is in the same MPDU as a CMMG Compressed Beamforming frame, the MFB responder shall
estimate the recommended MFB under the assumption that the beamformer uses the steering matrices
contained therein. In this case the value of the NUM_STS field in the MFB subfield of the CMMG Contzol
field shall be the same as the value of the Nc Index field in the CMMG MIMO Control field of the CMMG
Compressed Beamforming frame; and, if the MFB is unsolicited, the FB Tx Type shall be set\to O.
Additionally, MFB estimate shall be based on the bandwidth indicated by the Channel Width subfigld of the
CMMG MIMO Control field of the CMMG Compressed Beamforming frame. In this case the SNR and BW
subfields are reserved and set to 0.

If an unsolicited MFB is not in the same MPDU as a CMMG Compressed Beamforming frame, the
NUM_STS subfield of the MFB subfield of the CMMG Control field shall beset t0 an equal or smaller
value than the RXVECTOR parameter NUM_STS of the received PPDU fromi which the MFB parameters
are estimated.

After the MFB estimate computation is completed, the MFB respondef.should include the MFB in the MFB
field in the next transmission of a frame addressed to the MFB requéster that includes a CMMG Control
field. When the MFB requester sets the MRQ subfield to 1 and setsthe MSI subfield to a value that matches
the MSI subfield value of a previous request for which thetesponder has not yet provided feedback, the
responder shall discard or abandon the computation for the MRQ that corresponds to the previous use of that
MSI subfield value.

A STA may respond immediately to a current request for MFB with a frame containing an MFSI field value
and MFB field value that correspond to a request-that precedes the current request.

NOTE 1—If a CMMG STA includes the CMMG Control field in the initial frame of an immediate response exchange
and the responding CMMG STA includes the*CMMG Control field in the immediate response frame, the immediate
response exchange effectively permits the-exchange of the CMMG Control field elements.

NOTE 2—If an MRQ is included in-the last PPDU in a TXOP and there is not enough time for a response, the recipient
might transmit the response MFB ina subsequent TXOP.

NOTE 3—Bidirectional pequest/responses are supported. In this case, a STA acts as the MFB requester for one direction
of a duplex link and a MFB“responder for the other direction and transmits both MRQ and MFB in the same CMMG data
frame.

Insert the following subclause, 10.31a, after 10.31.4:

10.31a’'CMMG beamforming

A'CMMG STA may use beamforming transmission to achieve diversity gain with directional beamforming
or the spatial multiplex gain with transmit beamforming.

— Directional beamforming (BF) that does not use an omnidirectional antenna pattern or quasi-omni
antenna pattern is a mechanism that is used by a pair of STAs to achieve the necessary link budget
for subsequent communication. Directional BF training is a bidirectional sequence of BF frame

transmissions that uses sector sweep. and prnviﬂpc the necessary signaling to allow each STA to
o] <]

determine appropriate antenna system settings for both transmission and reception. CMMG STAs
shall follow the same beamforming training rules defined in 10.38. BF frame transmitted by a
CMMG STA is contained in CMMG PPDU.
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— Transmit beamforming (see 10.32) that use an omnidirectional antenna pattern or quasi-omni
antenna pattern.

T0.92 Transmit beamrorming
10.32.1 HT steering matrix calculations
Insert the following paragraphs at the end of 10.32.1:

In order for a CMMG beamformer to calculate an appropriate steering matrix for transmit spatial processing
when transmitting to a specific CMMG beamformee, the CMMG beamformer needs to have an agcurate
estimate of the channel over which it is transmitting. The method of calculation for CMMG beaniformer
based on explicit feedback is defined as follows:

—  When using explicit feedback, the CMMG beamformee makes a direct estimate of the'channel from
training symbols sent to the CMMG beamformee by the CMMG beamformer. The CMMG
beamformee may prepare CSI or steering feedback based on an observation~of these training
symbols. The CMMG beamformee quantizes the feedback and sends it to-the-CMMG beamformer.
The CMMG beamformer can use the feedback as the basis for determining\tfansmit steering vectors.
See 10.32.5.

A CMMG STA shall not transmit a PPDU with the TXVECTOR EXRPANSION MAT parameter present if
dot11BeamFormingOptionActivated is false.

Insert the following subclause, 10.32.5 (including Table 10<18d and Table 10-18b), after 10.32.4:
10.32.5 Explicit feedback beamforming for CMMG STAs

The procedures in this subclause apply to CMMG\PPDUs for which the CMMG Control field, if present, is
the CMMG Control field.

In this subclause, the terms CMMG beaniformer and CMMG beamformee refer to STAs that are involved in
explicit feedback beamforming.

A CMMG beamformer uses the feedback response that it receives from the CMMG beamformee to calculate
a beamforming feedback matrix for transmit beamforming. This feedback response has the following
format:

—  Compressed beamforming: The CMMG beamformee sends compressed beamforming feedback
matrices to.the CMMG beamformer.

The supported formats shall be advertised in the beamformee’s CMMG Capabilities element.

NOTE—An)HT and CMMG beamformer might discard the feedback response if the TSF time when the PHY-
CCA.ifndication(IDLE) primitive corresponding to the feedback response frame’s arrival minus the value from the
Soufiding Timestamp field in the feedback response frame is greater than the coherence time interval of the propagation
chantrel.

A CMMG beamformee’s responding capabilities shall be advertised in CMMG Capabilities elements
contained in DMG Beacon, Probe Request, Probe Response, Association Request, Association Response,
Action, and Action No Ack frames that are transmitted by the CMMG beamformee. Devices that are capable
of acting as a CMMG beamformee shall advertise one of the following response capabilities in the Explicit
Compressed Beamforming Feedback Capable subfield of the Transmit Beamforming Capability field:

— Immediate: The CMMG beamformee is capable of sending a feedback response an SIFS after
receiving a sounding PPDU and/or is capable of sending a feedback response aggregated in a PPDU
that contains a MAC response within the CMMG beamformer’s TXOP.
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— Delayed: The CMMG beamformee is not capable of sending the feedback response within the
CMMG beamformer’s TXOP, but it is capable of sending the feedback response in a TXOP that it
obtains.

FalWa W rall) £ .

frmmredtate—and—Petayed—The—EVIMGbeamformee—ts—capable—of-sending—a—feedbackresponse—an
SIFS after receiving a sounding PPDU, sending a feedback response aggregated in a PPDU that
contains a MAC response within the CMMG beamformer’s TXOP, or sending the feedback response
in a TXOP that it obtains.

The sounding frame types supported by the CMMG beamformee, staggered and/or NDP, are advertised in
the CMMG Capabilities element in frames that are transmitted by the CMMG beamformee.

A STA that sets Explicit Compressed Beamforming Feedback Capable fields to 1 shall transmit-explicit
feedback based on the receipt of a sounding PPDU in which the CSI/Steering subfield has a nonzero value.
This requirement is independent of the values of the Receive Staggered Sounding Capable and'the Receive
NDP Capable fields.

A CMMG beamformer shall set the SOUNDING parameter of the TXVECTOR(1e-SOUNDING in the
PHY-TXSTART.request primitive corresponding to each packet that is used for sounding.

A CMMG beamformer shall set the response type format indicated in the\€SI/Steering subfield of the
CMMG Control field of any sounding frame excluding the NDP and of any'PPDU with the NDP Sounding
Announcement field equal to 1 to the value of the type Compressed Bedmiforming.

The receipt of a PHY-RXSTART.indication primitive with the RXVECTOR SOUNDING parameter value
equal to SOUNDING indicates a sounding packet. A non-NDP' request for feedback is a sounding PPDU
that contains a nonzero value of the CSI/Steering subfield‘and that has the NDP Announcement subfield
equal to 0.

An NDP request for feedback is the combination®of a CMMG MPDU that contains a nonzero value of the
CSI/Steering subfield and that has the NDP Announcement subfield equal to 1 and the NDP that follows.

A CMMG beamformee that transmits, a~feedback frame in response to a sounding PPDU sent by a
beamformer shall transmit a Compregsed Beamforming frame.

The CMMG beamformee decides on any tone grouping to be used in the explicit beamforming feedback.
The value selected shall bela value supported by the CMMG beamformer as indicated in the Minimal
Grouping subfield of the.€MMG beamformer’s CMMG Capabilities element.

A CMMG beamformee that sets the Explicit Compressed Feedback Capable field of its CMMG Capabilities
element to either 2 or 3 shall transmit explicit compressed beamforming feedback after SIFS or later in the
beamformer’s FXOP as a response to a non-NDP request for feedback in a frame that is appropriate for the
current frame exchange sequence following Table 10-18a.

Table 10-18a—Rules for CMMG beamformee immediate feedback transmission
responding to non-NDP sounding

Type of response Rule

CTS response If the transmission of a CTS is required in response to the non-NDP request for
feedback, the transmission of the feedback response frame shall be delayed until the

CMMG beamformee’s next transmission within the TXOP. This feedback response
frame may be aggregated in an A-MPDU with an Ack or BlockAck frame.
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Table 10-18a—Rules for CMMG beamformee immediate feedback transmission
responding to non-NDP sounding (continued)

Type of response Rule
Acknowledgment If the transmission of an Ack or BlockAck frame is required in response to the non-
response NDP request for feedback, both the feedback response frame and the control response

frame may be aggregated in an A-MPDU.

No control response If the transmission of a control response frame is not required in response to the non-
NDP request for feedback, the feedback response frame shall be sent an SIFS after the
reception of the sounding PPDU containing the request for feedback.

Later aggregation of If the immediate-feedback-capable CMMG beamformee cannot transmit an
feedback and aggregated or immediate CSI/Steering response in an SIFS after the end of the
acknowledgment received sounding packet and the CMMG beamformee is subsequently required to

transmit an Ack or BlockAck frame in the same TXOP, it may transmit,the feedback
response in an A-MPDU with the Ack or BlockAck frame.

A CMMG beamformee that sets the Explicit Compressed Beamforming Feedback Capable field of its
CMMG Capabilities element to either 2 or 3 shall transmit the explicit comptesséd beamforming feedback
after SIFS or later in the CMMG beamformer’s TXOP as a response to an "WNDP request for feedback in a
frame that is appropriate for the current frame exchange sequence following Table 10-18b.

Table 10-18b—Rules for CMMG beamformee immediate feedback transmission
responding to NDP sounding

Type of response Rule

Control response If the transmission of a.eontrol response frame is required in response to the NDP
request for feedback,the control response frame is transmitted an SIFS after reception
of the PPDU that'¢licited the control response, and the feedback response frame may
be transmitted‘an SIFS after the reception of the NDP.

— If the feedback response frame is not transmitted an SIFS after the reception of
the NDP and the CMMG beamformee is subsequently required to transmit anAck
or-BlockAck frame in the same TXOP, then the feedback response may be
aggregated with the Ack or BlockAck frame.

— If the feedback response frame is not transmitted an SIFS after the reception of
the NDP and is not transmitted with an aggregated Ack or BlockAck frame in the
same TXOP, then the feedback response frame is delayed until the CMMG
beamformee’s next transmission within the TXOP.

No control response If the transmission of a control response frame is not required in response to the NDP
request for feedback, the feedback response frame may be sent an SIFS after the
reception of the NDP.

— If the feedback response frame is not transmitted an SIFS after the reception of
the NDP and the CMMG beamformee is subsequently required to transmit an
Ack or BlockAck frame in the same TXOP, then the feedback response may be
aggregated with the Ack or BlockAck frame.

— If the feedback response frame is not transmitted an SIFS after the reception of
the NDP and is not transmitted with an aggregated Ack or BlockAck frame in the
same TXOP, then the feedback response frame is delayed until the CMMG
beamformee’s next transmission within the TXOP.

When tiie CMMG beamformee Sets the EXpIicit Compressed Beamforming Feedpack Capabie fietd of 1ts
CMMG Capabilities element to either 2 or 3 and the CMMG beamformer has transmitted an NDP or an
non-NDP explicit compressed beamforming feedback request in a frame that does not require immediate

120
Copyright © 2018 IEEE. All rights reserved.



https://standardsiso.com/api/?name=f253c1254c61c2ae3182dd321aad0758

ISO/IEC/IEEE 8802-11:2018/Amd.3:2020(E)

IEEE Std 802.11aj-2018
|EEE Standard for Information technology—Local and metropolitan area networks—Specific requirements—
Part 11: Wireless LAN MAC and PHY Specifications—Amendment 3: Enhancements for Very High Throughput to
Support Chinese Millimeter Wave Frequency Bands (60 GHz and 45 GHz)

control response, the CMMG beamformer shall not transmit the next packet to the beamformee until PIFS
after transmitting the sounding request.

for feedback.

NOTE—Error recovery in a TXOP is not affected by sounding. A beamformer that is a TXOP holder and that fails to
receive an expected response to a sounding PPDU can continue transmission as specified in 10.22.2.4.

A CMMG beamformee transmitting a feedback response after SIFS or later in the beamformer’s TXOP shall
use an Action No Ack frame defined in 9.3.3.15.

A CMMG beamformee transmitting delayed feedback response shall use an Action frame to send this
information within a separate TXOP.

If necessary, the Compressed Beamforming Report field may be split into up to 8 frames. Fhe length of each
segment shall be equal number of octets for all segments except the last, which may be §maller.

NOTE—A STA that has been granted an RDG can act as a CMMG beamformer during the RDG time period, provided
that the RD rules are obeyed.

A CMMG beamformee that advertises itself as delayed-feedback-capable\shall not transmit an immediate
feedback response unless it also advertises itself as immediate-feedback-capable.

An explicit feedback request may be combined with an MRQ. (If)the response contains a beamforming
feedback matrix, the returned MCS shall be derived from the.sdihe information that was used to generate
this particular beamforming feedback matrix. If the response contains channel coefficients, the returned
MCS shall be derived from an analysis of the sounding’ frame that was used to generate the channel
coefficients. The MFB field set to 127 (meaning no feédback) may be used when the CMMG beamformee is
unable to generate the MCS in time for inclusion in¢the response transmission frame. A CSI-capable STA
may be incapable of generating MFB.

Explicit feedback shall be calculated only-frem a sounding PPDU.
A CMMG beamformee that transmits>a*feedback frame of type Compressed Beamforming in response to a
sounding PPDU sent by a CMMG.beamformer shall set the value of N, in the MIMO Control field of the

feedback frame to be the samecvalue as the number of streams in the sounding PPDU.

Insert the following subclause, 10.34a, after 10.34.7:

10.34a Null data packet (NDP) sounding for CMMG STAs
10.34a.1.NDP rules

Sounding may be accomplished using CMMG NDP, as described in 25.6.8.14. The MAC rules associated
with-sounding using CMMG NDP are described in 10.34a.1 and 10.34a.2.

A CMMG STA that has set the Receive NDP Capable field of its CMMG Capabilities element to 1 during
association processes a CMMG NDP as a sounding packet if the destination of the sounding packet is
determined to match itself and if the source of the sounding packet can be ascertained.

An RXVECTOR [LENGTH parameter equal to 0 indicates that the PPDIJ is a CMMG NDP

A STA that is a TXOP holder or an RD responder shall not set both the CMMG NDP Announcement and
RDG/More PPDU subfields to 1 simultaneously.
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An NDP sequence contains at least one CMMG NDP and at least one PPDU that is not an NDP. Only one
PPDU in the NDP sequence may contain a CMMG NDP announcement. An NDP sequence begins with a
CMMG NDP announcement. The NDP sequence ends at the end of the transmission of the last CMMG
NDP that is announced by the CMMG NDP announcement A STA that transmits the first PPDIUT of an NDP.

sequence is the NDP sequence owner. In the NDP sequence, only PPDUs carrying CMMG NDP and PPDUs
carrying single MPDU Control frames may follow the NDP sequence’s starting PPDU.

A STA shall transmit only one CMMG NDP per NDP announcement. Each PPDU in an NDP sequence shall
start a SIFS after end of the previous PPDU.

NOTE—A CTS frame cannot be used for CMMG 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 additional CMMG NDP-and
SIFS. Also, if the CTS frame were the first frame of an NDP sequence, it would not be possible to determine the
destination address of the CMMG NDP.

A STA shall transmit a CMMG NDP as follows:

a) A SIFS after sending a PPDU that is a CMMG NDP announcement and that does not contain an
MPDU that requires an immediate response.

b) A SIFS after successfully receiving a correctly formed and addressed immediate response to a
PPDU that is a CMMG NDP announcement and that contains an MPDW that requires an immediate
response.

This rule enables the NDP receiver to know that it receives a CMMGNDP and can determine the source and
destination of the CMMG NDP. It enables the receiver and transmitter to know when the immediate
response and CMMG NDP are transmitted relative to the frame containing the CMMG NDP announcement
indication.

A STA that has transmitted a CMMG NDP announcement in a frame that requires an immediate response
and that does not receive the expected response shallterminate the NDP sequence at that point (i.e., the STA
does not transmit a CMMG NDP in the current NDP sequence).

Feedback information generated from the~teception of a CMMG NDP is transmitted using any of the
feedback rules and signaling as appropriate; e.g., immediate or delayed.

10.34a.2 Transmission of a CMMG NDP

A STA that transmits a CMMG NDP shall set the LENGTH, SOUNDING, NSS, and STBC parameters of
the TXVECTOR as specified in this subclause.

— LENGTH shall'be set to 0.

— SOUNDING: shall be set to SOUNDING.
— STBE shall be set to 0.

— NSSindicates two or more spatial streams.

Thémnymber of spatial streams sounded is indicated by the NSS parameter of the TXVECTOR and shall not
éxceed 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 CMMG NDP.

10.34a.3 Determination of CMMG NDP destination

The destination of a CMMG NDP is determined at the NDP receiver by examining the CMMG NDP

announcement as ToIIOwWS?

—  The destination of the first CMMG NDP in the NDP sequence is equal to the RA of any MPDU
within the CMMG NDP announcement.
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— If Calibration Position subfield is equal to 1 in the CMMG NDP announcement at the NDP receiver,
the destination of the second CMMG NDP is equal to the TA of that frame. Otherwise, the
destination of the second and any subsequent CMMG NDPs is equal to the destination of the

perimm CMMGNDP
10.34a.4 Determination of CMMG NDP source

The source of a CMMG NDP is determined at the NDP receiver by examining the NDP sequences’s starting
PPDU as follows:

— If any MPDU within the CMMG NDP announcement contains two or more addresses, the source ‘0f-
the first CMMG NDP is equal to the TA of that frame.

—  Otherwise (i.e., the CMMG NDP announcement contains one address), the source of(the first
CMMG NDP is equal to the RA of the MPDU to which the CMMG NDP announcement is a
response.

If the Calibration Position subfield is equal to 1 in an MPDU in the CMMG NDP anneuncement, the source
of the second CMMG NDP is equal to the RA of that MPDU. Otherwise, the sourceof the second and any
subsequent CMMG NDPs is equal to the source of the previous NDP.

Change the title of 10.36 as follows:

10.36 DMG and CMMG channel access
10.36.1 General
Change the text of 10.36.1 as follows:

Channel access by a DMG STA is related to beacon interval timing and is coordinated using a schedule. A
DMG STA operating as an AP or PCP generates the schedule and communicates it to STAs using DMG
Beacon and Announce frames. A non-PCRPUSTA that is a non-AP STA and that receives scheduling
information accesses the medium during the scheduled periods using the access rules specific to that period.
Medium access rules to establish a BSSiare defined in 10.37 and 11.1.4. CMMG STAs follow the same rules

of DMG channel access except the Specific modification for CMMG STAs as described in 10.36.

10.36.2 Access periods.within a beacon interval
Change the first paragraph of 10.36.2 as follows:

Medium time within a DMG or CMMG BSS is divided into beacon intervals. Subdivisions within the
beacon intepval-are called access periods. Different access periods within a beacon interval have different
access rules., The access periods are described in a schedule that is communicated by the AP or PCP to the
non-P€Prand non-AP STAs within the BSS. The schedule communicated by the AP or PCP can include the
followifig access periods:

—— BTI: For DMG STAs, it is an access period during which one or more DMG Beacon frames is
transmitted. Not all DMG Beacon frames are detectable by all non-PCP and non-AP STAs (see
10.38.4). For CMMG STAs, it is an access period during which one or more DMG Beacon frames
are transmitted at least in the primary 540 MHz channel. Not all DMG Beacon frames are detectable
by all non-PCP and non-AP STAs. Not all beacon intervals contain a BTI. A non-PCP STA that is a
non-AP STA shall not transmit during the BTI of the BSS of which it is a member.
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Insert the following paragraphs and Figure 10-54a after Figure 10-54:

For a 1080 MHz CMMG BSS, the DTI can comprise contention-based access periods (CBAPs) and

schednled service periods (SPs) and the bandwidth of the allocation in the DTI can he 540 MHz and
1080 MHz.

Figure 10-54a illustrates an example of access periods within a beacon interval for a 1080 MHz CMMG
BSS, comprising a BHI, that may contain BTI, A-BFT, and ATI, and two 540 MHz CBAPs and SPs within
the DTT and one 1080 MHz CBAPs and SPs within the DTI. Any combination in the number and order of
SPs and CBAPs can be present in the DTI. For a CMMG BSS, the BHI shall be sent on the primagry
540 MHz channel and can be sent on the 1080 MHz channel with duplicate format.

< BI
«——BHI >< DTI >
BTI, A-BFT, ATI CBAP2 SP2
CBAP1 SP1
BTI, A-BFT, ATI CBAP3 SP3

Figure 10-54a—Example of access periods within.a Bl for CMMG STAs

10.36.3 ATI transmission rules

Change the fourth paragraph of 10.36.3 as follows:

For DMG STAs, Bduring each ATI the AP or PCR shall schedule transmissions to a non-AP and non-PCP
STA if the non-AP and non-PCP STA Heartbéat'field in the STA’s DMG Capabilities element within the
Association Request frame of the last successful association attempt is 1. If the non-AP and non-PCP STA
does not respond to the frame transmitted-by the AP or PCP, the AP or PCP shall use the DMG Control
modulation class (10.7.7.1) at its next~transmission attempt to the non-AP and non-PCP STA. The AP or
PCP shall use the DMG Control modulation class for all subsequent transmissions to the non-AP and non-
PCP STA until it receives a validyframe from the non-AP and non-PCP STA STA.

Insert the following paragraph after the fourth paragraph of 10.36.3:

For CMMG STAs;, during each ATI the AP or PCP shall schedule transmissions to a non-AP and non-PCP
STA if the non-AP*and non-PCP STA Heartbeat field in the STA’s CMMG Capabilities element within the
Association/Request frame of the last successful association attempt is 1 and the non-AP and non-PCP STA
is in the Awake state. If the non-AP and non-PCP STA does not respond to the frame transmitted by the AP
or PCP;.the AP or PCP shall use the CMMG Control modulation class (10.7.7a.1) at its next transmission
attempt to the non-AP and non-PCP STA. The AP or PCP shall use the CMMG Control modulation class for
all stbsequent transmissions to the non-AP and non-PCP STA until it receives a valid frame from the non-
AP and non-PCP STA.

Insert the following paragraph at the end of 10.36.3:

For CMMG STAs, the bandwidth of a response frame transmitted during the ATI shall be set to the same as

Praielaz ivadragiract—fiaraa
ProVIOtS Ty TOCCH CaTOquosSTHancs
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10.36.4 DTI transmission rules

Change the first three paragraphs of 10.36.4 as follows:

During the DTI, a STA may initiate a frame exchange (following the DMG channel access rules_for DMG

STAs and following the CMMG channel access rules for CMMG STAs) if any of the following conditions
are met:
a) During a CBAP for which the STA is identified or included as source or destination (10.36.6.3,
10.36.7, and 10.36.8)

b) During an SP for which the STA is identified as source or destination (10.36.6.2 and 10.36.7)

and shall not initiate a frame exchange if none of these conditions are met. A STA initiating dat4 transfer
shall check that the transaction, including acknowledgments, completes before the end of the CBAP/or SP in
which it was initiated. Also, a CMMG STA initiating data transfer shall use a bandwidth noHarger than the
allocated channel bandwidth of the CBAP or SP in which it was initiated.

When the entire DTT is allocated to CBAP (that is, the CBAP Only field is 1 in the-DMG Parameters field
for DMG STAs, or the CBAP Only field is 1 in the CMMG Parameters field fofhCMMG STAs). for DMG
STAs the ATI Present field within the DMG Beacon frame containing the DMG‘Parameters field shall be set

to 0, and for CMMG STAs the ATI Present field within the DMG Beacon. frame containing the CMMG
Parameters field shall be set to 0.

A DMG or CMMG STA shall be capable of processing Grant frames. A non-AP and non-PCP DMG or
CMMG STA shall be capable of processing Poll frames and the Extended Schedule element. An AP or PCP
shall be capable of processing the SPR frames transmitted by-asnon-AP and non-PCP STA and responding to
an SPR frame with a Grant frame.

10.36.5 Contention based access period (CBAP) transmission rules
Change the seventh paragraph of 10.36.5 as-follows:

At the beginning of a TXOP with a TXOP responder that has the Heartbeat field in the TXOP responder’s
DMG Capabilities element equal to @;for DMG STAs or has the Heartbeat field in the TXOP responder’s
CMMG Capabilities element equalkto 1 for CMMG STAs, the following rules apply:

— For DMG STAs, Tthe"TXOP holder shall transmit a frame to the TXOP responder using the DMG
Control modulation;class before it uses any other modulation class for transmission if the time
elapsed since (thevlast frame received from the TXOP responder is larger than or equal to the
Heartbeat Elapsed Time value computed using the Heartbeat Elapsed Indication field within the
TXOP responder’s DMG Capabilities element.

— For BMG STAs, Fthe TXOP holder may transmit a frame using a modulation class other than the
DMG~Control modulation class at the start of the TXOP if the time elapsed since the last frame
received from the TXOP responder is shorter than the heartbeat elapsed time value computed using
the Heartbeat Elapsed Indication field within the TXOP responder’s DMG Capabilities element.

—+ For CMMG STAs, the TXOP holder shall transmit a frame to the TXOP responder using the

CMMG Control modulation class before it uses any other modulation class for transmission if the
time elapsed since the last frame received from the TXOP responder is larger than or equal to the

Heartbeat Elapsed Time value computed using the Heartbeat Elapsed Indication field within the
TXOP responder’s CMMG Capabilities element.

— For CMMG STAs, the TXOP holder may transmit a frame using a modulation class other than the

CMMG Control modulation class at the start of the TXOP if the time elapsed since the last frame
received from the TXOP responder is shorter than the Heartbeat Elapsed Time value computed
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using the Heartbeat Elapsed Indication field within the TXOP responder’s CMMG Capabilities
element.

10.36.6 Channel access in scheduled DTI

10.36.6.1 General

Insert the following paragraph after the seventh paragraph (“The end of the ith individual ...."”) of
10.36.6.1:

For CMMG STAs, an SP or CBAP allocation within an Extended Schedule element may be a 540 MHz
allocation or a 1080 MHz allocation; the channel and bandwidth of the SP or CBAP allocation are indicated
in the Extended Schedule element.

10.36.6.2 Service period (SP) allocation
Insert the following paragraph after the second paragraph (“An SP is assigned ....”)0f 10.36.6.2:

An SP is assigned to the source CMMG STA identified in the Source AID subfield in an Allocation field
that is not an obsolete allocation within the Extended Schedule element,.The source CMMG STA shall
initiate the frame exchange sequence that takes place during the SP at thie start of the SP, except when the
source CMMG STA intends to establish a CMMG protected period<n which case the rules described in
10.36.6.6 shall be followed before the source CMMG STA initiates,the frame exchange in the SP. The SP
allocation identifies the TC or TS for which the allocation is madéshowever, the type of traffic transmitted is
not restricted to the specified TC or TS (11.4.1).

Insert the following paragraph after the now sixth paragraph (“At the beginning of an SP (except ....”) of
10.36.6.2:

At the beginning of an SP in a CMMG band,*€x¢ept when the source CMMG STA intends to establish a
CMMG protected period (see 10.36.6.6) befote the source CMMG STA initiates the frame exchange in the
SP, a source CMMG STA shall transmit a.frame to the destination CMMG STA using the CMMG Control
modulation class before it uses any other modulation class for transmission if the Heartbeat field in the
destination CMMG STA’s CMMG, €apabilities element is 1. The frame sent by the source STA may be an
RTS frame or a DMG CTS-to-self frame. The frame sent by the source STA may be an SSW frame or a BRP
packet if the source STA is.performing beamforming (10.7.7a.5).

Insert the following paragraph after the now eighth paragraph (“At the beginning of an SP, an ....”) of
10.36.6.2:

At the beginning of an SP, a destination CMMG STA shall transmit a frame to the source CMMG STA
using the-CMMG Control modulation class before it uses any other modulation for transmission if the
Heartbeat-field in the source CMMG STA’s CMMG Capabilities element is 1 and the frame sent by the
destination CMMG STA is the unsolicited DMG DTS as first frame in the SP of the STA performing
CMMG protected period.

Change the title of 10.36.6.6 as follows:

10.36.6.6 DMG and CMMG protected period

10.36 .6 6.1 Introduction

Insert the following paragraph after the first paragraph (“Communicating ....”) of 10.36.6.6.1:
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In the CMMG protected period that has 540 MHz or 1080 MHz bandwidth, the STA can use dynamic
bandwidth operation to negotiate a bandwidth that can be used in this SP.

Insert the following paragraph after the now fourth paragraph (“Both the source ...”) of 10.36.6. 6 1:

A CMMG protected period can use the dynamic bandwidth operation during an SP if the bandwidth of the
SP that indicated in the Extended Schedule element is 1080 MHz.

Insert the following paragraph after the now sixth paragraph (“A DMG STA ....”) 0f 10.36.6.6.1:

A CMMG STA that creates a CMMG protected period during an SP in which it is a source CMMG STFA\or
a destination CMMG STA moves to and stays in listening mode during time interval that starts before the
start of the SP and remains in the listening mode until it is allowed to use the SP. The actual duration of the
time the STA stays in the listening mode is limited by the aCMMGPPMinListeningTime parameter. The
intent of the listening mode is that the CMMG STA listens to other CMMG STAs that may have an SP that
overlaps with the SP where the CMMG STA is a source CMMG STA or a destinationCMMG STA. The
NAYV mechanism is used to indicate the time and frequency occupancy, and the CMMG STA in the listening
mode updates NAV timers. If the NAV timers are not equal to 0 for the corresponding channel bandwidth,
the CMMG STA does not use the time and the band of the SP in which it 4savSource CMMG TA or a
destination CMMG STA. If none of the NAV timers has a nonzero value dt¢the start of the SP, the DMG
STA is allowed to leave the listening mode and use the SP. If at least on€ of the NAV timers has a nonzero
value at the start of the SP, the DMG STA is allowed to leave thellistening mode and to use the time
remaining in the SP after all NAV timers become or already have yalu¢ zero.

Change the last paragraph of 10.36.6.6.1 as follows:

A DMG protected period is established through an RTS/DMG CTS handshake. The DMG CTS can be sent
in a CMMG PHY format and can be sent in 540 MH# or 540 MHz duplicated mode. To create a DMG
protected period, the source DMG STA of an SP sends an RTS, and the recipient STA responds with a DMG
CTS. If the recipient STA responds with a*DMG CTS, then a DMG protected period is established,;
otherwise, no DMG protected period has/been established. In all cases of DMG protected period
establishment, the same antenna configurations that are used by the STAs that establish the DMG protected
period are used for the exchange of framies during the DMG protected period.

Change the title of 10.36.6.6.2 as, follows:
10.36.6.6.2 DMG and. CMMG protected period establishment and maintenance
Insert the following paragraph after the first paragraph (“A DMG STA that attempts ....”) of 10.36.6.6.2:

A CMMG STA-that attempts to create a CMMG protected period shall transition to listening mode on a
channel that the bandwidth is indicated in the Extended Schedule element for this SP.

Change'the now third paragraph of 10.36.6.6.2 as follows:

A-DMG STA shall not issue an RTS frame to establish a DMG protected period if any of its NAV timers is
not equal to 0.

Insert the following paragraph after the now third paragraph of 10.36.6.6.2:

A CMMG STA shall notissue an RTS frame to establish 3 CMMG. prnfpr"rpd pprind on achannel if anv of

its NAV timers corresponding to this channel are not equal to 0. A CMMG STA may issue an RTS frame to
establish a CMMG protected period on a channel if the bandwidth of the channel is less than the SP
allocated channel bandwidth and all of its NAV timers that correspond to this channel are 0.
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Insert the following paragraph after the now fifth paragraph (“A DMG STA that transmits ....”) of
10.36.6.6.2:

A CMMGQG STA that transmits an RTS frame to establish a CMMG protected period during an SP in which it
is a source CMMG STA shall not transmit the RTS frame outside of the SP, and the value of the Duration
field of the RTS frame shall not exceed the duration of the portion of the SP that remains following the RTS
transmission. And a CMMG STA that transmits an RTS frame to establish a CMMG protected period during
an SP in which it is a source CMMG STA shall not transmit an RTS frame that has a bandwidth that is larger
than the allocated bandwidth.

Insert the following paragraph after the now tenth paragraph (“During an SP ... shall not respond .. )
0f 10.36.6.6.2:

During an SP in which it is the destination CMMG STA, a CMMG STA that receives a validRTS frame
addressed to itself and the TA corresponding to the source CMMG STA of the SP shall not respond with a
DMG CTS frame on the channel if at the start of the reception of the RTS frame the recipient CMMG STA
has a nonzero value in at least one of its NAV timers corresponding to this channel.

Insert the following subclauses, 10.36.6.6.2a and 10.36.6.6.2b (including Figure10-56a), after
10.36.6.6.2:

10.36.6.6.2a CDMG protected period establishment and maihtenance

In addition to establishing a DMG protected period on its current,operating channel, a CDMG STA might
create another DMG protected period on an overlapping channelo avoid the potential interference from the
overlapping channel. This subclause describes rules for, establishing and maintaining a CDMG protected
period for a pair of CDMG STAs.

A CDMG AP or PCP shall set the Protected Period subfield within the Extended Schedule element sent to
the source and destination STAs to indicate Whether the protected period is to be created and on which
channels the protected period should be cféated for an SP allocation. The CDMG AP or PCP should
determine the time and frequency overlapping status of an SP scheduled by itself with other SPs or CBAPs
scheduled by other APs or PCPs according to the schedule information of the neighboring APs or PCPs and
itself. The CDMG AP or PCP can“obtain the schedule information of the neighboring APs or PCPs by
receiving DMG Beacon frames-directly if it is within an AP or PCP cluster, or by receiving interference
reports included in the Cluster Report elements or DMG TSPEC elements transmitted by STAs within the
BSS.

If a CDMG AP or PCP determines that there exists at least one SP or CBAP scheduled by a neighboring AP
or PCP that is o¥erlapping in both time and frequency with an SP allocated by the CDMG AP or PCP and
cannot determine that the neighboring SP or CBAP does not interfere with its allocated SP based on the
received interference report (10.36.6.6.4) from STAs, the CDMG AP or PCP shall set the Protected Period
subfield te-a nonzero value for the allocated SP to indicate that the source and destination CDMG STAs are
required’to establish a protected period for the SP. Otherwise, the CDMG AP or PCP shall set the Protected
Period subfield to O to indicate that the source and destination CDMG STAs do not have to establish a
protected period for the SP.

If a potentially interfering SP or CBAP is allocated on the current operating channel, the AP or PCP shall set
the Protected Period subfield within the Allocation Control field to 1. The source and destination CDMG
STAs shall follow the rules defined in 10.36.6.6.1 to establish a DMG protected period on its current

operating channel
r =}

If the source CDMG STA and destination CDMG STA are operating on a 1.08 GHz channel and a
potentially interfering SP or CBAP is allocated on the overlapping 2.16 GHz channel, the CDMG AP or
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PCP shall set the Protected Period subfield to 2. The source CDMG STA and destination CDMG STA shall
create a CDMG protected period on both the current operating 1.08 GHz channel and the overlapping
2.16 GHz channel.

If the source CDMG STA and destination CDMG STA are operating on a 2.16 GHz channel and a
potentially interfering SP or CBAP is allocated on the overlapped low-frequency 1.08 GHz channel, the
CDMG AP or PCP shall set the Protected Period subfield to 2 to indicate that the source CDMG STA and
destination CDMG STA create a DMG protected period on both the current operating 2.16 GHz channel and
the low-frequency 1.08 GHz channel.

If the source CDMG STA and destination CDMG STA are operating on a 2.16 GHz channel and ‘a
potentially interfering SP or CBAP is allocated on the overlapped high-frequency 1.08 GHz channel, the
CDMG AP or PCP shall set the Protected Period subfield to 3 to indicate that the source CDMG)STA and
destination CDMG STA create a DMG protected period on both the current operating 2.16 GHzchannel and
the high-frequency 1.08 GHz channel.

If creating a CDMG protected period on two channels is required, the source and destination STAs shall
listen to the current channel first and transition to and stay in listening mode following the rules specified in
10.36.6.6.1. If both the results of the PHY layer carrier sensing (CS) and the virfual*Carrier sensing show that
the current channel is idle, the source STA and destination STA shall perforin’a RTS/DMG CTS handshake
on the current channel. Once the first RTS/DMG CTS handshake is"completed, the source STA and
destination STA shall perform another RTS/DMG CTS handshake on th¢,second channel after a SIFS. After
the second RTS/DMG CTS handshake is done, the source STA and\destination STA shall switch back to
their operating channel and transmit data following a SIFS. An-gXample of creating a CDMG protected
period through two RTS/DMG CTS handshakes for CDMG STAs operating on a 1.08 GHz channel is
shown in Figure 10-56a.

RTS/DMG CTS, 00
the 2.1F)GHZ changiel SP

Data

Listening
Mode

RTS/DMG\CTS on
a 1.08GHzchannel

|
5 1

. <
SIES SIFS time

Figure 10-56a—An example of creating a CDMG protected period on two channels
for CDMG STAs

If an RTS/DMG\ETS frame exchange on the 1.08 GHz channel failed, the CDMG STA shall not transmit
the subsequént RTS frame on the 2.16 GHz channel after SIFS from the end of the expected CTS frame on
the 1.08 GHz channel as shown in Figure 10-56a.

In érder to maintain protection from STAs that are not aware of the establishment of the CDMG protected
period because they have begun listening to the medium after the establishment of a CDMG protected
period, a CDMG STA that established a CDMG protected period should transmit additional RTS frames on
the channels that are the same as the channels used when establishing the CDMG protected period. The
source STA should initiate an additional two RTS/DMG CTS handshakes on the two channels at the end of
every (aDMGPPMinListeningTime — aRTSTimeoutTime) interval during the CDMG protected period if the
duration of the two RTS/DMG CTS handshakes exchange is less than the time remaining in the SP.

A CDMG AP or PCP can merge the time interval of listening mode when creating a CDMG protected period
and the channel measurement time during SPSH (see 11.32) by using the Protected Period subfield and the
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Directional Channel Quality Request element. If the AP or PCP determines two SPs allocated for two pairs
of CDMG STAs within the BSS should both be created with protected period, the AP or PCP may transmit a
Directional Channel Quality Request element to the two pairs of STAs based on allocation positions of the

SPs for the two pairs of STAs The directional channel measurement ftime interval indicated by the
Directional Channel Quality Request element of one pair of STAs should cover the listening mode that
begins at the start of the SP of this pair of STAs. Thus, the two pairs of STAs can direct their received
antennae to their peer STAs involved in the same SP to perform channel monitoring required for
establishing the protected period and perform the directional channel quality measurement required by the
SPSH mechanism simultaneously. The AP or PCP may use the received Directional Channel Quality Report
elements after the listening mode for subsequent SPSH with time overlapping SPs for the two pairs of STAS
after the beginning of the next BI.

10.36.6.6.2b Dynamic and static bandwidth operation during CMMG protected period

If the CMMG STA that sending the RTS frame to establish a CMMG protected period, duting an SP in
which it is a source CMMG STA is capable of dynamic bandwidth operation (see 10.3:2.7), the STA shall
set the TXVECTOR parameter DYN. BANDWIDTH to Dynamic. Otherwise, the )STA shall set the
TXVECTOR parameter DYN_BANDWIDTH to Static.

During an SP, a CMMG STA that is the destination CMMG STA in the SP.dnd/that is addressed by an RTS
frame in a CMMG PPDU that has the RXVECTOR parameter DYN BANDWIDTH equal to Static behaves
as follows:

— If the NAV indicates idle and CCA has been idle for all(the channel width indicated by the RTS
frame’s RXVECTOR parameter CH_ BANDWIDTH, thefthe STA shall respond with a DMG CTS
frame carried in a CMMG PPDU after a SIFS. Th&, DMG CTS frame’s TXVECTOR parameter
CH_BANDWIDTH shall be set to the same value“as the RTS frame’s RXVECTOR parameter
CH_BANDWIDTH.

—  Otherwise, the STA shall not respond with a«CTS frame.

During an SP, a CMMG STA that is the destination CMMG STA of the SP and that is addressed by an RTS
frame in a CMMG PPDU that has the RXKVECTOR parameter DYN_BANDWIDTH equal to Dynamic
behaves as follows:

— Ifthe NAYV indicates idle inthé primary 540 MHz channel, then the STA shall respond with a DMG
CTS frame carried in a CMMG PPDU after a SIFS. The DMG CTS frame’s TXVECTOR parameter
CH_BANDWIDTH shall be set to 540 MHz if the CCA on the secondary 540 MHz channel is
detected as busy.and shall be set to 1080 MHz if the CCA on the secondary 540 MHz channel is
detected as idle and the channel width indicated in the RTS frame’s RXVECTOR parameter
CH_BANDWIDTH is 1080 MHz.

—  OtherwiSe;ithe STA shall not respond with a CTS frame.
Change the title of 10.36.6.6.3 as follows:
10.36.6.6.3 NAV update in DMG and CMMG protected period
10.36.6.6.4 Interference report
Insert the following paragraph after the seventh paragraph (“The Interferer ....”) of 10.36.6.6.4:

CMMG STAs shall also include the Interferer Channel Bandwidth subfield in the report, and the Interferer
Channel Bandwidth subfield shall be set ta the (“I—Tin ANDWIDTH of the NAV timer
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10.36.7 Dynamic allocation of service period

10.36.7.3 Grant period (GP)

Change the fourth paragraph of 10.36.7.3 as follows:

To commence the GP, the AP or PCP shall transmit Grant frames to notify the source DMG STA and
destination DMG STA about a dynamically allocated service period, or the AP or PCP shall transmit Grant
frames to notify the source CMMG STA and destination CMMG STA about a dynamically allocated service
period. The AP or PCP should transmit the last Grant frame within a GP to the source of the dynamically
allocated SP if the source of the dynamically allocated SP is not the AP or PCP. In each transmitted Grant
frame, the AP or PCP shall set the Duration field within the Grant frame to a time that covers the duration of
all remaining Grant frame and Grant Ack frame transmissions, if any, plus all appropriate IFSs (1013:2.3). In
addition, the Source AID and Destination AID fields shall be set to the source and destination,/respectively,
of the dynamically allocated SP, the AllocationType subfield set to indicate the channel access mechanism
during the allocation, and the Allocation Duration field set to a value that, if added(te ithe value of the
Duration field, does not overlap in time with another SP that has either the source AlD)or destination AID
different from the broadcast AID. An allocation that is indicated in this manney’begins at the time that is
equal to the PHY-TXEND.indication primitive of the Grant frame plus the valie from the Duration field of
the Grant frame.

Insert the following paragraph after the sixth paragraph (“During the’SP ....”) of 10.36.7.3:

During an SP between a source CMMG STA and a destination CMMG STA, the source CMMG STA may
transmit a Grant frame to the destination CMMG STA to relinquish the remainder of the SP to the
destination CMMG STA. In the Allocation Info field of the transmitted Grant frame, the source CMMG
STA shall set the Source AID field to the AID of the destination CMMG STA, the Destination AID field to
the AID of the source CMMG STA, the AllocationType subfield to indicate SP, the Allocation Duration
field to the time remaining in the SP minus the time ‘taken to transmit the Grant frame, and the Allocation
Channel Band field to the same channel and bahdwidth as the original SP. The Duration field in the Grant
frame shall be set to the value of the Allocation Duration field. Upon transmission of the Grant frame, for the
remainder of the SP, the roles of source CMMG STA and destination CMMG STA are swapped between the
STAs.

Change the now eighth paragraph of 10.36.7.3 as follows:

During a TXOP between.a_I'XOP holder and a TXOP responder, the TXOP holder may transmit a Grant
frame to the TXOP résponder to relinquish the remainder of the TXOP to the TXOP responder. In the
transmitted Grant frame, the TXOP holder shall set the Source AID field to the AID of the TXOP responder,
the Destination AID field to the AID of the TXOP holder, the AllocationType subfield to indicate CBAP,
and the Alloeation Duration field to a value of 32768 as defined in 9.5.2. For CMMG STAs, the Channel
Band field shall be set to the same channel and bandwidth as the original TXOP. The Duration field in the
Grant Arame shall be set to the time remaining in the TXOP minus TXTIME (Grant frame) minus
aSIFSTime. Upon transmission of the Grant frame with the Beamforming Training subfield equal to 0, for
théyremainder the TXOP, the roles of TXOP holder and TXOP responder are swapped between the STAs.

10.36.8 Dynamic truncation of service period

Insert the following subclause heading immediately after the 10.36.8 subclause heading (and incorporate
all of the former 10.36.8 text into the new subclause):

10.36.8.1 DMG dynamic truncation of service period

131
Copyright © 2018 IEEE. All rights reserved.



https://standardsiso.com/api/?name=f253c1254c61c2ae3182dd321aad0758

ISO/IEC/IEEE 8802-11:2018/Amd.3:2020(E)

IEEE Std 802.11aj-2018
|EEE Standard for Information technology—Local and metropolitan area networks—Specific requirements—
Part 11: Wireless LAN MAC and PHY Specifications—Amendment 3: Enhancements for Very High Throughput to
Support Chinese Millimeter Wave Frequency Bands (60 GHz and 45 GHz)

Insert the following paragraph after the third paragraph (“Only the source DMG STA ....”) 0f 10.36.8.1:

Only the source CMMG STA of an SP may truncate the SP, except that the destination CMMG STA may

truncate the SP if it does not receive an expected transmission from the source CMMG STA at the start of

the SP as defined in 10.36.6.7.
Insert the following subclause, 10.36.8.2, after 10.36.8.1:
10.36.8.2 CDMG dynamic truncation of service period

A CDMG STA truncates an SP to release the remaining time in the SP. The dynamic truncation of SP
includes two types of truncation. The first type of truncation is that the STA can return to the AP or.PCPthe
time left in the SP, thus allowing the AP or PCP to grant any portion of the released time as part 6f an SP to
any other STA or to allocate any portion of it as a CBAP. The second type of truncation is that'the STA can
use the Grant frame to release any part of the time left in the SP as a CBAP.

A CDMG STA supports the DMG dynamic truncation of SP as described in 10.36,8.1.  Unlike the DMG
dynamic truncation of SP, the SP truncation type shall be determined by the £DMG AP or PCP when
allocating an SP.

A CDMG AP or PCP shall determine whether an SP is truncatable and whieh truncation type is adopted by
setting the Truncatable subfield and the Truncation Type subfield withify.the Allocation Control field when
allocating an SP for the source CDMG STA and destination CDMG-\STA. If the Truncatable subfield of the
Extended Schedule element is equal to 1, the CDMG STA mag-tiuncate the SP to release any part of the
time left in the SP in accordance with the truncation type indicated by the received Truncation Type
subfield.

A CDMG AP or PCP should determine the Truncatable'subfield and the Truncation Type subfield according
to the allocation type requirements of the STAs 'in its BSS, in order to satisfy the channel access
requirements of the STAs using the potential released time of SPs. If the remaining time in the SP released
as a CBAP might cause interference to othér STAs during SPSH, the CDMG AP or PCP shall set the
Truncatable subfield to 1 and the Truncation Type subfield to 0 for the SPs that are under SPSH state to
indicate that the CDMG STA returns the'time left in the SP to the AP or PCP; otherwise, the CDMG AP or
PCP may set the Truncatable subfi¢ld’to 1 and the Truncation Type subfield to 1. The CDMG AP or PCP
may also set the Truncation Type,subfield to 0 for an SP in order to mitigate interference to other STAs of a
adjacent BSS based on the schedule information of the adjacent BSS.

A CDMG PCP may sleep in a truncatable SP that the time left in this SP is released as a CBAP by the
CDMG STA by setting the Truncation Type subfield to 1 and the PCP Active field to 0. If both the
Truncatable subfield and the Extendable subfield are set to 0, or if the Truncatable subfield is equal to 1 and
the Truncatien Type subfield is equal to 1, the CDMG PCP can set the PCP Active subfield to 0.

10.36,10-Updating multiple NAVs
Change the first paragraph of 10.36.10 as follows:

If a DMG STA supports multiple NAVs, the number of available NAVs within the STA shall be not less
than aMinNAVTimersNumber. Each NAV is identified by a pair of MAC addresses, NAVSRC and
NAVDST, and has associated variables NAV_RTSCANCELABLE, and-NAV_DTSCANCELABLE, and
NAV_CHANNEL the last of which is used only by CMMG STAs. The variable NAV_CHANNEL

indicates the channel on which the Duration field is received. and it is 2 channel index that contains channel

bandwidth information. Each STA also maintains a variable UPDATE OPTIONAL. When a STA is
enabled for operation, all NAVs shall have NULL values for their NAVSRC and NAVDST identifiers, the
value of NAV_RTSCANCELABLE shall be false, the value of NAV_DTSCANCELABLE shall be false,
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the value of NAV_CHANNEL shall be NULL only for CMMG STAs, and each NAV shall have the value 0.
NAYV address pairs correspond to the NAV-SA and NAV-DA fields in DMG DTS frames and correspond to

the RA and TA fields of all other received frames that are used to update the NAVs. Receipt of any frame
e e e e ] e e specified address fields of

Change the second paragraph of 10.36.10 as follows (the pseudocode passage of the second paragraph
remains unchanged):

DMG STAs receiving any valid frame shall perform the following NAV update operation expressed using
the following pseudocode:

Insert the following paragraph and pseudocode passage after the pseudocode passage of the second
paragraph of 10.36.10:

CMMG STAs receiving any valid frame shall perform the following NAV update operation€xpressed using
the following pseudocode:

NAV_TIMER_UPDATE(received frame):
UPDATE_OPTIONAL <« false

If (received_frame = DMG DTS) {
UPDATE OPTIONAL « true

}
If (received frame(RA) # This STA MAC address || UPDATE OPTIONAL = true) {

If (received _frame = DMG DTS),_{
R_DST « receivediframe(NAV-DA)
R_SRC « receiyed frame(NAV-SA)
R_CHANNEL"¢- received frame(CHANNEL BANDWIDTH)
} else if (received frame = Ack) {
R_DST. % received frame(RA)
R SRC « 0
NAV_CHANNEL « received frame(CHANNEL BANDWIDTH)
}else {
R _DST <« received frame(RA)
RASRC « received frame(TA)

R_DUR <« received_frame(DUR)
N_TIMER « -1
// Searching for a matching NAV timer
For (x = 0; x < aMinNAVTimersNumber; x++) {
If (received_frame = Ack || NAVSRC(x)=R_DST) {
If(INAVDST(x) =R _DST) {
N_TIMER <« x
Break

!

T else if (NAVSRC(x) = R_SRC && (NAVDST(x) = R DST|| NAVDST(x) = 0)
I(NAVSRC(x)=0 && NAVDST(x) =R_DST) ||
(NAVDST(x)=R_SRC && NAVSRC(x)=R_DST)) {
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N_TIMER <« x
Break

b

T
// No NAYV timer has been found that matches the addresses

If (N_TIMER < 0) {
For (x = 0; x < aMinNAVTimersNumber; x++) {

If NAVSRC(x) = NULL && NAVDST(x) = NULL

INAV(x) = 0) {
NAVSRC(x) <~ R_SRC
NAVDST(x) « R_DST
NAV_CHNNAL(x) <+ R_CHANNEL
N_TIMER « x
Break

}

H
// Existing NAV timer found

If (N_TIMER >=0) {
If (UPDATE_OPTIONAL = false) {
NAV(N_TIMER) « R_DUR
NAV_CHNNAL(N_TIMER) «<~'R_CHANNEL
If (received frame = RTS)
NAV_RTSCANCELABLE(N_TIMER) « true
} else {
NAV_RTSCANCELABLE(N TIMER) <« false
}
} else if (UPDATE "OPTIONAL = true) {
If ((implémentation decision to update = true) ||
(received frame(RA) = This STA MAC address &&
This STA MAC address = source DMG STA MAC address for current
SP) {
NAV_DTSCANCELABLE(N_TIMER) « true
NAV(N_TIMER) « R_DUR
NAV_CHNNAL(N_TIMER) « R_CHANNEL

}

H
}else {

No change to NAV timers
H
END OF NAVEND OF NAV_TIMER _UPDATE
Insert the following subclause, 10.36.11 (including Figure 10-57a), after 10.36.10:

10.36.11 Opportunistic transmission in alternative channel for CDMG STAs

When dotl1OpportunisticTransmissionsActivated 1s true, an AP or PCP 1s capable of supporting the
scheduling of opportunistic data transmission between two or more non-AP and non-PCP CDMG STAs that
support such opportunistic transmission in a channel that is not the BSS’s operating channel. The channel
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for such opportunistic transmission is termed the alternative channel while the BSS’s operating channel is
termed the dedicated channel as a contrast in this subclause. The spectrum access in the alternative channel
is divided into three phases: monitor phase, transmission phase, and suspension phase. Scheduled
transmission in the alternative channel shall start with the monitor phase_and then the three phases rotate

cyclically until all the scheduled transmissions in the alternative channel are completed as illustrated in
Figure 10-57a.

Communications between AP
or PCP with STAs scheduled
to operate in alternative

CDMG Extended Schedule
Frame transmission

channel
Dedicated
Channel ATI
Alternative
Chamnol [sP| SPsorCBAPs |
‘ Monitor Phase ‘ Transmission Phase ‘ Suspension Phase ‘ Monitor Phase “ Transmission Phase

. ¢ Number of ) ¢ Number of
|<aMaxBIDurat|o Alternate TX Bls Suspension Bls_>|
Figure 10-57a—Opportunistic transmission in alternative’channels for COMG STAs

The monitor phase shall last for at least aMaxBIDuration. Durting’the monitor phase, a CDMG STA that is
scheduled to operate in the alternative channel shall listen for the transmission of DMG Beacon frames in
the alternative channel. If a CDMG STA receives one Or more valid DMG Beacon frames with a BSSID
different from its own, it shall abandon transmission.during the transmission phase.

During the transmission phase, a CDMG STA may transmit frames according to the DTI transmission rules
(10.36.4). A CDMG STA may continue to,listen for the transmission of DMG Beacon frames in the
alternative channel during the transmissiofi“phase when the CDMG STA is not transmitting. If a CDMG
STA is not the source or destination STA in an access period, it may switch to the dedicated channel to
receive the DMG Beacon frame or -Alnounce frame send out by the AP or PCP to maintain synchronization
with the AP or PCP.

During the suspension phase;-a CDMG STA that is scheduled to operate in the alternative channel shall
switch to the dedicated-channel and be ready to receive transmission from the AP or PCP in the dedicated
channel. The CDMG SPA may receive the DMG Beacon frame or Announce frame transmitted by the AP
or PCP to maintath, synchronization with the AP or PCP during the suspension phase. If a CDMG STA
receives a DELTS frame from the AP or PCP during the suspension phase, the CDMG STA should cease
opportunistic transmission in the alternative channel.

The schiedule of the transmission in the alternative channel is communicated through the CDMG Extended
Schedule element (9.4.2.219). The AP or PCP shall transmit the CDMG Extended Schedule element in the
Announce frame and/or DMG Beacon frame. The CDMG Extended Schedule element shall contain the
scheduling information of all allocations in the alternative channel. The Number of Alternate TX BI field in
the CDMG Extended Schedule element indicates the number of Bls that makes up the transmission phase.
The Number of Suspension BI field in the CDMG Extended Schedule element indicates the number of Bls
that makes up the suspension phase.

The access periods in the alternative channel may be scheduled to be either CBAPs or SPs but the first
access period shall be an SP. The CBAPs in the alternative channel may be used by the AP or PCP to send
more CDMG STAs to operate in the alternative channel after the initial setup. The source CDMG STA of
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the first SP in the alternative channel shall transmit a DMG Beacon frame at the start of the first transmission
phase in the alternative channel and after every aMaxBIDuration within the transmission phase if the
duration of the transmission phase exceeds aMaxBIDuration.

The AP or PCP should send a DMG CTS-to-self frame in the ATIs (10.36.3) during the suspension phase to
each of the CDMG STAs scheduled to operate in the alternative channel. If a CDMG STA receives one or
more DMG Beacon frames with a BSSID different from its own during the monitor phase, the CDMG STA
shall respond with a DELTS frame to the AP or PCP with the Reason Code field (9.4.1.7) set to the value
defined in 9.4.1.7 that indicates the alternative channel is occupied upon the reception of a DMG CTS-to-
self frame from the AP or PCP during the ATI. If a transmission link in the alternative channel cannot be
established during the transmission phase, the CDMG STA shall respond with a DELTS frame to the AP\or
PCP with the Reason Code field set to 67 to indicate that the transmission link establishment in alternative
channel is failed. If the AP or PCP received a DELTS frame with the Reason Code field (9.4.1.7) 6&et'to 68 in
an ATI, the AP or PCP shall transmit a DELTS frame to each of the CDMG STAs scheduled'to operate in
the alternative channel in the same ATI.

A CDMG AP or PCP may allocate a pair of STAs to perform SLS on an alternative channel. A CDMG STA
may reuse the transmit sector indicated by the Sector Select field obtained from the operating channel,
which is the primary channel on an alternative channel with the same channel_width, and vice-versa. If an
SPR frame with the Beamforming Training subfield equal to 1 is received frofiva CDMG initiator STA, the
CDMG AP or PCP may configure a channel for the initiator and the responder designated by the initiator to
perform BF training according to the AllocationType subfield in the‘SPR frame. The SPR frame contains
channel allocation request in the AllocationType subfield and-BE *Control field for the initiator and
responder that form a BF pair. If the NoPrimaryChannel subfieldinthe BF Control field is equal to 1 and the
Beamforming Training subfield is equal to 1 in the SPR frame,'the CDMG AP or PCP can allocate SPs on
an alternative channel using the CDMG Extended Schedule element included in a DMG Beacon frame or an
Announce frame for the initiator and the responder; oth¢twise, the CDMG AP or PCP should allocate SPs
on the current operating channel. If the CDMG A®)or PCP receives SPR frames from multiple pairs of
initiators and responders, the CDMG AP or PCP may allocate time overlapping SPs on designated channels
with different channel numbers for different pairs/of STAs to perform an SLS.

Change the title of 10.37 as follows:

10.37 DMG and CMMG AP, or PCP clustering
10.37.1 General
Change the first paragraph of 10.37.1 as follows (the dashed list remains unchanged):

An AP or P€Pumay use the AP or PCP clustering mechanism to improve spatial sharing and interference
mitigationwith other co-channel DMG BSSs. An AP or PCP may use the AP or PCP clustering mechanism

to improve’spatial sharing and interference mitigation with other co-channel CMMG BSSs. There are two
types.of clustering:

Change the third paragraph of 10.37.1 as follows:
A STA is decentralized AP or PCP clustering capable if it sets the Decentralized AP or PCP Clustering field

to 1 within the DMG AP Or PCP Capability Information field in the DMG Capabilities element. A STA is
decentrahzed AP or PCP clusterlng canable if it sets the Decentrahzed AP or PCP Clustermg field to 1

centrahzed AP or PCP clusterlng capable if it sets the Centrahzed AP or PCP Clusterlng ﬁeld to 1 within the
DMG AP Or PCP Capability Information field in the DMG Capabilities element. A STA is centralized AP

or PCP clustering capable if it sets the Centralized AP or PCP Clustering field to 1 within the CMMG AP or
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PCP_Capability Information field in the CMMG Capabilities element. The AP or PCP employs the
Clustering Control field and ECAPC Policy Enforced field defined in 9.3.4.2 to configure the use of AP or
PCP Clustering. A decentralized AP or PCP clustering capable or centralized AP or PCP clustering capable

AP or PCP that transmits the Clistering Control field is decentralized clustering enabled or centralized

clustering enabled, respectively.

10.37.3 Cluster maintenance

10.37.3.4 Centralized AP or PCP cluster MAC requirements
Change the third paragraph of 10.37.3.4 as follows:

If the most recent ECAPC Policy element, received by a non-AP and non-PCP STA in a BSS)from the
member AP, S-AP, or member PCP of the BSS, has the TXSS CBAP Enforced field set to 1, then the non-
AP and non-PCP STA shall perform each of its TXSSs in the DTI within one or more TXSS CBAPs. If the
non-AP and non-PCP STA is the source DMG STA of an SP and if the non-AP @and’non-PCP STA
determines that it needs to perform a TXSS before continuing to transmit to the destination DMGSTA of the
SP, then the non-AP and non-PCP STA should truncate the SP (see 10.36.8). Ifthe'non-AP and non-PCP
STA is the source CMMG STA of an SP and if the non-AP and non-PCP STA-determines that it needs to

perform a TXSS before continuing to transmit to the destination CMMG STA-of the SP. then the non-AP
and non-PCP STA should truncate the SP.

Change the fourth paragraph of 10.37.3.4 as follows:

A TXSS CBAP shall last from T, to Tg, 4, as defined below;, éxcluding any time that overlaps a BHI or an
SP that has source and destination DMG AIDs set to 255 (Such as for a Beacon SP). A TXSS CBAP shall
last from T, to T, 4. as defined below, excluding any<time that overlaps a BHI or an SP that has source
and destination CMMG AIDs set to 255 (such as for’a Beacon SP).

10.37.5 Decentralized AP or PCP clusterrequest
Change the third paragraph of 10.37.5 as. follows:

If the non-AP and non-PCP STAMdoes not receive a DMG Beacon frame from its AP or PCP with
decentralized AP or PCP clustering enabled after dotl1ClusterEnableTime following the transmission to its
AP or PCP of a Cluster Report element with the Cluster Request subfield set to 1, the non-AP and non-PCP
STA may transmit an Announce frame including the last Extended Schedule element transmitted by the AP
or PCP. If the Announce' frame is transmitted, it shall use MCS 0, and the TA field shall be set to the
broadcast address, If .a DMG STA receives an Announce frame with the TA field set to the broadcast
address and witliithe BSSID field different from the BSSID of its BSS, the STA may send a Cluster Report
element contatning the Extended Schedule element within the received Announce frame to its AP or PCP,
which might-be used by the AP or PCP to reschedule SPs in portions of the beacon interval that are
nonoverlapping in time with the SPs contained in the Extended Schedule element reported by the STA. If a
CMMG-STA receives an Announce frame with the TA field set to the broadcast address and with the BSSID
field-different from the BSSID of its BSS, the STA may send a Cluster Report element containing the
Extended Schedule element within the received Announce frame to its AP or PCP, which might be used by
the AP or PCP to reschedule SPs in portions of the beacon interval that are nonoverlapping in time with the

SPs contained in the Extended Schedule element reported by the STA.
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Insert the following subclause, 10.37a (including Figure 10-58a through Figure 10-58d), after 10.37.5:

10.37a CDMG AP or PCP clustering

10.37a.1 General

A CDMG AP or PCP may use the CDMG AP or PCP clustering mechanism to improve spatial sharing and
interference mitigation with other co-channel DMG or CDMG BSSs.

A clustering enabled AP or PCP that is operating on a 2.16 GHz or 1.08 GHz channel and transmitting DMG
Beacon frames with the DBC Option subfield of the Dynamic Bandwidth Control element setcto\ 'l
(10.60.2.2) is able to start a decentralized AP or PCP cluster or a centralized AP or PCP cluster on ' a.2.16
GHz channel following the rules as described in 10.37.

A clustering enabled AP or PCP that is operating on a 1.08 GHz channel and transmitting DMG Beacon
frames with the DBC Option subfield of the Dynamic Bandwidth Control element set to©(10.60.2.2) is able
to start an AP or PCP cluster on a 1.08 GHz channel. Starting an AP or PCP clustercenia 1.08 GHz channel
shall follow the rules defined in 10.37 and in this subclause.

If an AP or PCP cluster starts on a 1.08 GHz channel, the S-AP or S-PCP,shall not only transmit its DMG
Beacon frame during the first Beacon SP (10.37.1) on this 1.08 GHz\channel but also transmit the
DMG Beacon frame during the notification period (NP) of each.‘allecated quiet period (QP) on the
corresponding 2.16 GHz common channel as described in 10.60. Moreover, according to the rules in 10.60,
the S-AP or S-PCP shall set its beacon interval on the 2.16 GHZ-eommon channel as an integer multiple of
the beacon interval on the 1.08 GHz channel in terms of TUs,fand the maximum length of beacon interval on
the 1.08 GHz channel can be given as the same length of.the-beacon interval on the 2.16 GHz channel.

The member AP or member PCP of a cluster startifig on a 1.08 GHz channel shall not allocate QP on the
2.16 GHz common channel to transmit its DMG\Beacon frame if there is no legacy non-AP and non-PCP
DMG STA within its BSS or it does not involve.in a synchronization pair with another AP or PCP operating
in the adjacent 1.08 GHz channel. Othefwise, the member AP or member PCP shall transmit its
DMG Beacon frame during its NP of thesallocated QP on the 2.16 GHz common channel, similar to the
S-AP or S-PCP.

10.37a.2 Cluster formation
10.37a.2.1 Decentralizéd CDMG AP or PCP cluster formation

A decentralized clustering enabled AP or PCP starts a decentralized AP or PCP cluster on a 1.08 GHz
channel by becoming an S-AP or S-PCP, subject to the absence of existing clusters on this 1.08 GHz channel
as described/below and in 10.37.2.1.

The SAP-or S-PCP of an AP or PCP cluster starting on a 1.08 GHz channel shall set the DMG Parameters
field and the Clustering Control field following the rules defined in 10.37.2.1 and also set the first bit of the
Clustering Status subfield contained in the Dynamic Bandwidth Control element to 1.

A decentralized clustering enabled AP or PCP that receives a DMG Beacon frame from an S-AP or S-PCP
on either a 2.16 GHz channel or a 1.08 GHz channel shall know the exact channel on which this S-AP or
S-PCP selects to start a cluster through the Channel Splitting subfield, Clustering Status subfield, and the
Channel Number field contained in the Dynamic Bandwidth Control element.

If an existing AP or PCP cluster is operating on a 2.16 GHz channel, the decentralized clustering enabled AP
or PCP shall monitor the corresponding 2.16 GHz channel and then follow the procedures defined in
10.37.2.1 to become a member AP or member PCP of this cluster.
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If the decentralized clustering enabled AP or PCP receives a DMG Beacon frame containing the Clustering
Control field from an S-AP or S-PCP on a 1.08 GHz channel, the AP or PCP shall monitor the
corresponding 1.08 GHz channel during each Beacon SP according to the received cluster synchronization

and control information to listen whether the Beacon SPs are n(‘mlpied by other member APs or member
PCPs. If an empty Beacon SP is discovered, the AP or PCP shall follow the same procedures defined in
10.37.2.1 to become a member AP or member PCP of this cluster.

A decentralized clustering enabled AP or PCP shall not become a member of a cluster starting on a
1.08 GHz channel if no Beacon SP is determined to be empty during aMinChannelTime, in which case,
subject to the requirements described in 10.37.2.1, then the AP or PCP may become the S-AP or S-PCP of.a
new cluster, or may cease its activity on this 1.08 GHz channel, or may request to operate on the unoccupied
adjacent 1.08 GHz channel within the 2.16 GHz common channel (10.60.2.3), and, if desired,-attempt
operation on a different 2.16 GHz or 1.08 GHz channel.

The AP or PCP of a decentralized AP or PCP cluster shall not transmit or schedule transmissions during a
Beacon SP that is not its own Beacon SP and a QP duration that is not its own QP.

Figure 10-58a illustrates an example of a decentralized AP or PCP cluster starting on the 1.08 GHz
channel 35 while the adjacent 1.08 GHz channel 36 is unoccupied. The S-AP ot S-PCP and member AP 3 or
member PCP 3 with a BSS in which there is at least one DMG STA transniit PMG Beacon frames during
the NPs of the allocated QPs on the 2.16 GHz channel 2 and their @Gwn Beacon SPs on channel 35,
respectively. Other member APs or member PCPs transmit DMG Beacon frames only during their own
Beacon SPs on channel 35.

CDMG S-AP or S-PCP 1 member AP or PCP 2 member AP or PCR 3 CDMG S-AP or S-PCP 1
/ N\ | A
Channel 35 BTI BTI BTl Rx
NP1 | n=1 n=2 NP3 | N=3 n = ClusterMaxMem
Channel 36

Figure 10-58a—Example of a>decentralized AP or PCP cluster on a 1.08 GHz channel

Figure 10-58b illustrates an example of two decentralized AP or PCP clusters starting on the two adjacent
1.08 GHz channel 35 and ¢hannel 36, respectively. Two S-APs or S-PCPs form a synchronization pair under
the first mode of DB mgchanism (10.39a) and transmit DMG Beacon frames during their own NPs of the
allocated QPs on the 2.16 GHz channel 2 and the Beacon SPs on the 1.08 GHz channel 35 and channel 36.
Other member APs or member PCPs APs transmit DMG Beacon frames only during their own Beacon SPs
on the corresponding 1.08 GHz channels.

S-AP’or'§<PCP 1 on Channel 35 Member APs or PCPs on Channel 35

Bl on Channel 35

BTI

Channel 35 BTI BTI

NP 1| NP2 n=1 n=2 n=3 n = ClusterMaxMem NP1l NP2

Channel 36 BTI BTI BTI BTI BTI I
=1 n=2 n+3 / 4/%\usterMaxMem
Bl on Channel 3

[ P >

S-AF or S-PCP Z'on Channel 36 Member APs or PCPs on Channel 36

Figure 10-58b—Example of decentralized clusters for two APs or PCPs of a
synchronization pair
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The member AP or member PCP operating on a 1.08 GHz channel shall select a beacon interval length on
the 1.08 GHz channel that is equal to the beacon interval length of its S-AP or S-PCP on the same channel.

The AP or PCP operating on the 1 O GHz channel shonld determine its heacon interval on the 2 16 GHz
channel to be equal to the beacon interval of the S-AP or S-PCP on the 2.16 GHz channel according to the
cluster synchronization and control information of the S-AP or S-PCP. The AP or PCP operating on the
1.08 GHz channel should continue transmitting the DMG Beacon frames on the 2.16 GHz channel during
the beacon SP according to the beacon interval on the 2.16 GHz channel. The AP or PCP operating on the
1.08 GHz channel shall switch back to the 1.08 GHz channel to transmit DMG Beacon frames during the
BTI on the 1.08 GHz channel according to the beacon interval on the 2.16 GHz channel.

If a member AP or member PCP does not involve in a synchronization pair with another AP-onPCP
(10.60.2.3), it shall set the beacon interval length on the 2.16 GHz channel as an integer mulfiple of its
beacon interval length on the 1.08 GHz channel. Otherwise, if the member AP or member PCR. is involved
in a synchronization pair with another AP or PCP operating in the adjacent 1.08 GHz channel, it shall adjust
its beacon interval length on the 2.16 GHz channel as an integer multiple of its beacon imterval length on the
1.08 GHz channels and also notify the neighboring AP or PCP that is involved in the-synchronization pair to
adjust the beacon interval on the 2.16 GHz channel to the same value through,a DPMG BSS Parameter
Change element within the DMG Beacon frame transmitted in its NP of the allecated QP on the 2.16 GHz
common channel following the rules in 11.31.3. In this case, subject to thefeguirement described in 10.60,
the neighboring AP or PCP may further adjust its beacon interval on the ;.08 GHz channel as an integer
factor of the new beacon interval length on the 2.16 GHz channel infunits of TUs. The procedures of the
adjusting BI and CDMG SBBI for AP or PCP 1 and AP or PCP 2that'is involved in a synchronization pair
should be as follows:

a) If the AP or PCP 1 detected an empty Beacon SP on the 1.08 GHz channel, AP or PCP 1 shall
change the current beacon interval length BI },t0“BI 2 on the 2.16 GHz channel to align the
beginning of the first BTI on the 1.08 GHz channel after BI 2 duration with the beginning of the
empty Beacon SP.

b) Determine whether the ratio of BI 2 diyided by CDMG SBBI of the S-AP or S-PCP is an integer. If
the ratio of BI 2 divided by CDMG SBBI of the S-AP or S-PCP is an integer, the AP or PCP 1 shall
adjust CDMG SBBI 1 to equal the«CDMG SBBI of the S-AP or S-PCP. Otherwise, the AP or PCP 1
shall change its beacon interval length BI 2 to BI 3 on 2.16 GHz channel during its next NP 1 and set
its CDMG SBBI 1 to the CDMG SBBI of S-AP or S-PCP during the BTI to make the ratio of BI 3
divided by CDMG SBBI ‘of the S-AP or S-PCP an integer. For both cases, the AP or PCP 1 shall
notify the AP or PCP 2 of the new BI 2 or BI 3 during the first QP at the end of BI 2 or BI 3, where
the QP comprises the-NP and a guard interval (GI) used for channel switching, and the AP or PCP 2
should also adjustits SBBI 2 to make the ratio of BI 2 or BI 3 divided by CDMG SBBI 2 an integer.

c¢) The AP or PCPT transmits the DMG Beacon frame including the Clustering Control field during the
empty Beacon SP on the 1.08 GHz channel to join the intended 1.08 GHz cluster as a member AP or
member PCP.

An example of adjusting Bl and CDMG SBBI for step a) and b) is illustrated in Figure 10-58c. For step a)
and step-b), changing BI on the 2.16 GHz channel or changing SBBI on the 1.08 GHz channel is completed
by~AP or PCP 1 by negotiation with AP or PCP 2 in a notification period (NP) that comprises NP1 and NP2.
AP or PCP 1 transmits the DMG Beacon frame to AP or PCP 2 in NP1, and AP or PCP 2 transmits the DMG
Beacon frame to AP or PCP 1 in NP2.

A synchronized AP or PCP is a CDMG AP or PCP that is operating on a 1.08 GHz channel but still
transmitting its DMG Beacon frames on the relevant 2.16 GHz channel with the AP or PCP Role subfield of
the Dynamic Bandwidth Control element (9.4.2.218) set to 1 and synchronizing with the synchronizing AP

or PCP on the relevant 2.16 GHz channel.
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Figure 10-58c—Example of joining the CDMG AP or PCP cluster for a CDMG AP or PCP
involved in a synchronization pair with another AP or PCP

A synchronizing AP or PCP is a CDMG AP or PCP that is operating on a 1.08 GHz channel but still
transmitting its DMG Beacon frames on the relevant 2.16 GHz channel with the AP or PCP, Role subfield of
the Dynamic Bandwidth Control element (9.4.2.218) set to 0 and providing synchrenization service to a
synchronized AP or PCP on the relevant 2.16 GHz channel.

If an AP or PCP involved in a synchronization pair is a synchronized AP or PCP.and intends to join to a co-
channel AP or PCP cluster, it shall set the AP or PCP Role subfield within ‘the"Dynamic Bandwidth Control
element to 0 to exchange the role with the synchronizing AP or PCP before joining the co-channel cluster.
When the AP or PCP Role subfield is changed, the synchronized AP 0x PCP shall include the Cluster Switch
Announcement element in the DMG Beacon frame to indicate the time that the AP or PCP role exchange
occurs.

If an AP or PCP that is involved in a synchronization pdir intends to join a discovered cluster or intends to
start a cluster on the 2.16 GHz common channel, it.$hould send a Cluster Switch Announcement element
included in the DMG Beacon frame during its WP to notify the peer AP or PCP involved in the
synchronization pair to monitor the common 2.16,GHz channel and join the cluster on 2.16 GHz channel if
an empty Beacon SP can be found. After the-Cluster Switch Announcement element is transmitted, the AP
or PCP should cease transmission during jts"NP.

When a decentralized clustering enabled AP or PCP operating on 1.08 GHz channel receives a DMG
Beacon frame that contains the Clustering Control field in the Cluster Switch Announcement element from
its neighboring AP or PCP ofia.synchronization pair to indicate the presence of a cluster on the 2.16 GHz
common channel, it may monitor this 2.16 GHz channel to become a member AP or member PCP following
the procedures described\in10.37.2.1.

When a decentralized clustering enabled AP or PCP operating on a 1.08 GHz channel still experiences poor
channel conditions after performing all the actions in an attempt to mitigate any interference, it may
broadcast ofie jor more Cluster Probe elements using the DMG Beacon frame or Probe Request frame to
detect th¢ presence of a cluster actively on the 2.16 GHz common channel during its NPs, SPs, or CBAPs. In
additionto transmitting Cluster Probe elements included in DMG Beacon frames on the 2.16 GHz common
chdnnel during NPs, the AP or PCP operating on a 1.08 GHz channel may reserve multiple SPs during DTI
and switch to the 2.16 GHz channel during each of the SPs to transmit Cluster Probe elements included in
Probe Request frames on the 2.16 GHz common channel.

For an AP or PCP that is operating on a 1.08 GHz channel and is involved in a synchronization pair, the AP
or PCP may transmit Cluster Probe elements on the common 2.16 GHz channel, using Probe Request frames
during its reserved SPs or using DMG Beacon frames during its NPs. The SPs for receiving a Probe

Response frame from S-PCP or S-AP can be scheduled 1n the NP of the next Bl on the 2.16 GHz channel or
in a DTI. The peer AP or PCP that is involved in the synchronization pair shall also reserve the same SPs
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with destination AIDs set to 255 to listen for a Probe Response frame and to avoid interferences to the SPs
used for cluster probe.

The S-AP or S-PCP that is operating on the ? 16 GHz common channel and receives a Cluster Probe
element shall respond with one or more Probe Response frames including an Extended Cluster Report
element in each SP scheduled according to the Cluster Probe element to indicate its presence by including
the cluster synchronization and control information of the S-AP or S-PCP in the Extended Cluster Report
element. The Cluster Probe element contains timing information for the CDMG S-AP or S-PCP operating
on the 2.16 GHz channel to transmit the Probe Response frame for the Cluster Probe element. This element
defines a sequence of SPs that are scheduled in a DTI or the next NP by both the cluster probe requesting AP
or PCP and responder AP or PCP for receiving and transmitting the response frames. The multiple SPs.are
reserved corresponding to the SPs during which the Cluster Probe elements are transmitted.

After receiving a Probe Response frame from an S-AP or S-PCP operating on the 2.16 GHz common
channel, during at least one of the reserved SPs in a DTI, the decentralized clustering enabled AP or PCP
operating on 1.08 GHz channel may switch to the 2.16 GHz common channel, by\using the cluster
synchronization and control information in the Extended Cluster Report element in(the Probe Response
frame of the S-AP or S-PCP operating on the 2.16 GHz channel, and attempt to discover an empty Beacon
SP. If an empty Beacon SP exists, then the AP or PCP may transmit DMG BeaCen“frames during the empty
Beacon SP to become a member AP or member PCP of this cluster followingthe procedures described in
10.37.2.1.

If two APs or PCPs involved in a synchronization pair both receive-an Extended Cluster Report element and
discover an empty Beacon SP during their reserved SPs at the sametime, the AP or PCP that first transmits
a Cluster Switch Announcement element during NP should join‘the empty Beacon SP with priority, and the
peer AP or PCP should monitor the 2.16 GHz channel for another aMinChannelTime to find another empty
Beacon SP.

If the decentralized clustering enabled AP or PER on the 1.08 GHz channel does not receive any Probe
Response frame from an S-AP or S-PCP duringthe reserved SPs on the 2.16 GHz channel in the whole DTI,
it may reschedule multiple SPs whose positiéns are adjusted stochastically in the following DTIL.

10.37a.2.2 Centralized CDMG AP-or PCP cluster formation

In order to become an S-AP, a centralized clustering enabled CDMG STA that is operating on a 2.16 GHz
channel or a 1.08 GHz channel and is stationary with respect to its local environment shall successfully
perform both the configurdtion step and verification step in order and take the actions following the rules as
described in 10.37.2.2(

If at least one DMG Beacon frame that has the ECAPC Policy Enforced field set to 1 and is sent by an S-AP
or member AR~or member PCP from another ECAPC is received during the monitoring period, the
centralized clustering enabled CDMG STA shall follow the rules as described in 10.37.2.2.

The-remaining available channels for a centralized CDMG AP or PCP cluster are channels 3, 37, and 38.
Channels 2, 35, and 36 are the channels upon which the S-AP is excluded from operating. The channels 3,
37, and 38 that interfere with each other form a channel set. The channel set available for a centralized
CDMG AP or PCP cluster is channel {3, 37, 38}.

The functions of a CDMG CCSR shall cover the channel set. The CDMG CCSR shall provide coordination

services for all the S-APs operating on the channels of the channel set {3, 37, 38} within the CCSS to
miﬁgnfp mnterference. The CDMG CCSR should pros ide an S-AP with the cluster information of other

S-APs. Thus, each S-AP operating on a channel within the channel set can obtain the same cluster
information from the CDMG CCSR.
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After receiving a DMG Beacon frame including cluster information transmitted by an S-AP, a centralized
clustering enabled AP or PCP that intends to become a member AP or member PCP shall successfully
perform the following steps in order:

la i) AR haYal An LW Fal

a—FheAP-or PEP-shattmonitor-thechanmetfor PG Beaconframes—duringcach Beaconr-SP-over-an
interval of length at least aMinChannelTime to find an empty Beacon SP and measure the status of
each Beacon SP and the signal quality (RCPI and RSNI) of the received DMG Beacon frames based
on the received cluster information of the S-AP. The AP or PCP can determine the timing start point
of each Beacon SP over a BI of the S-AP based on the Next BTI Offset field, the Reported BI
Duration field, and the Reported Clustering Control field. Thus, the AP or PCP can measure each
Beacon SP over a BI of the S-AP based on the timing start point of each Beacon SP over a BI afid
obtain the status of each Beacon SP and signal quality over a BI.

b) If an empty Beacon SP is discovered, the second non-AP and non-PCP STA shall aftémpt to
associate with the S-AP and thereby receive an Announce frame from the S-AP. The contents of the
Announce frame are passed to the AP or PCP. All the centralized cluster informationrof the S-AP(s)
operating on the channels in the same channel set except the current S-AP shall be‘included in the
Announce frame. The cluster information of the other S-AP(s) can be conveyed in the Extended
Cluster Report elements.

c¢) The CDMG AP or PCP should determine whether to join the current SsAP’s cluster or other S-
AP(s)’s cluster based on the signal quality, the states of Beacon SRs-during a BI indicated by the
Available Cluster Offset Bitmap field in the ECAPC Policy element\of the S-AP or the member APs
or member PCPs of the current S-AP’s cluster, and other S-AR(s)*s’cluster information. If the AP or
PCP elects to join the current cluster, it proceeds to step d);.othérwise, the AP or PCP monitors the
channels for DMG Beacon frames during each Beacon-SP/of all the centralized clusters over an
interval of length at least aMinChannelTime using the\cluster information from the current S-AP.
The CDMG AP or PCP may identify a new intended ¢luster based on the signal quality of the DMG
Beacon frames or the Available Cluster Offset‘Bitmap field in the ECAPC Policy element of the
other clusters, if the intersection of 1) the Cluster Time Offset indices of the empty Beacon SPs with
2) the indices indicated by the Available™Cluster Offset Bitmap field shows more common
nonempty Beacon SPs. The second non~AP and non-PCP STA shall disassociate with the current S-
AP and associate with the S-AP of the intended cluster, receive the Announce frame from the S-AP,
and pass the contents of the Announce frame to the AP or PCP.

d) Upon receiving an Announceframe that includes the ECAPC Policy element, the AP or PCP shall
select a cluster time offset ihdex from the intersection of the cluster time offset indices of the empty
Beacon SPs with the indices indicated by the Available Cluster Offset Bitmap field in the ECAPC
Policy element. If the intersection is empty, the AP or PCP shall select a cluster time offset index of
an empty Beacon.SP. The selected cluster time offset index is passed to the second non-AP and non-
PCP STA.

e) The second nen-AP and non-PCP STA shall respond to the Announce frame with an Information
Responseframe that includes the Cluster Time Offset element containing the Cluster Time Offset
IndeX field set to the selected index.

f)  The AP or PCP shall join the cluster of S-AP at the selected cluster time offset on the channel of the
S-AP and transmit DMG Beacon frames with the AP or PCP Clustering Control field.

After joining the centralized AP or PCP cluster, the CDMG member AP or member PCP shall transmit its
DMG Beacon frames and include the ECAPC Policy element in (Re)Association Response, Announce, and
Information Response frames following the rules as described in 10.37.2.2.
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10.37a.3 Cluster maintenance

10.37a.3.1 General cluster maintenance

Regardless of whether a cluster starts on a 2.16 GHz channel or a 1.08 GHz channel, the member AP or
member PCP is able to maintain synchronization with the S-AP or S-PCP and other member APs or member
PCPs through receiving DMG Beacon frames from the S-AP or S-PCP on this channel.

If an AP or PCP cluster starts on a 1.08 GHz channel and the AP or PCP of this cluster involves in a
synchronization pair with another AP or PCP operating in the adjacent 1.08 GHz channel at the same time,
this pair of APs or PCPs shall also maintain synchronization according to the rules described in 10.60 unless
one of them ceases its BSS.

10.37a.3.2 Decentralized CDMG AP or PCP cluster maintenance

In the case when the S-AP or S-PCP of a decentralized AP or PCP cluster on a 1.08 GHzchannel is lost, or
appears to a member AP or member PCP to have been lost, the S-AP or S-PCP handever procedures shall
follow the rules in 10.37.3.2. In addition, the new S-AP or S-PCP shall also transmit th¢ DMG Beacon frame
during its NP of the allocated QP on the 2.16 GHz common channel as describéd 1 10.60.5, even if there is
no legacy non-AP and non-PCP DMG STA within its BSS or it does not involve in a synchronization pair
with another AP or PCP operating in the adjacent 1.08 GHz channel.

If the S-AP or S-PCP of a decentralized AP or PCP cluster detects\the presence of the S-AP or S-PCP of
another decentralized AP or PCP cluster through receiving a DMG Beacon frame on either a 2.16 GHz
channel or a 1.08 GHz channel or receiving a Probe Response frame including the Extended Cluster Report
element on a 2.16 GHz channel with the DBC Present field_set to 1 and the Channel Splitting subfield set
to 1, it should become a member AP or member PCP-6f the other cluster on the corresponding channel
according to the procedures described in 10.37a.2 iftheéwalues of its Adjacent Channel Occupancy subfield,
Clustering Status subfield, and the Synchroniziig AP or PCP MAC Address subfield in the Dynamic
Bandwidth Control element are higher than those-of the other S-AP or S-PCP.

If the S-AP or S-PCP of a decentralized”AP or PCP cluster detects the presence of the S-AP or S-PCP of
another decentralized AP or PCP cluster through receiving a DMG Beacon frame on either a 2.16 GHz
channel or a 1.08 GHz channel or réceiving a Probe Response frame including the Extended Cluster Report
element on a 2.16 GHz channelwith the DBC Present field set to 1 and the Channel Splitting subfield set
to 0, it should become a member AP or member PCP of the other cluster on the corresponding channel
according to the procedufes’ described in 10.37a.2 if its Channel Splitting subfield is 1 or its Channel
Splitting subfield is 0,(but'the MAC Address is higher than that of the other S-AP or S-PCP.

If the S-AP or SSPCP of a decentralized AP or PCP cluster detects the presence of the DMG S-AP or S-PCP
of another decentralized AP or PCP cluster through receiving a DMG Beacon frame on a 2.16 GHz channel
with the DBEPresent field set to 0, it should become a member AP or member PCP of the other cluster on
this 2.46°\GHz channel according to the procedures described in 10.37.2 if its MAC address is higher than
that-ofithe other DMG S-AP or S-PCP.

Hf-the S-AP or S-PCP operating on a 1.08 GHz channel detects the presence of the S-AP or S-PCP of another
decentralized AP or PCP cluster starting on the 2.16 GHz common channel and intends to become a member
AP or member PCP of the other cluster, it may transmit a DMG Beacon frame containing the Cluster Switch
Announcement element to its member APs or member PCPs before it switches to the 2.16 GHz common
channel. After that, the S-AP or S-PCP may continue transmitting DMG Beacon frames on the 1.08 GHz

channel within a time pprind of (q]\/ﬁnRTTpprind Bl + q]\/ﬁn(‘hnﬂnp]TimP) to-maintain the time reference

for the cluster, where BI equals to the Reported BI Duration field in the Cluster Switch Announcement
element. Then it shall monitor the 1.08 GHz channel for DMG Beacon frames within the next time interval
of (aMinChannelTime + CDMG SBBI), where CDMG SBBI is its beacon interval on the 1.08 GHz channel.
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If no DMG Beacon frames are received over the monitoring period, the S-AP or S-PCP shall cease operation
on the 1.08 GHz channel. Otherwise, it may use the cluster coordination mechanism described in 10.37a.3.3
to mitigate interference between the cluster operating on the 1.08 GHz channel and the cluster operating on
the 2 16 GHz common channel

Upon receiving a DMG Beacon frame including a Cluster Switch Announcement element on a 1.08 GHz
channel, a member AP or member PCP should switch to the corresponding 2.16 GHz common channel to
become a member AP or member PCP of the cluster operating on this 2.16 GHz channel following the
procedure described in 10.37.2.1. If the AP or PCP cannot detect the presence of the S-AP or S-PCP of
another decentralized AP or PCP cluster operating on the 2.16 GHz channel or cannot discover an empty
Beacon SP, it should switch back to the former 1.08 GHz channel. After that, the decentralized clustering
enabled AP or PCP may monitor this 1.08 GHz channel and follow the same procedures defined in 10.372.1
to become a member AP or member PCP of the cluster corresponding to the former S-AP or S-PCP-or start
an S-AP or S-PCP handover process according to 10.37.3.2.

10.37a.3.3 Cluster coordination

The cluster coordination mechanism allows a CDMG S-AP or S-PCP of a decentralized cluster operating on
the 1.08 GHz channel to be a member AP (or member PCP) or S-AP (or S-PE€P),of a decentralized cluster
operating on the 2.16 GHz channel simultaneously by transmitting and téceiving DMG Beacon frames
within both clusters. By this means, cluster synchronization and control information can be exchanged to
mitigate interference and improve spatial sharing.

In the case when a decentralized clustering enabled CDMG-~AP or PCP using cluster coordination
mechanism, it shall maintain schedule information for both ¢lusters (i.e., beacon intervals, Beacon SPs or
SPs) to switch alternatively between the 1.08 GHz channelland 2.16 GHz channel. For example, it should
switch to the 2.16 GHz channel prior to a Beacon SP-allocated on the 2.16 GHz channel and transmit or
receive the DMG Beacon frames.

The decentralized clustering enabled CDMG*AP or PCP using cluster coordination mechanism should
schedule at least one SP within the clusterfOperating on the 2.16 GHz channel that has the source and
destination DMG AIDs set to 255 and thé\AllocationType subfield set to 2 indicating the Beacon SP of the
synchronization CDMG AP or PCP ofithe cluster operating on the 1.08 GHz channel. In addition, it may
schedule more SPs indicating othennonempty Beacon SPs of the cluster operating on the 1.08 GHz channel.

As being an S-AP or S-PCP of the cluster operating on the 1.08 GHz channel, the AP or PCP using
coordination mechanisnr.shall adjust its TBTT to avoid overlapping with any Beacon SP of the cluster
operating on the 2.16 GHz channel. In addition, it should schedule multiple SPs within the cluster operating
on the 1.08 GHz channel that has the source and destination DMG AIDs set to 255 and the AllocationType
subfield set to Ondicating the schedule information of a nonempty Beacon SP,, of the cluster operating on
the 2.16 GHz-channel.

If a member AP or member PCP of a cluster operating on the 1.08 GHz channel receives an Extended
Schedule element from an S-AP or S-PCP with the same cluster ID that includes at least one Allocation field
withthe AllocationType subfield set to 0 and the source and destination AIDs set to 255, it may switch to the
2-16 GHz channel according to the schedule information in an attempt to receive a DMG Beacon frame.

10.37a.3.4 Centralized CDMG AP or PCP cluster maintenance

In the case when the S-AP or S-PCP of a centralized AP or PCP cluster on a 1.08 GHz channel is lost, or

appears{o-a member AP or member PCP to have been Incf7 the S_AP handover prnppﬂnrpc shall follow the

rules in 10.37.3.3. In addition, the new S-AP or S-PCP shall also transmit a DMG Beacon frame during its
NP of the allocated QP on the 2.16 GHz common channel as described in 10.60.5, even if there is no legacy
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non-AP and non-PCP DMG STA within its BSS or it does not involve in a synchronization pair with another
AP or PCP operating on the adjacent 1.08 GHz channel.

Ifa CDMG CCSR detects that a new S-AP that is joining the CCSS isa DMG AP ora CDMG AP operating
on the 2.16 GHz channel and there is at least one S-AP operating on a 1.08 GHz channel in its CCSS, the
CDMG CCSR shall announce the cluster information (including the cluster ID, cluster synchronization and
control information, and the channel number of the new S-AP operating on the 2.16 GHz common channel)
to each S-AP operating on 1.08 GHz channel to facilitate the detection of the presence of the new S-AP for
the S-APs operating on 1.08 GHz channel.

If a CDMG S-AP operating on a 1.08 GHz channel receives the cluster information of the new S-AP
operating on 2.16 GHz channel from the CCSR, it should measure the state and the signal quality.of.€ach
Beacon SP and determine whether to join the centralized cluster of the new S-AP based on the state or signal
quality of each Beacon SP.

The S-AP shall broadcast the cluster information of the new S-AP to all the member APs/or member PCPs in
its centralized cluster using the Extended Cluster Report element indicated in the DM@ Beacon frame. The
member APs or member PCPs on the 1.08 GHz channels should determine whether*to join the centralized
cluster of the new S-AP based on the cluster information and the monitorifig results of the new S-AP
operating on the 2.16 GHz channel.

If an S-AP or a member AP or member PCP operating on a 1.08 GHz ¢hannel decides to join the centralized
cluster of the new S-AP operating on a 2.16 GHz channel, the S-AP\or member AP or member PCP shall
transmit a Cluster Switch Announcement element to all its clustecanembers using the DMG Beacon frame to
broadcast the cluster information and its cluster switching determination to all the member APs or member
PCPs in the centralized cluster. The remaining member APs or member PCPs can update the Available
Cluster Offset Bitmap field by using the Cluster Switeh“Announcement element transmitted by a member
AP or member PCP.

10.37a.3.5 Centralized CDMG AP or PCP:cluster MAC requirements
Centralized CDMG AP or PCP cluster MAE requirements shall follow the rules described in 10.37.3.4.
10.37a.4 Cluster report and rescheduling

Regardless of whether an AR ot"PCP cluster starts on a 2.16 GHz channel or a 1.08 GHz channel, a CDMG
STA shall follow the rules(defined in 10.37.4 for the cluster report and rescheduling.

When an AP or PCP. operating on a 1.08 GHz channel still experiences poor channel conditions after
performing all the-actions in an attempt to mitigate any interference, it may send an Information Request
frame to one-of/the non-AP and non-PCP STAs within its BSS to monitor the corresponding 2.16 GHz
common,channel for a cluster monitoring period defined in 10.37.3.2. The non-AP and non-PCP STA
operating-on a 1.08 GHz channel that receives a DMG Beacon frame on the 2.16 GHz common channel
shalt report the monitoring results through sending a Cluster Report element contained in an Announce
frame or Information Response frame to the AP or PCP if the received DMG Beacon frame meets the
cenditions given in 10.37.4.

Upon receiving a Cluster Report element included in the Announce frame from a non-AP and non-PCP STA
operating on the 1.08 GHz channel with the Cluster Report field equal to 1 and the Cluster Channel Number

field equal to 0, a decentralized cluster enabled AP or PCP operating on a 1.08 GHz channel may reserve
mn]fip]p SPs on the 1 .08 GHz channel to identifiy whether there is an empty Beacon SP._The AP or PCP mav

reschedule SPs and CBAPs in its beacon interval, or move the BTI if the clustering enabled AP or PCP is an
S-AP or S-PCP in a decentralized AP or PCP cluster, or change the cluster time offset if the clustering
enabled AP or PCP is a member AP or member PCP, or perform other actions, in an attempt to mitigate any
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interference from the transmissions as indicated in the received Cluster Report element. The AP or PCP may
also create SPs in its beacon interval with the source and destination AIDs set to 255 to eliminate
transmissions during specific periods in the beacon interval. In addition, the AP or PCP operating on a

1 08 GHz channel can reserve multiple SPs in a DTT based on the clustering synchronization and control

information included in the Cluster Report element, monitoring the Beacon SPs on the 2.16 GHz channel, to
identify whether there is an empty Beacon SP of the decentralized cluster operating on the channel indicated
by the Cluster Channel Number field.

Upon receiving a Cluster Report element from a non-AP and non-PCP STA with the Cluster Report field set
to 1 and the Cluster Channel Number field set to 0, a clustering enabled AP or PCP that is an S-AP or S-PGP
or a member AP or member PCP may switch to the corresponding 2.16 GHz common channel and discover
an empty Beacon SP to become a member AP or member PCP of this cluster following the procedures
described in 10.37a.3.2. The AP or PCP should also broadcast a DMG Beacon frame containing the-Cluster
Switch Announcement element to other APs or PCPs of the same cluster before it switches to the2.16 GHz
common channel.

10.37a.5 Decentralized AP or PCP cluster request

Regardless of whether a BSS starts on a 2.16 GHz channel or a 1.08 GHz chanriel, a CDMG STA shall
follow the rules defined in 10.37.4 for the cluster request.

To request AP or PCP clustering to be enabled in the BSS, the STA shall fransmit a Cluster Report element
with the Cluster Request subfield set to 1 to its AP or PCP. Uponrreceiving a Cluster Report element with
the Cluster Request subfield set to 1, the AP or PCP should feérarand maintain decentralized AP or PCP
clustering in the BSS according to the procedures described i 10.37.2, 10.37.3, 10.37a.2, and 10.37a.3.

10.37a.6 Spatial sharing in a CDMG AP or PCP-cluster

This subclause describes mechanisms to enable spatial sharing and interference mitigation among CDMG
infrastructure BSSs or PBSSs in a coordinated<®BSS environment, i.e., in a CDMG AP or PCP clustering
environment. By utilizing the schedule inforfiation of SP allocation in other BSSs in an AP or PCP cluster,
an AP or PCP acquires and shares channehimeasurement results of STAs within its BSS by requesting STAs
in its BSS to perform directional channeél'measurement during SPs of other BSSs. Therefore, APs or PCPs in
different BSSs can allocate SPs in @vetlapping time periods in the same channel and achieve spatial sharing
among BSSs.

If the SPSH in CDMG Cluster subfield in the CDMG Capabilities element of a CDMG AP or PCP is 1 and
one of the DecentraliZed Cluster field and the Centralized Cluster field is 1, then the CDMG AP or PCP
supports spatial sharing mechanism among BSSs in the AP or PCP cluster.

A CDMG SFA-that supports spatial sharing, as indicated by the SPSH in CDMG Cluster subfield set to 1 in
the STA’s €EDMG Capabilities element, shall support the directional channel quality measurements
described-in 9.4.2.22.15 and 9.4.2.21.16.

The 'SP spatial sharing among BSSs in an AP or PCP cluster contains two phases: SPSH measurement phase
and SP spatial sharing phase. The goal of setting an SPSH measurement phase is to allow APs or PCPs to
find pairs of links in different BSSs that can coexist. Spatial reuse is not allowed in SPSH measurement
phase. Only one pair of STAs participate directional channel quality measurement.

A CDMG S-AP or S-PCP that supports SPSH among BSSs should indicate whether all the member APs or

member PCPs in a cluster are in the SPSH measurement phqcp orin the SP Qpnﬁq] Q]’mring p]’mcp by qpfﬁng

the SPSH Measurement Enabled subfield in the Clustering Control field of the DMG Beacon frame to 1 or
by setting the Clustering SPSH Enabled field within the Clustering Interference Assessment element to 1.
The SPSH Measurement field is set to 1 to indicate that SPSH measurement phase starts. Each member AP
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or member PCP that supports SPSH among BSSs should request STAs in its BSS to perform directional
channel quality measurement during SPs of other BSSs in the same cluster, as described in 11.11. The
CDMG AP or PCP should send directional channel quality request to STAs in the same BSS and receive

directional channel quality report from the STAs The period of the directional channel quality measurement
is indicated by the Channel Quality Measurement Duration subfield within the Clustering Interference
Assessment element. The AP or PCP can obtain the interference information that indicates link(s) in its BSS
experience interference from at least one link of other BSS within the AP or PCP cluster through channel
measurement of STAs. The AP or PCP can determine the channel quality across STAs within multiple BSSs
and implement spatial sharing based on the results of the measurements performed by the STAs associated
with the AP or PCP. The S-AP or S-PCP should periodically set the SPSH Measurement Enabled subfield,
generating and sending the indicated information of interference measurement.

In the SPSH measurement phase, each member AP or member PCP that supports SPSH among BSSs in an
AP or PCP cluster shall schedule SPs in nonoverlapping period according to the clustering mechanism, as
described in 10.37 and 10.37a. If one link in a BSS is transmitting data, link(s) in other BSSs keeps in
directional channel measurement state. The determination of the interference from(the” measured link
(existing SP) to the candidate SP is implementation dependent and beyond the scope-of this standard.

Each member AP or member PCP in a cluster may record the information that/links in other BSSs do not
interfere with the link(s) in its BSS through channel measurement of STAs,and include the information in
SPSH Report elements that are sent to other AP(s) or PCP(s) through DMG Beacon frames. Each member
AP or member PCP can obtain interference information that indicateS inferference experienced by at least
one link of other BSS(s) from link(s) of its BSS, after receiving the"SRSH Report element from other APs or
PCPs in the same cluster. Each AP or PCP is able to obtain a dafabase of links that may perform SPSH, but
the definition of the database is beyond the scope of this standard.

After SPSH measurement, the S-AP or S-PCP shall _set.the SPSH Measurement Enabled subficld in the
Clustering Control field of the DMG Beacon frame(fo"0, indicating that BSSs in the cluster are allowed to
conduct spatial sharing in overlapping SPs in SP spatial sharing phase.

In the SP spatial sharing phase, each AP or PCP in the cluster should schedule SPs to achieve spatial sharing
according to the received SP allocation ‘information that indicates scheduled SP allocation for link(s) of
other BSS(s) in the same AP or PCP_cluster and according to the interference information from link(s) of
other BSS(s) to its BSS and the intérference information from link(s) of its BSS to link(s) of other BSS(s)
obtained in SPSH measurement/phase. The SP allocation information is obtained by receiving the Extended
Schedule element in the DMG- Beacon frame of other AP(s) or PCP(s) in the AP or PCP cluster. The
scheduled link(s) of the AR s’ or PCP’s BSS and link(s) of other BSS(s) should not interfere with each other
during the same SP.

If an AP or PCP.discovers that a link in its BSS and a link in another BSS in the same cluster do not interfere
with each other,.then the AP or PCP can schedule overlapping SPs for the two links.

Through'sending and receiving the SPSH Report element, an AP or PCP should schedule an overlapping
candidate SP only after sharing the spatial reuse information including non-interfering links corresponding
t¢ the€ scheduled SPs and candidate SPs with a neighbor AP or PCP. If an AP or PCP cannot know the
interference information between links in neighboring BSSs and its BSS, it should not conduct SP spatial
sharing.

Figure 10-58d illustrates an example of the resulting SP schedule for the spatial sharing among three BSSs
in a cluster.
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Figure 10-58d—Example of spatial sharing with interference mitigation
among multiple BSSs

10.38 DMG beamforming
10.38.1 General
Insert the following paragraphs after the last paragraph in 10.38.1:

A CMMG STA shall follow the DMG beamforming rules as _desctibed in 10.38 where a BF frame
transmitted by a CMMG STA is contained in a CMMG PPDU.

A CDMG STA shall follow the DMG beamforming rules~as described in 10.38, including the rules of
CDMG enhanced beam tracking as described in 10.38.9¢

Insert the following subclause, 10.38.9 (including Figure 10-84a and Figure 10-84b), after 10.38.8:
10.38.9 CDMG enhanced beam tracking

In addition to the beam tracking mechanism in 10.38.7, the CDMG enhanced beam tracking mechanism
enables CDMG communicating STACpairs to measure and switch to an alternative link to reduce the link
outage probability induced by an unexpected blockage or a rapid antenna rotation. The alternative link is a
suboptimal link configured by’a.pair of CDMG STAs during the SLS phase or the BRP phase. The enhanced
beam tracking mechanismeXxtends the capabilities on the basis of the beam tracking mechanism in 10.38.7
(Beam tracking). A pair’of CDMG STAs may perform beam tracking (see 10.38.7) and enhanced beam
tracking described in this subclause simultaneously.

The Enhanced Beam Tracking Supported subfield in the CDMG STA Capabilities Information field of a
CDMG STA’s' CDMG Capabilities element is set to 1 to indicate that the CDMG STA supports enhanced
beam tracking.

Thednitial alternative link of the peer STA under enhanced beam tracking is configured in the BRP phase.
Specifically, in the first BRP phase after the SLS, the initiator STA returns the sector and antenna IDs of the
alternative link to the responder STA, via transmitting the SSW Report element or the Enhanced Beam
Tracking element in the BRP frame(s). The responder STA shall specify the alternative TX AWV according
to the received Report Info field in the SSW Report element or the Peer TX Antenna Parameter field in the
Enhanced Beam Tracking element. For the BRP phase, the index of the TRN-T field that was received with
the second best quality in the last received BRP-TX PPDU is included in the Enhanced Beam Tracking

element to specify the alternative TX AWV. The alternative link is not used for the current data
transmission.
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During the enhanced beam tracking phase, if a pair of STAS is operating on the link that is selected with best
quality after SLS or BRP phase, switching to alternative link may be required if the signal quality of the
current link deteriorates significantly based on the measurement results of e-TRN-R/T. If switching to

alternative link is reqnired the initiator shall set the Switching to Backup AWV Request snbfield of the
Enhanced Beam Tracking element of the transmitted BRP frame to 1. If the initiator receives an Enhanced
Beam Tracking element with the Switching to Backup AWV Enabled subfield set to 1 in the following BRP
frame from the responder, the initiator and responder shall switch to the alternative link before transmitting
the next frame. After switching to the alternative link, the initiator and responder shall set the last link as the
new alternative link.

A CDMG STA (beam tracking initiator) may request a peer CDMG STA (beam tracking responder)\to
perform enhanced receive beam tracking by setting, in a transmitted packet, the TXVECTOR parameéter
ENHANCED BEAM TRACKING REQUEST to enhanced beam tracking requested, the (TIRN-LEN
parameter to the number of requested TRN-Units as described in 24.9.2.2.3, and packet type.to TRN-R-
PACKET. Otherwise, the ENHANCED BEAM_ TRACKING REQUEST parameter,.shall be set to
enhanced beam tracking not requested.

An enhanced beam tracking responder that receives a packet with the Enhanced Beam Tracking Request
field in the PHY header set to 1 (corresponding to the ENHANCED BEAM TRACKING REQUEST
parameter in the RXVECTOR set to enhanced beam tracking requested) afid the Packet Type field in the
PHY header set to 0 (corresponding to the PACKET-TYPE field infthe RXVECTOR set to TRN-R-
PACKET) shall follow the rules described in 24.9.2.2 and shall includé.a beam refinement AGC field, TRN-
R subfields, STF, and CE field appended to the following packettransmitted to the initiator. The value of
TRN-LEN parameter in the following packet from the respondéi-to the initiator shall be set to the value of
the TRN-LEN parameter in the RXVECTOR of the packet from+the initiator.

An enhanced beam tracking initiator requesting_-enthanced transmit beam tracking shall set the
ENHANCED BEAM TRACKING REQUEST pafameéter in the TXVECTOR to enhanced beam tracking
requested, the Packet Type field to TRN-T-PACKET, and the TRN-LEN parameter to the number of TRN-
Units as described in 24.9.2.2.3 and append an<AGC field, TRN-R subfields, an STF, and a CE field to the
packet. The enhanced beam tracking responder may append the feedback to any packets from the responder
to the initiator. The initiator may allocate‘time for the feedback through a reverse direction grant, provided
the reverse direction protocol is supported by both the initiator and responder. The Feedback Type field shall
be set to the value of the Feedback Type field in the last BRP frame that was transmitted from the initiator to
the responder with the TX-TRN-REQ subfield set to 1. If the responder has never received a BRP frame
from the initiator with the (TX-TRN-REQ subfield is equal to 1, the responder shall respond with all
subfields of the FBCK-TYPE field set to 0 and set the BS-FBCK field to the best sector. If switching to the
alternative link is required; the initiator shall set the Switching to Backup AWV Request subfield to 1 within
the Enhanced Beam' Tracking element within the transmitted BRP frame. The responder should respond
with an Enhanced-Beam Tracking element with the Switching to Backup AWV Enabled subfield set to 1 in
the following BRP frame. If the Enhanced Beam Tracking element with the Switching to Backup AWV
Enabled subfi€ld set to 1 is transmitted or received, the initiator and responder shall switch to the alternative
link before’the next frame. After switching to the alternative link, the initiator and responder shall both set
thedastlink as the new alternative link.

An enhanced beam tracking initiator may also request a beam tracking responder to perform receive beam
tracking by setting, in the PHY header of a transmitted packet, the Enhanced Beam Tracking Request field
to 1, the Training Length field to a nonzero value, and the Packet Type field to 0 and appending an AGC
field, TRN-R subfields, an STF, and a CE field to the transmitted packet.

A _beam frn(‘](ing rpqpnr\dpr that receives a pn(‘](Pf with the Enhanced Beam Trqr‘lzing qunpcf field in the

PHY header set to 1, the Training Length field in the PHY header nonzero, and the Packet Type field in the
PHY header set to 0 shall follow the rules described in 24.9.2.2 and may use the beam refinement AGC
field, TRN-R subfields, STF, and CE field appended to the received packet to perform receive beam
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tracking. If the switching to the alternative link is required, the responder shall set the Switching to Backup
AWYV Request subfield within the Enhanced Beam Tracking element within the transmitted BRP frame to 1.
The initiator should respond with an Enhanced Beam Tracking element with the Switching to Backup AWV
Enabled subfield set to 1 in the following BRP frame If the Fnhanced Beam Tracking element with the

Switching to Backup AWV Enabled subfield set to 1 is transmitted or received, the initiator and responder
shall switch to the alternative link before the next frame. After switching to the alternative link, the initiator
and responder shall both set the last link as the new alternative link.

The CDMG STAs that switched to the alternative link that is a suboptimal link after SLS or BRP phase
should measure the quality of the original optimal beam link (the new alternative link) during the subsequent
frames exchange. The initiator should transmit a beam tracking request to the responder to switch to thenew
alternative link if the new alternative link has a better link quality. The decision process of switching'to the
alternative link is implementation dependent and beyond the scope of this standard.

BRP frames transmitted during enhanced beam tracking may be aggregated withint A-MPDUs.
Figure 10-84a illustrates a beam tracking frame exchange sequence when the beam tracking initiator
requests TRN-R fields, while Figure 10-84b illustrates a beam tracking frame exchange)sequence when the
beam tracking initiator requests TRN-T fields.

An example of beam tracking and switching for enhanced beam tracking is shown in W.3.

Enhanced Beam

Tracking IE; - TRN-R fields Efihduced Beam Tracking IE:
Elganced Fh _BT-R Enabled=1 appended T Switching to Backup AWV Enabled =1 T
eam
13 raCk"Cl{g BRP ) ... Data Data Data BRP
esponder frame frame
BRP BRP
Enhanced | BRY | ACK ACK ACK
Beam frame frame
—fr"ft‘fk:ng Enhanced Beam Tracking IE: Enhanced Beam Tracking ‘
nitiator Backup AWV Setting=01, Peer Re - Enhanced Beam Tracking IE: .
, quested =1, nhanced Beam Tracking IE: o .
Tx_Sector ID, Peer Tx_Antenna ID Packet Type = TRN-R, Switching to Backup AWV Switeh to Backup AWV
E-BT-R Request=1 TRN-LEN>0 Request =1

Figure 10-84a—Example ofcan enhanced beam tracking procedure with the initiator
requesting TRN-R

Enhanced Beam Tracking IE: Enhanced Beam Tracking

. - - - TRN-T ficlds
Enhanced Backup AWV Setting=01, Peer Requested =1, appended Enhanced Beam Tracking IE:
phancs F Tx_Sector D, Per Tx Anlema 1Dy Type = TRN-T, Switching to Backup AWV Enabled =1
~B 1R Request= TRN-LEN>0 T
Trackin,
wKne | BRR BRP
Initiator | & 0 | e Data Data
framfe frame
BRP BRP
Enhaneed | | e ACK ACK
Beam frame frame
Tracking Enhanced Beam BRP frame with feedback;
Responder Tracking IE; Enhanced Beam Tracking IE: Switch to Backup AWV
E-BT-R Enabled=1 Switching to Backup AWV

Request =1

Figure 10-84b—Example of an enhanced beam tracking procedure with the initiator
requesting TRN-T

151
Copyright © 2018 IEEE. All rights reserved.



https://standardsiso.com/api/?name=f253c1254c61c2ae3182dd321aad0758

ISO/IEC/IEEE 8802-11:2018/Amd.3:2020(E)

IEEE Std 802.11aj-2018
|EEE Standard for Information technology—Local and metropolitan area networks—Specific requirements—
Part 11: Wireless LAN MAC and PHY Specifications—Amendment 3: Enhancements for Very High Throughput to
Support Chinese Millimeter Wave Frequency Bands (60 GHz and 45 GHz)

Insert the following subclause, 10.39a, after 10.39.3:

10.39a Link adaptation using the CMMG link measurement

10.39a.1 General

A STA may transmit a Link Measurement Request frame to request a STA indicated in the RA field of the
frame to respond with a Link Measurement Report frame (9.6.7.5) in SC transmission. If the Link
Measurement Request frame is sent within a PPDU defined in Clause 25, the Link Measurement Report
frame shall contain the CMMG Link Margin element. The requesting STA may use values of the MCS; of
the SNR, and of the link margin to transmit frames to the STA indicated in the RA field of the Link
Measurement Request frame.

The requesting STA may aggregate a Link Measurement Request frame in an A-MPDU\as’ defined n
Table 9-425 and Table 9-428.

If the Dialog Token field in the Link Measurement Request frame is equal, to(a nonzero value, the
responding STA shall perform the measurement on the next frame received frond the requesting STA and
shall send back a Link Measurement Report frame corresponding to the receivedArame.

The responding STA may aggregate a Link Measurement Report/frame in a A-MPDU as defined in
Table 9-425 and Table 9-428.

A CMMG STA with MAC address that is equal to the value of-the Link Measurement Request frame RA
field shall transmit a Link Measurement Report frame addressed to the requesting STA. The RA field of the
Link Measurement Report frame shall be equal to the TA field of the Link Measurement Request frame.

If the Dialog Token field in the Link Measurement Report frame is equal to the nonzero Dialog Token field
of the Link Measurement Request frame, the MCS; SNR, and Link Margin fields of the Link Measurement
Report frame shall be computed using the measurements of the PPDU that is the subsequent frame following
the Link Measurement Request frame.

If the Dialog Token field in the Link Wleasurement Request frame is equal to 0, the responding STA may set
the MCS field in the Link Measurement Report frame to the MCS value computed based on any of the
received frames from the requesting STA.

The SNR field and Akink Margin field in the Link Measurement Report frame shall indicate the
corresponding measurements based on the reception of the PPDU that was used to generate the MCS
feedback containedin the same Link Measurement Report frame.

The Link Measurement Request and Link Measurement Report frames can be used to obtain link margin
information, which can be used to determine appropriate action by the requesting STA (e.g., change MCS or
controldransmit power or initiate FST).

ANSTA may send an unsolicited Link Measurement Report frame with the Dialog Token field set to 0.

10.39a.2 CMMG TPC

A CMMG STA that receives a Link Measurement Report frame containing a CMMG Link Margin element
that indicates Increase or Decrease Transmit power behaves according to the following rules:

— If the CMMG STA intends to implement the recommendation indicated in the Activity field of the
Link Measurement Report frame, it shall implement the change and send a Link Measurement
Report containing a CMMG Link Adaptation Acknowledgment element not later than
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2xaPPDUMaxTime after it acknowledged the reception of the Link Measurement Report frame. The
Activity field of the CMMG Link Adaptation Acknowledgment element shall be set to the value of
the Activity field in the received CMMG Link Margin subelement.

h PR ) OCNAAC- QT A £ 41

Va— 1 4tl ot PP b I 4] Ao Lol
H-the—EMVIMG-STAdoes ot tmplement-therecommendationtndieated-in—the—Activityfretd-of-the
Link Measurement Report frame, it may send the Link Measurement report containing a CMMG
Link Adaptation Acknowledgment element no later than 2xaPPDUMaxTime after it acknowledges
the reception of the Link Measurement Report frame. The Activity field of the CMMG Link
Adaptation Acknowledgment element shall be set to 0, indication the STA prefers to not change
transmit power.

A CMMG STA shall not include the CMMG Link Adaptation Acknowledgment element in a (Eink
Measurement Report frame unless it is in response to a Link Measurement Report with the Activity field set
to increase or decrease transmit power.

10.39a.3 CMMG fast link adaptation

A CMMG STA supports fast link adaptation if the Fast Link Adaptation fieldGin-the STA’s CMMG
Capabilities Info field is 1. Otherwise, the STA does not support fast link adaptation. A STA that supports
fast link adaptation shall not use fast link adaptation with a peer STA thdt/does not support fast link
adaptation.

A STA that supports fast link adaptation shall support the reverse direction protocol (see 10.28).

The STA that transmits a Link Measurement Request frame as‘part of fast link adaptation shall be the RD
initiator, and the STA that responds with a Link Measurenient Report frame shall be the RD responder.
Transmission of Link Measurement Request frame, Link-Measurement Report frame, and the frames
defined below shall follow the rules of the reverse direction protocol.

A STA initiates fast link adaptation by transmitting a Link Measurement Request frame that is of subtype
Action No Ack and that has the Dialog Token field set to 0. The PPDU containing the frame shall have the
AGGREGATION parameter in the TXVECTOR set to AGGREGATED, shall not contain any other frame
that requires immediate response, and shall have a duration (as determined by the PHY-TXTIME.confirm
primitive defined in 6.5.6) that is greater than 5.27 ps.

NOTE-The PPDUs have the AGGREGATION parameter in the TXVECTOR set to AGGREGATED to allow padding
of the PSDUs with MPDU delimiters of size 0, therefore meeting the transmission duration requirement.

A STA that supports fastilink adaptation and that receives a Link Measurement Request frame of subtype
Action No Ack with the-Dialog Token field equal to 0 and contained in a PPDU with the AGGREGATION
parameter in the RXVECTOR equal to AGGREGATED shall respond with a Link Measurement Report
frame in no lgfiger than BRPIFS from the reception of the Link Measurement Request frame. The TPC
Report element, CMMG Link Margin element and other fields transmitted in the Link Measurement Report
frame shallyreflect measurements on the PPDU that contained the last received Link Measurement Request
frame from the initiating STA.

The STA responding with the Link Measurement Report frame shall keep the IFS not longer than a SIFS by
transmitting PPDUs that do not contain frames requiring immediate response and that have a duration that is
greater than 5.27 ps. All transmitted PPDUs should use the same MCS and the same transmit power.

The transmitted Link Measurement Report frame shall be of subtype Action No Ack, shall be sent using
MCS 1, and shall be sent within a PPDU with the AGGREGATION parameter in the TXVECTOR set to

AGGREGATED. In addition, the PPDU shall not contain any irame that requires immediate response and
shall have a duration that is greater than 5.27 ps.
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If at least one of the conditions above for the transmission of the Link Measurement Report frame is not met,
the STA may follow the rules in 10.31.1 to respond to the received Link Measurement Request frame.

A A_1h DPO in dap ion and th ecejve ink Me cment Keport me shonld respond

with an unsolicited Link Measurement Report frame in no longer than BRPIFS from the reception of the
Link Measurement Report frame. The TPC Report element, CMMG Link Margin element, and other fields
transmitted in the unsolicited Link Measurement Report frame shall reflect measurements taken on one or
more of the PPDUs received by the STA transmitting the unsolicited Link Measurement Report frame,
starting with the received Link Measurement Report frame itself. If the unsolicited Link Measurement
Report frame is transmitted longer than a SIFS from the reception of the Link Measurement Report frame,
the STA transmitting the unsolicited Link Measurement Report frame shall keep the IFS not longer than‘a
SIFS by transmitting one or more PPDUs before issuing the unsolicited Link Measurement Report frame.

Insert the following subclause, 10.60 (including Figure 10-104 through Figure 10-115), after.10.59:

10.60 DBC mechanism for CDMG STAs
10.60.1 General

A CDMG STA supports the operation of variable bandwidth channels.‘according to the channelization
specified in E.1. A CDMG infrastructure BSS or PBSS can operate onra*\1©08 GHz or 2.16 GHz bandwidth
channel. As specified in E.1, each 2.16 GHz channel encompassésstwo 1.08 GHz channels. A CDMG
infrastructure BSS or PBSS shall use the following DBC mechanism when operating in the country that
requires the support of variable bandwidth channels operation to mitigate interference between other CDMG
and DMG BSSs.

A CDMG AP or PCP shall follow the procedures in 1. 1.4.4.2 to initialize a CDMG BSS on a 1.08 GHz or
a 2.16 GHz bandwidth channel. An AP or PCP operating the BSS on a 1.08 GHz channel shall periodically
transmit DMG Beacon frames (10.3.4.2) on the. 2,16 GHz channel that encompasses the 1.08 GHz channel
on which the BSS is operating. A CDMG AP"or PCP may change the operating bandwidth of its BSS
dynamically from 1.08 GHz to 2.16 GHz,0t Vice versa.

A CDMG AP or PCP may request the AP or PCP of an existing CDMG BSS operating on a 2.16 GHz
channel (e.g., channel 2) to shift its operating channel to one of the 1.08 GHz channels (e.g., channel 35)
within its original 2.16 GHz<ghannel by sending a Channel Splitting Request frame (9.6.29.4) or an
Extended Channel Splitting‘Request frame (9.6.8.43). If the existing CDMG BSS changed its operating
channel to one of the }:08 GHz channels (e.g., channel 35), the CDMG AP or PCP that sends the request
frame may then operate”a new BSS on the other adjacent 1.08 GHz channel (i.e., channel 36) within the
2.16 GHz channel (i.e., channel 2).

A pair of CDMG APs or PCPs operating on the adjacent 1.08 GHz channels (e.g., channel 35 and channel 6)
within a2.16 GHz channel (i.e., channel 2) should maintain synchronization with each other to mitigate the
interferénce caused by the transmission of the DMG Beacon frame and other frames on the 2.16 GHz
chanpel (i.e., channel 2) according to 10.60.2.3.

10.60.2 CDMG channel access

10.60.2.1 CDMG BSS operating on a 2.16 GHz channel

A CDMG AP or PCP operating an infrastructure BSS or PBSS on a 2.16 GHz channel (e.g., channel 2) shall

follow the channel access rules as described in 10.36.
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10.60.2.2 CDMG BSS operating on a 1.08 GHz channel

A CDMG AP or PCP operating an infrastructure BSS or PBSS on a 1.08 GHz channel (e.g., channel 35)
shall periodically transmit DMG Reacon frames (934 2) on the 2 16 GHz channel (ie channel 2) that

encompasses its operating channel (i.e., channel 35). The time interval between two consecutive DMG
Beacon frames transmitted on the 2.16 GHz channel shall be no more than aMaxBIDuration. The generation

of the DMG Beacon frames shall follow the rules in (11.1.3.3.3).

The AP or PCP that starts an infrastructure BSS or PBSS on a 1.08 GHz channel (e.g., channel 35) shall set
a TSF timer to track the beacon interval (BI) on the encompassing 2.16 GHz channel (i.e., channel 2). At the
beginning of a beacon interval on the 2.16 GHz channel, the AP or PCP shall schedule a notification period
(NP) or a BHI (10.36.2) indicated by the DBC Option subfield of the Dynamic Bandwidth Control-¢lenient
(9.4.2.218) contained in each DMG Beacon frame as shown in Figure 10-104 and Figure10-105,
respectively. If a NP is scheduled on the 2.16 GHz channel, at least one BHI shall be scheduled on the

1.08 GHz channel. The NP may include the BTI, A-BFT, and ATI.
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Figure 10-104—Example of an AP orPCP that starts its infrastructure BSS or PBSS
on channel 35 by-tfransmitting DMG Beacon frames
on both-channel 2 and channel 35
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Figure 10-105—Example of a CDMG AP or PCP that starts its infrastructure BSS or PBSS
on channel 35 by transmitting DMG Beacon frames
on channel 2 only
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During the BTI on the 2.16 GHz channel, the AP or PCP shall transmit a DMG Beacon frame containing the
Dynamic Bandwidth Control element (9.4.2.218) that includes information on the operating status of the
BSS through the DBC Control field and Channel Number field. The beacon interval length on the 2.16 GHz
channel is indicated by the Beacon Interval field (9 4 1 3) contained in each DMG Beacon frame

The AP or PCP may also establish an independent beacon interval on its operating 1.08 GHz channel and set
another TSF timer to track it. As illustrated in Figure 10-104, the beacon interval length on 1.08 GHz
channel shall be set as an integer factor of the beacon interval length on 2.16 GHz channel in units of TUs.
The maximum length shall be the beacon interval length on the 2.16 GHz channel. The channel access on
the 1.08 GHz shall follow the rules described in 10.36 with a BHI period within each BI. If BHIs are present
on the 1.08 GHz channel, the DBC Option subfield of the Dynamic Bandwidth Control element within the
DMG Beacon frame is set to 0; otherwise, it is set to 1.

A guard interval (GI) that is an interframe space follows a NP/BHI on the 2.16 GHz channel*as shown in
Figure 10-104 and Figure 10-105 for CDMG STAs to switch from transmitting and receiying frames on the
2.16 GHz channel to transmitting and receiving frames on the 1.08 GHz channel. The detérmination of the
length of the GI is implementation dependent. At the end of the GI (or the NP/BHI if the GI is not present),
the AP or PCP shall be ready to transmit or receive frames on the 1.08 GHz/channel indicated by the
Channel Number field of the Dynamic Bandwidth Control element.

If a CDMG AP or PCP transmits a DMG Beacon frame with the DBC Option subfield of the Dynamic
Bandwidth Control element set to 0, it shall schedule quiet periods/(QPs) on a 1.08 GHz channel by
scheduling SPs with the AllocationType subfield set to 2 in the Alloeation field and the Source AID subfield
and Destination AID subfield set to its own AID. The starting-times and durations of these QPs shall
coincide with the starting times and durations of the NPs on the 2.16 GHz channel. The AP or PCP may also
schedule the starting times of the QPs to be earlier than thé NPs and the durations of the QPs to be greater
than the durations of the NPs to establish a GI before and‘fter each NP as shown in Figure 10-104.

If a CDMG AP or PCP transmits a DMG Beacon, frame with the DBC Option subfield of the Dynamic
Bandwidth Control element set to 1, it may schedule QPs before and after the BHIs to serve as GIs as shown
in Figure 10-105. The GIs in this case should be longer than the time taken for all the CDMG STAs to
switch from transmitting and receiving frames on the 2.16 GHz channel to transmitting and receiving frames
on the 1.08 GHz channel. The detetmination of the length of the GIs is, however, implementation
dependent.

If a non-AP and non-PCP CDMG STA receives a DMG Beacon frame from the CDMG AP or PCP with the
BSSID equal to the BSSID. of the BSS of which the STA is a member and with the DBC Option subfield of
the Dynamic Bandwidth Control element set to 0, the STA shall switch to the 1.08 GHz channel indicated by
the Channel Number field of the received Dynamic Bandwidth Control element to receive the DMG Beacon
frame transmitted-on the corresponding 1.08 GHz channel and follow the beamforming rules in 10.38 and
the channel access rules in 10.39a on the 1.08 GHz channel. The non-AP and non-PCP STA may use the BI
Offset subfield of the Dynamic Bandwidth Control element in the received DMG Beacon frame to predict
the starting’time of the BTI on the 1.08 GHz channel. In the following medium time, the non-AP and non-
PCP-STA should be prepared to receive and transmit frames on the 1.08 GHz channel unless it is assigned
bythe AP or PCP to monitor the 2.16 GHz common channel, or it communicates with other DMG STAs, or
it-leaves the current infrastructure BSS or PBSS, or the infrastructure BSS or PBSS ceases its services.

Alternatively, if a non-AP and non-PCP CDMG STA receives a DMG Beacon frame from the CDMG AP or
PCP with the BSSID equal to the BSSID of the BSS of which the STA is a member and with the DBC

Option subfield of the Dynamic Bandwidth Control element set to 1, the STA shall follow the beamforming
rules in 10 38 and the channel access rules in 10 36 within the 2 16 GHz channel dnring the BHI duration

During the DTI, the STA shall switch to the 1.08 GHz operating channel indicated by the Channel Number
field of the received Dynamic Bandwidth Control element to receive and transmit frame following the
channel access rules in 10.36 on the 1.08 GHz channel.
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10.60.2.3 Synchronization of CDMG infrastructure BSS or PBSSs on the adjacent 1.08 GHz
channels within a 2.16 GHz channel

A CDMG AP or PCP sefting up an infrastructnre BSS or PRSS on a 1 08 GHz channel (e g channel 35) that
has a CDMG BSS established on the adjacent 1.08 GHz channel (i.e., channel 36) within the same 2.16 GHz
channel (i.e., channel 2) should follow the procedures below to maintain synchronization.

A CDMG AP or PCP shall scan the 2.16 GHz channel (e.g., channel 2) that encompasses the 1.08 GHz
channel (e.g., channel 36) on which the CDMG AP or PCP is going to set up its BSS for DMG Beacon
frames. If the CDMG AP or PCP received a DMG Beacon frame containing a Dynamic Bandwidth Contzol
element with the Channel Splitting subfield set to 1, the Channel Number field indicating the existing AP\or
PCP works on a 1.08 GHz channel, and the Adjacent Channel Occupancy subfield set to 1, the AR.or.PCP
may send an Extended Notification Period Request frame (9.6.8.41) during the following ATI of the BSS
indicated by the BSSID field of the received DMG Beacon frame to request the existing AR or PCP to
allocate time for NPs/BHI to transmit DMG Beacon frames on the encompassing 2.16 GHz channel with the
NP/BHI Duration field in the Extended Notification Period Request frame indicating the'tequested duration
of NPs/BHIs.

Alternatively, the scanning AP or PCP may attempt to associate with the dnfrastructure BSS or PBSS
indicated by the BSSID field of the received DMG Beacon frame following the rules in 11.3 and
subsequently send a Notification Period Request frame (9.6.29.2). A nonsAP and non-PCP CDMG STA
within an infrastructure BSS or PBSS operating on a 1.08 GHz/channel may send a Notification
Period Request frame (9.6.29.2) during the ATI, SP, or CBAP to request the AP or PCP to allocate time for
NPs/BHIs to transmit DMG Beacon frames on the encompasSing 2.16 GHz channel with the -NP/BHI
Duration field in the Notification Period Request frame indicating the requested duration of NPs/BHIs.

If a CDMG AP or PCP receives a Notification Period~Request frame or an Extended Notification Period
Request frame, it may allocate QPs on its operatingd 08 GHz channel at the same recurring position in each
beacon interval of the 2.16 GHz channel and replywith a Notification Period Response frame (9.6.29.3) or
an Extended Notification Period Response™frame (9.6.8.42) containing a Dynamic Bandwidth
Control element with the TBTT Offset field indicating the target starting time of the allocated NPs/BHIs and
the NP/BHI Duration field and the Adjacént NP/BHI Duration field indicating the lengths of the NPs/BHIs
on the 2.16 GHz channel of itself and-the scanning AP or PCP. The CDMG AP or PCP may schedule the
starting times of the QPs to be earlier than the NPs and the durations of the QPs to be greater than the
durations of the NPs to establish a GI before and after each NP/BHI as shown in Figure 10-106 and
Figure 10-107. The AP or PCPshall scan for DMG Beacon frames in the allocated NPs to determine if a
new BSS has been established on the adjacent 1.08 GHz channel.

If a CDMG STA receives a Notification Period Response frame or Extended Notification Period Response
frame addressedtoutself, it may establish an infrastructure BSS or PBSS on the 1.08 GHz channel adjacent
to the chanpelindicated in the Channel Number field of the Dynamic Bandwidth Control element and
become the AP or PCP using the following steps. The scanning AP or PCP shall start to transmit DMG
Beacon frames at the start of the allocated NP/BHI indicated by the TBTT Offset field of the Dynamic
Bandwidth Control element and set a TSF timer to track its beacon interval on the 2.16 GHz channel. The
duration of the beacon interval on the 2.16 GHz channel shall be equal to the Beacon Interval field in the
received Notification Period Response frame or an Extended Notification Period Response frame. The
duration of NP/BHI on the 2.16 GHz channel shall be set to the value of the Adjacent NP/BHI Duration field
of the Dynamic Bandwidth Control element in the received Notification Period Response frame or an
Extended Notification Period Response frame. The scanning AP or PCP shall continue to receive the DMG

Beacon frames from the existing AP or PCP during the NPs/BHIs starting at the time obtained from the
Beacon Interval field minus the TBTT Offset field from the beginning of each beacon interval on the

2.16 GHz channel with the length indicated by the NP/BHI Duration field of the Dynamic Bandwidth
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Control element in the previously received Notification Period Response frame or Extended Notification
Period Response frame and maintain synchronization by adjusting its TSF to match the Timestamp field
(9.4.1.10) in the received DMG Beacon frames transmitted in these NPs/BHIs. The scanning AP or PCP

shall also nse the DRC Option subfield of the Dynamic Bandwidth Control element in each DMG Beacon

frame to announce whether the beacon interval on its 1.08 GHz operating channel is present or not as
described in 10.60.2.2.

A CDMG AP or PCP operating on a 1.08 GHz channel may also actively allocate reserved NPs/BHIs on the
2.16 GHz channel to allow a new CDMG BSS to be established on the adjacent 1.08 GHz channel. The
CDMG AP or PCP may allocate QPs on its operating 1.08 GHz channel at the same recurring positiondn
each beacon interval of the 2.16 GHz channel and announce the presence of the reserved NPs/BHis by
transmitting DMG Beacon frames on the 2.16 GHz channel containing a Dynamic Bandwidth-Coeritrol
element with the Channel Splitting subfield equal to 1, the Adjacent Channel Occupancy subfieldfequal to 1,
and the Adjacent NP/BHI Duration field nonzero. The TBTT Offset field and the Adjacent NP/BHI
Duration field in the Dynamic Bandwidth Control element indicate the target starting time and the duration
of the reserved NPs/BHIs, respectively. The AP or PCP shall scan for DMG Beacon frames'in the reserved
NPs to determine if a new BSS has been established on the adjacent 1.08 GHz channel:

If a CDMG AP or PCP receives a DMG Beacon frame on the 2.16 GHz channel containing a Dynamic
Bandwidth Control element with the Channel Splitting subfield set to 1, th¢«Adjacent Channel Occupancy
field set to 1, and the Adjacent NP/BHI Duration field nonzero, it may(€stablish an infrastructure BSS or
PBSS on the 1.08 GHz channel adjacent to the channel indicated, in’ the Channel Number field of the
Dynamic Bandwidth Control element using the following steps. Phe\AP or PCP shall continue to scan for
DMG Beacon frames on the 2.16 GHz channel during the reserved NPs/BHIs indicated by the TBTT Offset
field of the Dynamic Bandwidth Control element for an interyal‘of at least aMinChannelTime. If it does not
receive any valid DMG Beacon frame, it may start a new BSS by transmitting a DMG Beacon frame at the
start of the reversed NP/BHI and set a TSF timer to traek.its beacon interval on the 2.16 GHz channel. The
duration of the beacon interval on the 2.16 GHz channe¢l shall be equal to the Beacon Interval field in the
received DMG Beacon frame of the existing AP @r PCP. The scanning AP or PCP shall continue to receive
the DMG Beacon frames in NPs/BHIs of the existing AP or PCP operating on the adjacent 1.08 GHz
channel to maintain synchronization by adjusting its TSF to match the Timestamp field (9.4.1.10) in the
received DMG Beacon frames. The scarining AP or PCP shall also use the DBC Option subfield of the
Dynamic Bandwidth Control elementicontained in each DMG Beacon frame to announce whether the
beacon interval on its 1.08 GHz operating channel is present or not described in 10.60.2.2.

The NPs/BHIs of the two APs*or PCPs operating on the adjacent 1.08 GHz channels within a 2.16 GHz
channel may be arranged (consecutively without interspaces to reduce the number of times they need to
switch between transniitting and receiving frames on the 2.16 GHz channel and the 1.08 GHz channels.

Figure 10-106 shows an example of two APs establishing BSSs on channels 35 and 36, respectively,
with two NPs)NP 1 of AP 1 and NP 2 of AP 2, arranged consecutively without interspaces. The
same arrangement might apply to PCPs establishing PBSSs. Figure 10-107 shows another example of
two APsestablishing BSSs on channels 35 and 36, respectively, with two BHIs, BHI 1 of AP 1 and BHI 2 of
AP/2 narranged arbitrarily apart from each other. The same arrangement might apply to PCPs establishing
PBSSs.
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Figure 10-106—Two APs or PCPs with NPs arranged consecutively
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Figure 10-107—Two APs or PCRs with BHIs arranged apart from each other

If a CDMG AP or PCP operating on a 1.08 GHz channel with the adjacent 1.08 GHz channel occupied by
another CDMG BSS does not receiveiany DMG Beacon frame transmitted by the CDMG AP or PCP
operating on the adjacent 1.08 GHz.channel in the assigned NPs/BHIs for a period of 4xaMinBTIPeriod
beacon intervals on the 2.16 (GHz channel, starting from when the last frame is received from the
neighboring AP or PCP, it may proceed to make changes to the assigned NPs/BHIs on the 2.16 GHz
channel. The AP or PCPhay continue to allocate a NP/BHI on 2.16 GHz channel at the same position to
allow another AP or PCP to establish a new BSS on the adjacent 1.08 GHz channel as described above or it
may stop allocating QPs on its operating channel that correspond to the NPs/BHIs on 2.16 GHz channel of
the BSS operating-on the adjacent 1.08 GHz channel. Figure 10-108 shows an example that an AP or PCP
can cease itsrservice on channel 35, a 1.08 GHz channel.
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Figure 10-108—Service cessation for an AP or PCP on channel 35
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The CDMG AP or PCP may also move its TBTT (11.31.2) on the 2.16 GHz channel (e.g., channel 2)
backward so that its NPs/BHIs are followed closely by the BHI on its 1.08 GHz operating channel (e.g.,
channel 36) as illustrated in Figure 10-109.

¢NP2+‘
]
>
w
(S =]
3
e » » >
Zlo|5|S e X Bl on Channel 36— A
9 B i =3 =
AP or PCPZ%% 2 oI g DTI
N > QP 2
< Bl on Channel 2 ;1

I Guard Interval (GI)

Figure 10-109—Moving TBTT by a neighboring AP or PCP on channel 2

10.60.3 Channel splitting of a 2.16 GHz channel

If a CDMG STA receives a DMG Beacon frame from a CDMG AP or PGP operating on a 2.16 GHz channel
(e.g., channel 2), it may request the AP or PCP to shift its operating channel to one of the 1.08 GHz channels
(e.g., channel 35) within its original 2.16 GHz channel by sending-an ‘Extended Channel Splitting Request
frame (9.6.8.43) during the following ATI or it may associate withythe infrastructure BSS or PBSS indicated
by the BSSID field of the received DMG Beacon frame following the rules in 11.3 and subsequently send a
Channel Splitting Request frame (9.6.29.4).

A non-AP and non-PCP CDMG STA within an infraStructure BSS or PBSS operating on a 2.16 GHz
channel (e.g., channel 2) may send a Channel Splitting Request frame (9.6.29.4) during the ATI, SP, or
CBAP, to request the AP or PCP to shift its<operating channel to one of the 1.08 GHz channels (e.g.,
channel 35) within its original 2.16 GHz channel. If the existing CDMG BSS changed its operating channel
to one of the 1.08 GHz channels (e.g.,“channel 35), the CDMG STA that sends the Channel Splitting
Request frame may then operate a new-BSS on the other adjacent 1.08 GHz channel (i.e., channel 36) within
the 2.16 GHz channel (i.e., channel2) as the role of AP or PCP.

The Channel Splitting Request*frame or Extended Channel Splitting Request frame shall use the NP/BHI
Duration field to indicate the required length of NP/BHI on a 2.16 GHz channel.

If a CDMG AP or PCP receives a Channel Splitting Request frame (9.6.29.4) or Extended Channel Splitting
Request frame (9:6:8.43), the AP or PCP may follow the rules in 11.9.8.6 to switch its operating channel to a
1.08 GHz channel (e.g., channel 35) within its original 2.16 GHz channel (i.e., channel 2). If the AP or PCP
switches the‘operating channel after receiving a Channel Splitting Request frame, it shall inform all its non-
AP and noen-PCP STAs of the DBC option it selects to operate on the 1.08 GHz channel after channel
splitting; the target 1.08 GHz channel number to which it switches, and the starting time of the first beacon
inferval on 2.16 GHz channel when the channel splitting begins through the DBC Option subfield of the
Dynamic Bandwidth Control element and the New Channel Number field and the Channel Switching Count
field of the Channel Switch Announce element contained in the DMG Beacon and/or Announce frames. The
AP or PCP shall also send a Channel Splitting Response frame (9.6.29.5) or Extended Channel Splitting
Response frame (9.6.8.44) to announce the target 1.08 GHz channel number to which it switches and the

starting time of the first beacon interval on 2.16 GHz channel when the channel splitting begins through the
New Channel Number field and the Channel Sw if(‘hing Count field of the Channel Switch Announce

element, the length of its beacon interval on 2.16 GHz channel after channel splitting through the Beacon
Interval field, and the time offset of the scanning AP’s or PCP’s beacon interval relative to the existing AP’s
or PCP’s beacon interval on 2.16 GHz channel and the lengths of NP/BHI durations for both APs or PCPs
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on 2.16 GHz channel through the TBTT Offset field, the NP/BHI Duration field, and the Adjacent NP/BHI
Duration field of the Dynamic Bandwidth Control element to the CDMG STA indicated in the Source AID
field in the received Channel Splitting Request frame or Extended Channel Splitting Request frame.

If a CDMG AP or PCP receives a Channel Splitting Request frame or Extended Channel Splitting Request
frame but is not switching its operating channel, it may reply a Channel Splitting Response frame or an
Extended Channel Splitting Response frame to reject the request.

If a CDMG STA sends a Channel Splitting Request frame or Extended Channel Splitting Request frame and
then receives Channel Splitting Response frame or an Extended Channel Splitting Response frame with the
Channel Splitting subfield set to 1, it shall follow the procedures described in 10.60.2.3 to maintain
synchronization with the CDMG AP or PCP that sends the Channel Splitting Response frame™ot” an
Extended Channel Splitting Response frame when it starts a new BSS on the adjacent 1.08 GHz(channel as
the role of AP or PCP.

10.60.4 Channel expansion of a 1.08 GHz channel

A CDMG AP or PCP operating an infrastructure BSS or PBSS services on a2’ 1.08 GHz channel (e.g.,
channel 35) may expand its operating bandwidth by switching to the 2.16 GHzChannel (i.e., channel 2)
encompassing its original operating channel without interruption to its BSS Sefyices.

If a CDMG AP or PCP operating an infrastructure BSS or PBSS on &t,08 GHz channel (e.g., channel 35)
transmits DMG Beacon frames on the 2.16 GHz channel containing-a Dynamic Bandwidth Control element
with the Channel Splitting subfield set to 1 and the Adjacent Chdnsniel Occupancy subfield set to 1, the AP or
PCP may follow 11.9.8.6 to switch its operating channel to the 2:16 GHz channel (e.g., channel 2).

If a CDMG AP or PCP operating an infrastructure BSS.0r PBSS on a 1.08 GHz channel (e.g., channel 35)
transmits DMG Beacon frames on the 2.16 GHz channel containing a Dynamic Bandwidth Control element
with the Channel Splitting subfield set to 1 and the. Adjacent Channel Occupancy subfield set to 0 but does
not receive any DMG Beacon frame during the allocated NPs/BHI from another CDMG AP or PCP for a
time period of 4xaMinBTIPeriod beacon intérvals on the 2.16 GHz channel, the AP or PCP may follow
11.9.8.6 to switch its operating channel to‘the 2.16 GHz channel (e.g., channel 2).

If a CDMG AP or PCP operating_ah.infrastructure BSS or PBSS on a 1.08 GHz channel (e.g., channel 35)
transmits DMG Beacon frames on the 2.16 GHz channel containing a Dynamic Bandwidth Control element
with the Channel Splitting, subfield set to 1 and the Adjacent Channel Occupancy subfield set to 0 and
receives a DMG Beacon fifame during a NP/BHI from another CDMG AP or PCP operating on the adjacent
1.08 GHz channel (e.g.,jchannel 36) within a 2.16 GHz channel (i.e., channel 2), it shall not expand its
operating bandwidth by switching to the 2.16 GHz channel.

If the CDMG ‘AP of PCP is switching the operating channel, it shall transmit DMG Beacon frames during
the scheduled’NPs on the 2.16 GHz channel containing a Dynamic Bandwidth Control element with the
Channel ‘Splitting subfield equal to 1 and the Adjacent Channel Occupancy subfield equal to 0 until the
intended channel switch time. The AP or PCP shall inform all the non-AP and non-PCP STAs in the BSS
with-the target 2.16 GHz channel number to which it switches and the starting time of the first beacon
interval on the 2.16 GHz channel after the channel expansion through the New Channel Number field and
the Channel Switching Count field of the Channel Switch Announce element contained in the DMG Beacon
and/or Announce frames. Here, the starting time is set until to the end of a subsequent beacon interval on the
2.16 GHz channel. Note that the beacon interval length after channel expansion might be different with that
before channel expansion.
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Figure 10-110 and Figure 10-111 illustrate the examples that an AP or PCP (e.g., AP or PCP 1) operating on
channel 35 switches to channel 2. In Figure 10-110, the AP or PCP 1 established an independent beacon
interval on channel 35 while in Figure 10-111, the AP or PCP 1 does not.
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Figure 10-110—AP or PCP operating on channel 35 with independent'beacon interval
expanding the operating bandwidth to channel2
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Figure 10-111—AP or PCP operating on channel 35 without independent beacon interval
expanding’the operating bandwidth to channel 2

10.60.5 Backward compatibility and interoperation

A CDMG AP or PCP gperating an infrastructure BSS or PBSS shall provide interoperability to DMG STAs
regardless of the BSS’s operating channel. If a CDMG BSS is operating on a 2.16 GHz channel, the CDMG
AP or PCP shallSfollow the channel access rules as described in 10.36 to provide services to non-AP and
non-PCP DMG-STAs.

A CDMG-STA should not establish a 1.08 GHz BSS within a 2.16 GHz channel on which it received a
DMG Beacon frame from a DMG AP or PCP. A CDMG AP or PCP operating on a 1.08 GHz channel shall
ttansmit DMG Beacon frames on both the 1.08 GHz channel and the corresponding 2.16 GHz channel. A
DPMG STA can request to join a CDMG BSS. If the DMG STA successfully joins the CDMG BSS, the
CDMG AP or PCP of the BSS shall schedule SPs and/or CBAPs for the DMG STA on the 2.16 GHz
channel. The length of the scheduled SPs or CBAPs for DMG STAs on the 2.16 GHz channel is variable and
may be up to the entire DTIL. In other words, all STAs in the CDMG BSS operate on the 2.16 GHz channel if
SPs and/or CBAPs are scheduled only on the 2.16 GHz channel during the DTI. The algorithm to schedule
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During an SP or a CBAP, the source and destination CDMG STAs operating on a 1.08 GHz channel in a
CDMG BSS shall transmit an RTS frame and a DMG CTS or DMG DTS frame, respectively, on the
corresponding 2.16 GHz channel after successfully transmitting and receiving an RTS frame and a DMG

CTS or DMG DTS frame respectively on the 1 08 GHz channel if the 2 16 GHz channel is idle Then the
DMG STAs can set their NAVs by receiving the RTS or DMG CTS or DMG DTS frames transmitted on the
2.16 GHz channel by the CDMG STAs. After transmitting a CF-END frame to truncate a SP or TXOP on a
1.08 GHz channel within a 2.16 GHz channel, a CDMG STA shall also transmit a corresponding CF-END
frame on the 2.16 GHz channel if it is idle.

If a CDMG infrastructure BSS or PBSS is operating on a 1.08 GHz channel, the CDMG AP or PCP shall
follow the channel access rules in the BHI as described in 10.36 during the NPs/BHIs on the 2.16¢GHz
channel to admit non-AP and non-PCP DMG STAs into the BSS and provide scheduling information to
DMG STAs. In the following medium time, the CDMG AP or PCP shall follow the rules i119:36.6 to
schedule the SPs or CBAPs for non-AP and non-PCP DMG STAs on the 2.16 GHz channel. If.the CDMG
AP or PCP establishes an independent beacon interval on its operating 1.08 GHz channel, it shall schedule
SPs or CBAPs with non-AP and non-PCP DMG STAs as the source or destination STAs such that the
scheduled SPs or CBAPs shall not be overlapped in time with the BHI periods on the-:08 GHz channel. The
CDMG AP or PCP may also schedule SPs or CBAPs on the 2.16 GHz channel for DMG STAs within the
BSS to communicate with CDMG STAs within the BSS.

If a CDMG AP or PCP that is operating on a 1.08 GHz channel, with angther CDMG BSS operating on the
adjacent 1.08 GHz channel within a 2.16 GHz channel, the CDMG AP or PCP shall schedule only SPs or
CBAPs with non-AP and non-PCP DMG STAs as the source or destihation STAs in time periods that has
been reported as unoccupied by the other CDMG AP or PCP thfough the Extended Schedule element in its
DMG Beacon frames. The CDMG AP or PCP shall announcg al its allocated SPs and CBAPs for the other
CDMG AP or PCP, and the other CDMG AP or PCP can allocate SPs or CBAPs on the common 2.16 GHz
channel in the unallocated time. The CDMG AP or PCP that intends to allocate time on the 2.16 GHz
channel may also transmit a CDMG Allocation Reqyestframe (9.6.29.6) during the ATI of the other AP’s or
PCP’s NP/BHI on the 2.16 GHz channel to request for the available time for allocations on the 2.16 GHz
channel. A CDMG AP or PCP that receives a €DMG Allocation Request frame from a CDMG AP or PCP
operating on its adjacent 1.08 GHz channel shall reply with a CDMG Allocation Response frame (9.6.29.7)
with an Extended Schedule element to indicate the schedule of all its allocations.

A CDMG AP or PCP that is operatinng on a 1.08 GHz channel, with another CDMG BSS operating on the
adjacent 1.08 GHz channel within a 2.16 GHz channel, should appropriately reserve and schedule the
available time for the AP or(PCP operating on the adjacent 1.08 GHz channel and itself to allocate SPs or
CBAPs on the 2.16 GHz:channel, but the method to determine the reservation is implementation dependent.
Four cases of backward ‘compatibility and interoperation between DMG STAs and CDMG STAs are
illustrated as follows:.
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A CDMG AP or PCP establishing an infrastructure BSS or PBSS on channel 35, with one or more beacon
intervals starting on this channel, allows DMG STAs to join as non-AP and non-PCP STAs and allocates

their SPs or CBAPs on channel 2 only, as shown in Figure 10-112.

[«—=NP- Bl on Channel 35— QP—p
9 o
APorPCP 3 2 DTI o e——mm —e 2 DTI
=3 - 8 =
o > ©w3d o >
o %%z g2 :{E
= 3 » S W 3
w >
S>3 g =
&
e a
< Bl on Channel 2 >

Figure 10-112—SPs or CBAPs allocated for DMG STAs on channel 2 with beacon.intervals
starting on channel 35

A CDMG AP or PCP establishing an infrastructure BSS or PBSS on channel 35, without starting a beacon
interval on this channel, allows the DMG STAs to join as non-AP and non-PCP’ STAs and allocates their

SPs or CBAPs on channel 2 only, as shown in Figure 10-113.
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Figure 10-113—SPs or CBAPs allocated-for DMG STAs on channel 2 without starting a
beacon interval on channel 35

CDMG APs or PCPs establishing infrastructure BSSs or PBSSs on channels 35 and 36, respectively, with
beacon intervals starting on this channél, allow the DMG STAs to join any of the BSSs or PBSSs as non-AP
and non-PCP STAs and allocate-their SPs or CBAPs on channel 2 only, as shown in Figure 10-114.
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Figure 10-114—SPs or CBAPs allocated for DMG STAs on channel 2 with beacon intervals
starting on channels 35 and 36
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CDMG APs or PCPs establishing infrastructure BSSs or PBSSs on channels 35 and 36, respectively,
without starting a beacon interval on this channel, allow the DMG STAs to join any of the BSSs or
PBSSs as non-AP and non-PCP STAs and allocate their SPs or CBAPs on channel 2 only, as shown in
Figure 10-115
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Figure 10-115—SPs or CBAPs allocated for DMG STAs on channel 2 without starting a
beacon interval on channels 35 and 36
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11. MLME

11.1 Synchronization

11.1.4 Acquiring synchronization, scanning
11.1.4.3 Active scanning

11.1.4.3.6 PCP selection in a PBSS

Change the second paragraph in 11.1.4.3.6 as follows:

The decision of whether a STA or its peer STA is the PCP depends on a comparison of their respective PCP
factors (self PCP_factor and peer PCP_factor). The PCP factor for a DMG STA and anxCDMG STA
operating on a 2.16 GHz channel, defined in Figure 11-6 (PCP factor for a DMG STA), is the concatenation
of the value of some of the fields from the DMG Capabilities element transmitted-by the STA (see
9.4.2.128). The PCP factor for a CDMG STA operating on a 1.08 GHz channel is constructed by
concatenating the value of select fields present in the STA’s DMG Capabilities eletent and the Supported

Channel Width Set field. The PCP factor for a CDMG STA operating on a 4.08“GHz channel is defined in
Figure 11-6a.

Insert Figure 11-6a, the following paragraph, and Table 11-a after\Figure 11-6:

BO B4 B5 B12 B13 B19 B20 B21 B22 B23 B24 B25 B26 B31
MAX Total Decentrali
Reserv Associat Number Pseudo- zed AP or Supported Power
Static TDDTI Channel Reserved
ed ed STA of Allocations PCP Width Set | Source
Number Sectors clustering e
Bits: 5 8 7 1 1 1 2 1 6

Figure 11-6a—PCP factor:for a CDMG STA operating on a 1.08 GHz channel

The Supported Channel Width(Set field in Figure 11-6a is obtained via encoding based on the supported
channel widths that are indicated by the Operating Classes field of the received Country element or the
Supported Operating Classes element of the peer STA. The encoding of the Supported Channel Width Set
field is given in Table ‘1.1 a.

Table 11-a—Encoding of the Supported Channel Width Set field

Bit23 Bit 24 Meaning
0 0 The CDMG STA supports 1.08 GHz channel width in 60 GHz band.
0 1 The CDMG STA supports both the 1.08 GHz and 2.16 GHz channel widths in 60 GHz
band.
All other combinations | Reserved
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11.2 Power management

11.2.3 Power management in a non-DMG infrastructure network

Insert the following subclause, 11.2.3.21, after 11.2.3.20:
11.2.3.21 CMMG TXOP power save

A CMMG AP supports the operation of non-AP CMMG STAs in TXOP power save mode in a BSS when
the dotl ICMMGTXOPPowerSaveOptionlmplemented at the AP is true. Non-AP CMMG STAs that aresin
Active mode (see Table 11-1) and have dotl ICMMGTXOPPowerSaveOptionlmplemented equal te)true
operate in TXOP power save mode. A STA that has dotl |CMMGTXOPPowerSaveOptionlmplemented
equal to true shall set the CMMG TXOP Power Save field in the CMMG Capabilities element to 1;
otherwise, the STA shall set the field to 0. A CMMG AP may allow non-AP CMMG STAs in TXOP power
save mode to enter the doze state during a TXOP. A CMMG AP shall indicate this by transmitting a CMMG
PPDU with the TXVECTOR parameter TXOP_PS NOT_ ALLOWED set to 0. The valtig, of this parameter
in the TXVECTOR of all CMMG PPDUs transmitted by the CMMG AP may be changed from 1 to 0 during
the TXOP to enable TXOP PS for the remainder of the TXOP. The value/of this parameter in the
TXVECTOR of all CMMG PPDUs transmitted by CMMG AP shall not be changéd from 0 to 1 during the
TXOP. If the dot] ICMMGTXOPPowerSaveOptionImplemented at CMMG.AP-1s false then the CMMG AP
shall set the TXOP_PS NOT ALLOWED to 1 in the TXVECTOR of th¢ frames.

If the AP allows non-AP CMMG STAs to enter doze state during a EXOP, then a non-AP CMMG STA that
is in CMMG TXOP power save mode may enter the doze state Gintil the end of that TXOP when any of the
following conditions is met:
— On receipt of a PPDU, the STA détermines that the RXVECTOR parameter
UPLINK INDICATION is equal to 0, but the RXVECTOR parameter COLOR does not match the
COLOR indicated by the AP to which the STA is associated.

— The STA finds that the COLOR in the RXVECTOR parameter matches the COLOR indicated by the
AP to which the STA is associated but the RXVECTOR parameter PARTIAL AID is not equal to 0
nor does it match the STA’s partiaMAID.

— The STA finds that the PARTIAL AID in the RXVECTOR matches its partial AID but the RA in
the MAC header of the cortésponding frame that is received correctly does not match the MAC
address of the STA.

— In areceived PSMP.framie, the STA finds that the STA AID field in the PSMP STA Info field is not
its AID nor does.the PSMP Group Address ID subfield match its group address.

— The STA receives a frame intended for it with the More Data field equal to 0 and the Ack Policy
subfield invthe QoS Control field equal to No Ack or sends an acknowledgment if Ack Policy
subfieldis\iot equal to No Ack.

— On (receipt of a PPDU, the non-AP STA determines that the RXVECTOR parameter
UPLINK INDICATION is equal to 1.

The?OMMG 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 CMMG AP shall not transmit frames to
a non-AP CMMG STA that has been allowed to enter doze state according to the conditions above for the
remainder of the TXOP.

NOTE—A CMMG AP does not transmit CMMG PPDUs in the current TXOP if the AP has already transmitted a
CMMG PPDU 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.
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If a CMMG AP truncates the TXOP in which it allowed STAs to enter doze state, then the CMMG 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
CMMG STA that is in CMMG 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,
subject to applicable retry, lifetime limit, or TXOP limit. 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.

NOTE—An AP that receives from a CMMG STA in TXOP power save mode a BlockAck frame that is a response to an
A-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 CMMG STA might be in the doze state.

A CMMG STA that is in TXOP power save mode and has entered doze state shall continve to operate its
NAYV 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 theNAV timer.
11.2.7 Power management in a PBSS and DMG infrastructure BSS

11.2.7.3 PCP power management mode

11.2.7.3.3 PCP operation with a wakeup schedule

Change the ninth paragraph of 11.2.7.3.3 as follows:

The PCP may enter and remain in the doze state for'any portion of an SP if it is not a source or a destination
of the SP. The PCP shall remain in the awake.state for any portion of a truncatable or extendable SP
(9.4.2.132). The CDMG PCP shall remain in‘the awake state for any portion of an extendable SP or a
truncatable SP whose Truncation Type subfiéld is 0 (9.4.2.132). The availability of the PCP during a CBAP
in the awake BI shall be announced by setting the PCP Active subfield within the Allocation Control field to
1 for a CBAP allocation made through;the Extended Schedule element.

11.32 Spatial sharing and’interference mitigation for DMG STAs
11.32.1 General
Insert the following paragraph at the end of 11.32.1:

An AP or PEP may use the beamforming training information between any pair of STAs within the BSS
obtained‘through the SSW Report element (9.4.2.220) to achieve spatial sharing and interference mitigation.
The-AP~or PCP can transmit an Information Request frame (9.6.20.4) addressed to a STA for a response
with-an SSW Report element (9.4.2.220) contained in an Information Response frame (9.6.20.5). A non-AP
and non-PCP STA can also send an unsolicited Information Response frame with an SSW Report element
after the STA has completed the beamforming procedure with at least another STA. The SSW Report
element may be used to facilitate the selection of candidates for spatial sharing as described in W.1.
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Insert the following subclauses, 11.49 and 11.50 (including Figure 11-54, Figure 11-55, and
Table 11-28), after 11.48:

11.49 DCS procedure

11.49.1 General

Radio regulations that apply to the 60 GHz band in China allow radio local area networks (RLANSs)
operating in the Chinese 60 GHz band to operate on a 1.08 GHz or a 2.16 GHz channel, which requires a
mechanism to coordinate the allocation of operating channel between two CDMG infrastructure BSSs, of
CDMG PBSSs. This subclause describes such a mechanism, referred to as dynamic channel seleétion
(DCS). This mechanism is used to improve the flexibility and channel efficiency when RLANs, gperate in
Chinese 60 GHz frequency band, in case that there is no available channel or the bandwidth (e.g.; 1108 GHz)
of idle channel(s) cannot satisfy the operating requirements of RLANSs. This subclause des¢ribes the DCS
procedures that can be used to satisfy CDMG regulatory requirements.

Figure 11-54 illustrates a number of use cases for DCS procedure:

— Incases 1, 2, and 3, a CDMG AP or PCP that intends to start a new BSS, ¢af request one of the two
BSSs operating on two occupied 1.08 GHz channels to move to one, 6fthe two idle channels. Case 1
for example, the BSS operating on channel 36 can move to channel 37; or the BSS operating on
channel 37 can move to channel 35. Then a 2.16 GHz channel 2 of 3 is idle, and the CDMG AP or
PCP can start its BSS on it.

— In cases 4 and 5, a CDMG AP or PCP that intends to startya new BSS can request one or two BSSs
operating on a 2.16 GHz channel to move to operate 6n & 1.08 GHz channel. Case 4 for example, the
BSS operating on the channel 2 (2.16 GHz) can move to the channel 38 (1.08 GHz). Then the
2.16 GHz channel 2 is idle, and the CDMG AP-orPCP can start its BSS on it.
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Figure 11-54—Examples of using DCS procedure

A CDMG STA is DCS capable if the value of dotl1DynamicChannelTransferImplemented is true. A
CDMG DCS capability STA advertises the capability by including the DCS capability element in DMG
Beacon, (Re)Association Request, (Re)Association Response, Information Request, Information Response,
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Probe Request, Probe Response, Announce, DCS Measurement Request, DCS Measurement Response,
DCS Request, and DCS Response frames.

A _CDMG AP or PCP shall nse the DCS procedures defined in 11491 to 11496 if the value of

dotl1DynamicChannelTransferActivated is true. The value of dotll1DynamicChannelTransferActivated
shall be set to true when a CDMG AP or PCP requires DCS procedures. The DCS procedures provide for the
following:

— Assessing current channel condition (see 11.49.2)

— Requesting of measurements for new channel for the DCS responder BSS (see 11.49.3)
— Reporting of the result of measurements (see 11.49.3)

— Requesting existing BSS to migrate to a new channel (see 11.49.5)

— Operating on the target channel (see 11.49.6)

Figure 11-55 depicts an example of the procedure of the dynamic channel selection. dn-the figure, the
parameter n corresponds to the number of DCS Measurement Request and DCS Measurg"Response frame
exchanges until the requirement of operating channel or bandwidth for the DCS requéster AP or PCP is met.
The detailed procedure of dynamic channel selection is described in 11.49.2 to 11.49.6.

Although the DCS procedure is defined for CDMG STAs according to the Chinese regulations, it can be
used by other STAs defined in IEEE 802.11 specification to negotiate operating channels between BSSs.

DCS requester AP or PCP DCS responder AP or PCP STA in responder
AP’s or PCP’s BSS
SME MLME MLME SME MLME SME
Loop 1,n
MLME-DCS DCS Measurement,] MLME-DCS Measurement/Radio
Measurement Request frame Measurement Measurement Request
.request .indication frame q
Process
Process DCS r .
measurement ) measurement/radio
requost action Measurement/Radio measurement request
q Measurement Report action
M frame
,  MLME-DCS ~ DCS Measurement |, MLME-DCS
" Measurement \|~ Response frame [ Measurement
.confirm .response
MEMEDCS | DCS Request frame | MLME-DCS |
.request .indication
Channel Switch Request
Process DCS frame
request action ) 1
MLME-DCS DCS Response fram¢g
¢ - ¢ Decision to
.confirm MLME-DCS foll itch
response ollow switc
Listening on the
target channel Channel switch Channel switch
l l via PLME via PLME
Networking on the I I
taraet channel | ﬁpprqﬁnn on the new channel |

Figure 11-55—Procedure of dynamic channel selection
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11.49.2 Assessing current channel condition

A DCS requester AP or PCP that intends to start a new BSS can assess an available channel passively by

performing a channel scan or clear channel assessment (CCA) or hy receiving one or more DMG Reacon
frames sent by one or more APs or PCPs within one or more existing infrastructure BSSs or PBSSs. If the
available channel bandwidth could not satisfy the operating requirements for RLANS, its AP or PCP can use
the DCS procedure to request one or more existing infrastructure BSSs or PBSSs to move to a new operating
channel.

11.49.3 Requesting measurements for new operating channel

A DCS requester AP or PCP shall send a DCS Measurement Request frame (see 9.6.8.37) to.a\DCS
responder AP or PCP to request one or more STAs in the DCS responder AP’s or PCP’s BSS to mgasure all
other channels within its supported operating class if the DCS Measurement Request Mode field is equal
to 1l or to measure one or more channels indicated by the Optional Subelements field:if the DCS
Measurement Request Mode field is equal to 0. The responder AP or PCP can decide to/measure one or
more channels requested by the DCS requester AP or PCP after receiving the DCSymeasurement request.
The algorithm to choose the channel to be measured is beyond the scope of this standard.

A DCS responder AP or PCP can use radio measurement procedures ($e¢-11.11) to perform channel
measurement.

11.49.4 Reporting measurements

After receiving the results of channel measurement from all STAs, the DCS responder AP or PCP shall
transmit a DCS Measurement Response frame (see 9.6.8.38).to the DCS requester AP or PCP to report the
results for the received DCS Measurement Request framel, The Measurement Report Mode field is set to 0 to
indicate that there is no clear channel to which the DCS responder AP’s or PCP’s BSS to move within the
operating class specified in the following Operating Class field, or the DCS responder AP or PCP has
declined the DCS measurement request. The Measurement Report Mode field is set to 1 to indicate that all
other channels within the operating class specified in the following Operating Class field are available for
the DCS responder AP’s or PCP’s BSS. Thie Measurement Report Mode field is set to 2 to indicate that the
clear channel that is available to the.DCS responder AP’s or PCP’s BSS is indicated in the Optional
Subelements field in the DCS Measurément Response frame.

A DCS Measurement Response frame shall contain the same value of the Dialog Token field as in the
corresponding DCS Measurement Request frame.

A DCS responder AP .or PCP can assess a DCS measurement request against its capabilities and the impact
on its BSS’s performance. The DCS responder AP or PCP may refuse the DCS measurement request for
some reason-such as the BSS is busy. The reasons for refusing a DCS measurement request are beyond the
scope of-this”standard but may include reduced quality of service, unacceptable power consumption,
measurement scheduling conflicts, or other significant factors.

11:49.5 Requesting existing BSS to migrate to a new channel

In order to operate on an occupied channel, a DCS requester AP or PCP should use the information of
Supported Operating Class and the results of measurements undertaken by a DCS responder AP or PCP and
other STA(s) within the same BSS to assist the selection of a new available channel for the DCS responder
AP’s or PCP’s BSS. The algorithm to choose a new channel is beyond the scope of this standard, but shall

satisfis qpp]ir‘q]'\lp rpgn]n'rnr-\/ rpnlnirpmpn'rc mncluding uniform cprparﬁnc rules and channel fpcfing rules. A
=] =]

DCS requester AP or PCP shall request a DCS responder AP or PCP and other STA(s) in its BSS to migrate
to a new available channel indicated in the received DCS Measurement Response frame by transmitting a
DCS Request frame (see 9.6.8.39) to the DCS responder AP or PCP.
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The decision to switch to a new operating channel in a BSS shall be made by a DCS responder AP or PCP.
If the DCS responder AP or PCP accepts the DCS request to change the operating channel after receiving a
DCS Request frame, the DCS responder AP or PCP shall transmit a DCS Response frame (see 9.6.8.40) to

the DCS requester AP or PCP to confirm the received DCS request and then shall inform associated STAS
that the AP or PCP is moving to a new channel and maintain the association by advertising the switch using
Channel Switch Announcement elements or Extended Channel Switch Announcement element in one or
more DMG Beacon frames, Probe Response frames, and Channel Switch Announcement frames until the
intended channel switch time.

A DCS responder AP or PCP can assess a DCS request against its capabilities and the impact on its BSS’s
performance. A DCS request may be refused by a DCS responder AP or PCP for some reason such as the
BSS is busy. The reasons for refusing a DCS request are beyond the scope of this standard but may.inctude
reduced quality of service, unacceptable power consumption, measurement scheduling conflicts) ‘or other
significant factors.

11.49.6 Networking on the target channel

A DCS requester AP or PCP shall listen on the target channel after the intemded”channel switch time
indicated by the Channel Switch Count field in a DCS Response frame. Once the PHY-CCA.INDICATION
primitive indicates that the target channel is idle, the DCS requester AP or'\PCP can operate on the target
channel with other STA(s) in its BSS.

11.50 CMMG BSS operation
11.50.1 Basic CMMG BSS functionality
A CMMG STA has dotl ICMMGOptionImplementedequal to true.

A STA that is starting a CMMG BSS shall be able to receive and transmit at each of the <CMMG MCS,
NSS> tuple values indicated by the Basic,CMMG MCS and NSS Set field of the CMMG Operation
parameter of the MLME-START.request primitive and shall be able to receive at each of the <CMMG
MCS, NSS> tuple values indicated by\the Supported CMMG MCS and NSS Set field of the CMMG
Capabilities parameter of the MLMEZSTART.request primitive.

A STA that is a CMMG AP ot.a’CMMG mesh STA declares its channel width capability in the Supported
Channel Width Set subfield'of the CMMG Capabilities element CMMG Capabilities Info field as described
in Table 9-262aa.

A STA that is a,.CMMG AP or a CMMG mesh STA shall set the Channel Width subfield in the CMMG

Operation element CMMG Operation Information field to indicate the BSS operating channel width as
defined in Table 11-28.

Table 11-28—CMMG BSS operating channel width

CMMG Operation BSS operating
element Channel Width channel width
field (MHz)
0 540
1 1080
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A CMMG STA that is a member of a CMMG BSS shall not transmit a 540 MHz CMMG PPDU on a
channel other than the primary 540 MHz channel of the BSS, except for a 540 MHz CMMG PPDU
transmission on an off-channel TDLS direct link as constrained by 11.2.

A CMMG STA shall not transmit to a second CMMG STA using a bandwidth that is not indicated as
supported in the CMMG Capabilities element received from that CMMG STA.

11.50.2 Channel selection methods for a CMMG BSS

Before a STA starts a CMMG BSS, the STA shall perform a minimum of dotl ICMMGOBSSScanCount
OBSS scan operations to search for existing BSSs (see 11.40.3).

If an AP or a mesh STA starts a CMMG BSS that occupies some or all channels of any existing BSSs, the
AP or mesh STA may select a primary channel of the new CMMG 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 CMMG BSS with a 1080 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 540 MHz channel of any ¢xisting BSSs with a 1080 MHz
operating channel width.

NOTE—An AP or a mesh STA operating a CMMG BSS with a 1080 MHz ‘eperating channel width, on detecting an
OBSS whose primary channel is the AP’s or the mesh STA’s secondary’\540 MHz channel, might switch to 540 MHz
BSS operation and/or move to a different channel.

11.50.3 Scanning requirements for CMMG STAs

An OBSS scan operation is a passive or active scan of a set of channels that are potentially affected by
CMMG BSS operation (see 11.1). 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 CMMG BSS.

During an individual scan within an QBSS scan operation, the minimum per-channel scan duration is
dot110BSSScanPassiveDwell TUs (fora passive scan) or dotl 10BSSScanActiveDwell TUs (for an active
scan). During an OBSS scan -QOperation, each channel in the set is scanned at least once per
dot1 1BSSWidthTriggerScanIntérval seconds, and the minimum total scan time (i.e., the sum of the scan
durations) per channel within a single OBSS scan operation is dotl IOBSSScanPassiveTotalPerChannel
TUs (for a passive scan)or-dot] lOBSSScanActiveTotalPerChannel TUs (for an active scan).

NOTE—The values provided in the previous paragraph are minimum requirements. For some combinations of
parameter values, the'minimum might be exceeded for some parameters in order to meet the minimum value constraints
of other parametets.

11.50.4 Channel switching methods for a CMMG BSS

A CMMG 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 11.9.

— Using the Extended Channel Switch Announcement element, Extended Channel Switch
Announcement frame, or both, following the procedure described in 11.10).

A CMMG 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 in 11.9.8.4.
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— Using the Extended Channel Switch Announcement element, Extended Channel Switch
Announcement frame, or both, following the procedure described in 11.10.

A CMMG AP or a CMMG mesh STA mavy also announce a switch of npemﬁng 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 11.42.

The New Channel Number field in the Channel Switch Announcement element, Extended Channel Switch
Announcement element, Channel Switch Announcement frame, or Extended Channel Switch
Announcement frame identifies the primary 540 MHz channel after the switch. The value of the‘New
Channel Number field is set to the value that dotl 1CurrentPrimaryChannel (see 25.10) has after the switch.

If a Channel Switch Announcement element in a Beacon frame or Probe Response frame“is used to
announce a switch to a 540 MHz operating channel width, then the Wide Bandwidtlry€Channel Switch
subelement in a Channel Switch Wrapper element shall not be present in the same frame.

If an Extended Channel Switch Announcement element in a frame or an,Extended Channel Switch
Announcement frame is used to announce a switch to a 540 MHz operating,channel width, then the Wide
Bandwidth Channel Switch subelement shall not be present in the same frame:

NOTE—The indicated operating class within the Extended Channel Switch Afinduncement element or frame is used to
differentiate between a BSS operating channel width of 540 MHz and a ‘BSS operating channel width greater than
540 MHz as well as indicate the location of the secondary 540 MHz channel. When switching to a 540 MHz operating
channel width, the operating class indicated within the Extended Channtel Switch Announcement element or frame has a
channel spacing of 540 MHz. When switching to an operating channel width greater than 540 MHz, the operating class
indicated within the Extended Channel Switch Announcement eletaent or frame has a channel spacing of 1080 MHz.

If a Channel Switch Announcement element is used)in/a Beacon or Probe Response frame to announce a
switch to a 1080 MHz operating channel width, then the Wide Bandwidth Channel Switch subelement in the
Channel Switch Wrapper element shall also belpresent in the same frame.

If an Extended Channel Switch Announeemient element is used in a Beacon or Probe Response frame to
announce a switch to a 1080 MHz operating channel width, then the Wide Bandwidth Channel Switch
subelement in the Channel Switch Wfdpper element may be present in the same frame.

NOTE—The indicated operating, ¢lass within the Extended Channel Switch Announcement element identifies the
bandwidth and the relative position of the primary 540 MHz and secondary 540 MHz channels. Hence a Wide
Bandwidth Channel Switchr subelement is unnecessary when the Extended Channel Switch Announcement element is
used for a channel switch'fo;a"1080 MHz bandwidth.

If new BSS TPCiparameters are announced that come into effect at the same time as the channel switch, then
a STA that is d CMMG AP, a CMMG STA in an IBSS, or a CMMG mesh STA in an MBSS shall include

— At least one New CMMG Transmit Power Envelope element in a transmitted Channel Switch
Announcement frame or Extended Channel Switch Announcement frame and

VAt least one New CMMG Transmit Power Envelope subelement in a transmitted Channel Wrapper
element in Beacon and Probe Response frames.

A recipient CMMG STA in the BSS 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 11.8). If both New CMMG Transmit Power

I 1 1 4 RN OCANANAC T 4D I 1 Lol S 4 ttad £ +la +tala
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the set of New CMMG Transmit Power Envelope elements and set of subelements shall contain the same set
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of values for the Local Maximum Transmit Power Unit Interpretation subfield, and New CMMG 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 CMMG AP, a CMMG STA in an IBSS, or a CMMG mesh STA in an MBSS
shall include

— A New Country element in a transmitted Extended Channel Switch Announcement frame and

— A New Country subelement in a transmitted Channel Wrapper element.

The New Country element or subelement shall contain all the Operating Classes for the BSS after_the
switch. The New Country element or subelement, transmitted in an Extended Channel “Switch
Announcement frame or in the same frame as an Extended Channel Switch Announcement.€lement,
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 CMMG STA in the BSS that has dotl1MultiDemainCapabilityActivated,
dotl1SpectrumManagementRequired, or dotl IRadioMeasurementActivated gqual 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, Ceuntry elements 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 Beacon frames or Probe Response frames if the
element contains zero subelements.

NOTE—Channel Switch Wrapper is not defined to carry subeléments in the case of a switch to 540 MHz and when no
change to the country string, operating classes, or TPC parameters are announced.

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 inyoking the MLME-DELTS.

11.50.5 NAV assertion in a CMMG-BSS

A CMMG STA shall update its NAV as described in 10.3.2.4 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 540 MHz PPDU in
the primary 540 MHz channel or received in a 1080 MHz PPDU.

NOTE—The PHY might filter out a PPDU as described in 25.13 or not receive a PPDU due to TXOP power saving
described in 11.2.3.21.7If so, frames in the PPDU are not received by the MAC and have no effect on the NAV.

11.50.6 CMMG)STAs antenna indication

A CMMG _STA that does not change its Rx antenna pattern after association shall set the Rx Antenna Pattern
Consistency subfield in the CMMG Capabilities Info field to 1; otherwise, the STA shall set the Rx Antenna
Pattern Consistency subfield in the CMMG Capabilities Info field to 0.

A CMMG STA that does not change its Tx antenna pattern after association shall set the Tx Antenna Pattern
Consistency subfield in the CMMG Capabilities Info field to 1; otherwise, the STA shall set the Tx Antenna
Pattern Consistency subfield in the CMMG Capabilities Info field to 0.
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11.50.7 BSS basic CMMG MCS and NSS set operation

The BSS basic CMMG MCS and NSS set is the set of <CMMG MCS, NSS> tuples that are supported by all
CMMG STAs that are members of a CMMG BSS 1t is established by the STA that starts the CMMG BSS

indicated by the Basic CMMG MCS and NSS Set field of the CMMG Operation element in the MLME-
START.request primitive. Other CMMG STAs determine the BSS basic CMMG MCS and NSS set from the
Basic CMMG MCS and NSS Set field of the CMMG Operation element in the BSSDescription derived
through the scan mechanism (see 11.1.4.1).

A CMMG STA shall not attempt to join (MLME-JOIN.request primitive) a BSS unless it supports (i.e.,is
able to both transmit and receive using) all the <CMMG MCS, NSS> tuples in the BSS basic CMMG MCS
and NSS set.

A CMMG STA shall not attempt to (re)associate (MLME-ASSOCIATE.request  and: MLME-
REASSOCIATE. request primitives) with a CMMG AP unless the STA supports (i.., is*able to both
transmit and receive using) all the <CMMG MCS, NSS> tuples in the Basic CMMG MCS.arid NSS Set field
in the CMMG Operation element transmitted by the AP.
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12. Security

12.2 Framework

12.2.2 Security methods

Insert the following paragraph at the end of 12.2.2:

The RSN operations in a CMMG BSS shall be the same as the RSN operations in a DMG BSS.

177
Copyright © 2018 IEEE. All rights reserved.



https://standardsiso.com/api/?name=f253c1254c61c2ae3182dd321aad0758

ISO/IEC/IEEE 8802-11:2018/Amd.3:2020(E)

IEEE Std 802.11aj-2018
|EEE Standard for Information technology—Local and metropolitan area networks—Specific requirements—
Part 11: Wireless LAN MAC and PHY Specifications—Amendment 3: Enhancements for Very High Throughput to
Support Chinese Millimeter Wave Frequency Bands (60 GHz and 45 GHz)

Insert the following text, Clause 24 and Clause 25, after Clause 23:

24. China directional multi-gigabit (CDMG) PHY specification

24.1 CDMG PHY introduction

24.1.1 Scope

The CDMG PHY supports a 1.08 GHz channel width in comparison with the DMG PHY in Clause 20,
which supports a 2.16 GHz channel width. As many aspects of CDMG PHY are the same as DMG\PHY,

this clause mainly lists the new features corresponding to Clause 20.

The CDMG PHY supports two modulation methods:
— A control modulation using MCS 0 of the CDMG Control mode defined in 24.4

— A single carrier (SC) modulation using MCS 1 to MCS 16 of the CDMG SC-mode defined in 24.5
and MCS 17 to MCS 23 of the CDMG low-power SC mode defined in 24.6

All CDMG modulation methods share a similar preamble (see 24.3.6).

The services provided to the MAC by the CDMG PHY consist of the.following protocol functions, defined
as follows:

a) A function that defines a method of mapping the PHY service data units (PSDU) 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 SFAs,/ Depending on the MCSs, these STAs support a
mixture of CDMG SC mode, CDMG lowspower SC mode, and CDMG control mode.

24.1.2 CDMG PHY functions

24.1.2.1 General

The CDMG PHY contains two funictional entities: the PHY and the layer management function (PLME).
Each of these functions is desetibed in detail in 24.3 to 24.9. The CDMG PHY service is provided to the
MAC through the PHY service primitives defined in Clause 8.

24.1.2.2 PHY management entity (PLME)

The PLME petforms management of the local PHY functions in conjunction with the MLME.

24.1.2.3 Service specification method

The description for service specification method is the same as that contained in 20.1.2.2.

24.2 CDMG PHY service interface

24.2.1 Introduction

The imroduction for CDOMG PHY Service interface is e same as that contained in 20.2.1-
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24.2.2 TXVECTOR and RXVECTOR parameters

The parameters in Table 24-1 are defined as part of the TXVECTOR parameter list in
the PHY-TXSTART request primitive and/or as part of the RXVECTOR parameter list in the

PHY-RXSTART.indication primitive.

Table 24-1—TXVECTOR and RXVECTOR parameters

Parameter Value

TXVECTOR
RXVECTOR

92
~

MCS The MCS parameter is an enumerated type that indicates the modulation

and coding scheme used in the transmission of the packet. Values ar¢

integers in the range 0-23.

— A MCS value of 0 indicates the use of CDMG control mode/or
CDMG robust PHY mode.

— MCS values of 1 to 16 indicate use of Single Carrier modulations. The
value is an index to Table 24-9.

— MCS values of 17-23 indicate use of CDMG lgw-power SC mode.
The value is an index to Table 24-11.

LENGTH Indicates the number of octets in the PSDU in-the range 1-262 143. Y Y

ADD-PPDU Enumerated type: Y Y

— ADD-PPDU indicates that this@PDU is immediately followed by
another PPDU with no IFS of preamble on the subsequent PPDU.

— NO-ADD-PPDU indicates.no ddditional PPDU follows this PPDU.

PACKET-TYPE Enumerated type: Y Y
— TRN-R-PACKET jndieates either a packet whose data part is followed
by one or more FRN subfields, or a packet that is requesting TRN

subfields to be appended to a future response packet.

— TRN-T-PACKET indicates a packet whose data part is followed by
one or mofé TRN subfields. The transmitter may change AWV
configuration at the beginning of each TRN subfield.

This parameter is reserved if TRN-LEN is 0.

TRN-LEN TRN-LEN indicates the length of the training field. Values are in the range | Y Y
016 (see 24.9.2.2.3).

AGGREGATION Indicates whether the PSDU contains an A-MPDU. Y Y

Enumerated type:

— AGGREGATED indicates this is a PSDU with A-MPDU aggregation.

— NOT_AGGREGATED indicates this is a PSDU without A-MPDU
aggregation.

RSSI The allowed values for the RSSI parameter are in the range from 0 through | N Y
RSSI maximum. This parameter is a measure by the PHY of the power
observed at the input of the antennas plus the antenna gain, or equivalent
antenna gain foa a phased-array antenna, used to receive the current
PPDU. RSSI shall be measured during the reception of the PHY preamble.
RSSI is intended to be used in a relative manner, and it shall be a
monotonically increasing function of the received power.

SNR This parameter indicates the SNR measured during the reception of a N Y

CDMG control mode packet. Values are —10 dB to 53.75 dB in 0.25 dB
steps.
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Table 24-1—TXVECTOR and RXVECTOR parameters (continued)

Parameter

Value

TXVECTOR

RXVECTOR

ANT_CONFIG

Indicates which antenna configuration(s) is to be used throughout the
transmission of the packet and when to switch between configurations.
Values are implementation dependent.

=

Z

CHAN_MEASURE
MENT

Channel as measured during the reception of the TRN subfields. Each
measurement includes 63 complex numbers.

TIME_OF DEPART
URE_REQUESTED

Enumerated type:

— true indicates that the MAC entity requests that the PHY entity
measure and report time of departure parameters corresponding to the
time when the first frame energy is sent by the transmitting port.

— false indicates that the MAC entity requests that the PHY entity
neither measure nor report time of departure parameters,

RX_START OF FR
AME_OFFSET

0 to 23%-1. An estimate of the offset (in 10 nanosecond uhifsyfrom the
point in time at which the start of the preamble corresponding to the
incoming frame arrived at the receive antenna conneetot to the point in
time at which this primitive is issued to the MAC

See
NOTE

DTP_TYPE

Enumerated:
— STATIC indicating static tone paringx
— DYNAMIC indicating dynamic torie pairing.

DTP_INDICATOR

An update to the DTP tone map _i§,indicated by changing the values of this
parameter from 0 or 1 or from“l¢to 0 (see 10.40).

BEAM_TRACKING
_REQUEST

This parameter indicates whoether beam tracking is requested.
Enumerated type:
— Beam tracking réquested or beam tracking not requested.

LAST RSSI

In the TXVECTFQR, LAST RSSI indicates the received power level of the
last packet with/a valid PHY header that was received a SIFS before
transmission‘of the current packet; otherwise, it is 0 (10.3.2.3.3). In the
RXVECTOR, LAST_RSSI indicates the value of the LAST RSSI field
from/the PCLP header of the received packet.Valid values are integers in
therange 0 to 15:

+= Values of 2 to 14 represent power levels (—74+valuex2) dBm.

— A value of 15 represents power greater than or equal to —45 dBm.

— A value of 1 represents power less than or equal to —71 dBm.

— A value of 0 indicates that the previous packet was not received a

SIFS before the current transmission.

Turnaround

Set to 1 or 0 as specified in 10.3.2.3.3.

ENHANCED BEA
M “TRACKING RE
QUEST

This parameter indicates whether enhanced beam tracking is requested.
Enumerated type:
— Enhanced beam tracking requested or enhanced beam tracking not
requested.
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Table 24-1—TXVECTOR and RXVECTOR parameters (continued)

Parameter Value

TXVECTOR
RXVECTOR

=<
=

ROBUST_MODE This parameter incorporating with the MCS parameter is an enumerated

type that indicates CDMG control mode or CDMG robust PHY mode used

in the transmission of the packet. It is present if MCS index is 0. Values are

integers in the range 0-2.

— A CDMG ROBUST MODE value of 0 indicates the use of CDMG
control mode.

— A CDMG ROBUST MODE value of 1 indicates the use of CDMG
robust PHY mode 0.

— A CDMG ROBUST MODE value of 2 indicates the use of CDMG
robust PHY mode 1.

This parameter is not present if MCS index is not 0.

NOTE—“Y” if dot11 TimingMsmtActivated is true; otherwise, “N”.

24.2.3 TXSTATUS parameters

The parameters listed in Table 24-2 are defined as part af~the TXSTATUS parameter list in the
PHY-TXSTART.confirm(TXSTATUS) primitive.

Table 24-2—TXSTATUS parameters

Parameter Value

TIME_OF _DEPART | When the first frame(eénergy is sent by the transmitting port, in units equal to

URE I/TIME_OF_DERARTURE_ClockRate.

This parameterisipresent only if TIME _OF_DEPARTURE_REQUESTED is true in the
corresponding request.

TIME OF DEPART | Oto 216LD) The clock rate, in units of MHz, is used to generate the
URE_ClockRate TIME_OF DEPARTURE value. This parameter is present only if
TIME OF DEPARTURE REQUESTED is true in the corresponding request.

TX START OF FR. ["0to 232_1. An estimate of the offset (in 10 nanosecond units) from the point in time at
AME_OFFSET which the start of the preamble corresponding to the frame was transmitted at the transmit
antenna connector to the point in time at which this primitive is issued to the MAC.

24.3 Common parameters
24.371 Channelization

The CDMG PHY operates in the channels defined in Annex E and shall support at least channel numbers 2,
35, and 36.

The channel center frequency is defined as:

Channel center frequency = Channel starting frequency + Channel spacing % (Channel number mod 32)

where channel starting frequency, channel spacing, and channel number are as defined in Annex E.
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24.3.2 Transmit mask

The transmitted spectrum shall adhere to the transmit spectrum mask shown in the Figure 24-1. The transmit
spectrum shall have a 0 dBr (dB relative to the maximum spectral density of the signal) bandwidth not

exceeding 0.94 GHz, —17 dBr at a 0.6 GHz offset, —22 dBr at a 1.35 GHz offset, and —30 dBr at a 1.53 GHz
offset and above, inside the channels allowed for the regulatory domain in which the STA is transmitting.
The measurement shall be made using a 1 MHz resolution bandwidth and a 300 kHz video bandwidth.

The transmitted spectrum shall be measured on data packets longer than 10 ps without the training fields.

4 0 dBr

-17dBr

-22dBr

-30dBr

»
-1.53 -1.35 -0.6 -0.47 0.47 0.6 1.35 1.53 (f-f.) GHz

Figure 24-1—Transmit mask

24.3.3 Common requirements

24.3.3.1 Introduction

This subclause describes the common requirentent from all three CDMG modes: control, SC, and low-
power SC.

In all of the modes, all defined fields arg\transmitted bit O first in time.
24.3.3.2 Center frequency tolerance

24.3.3.2.1 General

The transmitter center frequency tolerance shall be + 20 ppm maximum.
24.3.3.2.2 Center frequency convergence

The trangmijtter center frequency shall converge to within 1 ppm of its final value within 0.9 ps from the start
of the packet.

24.3.3.3 Symbol clock tolerance
The symbol clock frequency tolerance shall be = 20 ppm maximum.

The transmit center frequency and the symbol clock frequency shall be derived from the same reference
oscillator.
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24.3.3.4 Transmit center frequency leakage

The transmitter center frequency leakage shall not exceed —23 dB relative to the overall transmitted power.

24.3.3.5 Transmit rampup and rampdown

The description for transmit rampup and rampdown for CDMG PHY is the same as that contained in
20.3.3.5.

24.3.3.6 Antenna setting

Antenna setting shall remain constant for the transmission of the entire packet except for the.cas€ of
transmission of BRP-TX packets (see 24.9.2.2). During the transmission of BRP-TX packets it shall-remain
constant for the transmission of the STF, CE field, and Data field.

24.3.3.7 Maximum input requirement

The receiver maximum input level is the maximum power level at the receive antenna(s) of the incoming
signal, in dBm, present at the input of the receiver for which the error rate crit€rion (defined in 24.3.3.8) is
met. A receiver shall have a receiver maximum input level at the feCeive antenna(s) of at least
10 microwatts/cm? for each of the modulation formats that the receiver sppports.

24.3.3.8 Receive sensitivity

For MCS 0, the PER shall be less than 5% for a PSDU length 0f 256 octets with the MCS dependent input
levels listed in Table 24-3 defined at the antenna connectof(8). For the other MCSs, the PER shall be less
than 1% for a PSDU length of 4096 octets with the MCS dependent input levels listed in Table 24-3 defined
at the antenna connector(s).

NOTE—For RF power measurements performed oyer'the air, the input level is corrected to compensate for the antenna
gain in the implementation. The gain of the antenna is the maximum estimated gain by the manufacturer. In the case of
the phased-array antenna, the gain of the phased-atfay antenna is the maximum sum of estimated element gain minus 3
dB implementation loss.

Table 24-3 assumes 5 dB implementation loss and 10 dB noise factor (Noise Figure).

Table 24-3—Receiver sensitivity

MCS Receisgzl ;el:llsitivity
0 -81
1 =71
2 —69
3 —68
4 -67
5 —65
6 —66
7 —65
8 —64
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Table 24-3—Receiver sensitivity (continued)

MCS Receive‘ ‘s‘ensitivity
ubnTy
9 —62
10 —58
11 =57
12 —56
13 54
14 —49
15 —48
16 —46
17 —67
18 —63
19 —60
20 —60
21 <60
22 —60
23 —60

24.3.4 Timing-related parameters

Table 24-4 defines timing-related parameters.

Table 24-4—Timing-related parameters

Parameter

Value

NG]:

64

Nspa:

448

F_: SCchip-tate

880 MHz =% F,

T+ SOchip time

1.14ns=1/F,

Ter: Guard interval duration

97nS=TDFT/4

T,

seq

14.6ns = 128 x T,

C

T Detection sequence duration

26182 ns =18 x T,

seq

Tcg: Channel estimation sequence duration

1309.1ns =9 x T,

seq

orn Header duration

175 ps=3x512xT (SC and low-pawer SC)

TICADLTIV

F¢cp: Control mode chip rate

880 MHz
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Table 24-4—Timing-related parameters (continued)

Parameter Value
Tccp: Control mode chip time 1.14 ns =1/Fcp
Ts7r.cp: Control mode short training field duration 7.272 7 ps = 50 x Tseq
Tcg.cp: Control mode channel estimation field duration 1309.1ns =9 x T,
Tpata Nprks * (512+64) x T, (SC)
NOTE—Np ks is defined in 20.6.3.2.3.3.

24.3.5 Mathematical conventions in the signal description
24.3.5.1 General

The description for CDMG PHY packet structure and related equations is the_ same as that contained in
20.3.5.1.

24.3.5.2 Windowing function

The description for CDMG PHY windowing function is the same as-that contained in 20.3.5.2.

24.3.6 Common preamble

24.3.6.1 General

The preamble is the part of the PPDU that is used\for packet detection, AGC, frequency offset estimation,
synchronization, I/Q imbalance estimation, indication of modulation (SC), and channel estimation. The SFS
field in the preamble enables the receiver tolperform estimation and compensation for the packet in a time

domain and frequency domain according o the STF. The format of the preamble consists of a Short
Training field followed by a Channel Estimation field. Figure 24-2 illustrates the SC packet preamble.

Garzs | Garzs | Gars | Gars Gaizs | Garzs | Gazs | SFS | -Gares Gust2 Gvsiz Gvizg

L A J
Y Y

Short Training field (STF) 2304 T, Channel Estimation field (CEF) 1152 T,

Figure 24-2—CDMG SC mode preamble

24.3.6.2 Short Training field

The Short Training field is composed of 16 repetitions of sequences Gaj,g(#) of length 128 defined in 20.11,
a single frequency sequence (SFS) of length 256 that used for I/Q imbalance estimation, followed by a
single sequence —Gaj,g(n). The SFS is defined as

QL

[oFaNe) H) - CAP(J‘)L%), = G, 1, e
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The waveform for the Short Training field is

(Ga (nmnd]?g\\m(n(iﬂ’z\ n=201 16 x 128 — 1
TZ06 T \ 2/
rerp(nT,) = exp(jng), n=16%x128, ..., 17x128 -1

(—Ga,3(n mod 128))exp(jn§), n=17x128, ..., 18 x 128 — 1

24.3.6.3 Channel Estimation field

The Channel Estimation field is used for channel estimation, as well as indication of whichumodulation is
going to be used for the packet, and enables the receiver to suppress nonlinear impact generated in a power
amplification process according to the CE field. The Channel Estimation field,\is) composed of a
concatenation of two sequences Gus;,(n) and Gvsy,(n) where the last 128 samples 6fGus;,(n) are equal to
the last 128 samples used in the Short Training field. They are followed by a 128 samples sequence Gvy,g(7)
equal to the first 128 samples of both Gus,(n) and Gvs,(n).

The Gus;, and Gvs;, sequences are defined as

Gusyy = [*Gbns ~Gaypg Gbypg *Galzs}

Gvsyp = [*Gbns Gaypg ~Gbyog *Galzs}

When the data field of the packet is modulated ising single carrier, the Gusy, and Gvsy, fields are
concatenated in the order illustrated in Figure 24=3:

Gus12 Gvs1z Gvizs
- A ~ A Y_/H
’ Gaizs l Gaizs l Ga1zs [-Gawzs | -Gbizg l -Gaizg l Gbizg l -Gaizg l -Gbyzs l Gaizg l -Gbizg l -Gaizg l -Gbizg ‘
N ~ A ~ J
Short Training*field Channel Estimation field

Figure 24-3—Channel Estimation field for SC packets

The waveform\for the channel estimation sequence is

regdtT,) = (Guspy(n) + Gvspp(n—512) + Gy pg(n — 1024))exp(jn§>, n=201,..1151

Note that sequences Gusq,(n) and Gvs,(n) are defined for 0 <n < 511. For other values of n, Gus;,(n) and
Gvspp(n) are set to 0.

24.3.7 HCS calculation for headers of CDMG control mode and CDMG SC mode

The r‘]PQ(‘ripfinn for HCS calculation for headers of CDMG control mode and CDMG SC mode is the same

as that contained in 20.3.7.
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24.3.8 Common LDPC parity matrices

The description for common LDPC parity matrices for CDMG PHY is the same as that contained in 20.3.8.

24.3.9 Scrambler
The description for CDMG PHY scrambler is the same as that contained in 20.3.9.
24.3.10 Received channel power indicator (RCPI) measurement

The description for received channel power indicator (RCPI) measurement for CDMG PHY is the same\as
that contained in 20.3.10.

24.4 CDMG control mode

24.4.1 Introduction

Transmission and reception of control mode PPDUs are mandatory. CDMG eoutrol mode uses the same
chip rate as the CDMG SC mode. CDMG control mode is transmitted when\the TXVECTOR indicates
MCS 0.

The modulation and coding scheme for the CDMG control mode is shewn in Table 24-5.

Table 24-5—CDMG control mode modulation and coding scheme

MCS index Modulation Code rate Data rate

0 DBPSK: 1/2% 13.75 Mb/s?

& Code rate and data rate might be lowes, due to codeword shortening.

24.4.2 PPDU format

The CDMG control mode PPDU)is composed of the Preamble, Header, Data field, and possibly AGC and
TRN subfields. This is shown.in Figure 24-4.

Preamble Header Block Data A(.;C TRN-R/T subfields
subfields

Figure 24-4—CDMG control mode PPDU format
24.4:3 Fransmission
24/4.3.1 Preamble
24.4.3.1.1 General

The preamble is the part of the CDMG control mode PPDU that is used for packet detection, AGC,
frequency offset estimation, synchronization, indication of frame type, and channel estimation.

The preamble is composed of two parts as shown in Figure 24-5: the Short Training field and the Channel
Estimation field.
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Gb1zs

Gbizs

Gbizg

Gbizg Gbizg | -Gbrzs | -Gans

Gusiz Gvsiz ‘ Gvizs

N N J
e e

Short Training field (STF) 6400 T, Channel Estimation field (CEF) 1152 T,

Figure 24-5—CDMG control mode preamble

24.4.3.1.2 Short Training field

The Short Training field is composed of 48 repetitions of sequences Gb,g() of length 128, followed by a
single —Gbq,g(n) sequence (for synchronization) and then a single —Gay,g(n) sequence. The s€quences
Gay,g(n) and Gb,g(n) are defined in 20.11.

The waveform for the Short Training field is

Gb pg(n mod 128)exp(jng), n=0,1,...,48x128 -4

rsrr(nT,) = 1 —Gb ,e(n mod 128)exp(jn§), n=48x128,...49x 128 — 1

—Ga y5(n mod 128)exp(jn§), n=49x N38J...,50 x 128 — 1

Note that sequences Gaj,g(n) and Gb,g(#) are defified’for 0 < < 127. For other values of n, they are set
to 0.

24.4.3.1.3 Channel Estimation field

The Channel Estimation field is the sanie*as the Channel Estimation field of the CDMG SC mode, as defined
in Figure 24-3 0f 24.3.6.3.

24.4.3.2 Header
24.4.3.2.1 General

In the CDMG céntrol mode, the preamble is followed by the header block. The header consists of several
fields that define’the details of the PPDU to be transmitted.

The header'fields are described in Table 24-6.

Table 24-6—CDMG control mode header fields

Field name Nurgilizr of Starting bit Description
Differential encoder 1 0 Used to initialize the differential encoding.
nitialization
Scrambler 4 1 Bits X1-X4 of the initial scrambler state.
Initialization
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Table 24-6—CDMG control mode header fields (continued)

Field name Nurll}!ter of Starting bit Description

Length 10 5 Number of data octets in the PSDU.
Range 14-1023.

Packet Type 1 15 As defined in Table 24-8.

Training Length 5 16 Length of the training field. The use of this field is
defined in 24.9.2.2.3.

Turnaround 1 21 As defined in Table 24-1.

Robust PHY Mode 2 22 — Set to 00: control mode.

Indication/Reserved — Set to 01: robust PHY mode 0.

bits — Set to 10: robust PHY mode 1.
— Set to 11: Reserved.

HCS 16 24 Header check sequence. Calculation of the header
check sequence is defined in-24.37.

All of the numeric fields are encoded in unsigned binary, least significantbit first.
Reserved bits are set to 0 by the transmitter and shall be ignored by-the‘receiver.
24.4.3.2.2 Generation of HCS bits

The header check sequence (HCS) is calculated over-bits 0-23 and uses CRC 16-CCITT as described in
24.3.7.

24.4.3.2.3 Header encoding and modulation

The header bits followed by the HCS bits.are prepended to the data field bits and passed into the data field
encoder per 24.4.3.3. The minimal payload length is 14 octets.

24.4.3.3 Data field

The description for Data field for CDMG control mode is the same as that contained in 20.4.3.3.
24.4.4 Performance requirements

24.4.4.1 Transmit requirements

24.4.41.4Introduction

Transmitter performance requirements of the CDMG control mode are defined in 24.4.4.1.2.
24.4.4.1.2 Transmit EVM

The description for transmit EVM for CDMG control mode is the same as that contained in 20.4.4.1.2.
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24.4.4.2 Receive requirements

24.4.4.2.1 Introduction

This subclause describes the performance requirement from the CDMG control mode receiver.
244422 CCA

The start of a valid CDMG control mode transmission at a receive level greater than —71 dBm shall cause
CCA to indicate busy with a probability > 90% within 3 ps.

24.5 CDMG SC mode

24.5.1 Introduction

Transmission and reception of CDMG SC mode PPDUs are mandatory for selected MCSs.
24.5.2 PPDU format

A SC frame is composed of the Short Training field (STF), the Channel Estimation (CE) field, the Header,
SC blocks and optional training fields, as shown in Figure 24-6.

Short Training field CE ‘ Header ‘ BLK ‘ BLK ‘ BLK ‘ ‘ BLK l AGC subfields | TRN subfields

Figure 24-6—SC frame format

The robust PHY modes use the CDMG controlmode with short spreading sequences for the data. (See
Table 24-7.) The following Golay compleiientary sequences Ga(8) and Ga(4) are used as spreading
sequences for robust PHY mode 0 and 1, tespectively.

Ga(8)=(+1, +1, +1, 1, +1, +1, 1, #f)

Ga(4)=(+1, +1, +1, -1)

Table 24-7—CDMG robust PHY modes

CDMG-Robust mode | Modulation | Code rate | Spreading sequence Dg\t;bl;:)te
0 DBPSK 12 Ga(8) 55
1 DBPSK 12 Ga(4) 110
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24.5.3 Transmission

24.5.3.1 Header

24.5.3.1.1 General

In the CDMG SC mode, the preamble is followed by the header. The header consists of several fields that
define the details of the PPDU to be transmitted. The encoding and modulation of the header are described
in24.5.3.1.4.

The header fields are described in Table 24-8.

Table 24-8—CDMG SC mode header fields

Number of Start

bits bit Description

Field name

Scrambler 7 0 Bits X1-X7 of the initial scrambler’stat€.
Initialization

MCS 6 7 Modulation and coding schéme (see Table 24-9).

Length 18 13 Number of data octets imvthe PSDU. Range 1-262 143.

Additional PPDU 1 31 Contains a copy. ofthe parameter ADD-PPDU from the
TXVECTOR. A value of 1 indicates that this PPDU is
immediately followed by another PPDU with no IFS or
preamblefon the subsequent PPDU. A value of 0 indicates that
no additional PPDU follows this PPDU.

Packet Type 1 32 Gorresponds to the TXVECTOR parameter PACKET-TYPE.

— Packet Type = 0 (BRP-RX packet, see 20.10.2.2.3),
indicates either a packet whose data part is followed by one
or more TRN subfields (when the Beam Tracking Request
field is 0 or in CDMG control mode), or a PPDU that
contains TRN subfields to be appended to a future
response PPDU (when the Beam Tracking Request field
is 1).

— Packet Type = 1 (BRP-RX packet, see 20.10.2.2.3),
indicates a PPDU whose data part is followed by one or
more TRN subfields. The transmitter may change AWV at
the beginning of each TRN subfield.

The field is reserved when the Training Length field is 0.

Training Length 5 33 Corresponds to the TXVECTOR parameter TRN-LEN.

If the Beam Tracking Request field is 0, the Training Length
field indicates the length of the training field. The use of this
field is defined in 24.9.2.2.3. A value of 0 indicates that no
training field is present in this PPDU.

If the Beam Tracking Request field is 1 and the Packet Type
field is 1, the Training Length field indicates the length of the
training field appended to this PPDU. If the Packet Type field is
0, the Training Length field indicates the length of the training
field requested for receive training.

[ 1 tha DDV 20 o dot,

+=
o
o
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packet contains an A-MPDU; otherwise, set to 0.
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Table 24-8—CDMG SC mode header fields (continued)

Number of Start

Field name Description

1o
UItS It

Beam Tracking 1 39 Corresponds to the TXVECTOR parameter

Request BEAM_TRACKING REQUEST.

Set to 1 to indicate the need for beam tracking (10.38.7);
otherwise, set to 0.

The Beam Tracking Request field is reserved when the
Training Length field is 0.

Last RSSI 4 40 Contains a copy of the parameter LAST RSSI from the
TXVECTOR.

The value is an unsigned integer:

Values of 2 to 14 represent power levels (—74+valuex2) dBm.
A value of 15 represents a power greater than or equal to

—45 dBm.

A value of 1 represents a power less than ef.¢qual to —71 dBm.
A value of 0 indicates that the previous packet was not received
a SIFS period before the current tran§mission.

Turnaround 1 44 As defined in Table 24-1.

Enhanced Beam 1 45 Corresponds to the TXVECTOR parameter

Tracking Request ENHANCED BEAM TRACKING REQUEST.

Set to 1 to indicate that'one STF and CE field are appended to
the Data and TRN-fields.

Otherwise, set to\0:

Reserved 2 46

HCS 16 48 Headercheck sequence. Definition of this field calculation is in
24.53.1.3.

All of the numeric fields are encoded in unsigned binary, least significant bit first.
Reserved bits are set to 0 by the transmitter and shall be ignored by the receiver.

If the Additional PPDU field is equal to 1, the Training Length field shall be set to 0.
24.5.3.1.2 Modulation and coding scheme

The modulation and-coding scheme (MCS) field specifies the modulation and code rate that is used in the
PPDU. The modulation and coding schemes for the SC mode are defined in Table 24-9.

Table 24-9—CDMG SC mode modulation and coding schemes

MCS index Modulation Ncaps Repetition Code rate Dg\t/?bl/':)t ¢

1 n/2-BPSK 1 2 12 192.5

2 n/2-BPSK 1 1 12 385

3 n/2-BPSK 1 1 5/8 481.25
4 m/2-BPSK 1 1 3/4 5715

5 n/2-BPSK 1 1 13/16 625.625
6 n/2-QPSK 2 1 1/2 770
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Table 24-9—CDMG SC mode modulation and coding schemes (continued)

MCS index Modulation Nepps Repetition Code rate Dg"t?bf)te
7 n/2-QPSK 2 1 5/8 962.5
8 n/2-QPSK 2 1 3/4 1155
9 n/2-QPSK 2 1 13/16 1251.25
10 /2-16-QAM 4 1 1/2 1540
11 1/2-16-QAM 4 1 5/8 1925
12 1/2-16-QAM 4 1 3/4 2310
13 1/2-16-QAM 4 1 13/16 2502.5
14 1/2-64-QAM 6 1 5/8 2887.5
15 n/2-64-QAM 6 1 3/4 3465
16 /2-64-QAM 6 1 13/16 3453.75

Transmit and receive support for MCS 9 and below is mandatory. Other MCSs are optional.
24.5.3.1.3 Generation of the HCS bits

Calculation of the HCS for bits 0—47 of the header is definedn'24.3.7.

24.5.3.1.4 Header encoding and modulation

The description for header encoding and modulation*for CDMG SC mode is the same as that contained in
20.6.3.1.4.

24.5.3.2 The Data field

24.5.3.2.1 General

The data field consists of the payload data of the PSDU and possible padding. The data are padded with
zeros, scrambled, encoded{and modulated as described in the following subclauses. The amount of padding
is defined in 24.5.3.2.3"

24.5.3.2.2 Scrambler

The description for CDMG SC mode scrambler is the same as that contained in 20.6.3.2.2.

24.5:3.2.3 Encoding

The description for CDMG SC mode encoding is the same as that contained in 20.6.3.2.3.

24.5.3.2.4 Modulation mapping

24.5.3.2.4.1 General

The coded and padded bit stream is converted into a stream of complex constellation points according to the
modulation specified in the MCS table.
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24.5.3.2.4.2 mw/2-BPSK modulation

The description for CDMG SC mode n/2-BPSK modulation is the same as that contained in 20.6.3.2.4.2.

24.5.3.2.4.3 w/2-QPSK modulation

The description for CDMG SC mode n/2-QPSK modulation is the same as that contained in 20.6.3.2.4.3.
24.5.3.2.4.4 1/2-16-QAM modulation

The description for CDMG SC mode m/2-16-QAM modulation is the same as that contained in 20.6.3.2.4.4.

24.5.3.2.4.5 1/2-64-QAM modulation

In 7/2-64-QAM modulation, the input bit stream is grouped into sets of 6 bits and mapped according to the
following equation:

~ 1
s(k) = —=(Bcgr =) —(2¢qp = D(degrey =2) + (2cg = D (2¢ep41 = D(2¢653 - 1))
42
!
tJ—=((8cer+3=4)—(2¢61+ 3= )(4Cer+4—2) + (206543 — 102G 4 — 1)(2¢6415— 1))
42
where k is the output symbol index, £ = 0, 1, .... Each output symbel is then rotated according to the
following equation: s, = §, el TR

The constellation bit encoding for 64-QAM is shown in Figure 24-7.

CekCok-+1Cek+2C6k+3Cek+4Cok+5

A

000 100 001 100 011100 010 100 110 100 111100 101 100 100 100
L [ ) [ ] & 7 — L [ ) L] o

000 101 001 101 014,101 010 101 110 101 111101 101 101 100 101
L] L] ® ® 5 ° L] [ [ ]

000 111 0041 011 111 010 111 110 111 111111 101 111 100 111
. » . o3+ o . . .

00 110" 001110 011110 010110 | 110110 111110 101110 100110
o ° ° ® 1 °
-7 -5 3 -1 1
| | | |
I f [ I

+—~ e

000010 001010 011010 010010 110 010 111010 101010 100010
L] [ ) L] ® -1 e [ ] L] [ ]

v

- o @

000 011 001011 011011 010011 110011 111011 101011 100011
L] [ ] L] ® -3 [ L L] [ ]

000 001 001 001 011001 010 001 110 001 111001 101 001 100 001
L] L] [ ] ® 5+ L [ [ ] L]

000 000 001 000 011 000 010 000 110 000 111 000 101 000 100 000
. . . e 7+ o . ° .

Figure 24-7—64-QAM constellation bit encoding
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24.5.3.2.5 Symbol blocking and guard insertion

The description for CDMG SC mode symbol blocking and guard insertion is the same as that contained in
206325

24.5.4 Performance requirements
24.5.4.1 Transmit requirements

24.5.4.1.1 Transmit EVM

The transmit EVM accuracy test shall be performed by instrumentation capable of converting the
transmitted signal into a stream of complex samples, with sufficient accuracy in terms of I/Q arm amplitude
and phase balance, dc offsets, phase noise, etc.

The instrumentation shall perform carrier lock, symbol timing recovery, and amplitude,adjustment while
making the measurements. The equalizer shall be trained using information in the SG,preamble (STF and/or
CE field). For the CDMG SC mode EVM, measuring N, samples at the sample rate, the measured symbols
should not contain the first and the last hundred symbols of a given packet (ramp up/down). The EVM is
calculated according to the formula below:

Ny . .
EVM = 20log,, (N—}l,— S —10)2+(Q,~—Q1- —Qo)z]]

stavg ;74

where
Ny is the number of samples to be measurediand N; should be 1000
Pag is the average power of the constellation

(I, Q;) isthe complex coordinates of thetmeasured symbol i

(I:-F, Q:) is the complex coordinates ofithe ideal constellation point for the measured symbol i

Ly, Qp)  is the complex DC term ¢hosen to reduce EVM

The test equipment should use @)jroot-raised cosine filter with roll-off factor of 0.25 for the pulse shaping
filter when conducting EVMim¢asurement.

The transmit pulse shaping used is left to the implementer.

The relative constellation error (EVM) shall not exceed a MCS dependent value according to Table 24-10.

Table 24-10—CDMG SC mode EVM requirements

MCS index Modulation Coding rate EVI(V([“;’;'lue
1 n/2-BPSK 1/2 with repetition -6
2 n/2-BPSK 1/2 -7
3 x/2-BPSK 5/% 9
4 n/2-BPSK 3/4 ~10
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Table 24-10—CDMG SC mode EVM requirements (continued)

MCS index Modulation Coding rate EVM.Y alue
(ub)
5 n/2-BPSK 13/16 -12
6 n/2-QPSK 1/2 —-11
7 m/2-QPSK 5/8 -12
8 m/2-QPSK 3/4 -13
9 m/2-QPSK 13/16 -15
10 n/2-16-QAM 1/2 =19
11 n/2-16-QAM 5/8 =20
12 n/2-16-QAM 3/4 -21
13 /2-16-QAM 13/16 -23
14 1/2-64-QAM 5/8 -25
15 1/2-64-QAM 3/4 26
16 1/2-64-QAM 183A16 28

24.5.4.1.2 Time of Departure accuracy

The Time of Departure accuracy test evaluates TIMESOF DEPARTURE against aTxPHY TxStartRMS and
aTxPHYTxStartRMS against TIME OF DEPARTURE ACCURACY_ TEST THRESH as defined in
Annex P with the following test parameters:

— MULTICHANNEL SAMPLING_RATE is 880 x 10° sample/s.
— FIRST_TRANSITION_FIELD is'Short Training field.

— SECOND_TRANSITION_FIEED is Channel Estimation field.

— TRAINING_FIELD is Channel Estimation field.

— 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.

24.5.4.2 Receive\requirements

24.5.4.2,1 Introduction

This-subClause describes the receiver requirements of the CDMG SC mode.

24°5.4.2.2 CCA

The start of a valid CDMG SC mode transmission at a receive level greater than the minimum sensitivity for

MCS 1 (=71 dBm) shall cause CCA to indicate busy with a probability > 90% within 1 ps. The receiver shall
hold the carrier sense signal busy for any signal 20 dB above the minimum sensitivity for MCS 1.
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24.6 CDMG low-power SC mode

24.6.1 Introduction

The CDMG low-power SC mode is an optional SC mode. This mode can provide lower processing power
requirements for CDMG transceivers.

24.6.2 Transmission

24.6.2.1 Preamble

The CDMG low-power SC mode uses the same preamble as the CDMG SC mode.
24.6.2.2 Header

24.6.2.2.1 General

The CDMG low-power SC mode header fields are the same fields as in the CDMG SC mode (see
Table 24-8 in 24.5.3.1).

The CDMG low-power SC mode modulation and coding schemes are listed'in Table 24-11.

Table 24-11—CDMG low-power SC mode modulation and coding schemes

MCS Modulation Effec:;\;i code Coding scheme NcpB (ll\l/lit;;)
17 n/2-BPSK 13/28 RS(224,208)+Block-Code(16,8) | 392 313
18 n/2-BPSK 13/21 RS(224,208)+Block-Code(12,8) | 392 417
19 n/2-BPSK 5263 RS(224,208)+SPC(9,8) 392 556
20 n/2-QPSK 13/28 RS(224,208)+Block-Code(16,8) | 392 625.5
21 n/2-QPSK 13/21 RS(224,208)+Block-Code(12,8) | 392 834
22 n/2-QPSK 52/63 RS(224,208)+SPC(9,8) 392 1112
23 m/2-QPSK 13/14 RS(224,208)+Block-Code(8,8) 392 1251.5

24.6.2.2.2 Header encoding and modulation

The description for header encoding and modulation for CDMG low-power SC mode is the same as that

containéd in 20.7.2.2.2.

24.6.2.3 Data field

The description for CDMG SC mode Data field is the same as that contained in 20.7.2.3.

24.7 PHY transmit procedure

The PHY transmit procedure is shown in Figure 20-20. In order to transmit data, a PHY-TXSTART.request
primitive shall be enabled so that the PHY entity shall be in the transmit state. Further, the PHY shall be set
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to operate at the appropriate frequency through station management via the PLME, as specified in 24.10.
Other transmit parameters, such as MCS and transmit power, are set via the PHY SAP with the PHY-
TXSTART.request(TXVECTOR) primitive, as described in 24.2.2.

Transmission of the PHY preamble may start if TIME OF DEPARTURE REQUESTED is false and shall
start immediately if TIME OFDEPARTURE REQUESTED is true, based on the parameters passed in the
PHY-TXSTART.request primitive.

The preamble format (control or SC mode) depends on the MCS in the PHY-TXSTART.request primitive.
The PHY shall calculate the length of the packet according the MCS and the length specified in the PHY:
TXSTART.request primitive, adding padding bits if necessary.

The PHY continues with the encoding and transmission of the header according to the paramefers’ of the
PHY-TXSTART.request(TXVECTOR) primitive. The PHY proceeds with PSDU transmission through a
series of data octet transfers from the MAC. The data are encoded as described in 20.4.3.3.3,,20.5.3.2.3, and
20.6.3.2.3. The encoded data are then modulated as described in 24.4, 24.5, and 24.6, depending on the MCS
requested in the PHY-TXSTART.request primitive. Transmission can be prematusely terminated by the
MAC through the PHY-TXEND.request primitive. PHY-TXSTART shall be’disabled by receiving a
PHY-TXEND.request primitive.

Transmission of the PSDU is completed with the transmission of the lastbits of the (encoded) PSDU. If no
TRN units are specified in the PHY-TXSTART.request primitive, .thé PHY shall issue a PHY-TXEND
primitive after the transmission of the last bits. If TRN units are requested in the PHY-TXSTART.request
primitive, the transmission continues with the transmission of thie-AGC subfields and TRN units. The PHY
issues the PHY-TXEND.confirm primitive to the MAC after the transmission of the last TRN unit. The
packet transmission shall be completed, and the PHYD entity shall enter the receive state (i.e.,
PHY-TXSTART shall be disabled). Each PHY-TXEND.request primitive is acknowledged with a
PHY-TXEND.confirm primitive from the PHY.

A typical transmit state machine is shown in Figure 24-8.

24.8 PHY receive procedure

A CDMG STA shall follow the DMG receive procedure defined in 20.9 when a DMG PPDU is detected on
a 2.16 GHz channel.

The CDMG PHY recejiveprocedure follows similar rules as descrived in 20.9.

24.9 Beamforming

24.9.1 Beamforming concept

The’béamforming concept is the same as that contained in 20.10.1.
24.9.2 Beamforming frame format

24.9.2.1 Sector-level sweep

PPDUs transmitted during transmit sector sweep are CDMG control mode PPDUs. PPDUs transmitted

LV ral<ral daDDINLL

a| 2 2 4 ralalLV ral s 1 pa | Al nY
T TOCTTVOSCCTOT S WOl P aT U T Iviio LOTTT OT TNOGC O T o IVIO ST TNIOUCT T 10 ST

198
Copyright © 2018 IEEE. All rights reserved.



https://standardsiso.com/api/?name=f253c1254c61c2ae3182dd321aad0758

ISO/IEC/IEEE 8802-11:2018/Amd.3:2020(E)

IEEE Std 802.11aj-2018
|EEE Standard for Information technology—Local and metropolitan area networks—Specific requirements—
Part 11: Wireless LAN MAC and PHY Specifications—Amendment 3: Enhancements for Very High Throughput to

Support Chinese Millimeter Wave Frequency Bands (60 GHz and 45 GHz)

Initialize

0<CDMG MCS<17

Q

length >0

Prepare SC data

Get PSDU octet
decrement bytes
in CW
decrement length

]

l—

Y

CW Zero Pad Prepare CP data (4
Pad with zero$ to
New>1 afull CWif.~ New>0 Get PSDU octet
necessary decrement length
Tx SC Data TX CP data
Encode and TX Encode and
Ly SCLDPCcode | | transmit CP LDPC | |
Aows1 word deg:rement code word.
NCW Decrement NCW

T
Ncw=0
v

BLK Zero Pad

a full SC blk if
necessary

Pad with zeros to

Set TX parameter

W not full,

CDMG MCS=0

Tx CDMG SC Tx CDMG control
mode STF mode STF
Transmit CDMG Tra"imgPMG
SC mode STF mode STF
4
Tx SC CEF Tx CDMG control
mode CEF
Transmit COMG Transmit CDMIG
SC mode
CEF control
mode\CEF
4 4
Prepare CP
Tx SC header header
CW not
Transmit CDMG full
SC Get PSDU octet | |
mode header decrement length

Y

Tx CP header

Encode and
transmit CP
header word

Switch RX state

Figure 24-8—Typical Tx state machine (Training Length=0 is assumed; some optional

features such as CDMG SC low-power mode are not shown)
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24.9.2.2 Beam refinement

24.9.2.2.1 General

See 20.10.2.2.1 for the general description of beam refinement.

In addition to DMG beam refinement features, enhanced beam tracking is a process that the CDMG STAs
can use to improve their antenna configurations (or antenna weight vectors) both for transmission and
reception and measure the backup channel performance of an alternative link via beam tracking. Once the
current link has poor quality due to blockage or antenna rotation, the CDMG STAs can switch to an
alternative link. Only if the alternative link has been set and enhanced beam tracking is enabled, can CBDMG
STAs perform enhanced beam tracking. The procedure of enhanced beam tracking is described in 10:38°9.

In addition to TRN training sequences appended, CDMG enhanced beam tracking uses BRP*RX or BRP-
TX packets that have an STF and a CE field appended to them.

— BRP-RX packets are packets that have e-TRN-R/TRN-R training sequences‘appended to them.
These packets with TRN-R sequences enable receiver antenna weight vector/training, and these
packets with e-TRN-R sequences enable receiver antenna weight vector tfaining and measuring one
alternative link.

— BRP-TX packets are packets that have e-TRN-T/TRN-T training sequénces appended to them. The
transmitting STA may change antenna configuration at thes beginning of each sequence. The
receiving STA performs measurements on these sequences 'and sends feedback to the STA that
transmits the BRP-TX packet, including the measurement tesults of alternative link.

24.9.2.2.2 BRP packet structure

If the Enhanced Beam Tracking Request field in the PHY header is 0, each beam refinement packet is
composed of an STF, a CE field, and a Data field followed by a training field containing an AGC training
field and a receiver training field, as shown in Figure 20-24.

If the Enhanced Beam Tracking Request fi€ld in the PHY header is equal to 1, each BRP packet is composed
of an STF, a CE field, and a data field, followed by a training field containing an AGC training field, a
receiver training field (TRN-R/T),-at’STF, and a CE field. The collection of the AGC training field, TRN
field, STF, and CE field at the end\of BRP packet is termed an e-TRN field. The AGC training fields and
TRN fields are used to train thecurrent link and the adjacent links of the current link during beam tracking
process. The alternative link\is-a beam link with different propagation characteristic that cannot be measured
accurately by the AGCAHield and the training field (TRN-R/T) that are used for measuring the adjacent beam
links. The STF and the'€E field at the end of BRP packet are used for measuring and training the alternative
link of CDMG STAs ‘during enhanced beam tracking (see 10.38.9). The BRP packet structure for CDMG
STAs that perform enhanced beam tracking is shown in Figure 24-9.

e-TRN-R/T
A
e N\
STF Data N STF
H_/ \ J
Y
AGC TRN-R/T

Figure 24-9—BRP packet structure (CDMG STAs)
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24.9.2.2.3 BRP packet header fields

The description for BRP packet header fields is the same as that contained in 20.10.2.2.3.

24.9.2.2. 4 BRP packet duration

The minimum duration of the data field of a BRP packet when sent in an SC mode is aBRPminSCblocks SC
blocks (see 24.5.3.2.5), and, if needed, the data field of the packet shall be extended by extra 0 padding to
generate the required number of SC blocks. Table 24-12 contains the values of NCWmin for MCSs 1 to 9
necessary to compute the padding described in 20.6.3.2.3.3.

Table 24-12—Zero filling for SC BRP packets with MCSs 1 to 9

MCS index Modulation | Ncgps | Repetition | Code rate | Data rate (Mb/s)7 | Ncwmin
1 m/2-BPSK 1 2 172 192:5 12
2 m/2-BPSK 1 1 172 385 12
3 m/2-BPSK 1 1 5/8 481.25 12
4 n/2-BPSK 1 1 3/4 571.5 12
5 /2-BPSK 1 1 1316 625.625 12
6 /2-QPSK 2 1 172 770 23
7 /2-QPSK 2 1 5/8 962.5 23
8 /2-QPSK 2 1 3/4 1155 23
9 7/2-QPSK 2 1 13/16 1251.25 23

The minimum duration of the data fieldvof a BRP packet when sent with the low-power SC mode is
Nprk MmN low-power SC blocks (seg20.7.2.3.3).

24,9.2.2.5 AGC field

The beam refinement AGE/fields are composed of 4N repetitions of the sequence [Gagy Gagy Gagy Gagy
Gagy] when the packet.is/transmitted using the SC mode and [Gbgy Gbgy Gbgy Gbey Gbgy] When the packet
is transmitted using the control mode. The sequences Ga64 and Gb64 are defined in 20.11. The sequences
are transmitted-using rotated n/2-BPSK modulation. Any transmit signal transients that occur due to this TX
AWYV configuration change shall completely settle by the end of the first Ga64 or Gb64 subsequence.

In a BRR=TX packet, the transmitter may change the TX AWV configuration at the beginning of each AGC
field.-Fhe set of AWVs used for the AGC subfields should be the same as that used for the TRN-T fields. In
a4 BRP-RX packet, the transmitter shall use the same TX AWV as in the preamble and data fields of the
packet.

24,9.2.2.6 TRN field

The description for TRN field is the same as that contained in 20.10.2.2.6.

24.9.2.2.7 Channel measurement

The description for channel measurement is the same as that contained in 20.10.2.2.7.
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24.10 CDMG PLME

24.10.1 PLME SAP sublayer management primitives

Table 24-13 lists the MIB attributes that may be accessed by the PHY entities and the intra-layer of higher
level LMEs. These attributes are accessed via the PLME-GET, PLME-SET, PLME-RESET, and PLME-
CHARACTERISTICS primitives defined in 6.5.

24.10.2 CDMG PHY MIB
All CDMG PHY MIB attributes are defined in Annex C, with specific values defined in Table 24-130The
column titled “Operational semantics” in Table 24-13 contains two types: static and dynamic. Static:\MIB

attributes are fixed and cannot be modified for a given PHY implementation. Dynamic MIB atttibuites can
be modified by some management entity.

Table 24-13—CDMG PHY MIB attribute default values

Managed object valuerangé emanics.
dotl1PHYOperationTable
dot11PHYtype edmg(12) Static
dot11IPHYCDMGTable
dot11LowPowerSCPHYImplemented Boolean Static
dot11LowPowerSCPHYActivated Boolean Dynamic

24.10.3 TXTIME calculation

The value of the TXTIME parameteraeturned by the PLME-TXTIME.confirm primitive shall be calculated
according to the following equations.

For the CDMG SC PHY (Nppy is Training Length field defined in the header; see, for example, Table 24-8):

TXTIME
_ { Tsrp#Tert Theader ™ Toata Nppy =10
Tsir* Tept Theader T MAX{ Ty (X BHy) X Teh + Npgy X Trpy— iy Nygy >0 and SC

where
0. = aBRPminSCblocks
S = aSCBlockSize
y = aSCGILength

Tran- unis = ABRPTRNBlock x T
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For the CDMG control PHY:
TXTIME
=71 =T (11 QL (] onath 6) QL A 162 T 290 L AL T
3IF-CFP T CE-CFP AN TP sTIT 7 TCW - J - C = STTRN S TRN—-Unit

where Ny calculation is defined in 20.4.3.3.3.
24.10.4 PHY characteristics

The static CDMG PHY characteristics, provided through the PLME-CHARACTERISTICS service
primitive, shall be as shown in Table 24-14. The definitions for these characteristics are given in 6.5.4.

Table 24-14—CDMG PHY characteristics

PHY parameter Value
aDataPreambleLength 3927 ns
aControlPHYPreambleLength 8582 ns
aPPDUMaxTime 4 ms
aPSDUMaxLength 262 143 octets
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25. China millimeter-wave multi-gigabit (CMMG) PHY specification

25.1 Introduction

25.1.1 Introduction to the CMMG PHY

Clause 25 specifies the PHY entities for China millimeter-wave multi-gigabit (CMMG) single carrier (SC)
and orthogonal frequency division multiplexing (OFDM) systems.

The maximum number of space-time streams supported in CMMG SC and OFDM system is four.
The CMMG PHY provides support for 540 MHz and 1080 MHz channel widths.

The CMMG PHY data are modulated using binary phase shift keying (BPSK), quadrature phase shift keying
(QPSK), 16-quadrature amplitude modulation (16-QAM), and 64-QAM. Forward errot, ¢orrection (FEC)
coding (LDPC coding) is used with coding rates of 1/2, 3/4, 5/8, and 13/16.

A CMMG STA shall support the following features:
— 540 MHz channel width
— Control mode and SC mode (directional transmit and receive)
— Single spatial stream MCS 0 (control mode transmit and receive)in all supported channel widths
— Single spatial stream MCSs 1 to 3 (SC mode transmit and receive) in all supported channel widths
— LDPC coding with length 672

— Normal guard interval as defined in Table 25-3

A CMMG STA may support the following features:
—  Support for 1080 MHz channel width
— CMMG MCSs 4 to 8 (SC mode transmit and receive)
— CMMG MCSs 9 to 16 (OFDM mode transmit and receive)
— Two or more spatial streams (transmit and receive)
— Short guard interval (transmit and receive)
— LDPC coding with length'2016

—  Support MIMO transmission (SC mode and OFDM mode with omnidirectional antenna pattern or
quasi-omni antenna pattern transceiver)

— STBC (transmit and receive)
— Transndit\beamforming sounding (by sending a CMMG NDP)

— Responding to transmit beamforming sounding

NOTEEMIMO transmission only applies in the case where the antenna pattern is the omnidirectional antenna pattern or
quasi-O1iini antenna pattern.

251.2 Scope

The CMMG PHY supports three modulation methods:
— A control modulation using MCS 0 (the CMMG control mode; see 25.4)
— A single carrier (SC) modulation using MCS 1 to MCS 8 (the CMMG SC mode; see 25.5)

— An OFDM modulation using MCS 9 to MCS 16 (the CMMG OFDM mode; see 25.6)

All these modulation methods share a common preamble (see 25.3.5).
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The services provided to the MAC by the CMMG 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.

D) A funcfion 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 CMMG Control mode, CMMG SC mode, and CMMG OFDM mode.

25.1.3 CMMG PHY functions
25.1.3.1 General

The CMMG PHY contains two functional entities: the PHY function and the physical layer management
function (PLME). Each of these functions is described in detail in 25.4 (for CMMG control mode),25.5 (for
CMMG SC mode), 25.6 (for CMMG OFDM mode), and 25.14 (for CMMG PLME). ThenCMMG PHY
service is provided to the MAC through the PHY service primitives defined in Clause 6.

25.1.3.2 PHY management entity (PLME)
The PLME performs management of the local PHY functions in conjunctionyith’the MLME.
25.1.3.3 Service specification method

The models represented by figures and state diagrams are intendéd to be illustrations of the functions pro-
vided. 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 efiimplementation is left to the discretion of the
CMMG PHY compliant developer. The service of a layef er sublayer is the set of capabilities that it offers to
a user in the next higher layer (or sublayer). Abstracf\s¢rvices are specified here by describing the service
primitives and parameters that characterize each.sefvice. This definition is independent of any particular
implementation.

25.1.3.4 PPDU formats

The structure of the PPDU transmittéd by a CMMG STA is determined by the TXVECTOR parameters as
defined in Table 25-1.

A CMMG PPDU can be further categorized as a CMMG control mode PPDU, a CMMG SC mode PPDU, or
a CMMG OFDM mode-PPDU.

25.2 CMMG _PHY service interface
25.2.1 Introduction

The-PHY provides an interface to the MAC through an extension of the generic PHY service interface
defined in 7.3.4. 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_VECTOR, the MAC
configures the PHY for operation, independent of frame transmission or reception.
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25.2.2 TXVECTOR and RXVECTOR parameters

The parameters in Table 25-1 are defined as part of the TXVECTOR parameter list in the PHYTX-
START request primitive and/or as part of the RXVECTQOR parameter list in the PHYRXSTART indication

primitive.

Table 25-1—TXVECTOR and RXVECTOR parameters

Parameter Value

~ | TXYVECTOR
< | RXVECTOR

MCS The MCS field indicates the modulation and coding scheme used in'thé
transmission of the packet. Values are integers in the range from.0.to 31.
— An MCS value of 0 indicates the use of control mode.
— MCS values of 1 to 8 indicate use of single carrier mpdulations. The
value is an index to Table 25-38 to Table 25-45.
— MCS values of 9 to 16 indicates use of OFDM/modulations. The
value is an index to Table 25-46 to Table 25,53

LENGTH Indicates the number of octets in the PSDU in the range from 0 to Y | Y
262 143. A value of zero indicates a packet in\which no data part follows
the SIG.

N TX Indicates the number of transmit chains. Y | N

NSS Indicates the number of spatial §treams. Y | N

EXPANSION MAT If PPDU transmission mode is OFDM mode, contains a set of Y | N
compressed beamforming feedback matrices as defined in 25.6.8.13.2.
The number of elements depends on the number of spatial streams and
the number of trafismit chains. Otherwise, not present.

CHAN_MAT If PSDU LENGTH equals 0, contains a set of compressed beamforming N |Y
feedback-matrices as defined in 25.6.8.13.2 based on the channel
measured during the training symbols of the received PPDU. The number
of elements depends on the number of spatial streams and the number of
tranSmit chains. Otherwise, not present.

ADD-PPDU Enumerated type: Y | Y
— ADD-PPDU indicates that this PPDU is immediately followed by
another PPDU with no IFS or preamble on the subsequent PPDU.

— NO-ADD-PPDU indicates no additional PPDU follows this PPDU.

AGGREGATION Indicates whether the PSDU contains an A-MPDU. Y Y

Enumerated type:

— AGGREGATED indicates this is a packet with A-MPDU
aggregation.

— NOT_AGGREGATED indicates this is a packet without A-MPDU
aggregation.

RSSI The allowed values for the RSSI parameter are in the range from 0 N | Y
through RSSI maximum. This parameter is a measure by the PHY of the
power observed at the antennas used to receive the current PPDU. RSSI
shall be measured during the reception of the PHY preamble. RSSI is

intended to be used in a relative manner, and it shall be a monotonically

increasing function of the received power.

REC_MCS Indicates the MCS that the STA’s receiver recommends. N | O
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Table 25-1—TXVECTOR and RXVECTOR parameters (continued)

Parameter Value

Z | TXVECTIOR
~< | RXVECTOR

SNR Contains an array of received SNR measurements for each spatial stream.
SNR indications of 8 bits are supported. SNR shall be the sum of the
decibel values of SNR per tone divided by the number of tones repre-
sented in each stream as described in 9.4.1.49.

STBC Indicates whether STBC is used. YO Y
0 indicates no STBC (NSTS=NSS in the Data field).
1 indicates STBC is used (NSTS=2NSS in the Data field).
This parameter is 0 for a CMMG OFDM MU PPDU.

RCPI Is a measure of the received RF power measured over the preanible-of a N Y
received frame. Refer to 20.3.10 for the definition of RCPI.

TXOP_PS NOT _ALLO Indicates whether a CMMG AP allows non-AP CMMG{STAS in TXOP Y | Y
WED power save mode to enter doze state during the TXOP.

0 indicates that the CMMG AP allows non-AP CMMG STAs to enter
doze mode during a TXOP.

1 indicates that the CMMG AP does not allow ioh-AP CMMG STAs to
enter doze mode during a TXOP.

PARTIAL AID Provides an abbreviated indication of the“intended recipient(s) of the Y Y
PSDU (see 10.20).

Integer: range from 0 to 511 ifJPEINK INDICATION is 1, and range
from 0 to 63 if UPLINK INDICATION is 0.

UPLINK _INDICATION Set to 1 if the CMMG RPDU is addressed to AP. Y | Y
Set to 0 otherwise (see\10.20).

COLOR If UPLINK _INDICATION is 0, set to a value of its choosing within the Y |'Y
range from 0 t0'7 ‘and shall maintain that value for the duration of the
existence of.the BSS.

Otherwise; not present (see 10.20).

CH_BANDWIDTH Indieates the channel width of the transmitted PPDU: Y | Y
Enumerated type:

= CBW540 for 540 MHz
— CBW1080 for 1080 MHz

DUPLICATE MQDULA | In TXVECTOR, indicates the PPDU transmitted with CMMG duplicate o | 0

TION format.

In RXVECTOR, indicates the estimated PPDU transmitted with CMMG

duplicate format;

— Present if CH_ BANDWIDTH equals CBW1080 and the PPDU is
transmitted with duplicate format.

— Otherwise not present.

DPYN_BANDWIDTH In TXVECTOR, if present, indicates whether the transmitter is capable (0] Y
of Static or Dynamic bandwidth operation.

In RXVECTOR, if valid, indicates whether the transmitter is capable of
Static or Dynamic bandwidth operation.

Enumerated type:

— Static if the transmitter 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.
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Table 25-1—TXVECTOR and RXVECTOR parameters (continued)

Parameter

Value

BEAMFORMED

Set to 1 if a beamforming steering matrix is applied to the waveform in a
CMMG OFDM mode transmission as described in 20.3.11.11.2.
Set to 0 otherwise.

NOTE—When BEAMFORMED is equal to 1, smoothing is not
recommended.

~ | TXVECTIOR

O | RXVECTIOR

TIME_OF DEPARTURE
_REQUESTED

Enumerated type:

— true indicates that the MAC entity requests that the PHY entity:
measure and report time of departure parameters corresponding,to
the time when the first frame energy is sent by the transmitting-port.

— false indicates that the MAC entity requests that the RPHY entity
neither measure nor report time of departure parametérs,

RX_START OF FRAME
_OFFSET

0 to 23%-1. An estimate of the offset (in 10 nanosecofd units) from the
point in time at which the start of the preamble cprresponding to the
incoming frame arrived at the receive antennaport-to the point in time at
which this primitive is issued to the MAC.

PACKET TYPE

Enumerated type:

— TRN-R-PACKET indicates either~a packet whose data part is
followed by one or more TRN-R subfields, or a packet that is
requesting TRN-R subfields to be appended to a future response
packet.

— TRN-T-PACKET indicates a packet whose data part is followed by
one or more TRN«T subfields.

This field is reserveduf TRN-LEN is 0.

BEAM TRACKING RE
QUEST

This parameter indicates whether beam tracking is requested.
Enumerated.type:
— Beamrtracking requested or Beam tracking not requested.

LAST_RSSI

In the TXVECTOR, LAST RSSI indicates the received power level of
the.dast packet with a valid PHY SIG that was received an SIFS period
before transmission of the current packet; otherwise, it is 0 (see
10.3.2.3.3).

In the RXVECTOR, LAST RSSI indicates the value of the LAST RSSI
field from the PCLP header of the received packet. Valid values are
integers in the range from 0 to 15:

— Values of 2 to 14 represent power levels (—71+valuex2) dBm.

— A value of 15 represents power greater than or equal to —42 dBm.
— A value of 1 represents power less than or equal to —68 dBm.

— A value of 0 indicates that the previous packet was not received an

SIFS period before the current transmission.

Turnaround

Set to 1 or 0 as specified in 10.3.2.3.3.

NOTE—In the “TXVECTOR” and “RXVECTOR” columns, the following apply:

Y = Present
N = Not present
O = Optional
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25.3 Common parameters

25.3.1 Introduction

This subclause introduces some common parameters.

25.3.2 Common requirements

25.3.2.1 Introduction

This subclause describes the common requirements from all 3 modes: control, SC, and OFDM.
25.3.2.2 Transmit RF delay

The transmit RF delay is as defined in 17.3.8.6, and its value is implementation dependent.
25.3.2.3 Center frequency tolerance

25.3.2.3.1 General

The transmitter center frequency tolerance shall be + 20 ppm maximum.

25.3.2.3.2 Center frequency convergence

The transmitter center frequency shall converge to within 1 ppmof its final value within 2.5 us from the start
of the packet.

25.3.2.3.3 Symbol clock tolerance
The symbol clock frequency tolerance shall be’:20 ppm maximum.

The transmit center frequency and the symbol clock frequency shall be derived from the same reference
oscillator.

25.3.2.3.4 Transmit rampup-and rampdown

The transmit power-on ramp is defined as the time it takes for a transmitter to rise from less than 10% to
greater than 90% of the average power to be transmitted in the frame.

The transmit power-on ramp shall be less than 30 ns.

The transmit,;power-down ramp is defined as the time it takes the transmitter to fall from greater than 90% to
less than 0% of the maximum power to be transmitted in the frame.

The transmit power-down ramp shall be less than 30 ns.
25.3.2.3.5 Maximum input requirement

The receiver maximum input level is the maximum power level at the receive antenna(s) of the incoming
signal, in dBm, present at the input of the receiver antenna for which the error rate criterion (defined in

6 et A _comn nt racaiva h haize ecelerim BN 1 eve he-treceive-antennals)

O S cO B ecev-e S SceIv-E A~ ey efFeceived eHa Sy

of at least 10 microwatts/cm? for each of the modulation formats that the receiver supports.
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25.3.2.3.6 Receive 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 Tabhle 25-2

Table 25-2—Receiver sensitivity

MCS Index CBW 540 MHz CBW 1080 MHz
1 74 71
2 —69 —66
3 67 —64
4 —61 -58
5 -59 -56
6 55 52
7 53 ~50
8 51 —48
9 74 71
10 —69 —66
11 —66 -63
12 —64 -61
13 -60 -57
14 -57 —54
15 -55 -52
16 -53 -50

25.3.3 Time-related parameters

Table 25-3 defines the timing-related parameters for CMMG format.

Table 25-3—Time-related parameters

Parameter CBW 540 MHz CBW 1080 MHz Description
N, 168 336 Number of complex data
SD

numbers per OFDM symbol

Ngp 8 16 Number of pilot subcarriers per
OFDM symbol

Npc 3 3 Number of DC subcarriers per
OEDM hal
OFDM-symbel

Ngr 179 355 Total number of subcarriers per
OFDM symbol
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Table 25-3—Time-related parameters (continued)

Parameter CBW 540 MHz CBW 1080 MHz Description
Nggp 89 177 Highest data subcarrier index per
OFDM symbol
Fq 660 MHz 1320 MHz OFDM sample rate
Ty 1.515ns = 1/Fg 0.758 ns = 1/F OFDM sample time
Fq 440 MHz =2/3 F 880 MHz =2/3 F SC chip rate
T 2272ns=1/F, 1.136 ns=1/F SC chip time
Ap 2.578125 MHz Subcarrier frequency spacing
Tprr 387.879 ns IDFT/DFT period
Ter 96.97ns = Tppr/4 Guard interyalduration
Tars 48.485ns = Tppp/8 Short guard-interval duration
ToymL 484.8 = Tppp+ T = 1.25Tppr Long Gl symbol interval
Tsyums 436.4=Tppr+ T, =1.125THp Short GI symbol interval
Tsyur Tgyam O Tgyys depending on the GI used (see Table 22:8)v/| Symbol interval
Tiey 581.8ns =256 T ZCZ block duration
Testr 8145.5ns=14T Short training field duration for
control mode
Tyrp 5818 ns =10 Tseq Short training field duration n
for SC/OFDM mode
Tepr 23273 ns = 4Tseq Chanpel estimation field
duration
Tgr6 23273 ns=4 Tseq SIGNAL field duration
Tosrr A34.8ns =4 Tgy /s Duration of each OSTF
Tocer 484.8ns =4 Tgy 1/ Duration of each OCEF

Table 25-4 defines parameters used frequently in Clause 25.

Table 25-4—Frequently used parameters

Symbol Explanation
Np. Number of the data blocks for SC transmission.

Ncgpp Number of coded bits per block.

Ncgps For OFDM transmission: Number of coded bits per OFDM symbol.
For SC transmission: Number of coded bits per constellation symbol.

N npoo Number of coded bits per symbol per spatial stream.

Npgps Number of data bits per symbol.

Npsps Number of data constellation symbols per block for SC transmission.
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Table 25-4—Frequently used parameters (continued)

Symbol Explanation

Nyweg Length of the UW in each block for SC transmission.

Ngrs = Npspg T Nywpg | Number of the symbols in each block for SC transmission.

Ngpscs Number of coded bits per subcarrier per spatial stream.

Npx Number of receive chains.

Ngrs For pre-CMMG modulated fields, Ng,¢ = 1 (see NOTE).

For CMMG modulated fields, Ng g is the number of space-time streams.

Nocer Number of OCEF symbols 25.6.7.

Ngg Number of spatial streams.

Nry Number of transmit chains.

R R is the coding rate.

NOTE—Pre-CMMG modulated fields refer to the STF, CEF, and CMMG ,SIG field, while CMMG
modulated fields refer to the OCEF and Data field (see Figure 25-1, Figure 25+2,%and Figure 25-3).

25.3.4 Mathematical conventions in the signal description
25.3.4.1 Notation

[Q],,, , indicates the element in row m and column s of matrix Q.
25.3.4.2 Subcarrier indices in use

For a 540 MHz OFDM mode PPDU transmission, the 540 MHz is divided into 256 subcarriers. The signal is
transmitted on subcarrier —89 to —2 and 2 to 89, with —1, 0, and 1 being the center (DC) subcarriers.

For a 1080 MHz OFDM mode PRDU transmission, the 1080 MHz is divided into 512 subcarriers. The
signal is transmitted on subcafrier —177 to —2 and 2 to 177, with —1, 0, and 1 being the center (DC)
subcarriers.

25.3.4.3 Transmitted.signal

The transmitted~signal is described in complex baseband signal notation. The actual transmitted signal is
defined by the ¢omplex baseband signal in Equation (25-1).

rRpRe{rpp () exp(i2nf,0)} (25-1)
where
FppDU represents the complex baseband signal in transmit chain i,
1. represents the center frequency of the portion of the transmitted PPDU
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The transmitted RF signal is derived by up-converting the complex baseband signal, which consists of
several fields. The fields and timing boundaries for various fields are shown in Figure 25-1 to Figure 25-3.

STF ‘ CEF ‘ SIG ‘ SC-Data

|
f i r r

tcer tsie tsc-pata

Figure 25-1—Packet structure for the SC mode PPDU with CBW 540 MHz

STF CEF SIG SCTF SC-Data

|
ot r r T

toer tsic tscrr tsc-pata

Figure 25-2—Packet structure for the SC mode PPDU with CBW 1080 MHz

STF CEF SIG OSTF OCEF OCEF |+ « « « | OCEF OFDM-Data

! 1 1 1 1 t

0 tcer tsic tostr tocer torpm-ata

Figure 25-3—Packet structure for the OFDMW'mode PPDU

The time offset, 7,,,,,, determines the starting time of the corresponding field.

For the SC mode transmission with 540 MHz,

i X — I X i X i X xR i X
reppu(t) = rdfp(O +rdpp(t—toge) + rdig(t20516) T e para(t—tsc_ pard) (25-2)
For the SC mode transmission with 1080 MHz,
ll X = ll X i X J— ll X — i X —_ i X _— -
reppu(0) = rdip(0) + rdpp(t—topp) + rdic(t—tge) + rderp(t—tserp) Y e para(t = tsc - pata) (25-3)

For the OFDM mode transniission,
i _ ip > i, i ir,
rBppu(D) = rdip(Q ¥ rldpp(t—topp) Y rdic(t—ts) + riferr(t—tycre) Y r8Epam- patat = torpm- Data) (25-4)

where
teep < Usrr
tsio = tcert Tepr
tscer = tsict Isig
Tosrr = tsict Tsic

tocer = tostr T Tostr

tsc-pata = tscrrt Tscrr

torpm-Dpata = toctr T NocsrTpcpr
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Each OFDM mode baseband waveform Tsubfiel 4T, for the fields above, is defined via the inverse
discrete Fourier transform (IDFT) as '

NSR ]vSTS_1

- WLl 2 2 LY Tk can i P (G2REAR(E =T = Teg(m)))) (25-5)

T ~
Feupfield(t) = v
N ' Tone 'STS k=-Ng m=0

In Equation (25-5) the following notions are used:

Nione is, for 540 MHz transmission, 176 and, for 1080 MHz transmission, 352

Ngrg is the number of the space time stream

Tgr is the guard interval duration used for each OFDM symbol

o is the spatial mapping matrix with N, rows and N¢,¢ for the subcarrier &
W is a windowing function. An example function, w, i is given in 25.3.4.5

Vr.cpw  isdefined in 25.3.4.4

Ap is the subcarrier frequency spacing given in Table 25-3

Tog(m)  represents the cyclic shift per space-time stream, whose value is,defirled in Table 25-27

X m is the frequency-domain symbol in subcarrier £ of space-time.stream m. Some of the X, ,

within —Ng, <k < Ng, have a value of 0, such as the DC tongs

The base band waveform for fields defined by time domain sequence or for single carrier transmission is
Tpie1dnTe) = x(n) (25-6)
where x(n) is the constellation point # .

Conversion from the sampled digital domain te the continuous time domain is beyond the scope of this
document. Filtering for pulse shaping such@s-in GMSK is beyond the scope of this standard.

25.3.4.4 Definition of tone rotation for OFDM mode transmission

The function Y, -z is used tQ'répresent a rotation of the tones. Y; 5y, is determined by the TXVECTOR
parameter CH_ BANDWIDTH as defined in Table 25-5.

Table 25-5—CH_BANDWIDTH and Y cgw

CH_BANDWIDTH Y, caw
CBW540 Y4 540
CBW1080 Y4 1050
For a 540 MHz OFDM mode PPDU transmission,
Tisa0 = 1 (25-7)

For a 1080 MHz OFDM mode PPDU transmission,

1,k<0

25-8
J k>0 (25-8)

Ty 1080 = {
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25.3.4.5 The windowing function

The windowing function wr,(nTy) is used to smooth the transition between adjacent fields in the packet
where OFDM maode mndn]atmn is_employed No windowing is applied to preamble fields or to SC

“17’

modulated fields. The windowing function is different from being equivalent to
region.

only in the transition

An example of a windowing function is given by

T
wilt) = 1,7R<tgr_% (25-9)
T T
smz(r—t(l—i), - Rep<r+ R
20T 2

The transition region creates an overlap (with length 7%) between adjacent fields: The field wave form is
extended cyclically to fill the part of the transition region in which it is undefined. If the transition region
vanishes (i.e., Tx=0), the windowing function degenerates to a rectangular window. The choice of
windowing function is implementation dependent, as long as transmit EVIM)and transmit mask requirements
are met.

25.3.5 CMMG PHY preamble
25.3.5.1 General

The CMMG PHY preamble is the part of the PHY PPDU that is used for packet detection, AGC, frequency
offset estimation, synchronization, indication of\transmission mode (Control mode, SC mode, or OFDM
mode), indication of transmission bandwidth (540 MHz or 1080 MHz), and channel estimation. The format
of the preamble is common to both SC packets and OFDM packets and consists of a Short Training field
followed by a Channel Estimation field.\Thie content of the Short Training field is the same between SC and
OFDM packets (see 25.3.5.2), but thezcontent of the Channel Estimation field is not the same between such
packets (see 25.3.5.3).

NOTE—For SC and OFDM MIM® mode transmission, different transmit antenna transmit a different preamble that is

. 1 2 3 4 .
composed of one of the fout 4CZ sequences with the order of Z,5¢, Z556, 2556, Z55¢ » Such as for the case of one transmit
. 1 .
antenna, the preamble sequence is composed of Z,s , for the case of two transmit antennas, the preamble sequences are

composed of 2556 \ ngs , respectively.
25.3.5.2 CMMG Short Training field
25:3:5.2.1 STF of control mode

The Short Training field is composed of 50 repetitions of the sequence Z(n) of length 32. The sequences Z(n)
is defined in 25.8.

The waveform for the STF is

VAR
Psrr(nTe) = Z0n mod 32)exp( ;[ = 0.1, . 50 x 321 (Z5-10)

where T is SC mode chip time of CBW 540 MHz.
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25.3.5.2.2 STF of SC and OFDM mode

The Short Training fields of SC and OFDM modes share the same definition. The common Short Training

field is composed of 17 repetitions of the sequence Z(n) of length 32 The sequences Z(#n) is defined in 25 &

The waveform for the Short Training field is
. n

rerp(nTe) = Z(n mod 32)exp(jni), n=0,1,..17x32-1 (25-11)
where T is SC mode chip time of CBW 540 MHz.
25.3.5.3 CMMG Channel Estimation field
25.3.5.3.1 CEF of control mode
The CEF of CMMG control mode is composed of four concatenated Z(n) sequences where ‘€ach sequence is
multiplied by an individual sign assignment. As shown in Figure 25-4, the CEF of centrol mode is defined

as —Z(n), Z(n),—Z(n), —Z(n) , where the sequence is defined in 25.8.
The waveform for the CEF is

—Z(n mod 256)exp(jn§), n=201,..256-1

Z(n mod 256)exp(jn9, n = 256, ...,256 x 2\

reer(nTc) = (25-12)
—Z(n mod 256)exp(jn§), n = 256x 275256 x3-1

—Z(n mod 256)exp(jn§), n=256%3,..,256x4-1

where T is SC mode chip time of CBW $40°'MHz. The control mode preamble is illustrated in Figure 25-4.

‘ Z 356

Z 356

} Z 356

Z 256

Z 356 -Z 356 Z 356 -Z 256 -Z 256

Shert Training Field (STF) Channel Estimation Field (CEF)

Figure 25-4—Control mode preamble

NOTE—ALII fields\are transmitted with SC mode transmission. For 1080 MHz SC transmission, the STFs, the CEFs, and
the SIG fieldgare-transmitted with duplicated style.

25.3.5:3:2'CEF of SC mode

The “CEF of SC mode is also composed of four concatenated Z(n) sequences but is with different sign
assignment patterns. As shown in Figure 25-5 and Figure 25-6, the CEF of SC 540 MHz PHY is defined as
[-Z(n), Z(n), Z(n),—Z(n)], and the CEF of SC 1080 MHz PHY is defined as [-Z(n),-Z(n), Z(n), Z(n)],
where the sequence Z(n) is defined in 25.8.
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The waveform for the CEF of SC 540 MHz mode is

~Z(n mod 256)exp(jn§j,n =0,1,...,25 -1

Z(n mod 256)exp(jng), n = 256,...,256 x2—1
repp(nTy) = (25-13)
Z(n mod 256)exp(jn§),n 256%x2,...,256x3—1

~Z(n mod 256)exp(jn9, n=256x3,..256x4-1

and the waveform for the CEF of SC 1080 MHz mode is

—Z(n mod 256)exp(jn@, n=20,1..25-1

~Z(n mod 256)exp(jn@, n = 256,...,256 x2 -1
regr(nTe) = (25-14)
Z(n mod 256)exp(jn§), n=256x2,..256x3-1

Z(n mod 256)exp(jn@, n=256x3,..,256x4-1

where T is SC mode chip time of CBW 540 MHz.

The SC mode preambles are illustrated in Figure 25-5and Figure 25-6.

‘ Z 56 ‘ Z 56 ‘ Z 556

} Z 356 ‘ Z2s6 ‘ ~Z2s6

Z 356 ‘ Z2s6 ‘-Zzss

Short Training Field (STF) Channel Estimation Field (CEF)

Figure 25-5—CMMG SC mode preamble for CBW 540 MHz

‘ 2256 ‘ 2256 ‘ ZZSS ' l 2256 ‘ ZZSG '2256 '2256

2256 ‘ 2256 ‘

Short Training Field (STF) Channel Estimation Field (CEF)

Figure 25-6—CMMG SC mode preamble for CBW 1080 MHz

NOTE—AII fields are transmitted with SC mode transmission. For 1080 MHz SC mode transmission, the STFs, the
CEFs, and'the.SIG fields are transmitted with duplicated style.

253.5.3.3 CEF of OFDM mode

The CEF of OFDM mode is also composed of four concatenated Z(n) sequences but is with different sign
assignment patterns. As shown in Figure 25-7 and Figure 25-8, the CEF of OFDM 540 MHz PHY is defined
as [-Z(n), Z(n),Z(n), Z(n)], and the CEF of OFDM 1080 MHz PHY is defined as
[-Z(n),-Z(n), —Z(n), Z(n)] , where the sequence Z(n) is defined in 25.8.
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The waveform for the CEF of OFDM 540 MHz mode is

—Z(n mod 256)exp(jn§),n =0,1,..,256-1

Z(n mod 256)exp(jng), n=256,..256%x2—1

repp(nTe) = (25-15)
Z(n mod 256)exp(jn@, n=256x2..256x3-1

Z(n mod 256)exp(jn§), n=256x3,..,256x4-1
and the waveform for the CEF of OFDM 1080 MHz mode is
.n _
~Z(n mod 256)6Xp(jﬂ:§), n=20,1..25-1
. n _
~Z(n mod 256)exp(ﬂc§), n = 256,...,256 x2 -1

reer(nTe) = (25-16)
~Z(n mod 256)exp(jn§), n=256x2,..,256x3—1

Z(n mod 256)exp(jng), n=25x3,..25x4-1

where T is SC chip time of CBW 540 MHz.

‘ Z 356 ‘ Z 356 ‘ Z 256 ‘ ! Z 56 ‘ Z 256 ‘ -Z 256

Z 356 ‘ Z 356 ‘ Z 356 ‘

Short Training Field (STF) Channel Estimation Field (CEF)

Figure 25-7—CMMG OFDM mode preamble for CBW 540 MHz

‘ 2256 ‘ 2256 ‘ 2256 ‘ ‘ 2256 ‘ 2256 '2256 '2256 '2256

Z256 ‘

Short Traiming Field (STF) Channel Estimation Field (CEF)

Figure 25-8=—-CMMG OFDM mode preamble for CBW 1080 MHz

NOTE—The STFs, the CEFs{ and the SIG fields are transmitted with SC mode transmission. For 1080 MHz SC mode
transmission, the STFs, thié €EFs, and the SIG fields are transmitted with duplicated style.

25.3.6 CRC calculation

The value of cyclic redundancy check (CRC) field is the 1s complement of Equation (25-17).

CRC(D) = (M(D) ® I(D))D*modG(D) (25-17)

wiliere

M(D) = myD" "+ m DN P tmy

N is the number of bits over which the CRC is generated
m; isbit i of the input bit sequence

N-1
I(D) = Z D' are initialized values that are added modulo 2 to the first K bits of the input bit sequence
i=N-K
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K  1is the length of CRC sequence: K = 16 for CRC of the CMMG SIG, and K = 8 for the data field
G(D) = D" +p"+ D’ +1 is the CRC generating polynomial of 8 bits

15 14
cre(D) = xogD +x D+ ... 7 X, DT X5

Figure 25-9 shows the operation of the CRC of 16 bits. First, the shift register is reset to all 1s. 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, x5 first, through an inverter.

Bit stream
serial input
o e D e e D -

Serial output
Cys First

Figure 25-9—16-bit CRC calculation

G(D) = p*+p"+p*+D*+D+1 isthe CRC generating polynomial of 8 bits
cre(D) = xOD7 +x1D6 + ..+ xD+xg

Figure 25-10 shows the operation of the CRC of 8 bits.

Bit stream
serial input
e N R N TS R
[ Serial output
C, first

Figure 25-10-—8-bit CRC calculation

25.3.7 Scrambler

The CMMG control mode SIG, CMMG SC/OFDM mode SIG, and the data fields following the scrambler
initialization field (including data)padding bits) shall be scrambled by XORing each bit in turn with a length
127 periodic sequence gengrated by the polynomial S(x) = x"+x"+1. The octets of the PSDU and the pad
bits shall be placed into"a bit stream with bit 0 (LSB) of each octet first and bit 7 of each octet (MSB) last.
The generation of the sequence and the XOR operation are defined in Figure 25-11.

=
o e Je T e e [ e e e [ e

‘ Scrambled Data Out ‘

Figure 25-11—Scrambler

For each PPDU, the transmitter shall select a nonzero seed value for the scrambler (bits x; through x7). The
seed value should be selected in a pseudo random fashion. The seed value is sent in the Scrambler
Initialization field of the PHY header. Each data bit in the data field of the PPDU is then XORed with the

scrambler output (x4 XOR x7), and the scrambler content shifts once.
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25.3.8 Common LDPC parity matrices

25.3.8.1 Introduction

Transmission/reception of LDPC with codeword length of 672 bits (expansion factor z = 42) is mandatory,
and transmission/reception of LDPC with codeword length 2016 bits (expansion factor z = 126) is optional.

25.3.8.2 General

The structured LDPC code is defined by a parity check matrix H of size (m x z) x (n x z), which is deter-
mined by a base matrix H of size m x n, an expansion factor z, and a base permutation matrix P ofisize
z x z. The number of information bits is £ = (n—m) x z, the number of codeword bits is nz, then coding tate
r=k/(nz). If eacl;nl element #;; in the base matrix H is replaced by zero subblock matrix of size £z or the
subblock matrix P"”, the parity check matrix H can be obtained.

The base matrix H is defined as follows:

hoo hot - hog-1y
A= Mo hi o o b (25-18)
il(n1—l)0 ljl(m—l)l }_l(m—l)(n—l)

The parity check matrix H is defined as follows:

Phoo th Phowq)
H _ P;'”) Pl_l” - Pill(nfl) (25-19)
Pil(m—l)o Pil(m—l)l Pil(m—])(n—l)

- hyj . . . hy .
where, if h; = -1, P'" equals a~zeéro matrix of size z x z; otherwise, P"* equals the base permutation
matrix P to %; power. The base’permutation matrix P of size z x z is defined as follows:

01 0 --(0
0 0 1¢-—.0
P=... . 84 (25-20)
0 (00 1
NO O -0

Table,25-6 defines the base matrix prototypes of the parity-check matrices for a codeword block length nz
bits, with a subblock size z bits.
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Table 25-6—Base matrix prototypes for codeword block length nz bits,
subblock size is z bits

— 1 n 10
(4) CUUIlE Nalc—1

-1 0 -1 0 -1 0 -1 0 0 -1 -1 -1 -1 -1 -1 -1
0 -1 -1 34 -1 12 -1 36 18 0 -1 -1 -1 -1 -1 -1
8 -1 0 -1 0 -1 0 -1 -1 13 0 -1 -1 -1 -1 -1
-1 16 40 -1 32 -1 22 -1 -1 -1 19 0 -1 -1 -1 -1
-1 20 -1 22 -1 2 -1 28 32 -1 -1 21 0 -1 -1 -1
30 -1 18 -1 -1 14 -1 30 -1 37 -1 -1 31 0 -1 -]
40 -1 12 -1 38 -1 6 -1 -1 -1 26 -1 -1 13 0 -1
-1 24 -1 20 10 -1 2 -1 -1 -1 -1 18 -1 -1 5 0

(b) Coding Rate=5/8

-1 0 -1 0 0 0 0 0 0 -1 0 -1 b | -1 -1 -1
0 -1 0 -1 32 -1 22 -1 18 0 19 Q) -1 -1 -1 -1
8 16 40 34 -1 12 -1 36 32 -1 -1 21 0 -1 -1 -1
30 20 18 22 38 -1 6 -1 -1 13 =l -1 31 0 -1 -1
-1 24 -1 20 -1 2 -1 28 16 37 -1 -1 -1 13 0 -1
40 -1 12 -1 10 14 2 30 -1 19 -1 -1 -1 -1 5 0

(c) Coding Rate=3/4

0 0 0 0 0 0 0 0 0 0 0 0 0 -1 -1 -1
8 16 40 34 32 12 22 36 18 13 19 0 -1 0 -1 -1
30 20 18 22 38 2 6 28 32 37 26 21 31 -1 0 -1

40 24 12 20 10 14 2 30 16 19 34 18 -1 13 5 0

(d) Coding Rate=13/16
0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 -1
30 20 18 22 38 2 6 28 32 37 26 21 34 -1 0 -1

40 24 12 20 10 14 2 30 16 19 34 18 8 13 5 0
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25.3.9 CMMG SIG

25.3.9.1 General

The CMMG SIG field carries information required to interpret PPDUs. The preamble and the CMMG SIG
fields are all transmitted using modulation. The structure of the CMMG SIG field is shown in Figure 25-12.

BO B6 B7 B8 B9 B17 B18 B35 B36 B39 B40 B41 B42 B46

c .
Control mode ) Reserved Spreading Reserved
g Factor
ks o 5 <
= 4
= c = @] s _ c _
Semede | = 15158 g | £ | B3 |&|T5  es
2 |8 |28 = i 2| S0 | £%8
£ 3 5 | 3& o3
OFDM mode © © <} < =
) <
(]
Bits: 7 1 1 9 18 4 1 1 5
B47 B48 B49 B50B54 B55B56 B57 B60 B61,/B62'B63 B64 B79
Control mode = 3
= is) | Spatial
£ c = L i s
S8 | 9 | On S Expansion_)" 3 3
SC mode S| o Z,W a - & g 2
= g < N ; = ﬁ c 7] O
E o = hiye] [S] = (0]
@ [0} | © = 04
OFDM mode S | 8 81E 2
= n
Bits: 1 1 1 5 2 1 1 2 1 2 16

Figure 25-12—CMMG SIG structure

The CMMG SIG field contains the fields listed in Table 25-7. The mapping of the fields is also described in

Table 25-7.
Table 25-7—Fields in the CMMG SIG field
. \ Number ..
Bit Fields of bits Description

B0-B6 Scrambler Initialization 7 The initial scrambler state.

B7 Short GI 1 Set to 0 if short guard interval is not used in the Data
field.
Set to 1 if short guard interval is used in the Data field.

B8 Uplink Indication 1 Set to the value of the TXVECTOR parameter
UPLINK_INDICATION.

B9-B17 PAID 9 If Uplink Indication is not present or set to 1, 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 10.20). If
Uplink Indication is equal to 0, B9-B11 are set to the
vatueof the TXVECTOR parameter COEORamd
B12-B17 are set to the value of the TXVECTOR
parameter PARTIAL AID.
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Table 25-7—Fields in the CMMG SIG field (continued)

Bit Fields le.lfl.ber Description
U1 IS
B18-B35 Length 18 Number of data octets in the PSDU, Range from 0 to
262 143
B36-B39 Last RSSI 4 For SC/OFDM mode:
Contains a copy of the parameter LAST RSSI from the
TXVECTOR. When set to 0, this field is reserved and
ignored by the receiver.
The value is an unsigned integer:
— Values of 2 to 14 represent power levels
(-=71+valuex2) dBm.
— A value of 15 represents a power greater than or
equal to —42 dBm.
— A value of 1 represents a power(less’than or equal to
—68 dBm.
Value of 0 indicates that the previous packet was not
received an SIFS period befotethe current transmission.
For control mode: Reseryed:
B40-B41 Spreading Factor/ 2 For control mode;
Aggregation/Additional — Set to 0: spreading by 13
PPDU — Set to 1-spreading by 7
— Set to2:spreading by 4
— Set te3" no spreading
For SE€/OFDM mode:
Aggregation:
5= Set to 1 indicate that the PPDU in the data portion
of the packet contains an A-MPDU; otherwise, set
to 0.
Additional PPDU:
— Contains a copy of the parameter ADD-PPDU from
the TXVECTOR. A value of 1 indicates that this
PPDU is immediately followed by another PPDU
with no IFS or preamble on the subsequent PPDU.
— A value of 0 indicates that no additional PPDU
follows this PPDU.
B42-B46 Training Length 5 For SC/OFDM mode:
Corresponds to the TXVECTOR parameter TRNLEN.
If the Beam Tracking Request field is 0, the Training
Length field indicates the length of the training field.
The use of this field is defined in 20.10.2.2.3. A value of
0 indicates that no training field is present in this PPDU.
If the Beam Tracking Request field is 1 and the Packet
Type field is 10, the Training Length field indicates the
length of the training field. If the Packet Type field is 11,
the Training Length field indicates the length of the
training field requested for receive training.
For control mode: Reserved.
B47 Beam Tracking Request 1 Corresponds to the TXVECTOR parameter
BEAM TRACKING REQUEST.
Set to 1 to indicate the need for beam tracking (10.38.7);
otherwise, set to 0.
The Ream Tracking Request field is reserved when the
Training Length field is 0.
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Table 25-7—Fields in the CMMG SIG field (continued)

Bit

Fields

Number

Description

ds
U1 IS

B48

Codeword Length

1

Set to 0 indicate that the codeword length is 672.
Set to 1 indicate that the codeword length is 2016.

B49

TXOP PS NOT AL- 1

LOWED

Set to 0 by CMMG AP if it allows non-AP CMMG
STAs in TXOP power save mode to enter doze state
during a TXOP.

Set to 1 otherwise.

The bit is reserved and set to 1 in CMMG PPDUs
transmitted by a non-AP CMMG STA.

B50-B54

MCS

Index into the modulation and coding scheme table.

B55-B56

Packet Type

When the Training Length field is nonZgro, corresponds
to the TXVECTOR parameter PACKET-TYPE.

— Packet Type = 11 indicates either a packet whose
data part is followed by one of more TRN-R
subfields, or a packetdhats requesting TRN-R
subfields to be appénded to a future response
packet.

— Packet Type’> 10'indicates a packet whose data part
is followed by one or more TRN-T subfields.

When the Training Length field is zero and Packet Type
= 01, indicafes that PPDU is a sounding PPDU.

This field'is reserved when the Training Length field is
zero ‘and Packet Type = 00.

B57-B60

Spatial Expansion

For control/SC mode:
Index into the corresponding spatial expansion method
defined in Table 25-15.

DB

For OFDM mode:

If the PPDU is transmitted on 1080 MHz channel:
Set DB to 1 for allowing dynamic bandwidth.

Set to 0 for not allowing dynamic bandwidth.
Otherwise set to 0 (Reserved).

For control and SC mode: Reserved.

STBC

For OFDM mode:
Set to 1 if space time block coding is used; otherwise,
set to 0.

NSS

For OFDM mode:

Set to 0 for 1 spatial stream.
Set to 1 for 2 spatial streams.
Set to 2 for 3 spatial streams.
Set to 3 for 4 spatial streams.

Bb61

Turnaround

As defined in Table 25-1.

B62-B63

Reserved

2

Reserved.

B64-B79

CRC

16

CMMG SIG check sequence. Definition of this field
calculation is in 25.3.6.

NOTE—A value of 0 in the CMMG Length field indicates a PPDU that does not include a data field, i.e., NDP. NDP
transmissions are used for sounding purposes only (see 10.34.2). The packet ends after the last CMMG OCEF or the

CMMG SIG.
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All the numeric fields are encoded in unsigned binary, least significant bit first.

Reserved bits are set to 0 by the transmitter and shall be ignored by the receiver.

25.3.9.2 Encoding of SIG

The scrambled SIG sequence consists of 80 bits, shown as x = (x,, x|, x,, ..., ¥;9) and encoded with LDPC
of rate-1/2 and length 672, as follows:

a)  The scrambled SIG sequence is padded with 4 Os bits to create 84 bits. The 84-bit sequence include
two contiguous subsequences with length of 42 bits, shown as [[0,0,0, 0, x, ..., x3;1, [¥35, ..., X793
and the two subsequences are repeated once, respectively, to obtain 168 bits, such~as
a' = [[0]} 45X ---» %37, [0]} s 4> X ---» X375 X355 -, X79, X3, .., X79] . Then, the repeated data seqience
is padded with 168 zero bits to create 336 bits.

b)  Then, using rate-1/2 LDPC base matrix and setting &5 = —1, the 336-bit sequencénis ‘added with
parity bits [p, ..., p335] to create LDPC codeword, shown as ¢ = [[0],, 45 2’ [P > P335]]1, such
that Hxc¢" = 0 , where H is revised LDPC parity check matrix.

c) The basic code is €' = [xy, Xy, ..., X79, Pos P}> ---» P335] - Using rate-matchingto obtain transmitting
sequence of 1024 bits: § = [c', ¢', ¢'(0, ..., 191)].

25.3.10 Duplication transmission on a 1080 MHz channel

The STFs, the CEFs, and the SIG fields that are transmitted using\SC modulation are specified at the
SC chip rate F equal to 440 MHz. For transmission on the 1080-MHz channel, the signal is resampled with
a 2 rate change, applied appreciate phase rotation for each 540 MHz subband, and then summed to form the
transmitted signal.

Let r(nTe) = ropp(nTe) + repp(nTe—tepp) + roq(nfos'ts;) » where T is the SC chip time duration for
540 MHz channel bandwidth and r. is described in 25.3.5.

Then
r(l)(n%c) _ r(n%c)n =0,2,4,% (25-21)
0, otherwisé
K-1
r(”(n%c) > r(l)((nfk)%c)hl;m(k),n 01,2, ... (25-22)
k=0
i’(n%c) < r(z)((n+[%l) %) an=01,2 .. (25-23)

whete K is the length of the filter defined in at chip rate 880 MHz whose definition is out of scope of this
standard. The transmitted signal is given as

. B
1 —nTenz T

inTonz
?[ng):;(n_z-).ﬁe 2+;(n7€)._}5e’ 2 (25-24)

where 5 = 540 MHz.
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25.3.11 hg;y definition

The filter Ay, is defined by the following coefficients (from % to /7():

[1,-6,-5,3,8,0,-8,—4,6,8,—4,-13,-2,16,14,-9,-23,4,23,15,-20,-27,20,57,4,-99, —102,70,247,144,-264,
—558,-175,991,2327,2917,2327,991,-175,-558,-264,144,247,70,-102, —99,4,57,20,-27,-20, 15,23,4,
-23,-9,14,16,-2,-13,-4,8,6,—4,-8,0,8,3,-5,-6,1].

N3hy

[ <70 2
Zz=0|h1|

The scrambled Data field is encoded with LDPC codeword length of # bits, information length of'% bits, and
expansion factor of z as follows:

a) Lppey = k—8 is the maximal number of data bits in each LDPC codeword. The-number of LDPC
codeword is calculated as Ny, = [Lengthx 8/Lppcy |-

b)  The number of data bits in the /" LDPC codeword is

L {LDPCWI’i =0.1...Ney -1
=

LDPCWI -Li= NCWI’NCWI +1, ""1\'7CW71

Normalized to have a norm of ./3 so that & rin(k) =

25.3.12 Encoding of Data field

where

Lppewy = [Lengthx8/Ney|
Neyy = mod((Length x8), (Lppei — 1))
[x7 is smallest integer that is larger than or‘equal to real number x .

c)  The data field is broken into N blocks of data word b,, i = 0,1, ..., No,— 1. Each data word is
added with 8-bit CRC sequence, see 25.3:6y then padded with f; = k— L, — 8 zero bits to create & bits,
suchas b'; = (0,...,0,b;, cref, ..., creb)

d) For each data word, n-k pdrity bits are added to create the LDPC codeword
d; = (b', pi. pi, ...,p{nikfl)), such that Hxd,” = 0.

e) Packet encoding: The jth bit/set that is composed of all the jth bits of N, LDPC codeword is
encoded with 1-bit parity“eheck to create a parity bit 7;, j = 0,1,...,n—1. All the parity bits 7;
(j=0,1,...,n—1) aré’eombined into a parity data word dy_, w1th length of n bits. That 1s
dN(,‘W = do@d] ('B ®d(NCW71)

f)  Bits selection parameter: the punctured-bit index set of i codeword that are not belong to padding
bitsare S; (# = 0,1, ..., Ncj— 1 ), and the punctured-bit index set of parity data word dy_, is SNCW

The interséction of any two different sets of S; (i = 0, 1, ... , Ney) is empty set. The length of S; is
e(i =0,.).., Noy) , such as: (where n' = n—f;).

D\ Ney=1:ey=0,¢e =n';

2)7 i 1<Ney<15t ¢, = 2,0 = 0,1 Ney—1,ey =n-3 " e

3 iy 150 = a+l,i=0,1,..,g-1
)i cw> 1€ = a,i=gg+t1l,..,Ney
g=n—ax(Ney+1).

g) Bits selection: the first element of S; is equal to the last element of S¢i-1) plus 1, such as,
S; 7ﬂEf0+Z 0 J,fo + Z e 1.0t z 0611 where, £, is the length of padding bits for
the 0 codeword. Remove the Zero paddlng Bits and the punctured bits from d; to obtain codeword
c.. where 1— 0 ] Ne 71 The punctured- hlt index set of parity data word d, v is

, where, a = |_n‘/(NCW+ I)J,

SN(W [fo Zj: e/, fot z C’:) +z New o 1], Remove the padding- b1t—generated
bits and the punctured bits from dN to obtam ., where the padding-bit-generated bits are
totally generated from the zero paddlng bits.
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Example of data field encoding:

The data field contains Length = 512 bytes. The parameter of LDPC: n = 672, k = 336,R = 1/2,z = 42.

AN z —_— R 200 4l 1 R dhatYal 1 1. a7 —_ QL] I )
a) LDPCW n O S0, UL TTUINULT UT L IJI U CUUCUWUIU. 1VCW Ibbltsllt O prcwl 1o,
b)  Lppeyi = [Lengthx8/Ney] = 316, Neyy = mod((Length x 8), (Lppey — 1) = 1,

5

~ [316,i =0
L, = -
315,i = 1,2,..., 12

that is, the number of data bits in the Oth LDPC codeword is 316, and the 1 ~ 12th LDPC codeword
is 315.

c) The data field is broken into N, = 13 blocks of data word. Each data word is added wjth '8 bits
CRC sequence, see 25.3.6. Then padded with zero bits: the Oth data word is padded with 12 bits and
the 1~ 12th data word are padded with 13 bits.

d) All the data words are encoded to obtain LDPC codeword d; = (b, pjepii--..p(, 4 1))
i=0,1..12.

e)  Packet encoding: Encoded with 1-bit parity check to create d;, length of 672 bits.

f)  Bits selection parameter: because of (N, =13)<15, e/542,i=0,1,..,12, and
W= n—fy = 672-12 = 660, 3 = 660-3"7 ¢, =114,

g) ]%its selection: Remove the zero padding bits [0,1,..( L] and the punctured bits
So = [12,13,...,53] from d, to obtain codewor_d ¢, withJefigth of 618 bits; Remove the zero
padding bits [0, 1, ..., 12] and the punctured bits S; = [54;55,"...,95] from d, to obtain codeword
¢, with length of 617 bits; the same operating to obfaifl ¢,,...,¢;,. Remove the padding-bit-
generated bits [0, 1, ..., 11] and the punctured bits&S3 = [558, 559, ...,671] from d;; to obtain
codeword ¢,; with length of 546 bits.

25.3.13 Received channel power indicator (RCPI) measurement

The RCPI is a measure of the received RF powerin the selected channel. This parameter shall be measured
by the PHY of the received RF power in the'Channel measured over the data portion of the received frame.
RCPI shall be a monotonically increasing,\Jogarithmic function of the received power level defined in dBm.
The allowed values for the Received RCPI parameter shall be an 8 bit value in the range from 0 to 220, with
indicated values rounded to the nearest 0.5 dB as follows:

—  0: Power <-110 dBm
—  1: Power=-109.5 dBm
— 2: Power =-109.0-dBm

And so on up to:
—  220:/Power >0 dBm
—  221-254: reserved

—"255: Measurement not available
where RCPI = int{(Power in dBm +110) x 2} for 0 dBm > Power >—-110 dBm.

RCPI shall equal the received RF power with an accuracy of + 5 dB (95% confidence interval) within the
specified dynamic range of the receiver. The received RF power shall be determined assuming a receiver
noise equivalent bandwidth equal to the channel width multiplied by 1.1. The relative error between RF
power measurements made within a 1 second interval should be less than + 1 dB.
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25.4 CMMG control mode

25.4.1 Introduction

Transmission and reception of the CMMG control mode PPDUs are mandatory. The CMMG control mode
uses the same chip rate as the CMMG SC mode. The CMMG control mode is transmitted when the
TXVECTOR indicates MCS 0. The modulation and coding scheme for the CMMG control mode is shown
in Table 25-8.

Table 25-8—Modulation and coding scheme for the CMMG control mode

MCS index Modulation Code rate Data rate

0 m/2-BPSK 12 25.38 Mb/s for SF 13, 47.14 Mb/s for SF 11,
82.5 Mb/s for SF 4, and 330 Mb#s_for no spreading

25.4.2 PPDU format

The CMMG control mode frame is composed of CMMG control mode SiFF, CMMG control mode CEF,
CMMG control mode SIG, CMMG control mode Data field, and pgssibly AGC and TRN-R/T subfields.
This is shown in Figure 25-13.

‘ STF ‘ CEF ‘ SIG ‘ Data ] AGC subfiglds E TRN-R/T subfields
H

Figure 25-13—CMMG control mode PPDU format
25.4.3 CMMG preamble transmission
In CMMG control mode preamble is transmitted using SC transmission (see 25.3.5).
25.4.4 CMMG control mode SIG4ransmission
25.4.4.1 General
The CMMG control mode SIG and data are modulated by n/2-BPSK and are spread by Barker sequences.
25.4.4.2 Generation of CRC bits
The CRC sequence is calculated over bits 0—63 and uses CRC 16-CCITT as described in 25.3.6.
25.4:4.3 Scrambler
The operation of the scrambler is defined in 25.3.7. Bits x;, x,, x5, x4, X5, X4, x; of the scrambler shift
register are initialized using the bits in the scrambler initialization bits from the SIG. The SIG is scrambled

starting from bit 7.

25.4.4.4 Encoding

See 25.3.9.2.
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25.4.4.5 Modulation

The CMMG control mode SIG is modulated with n/2-BPSK modulation, the input bit stream is mapped

a(‘(‘nrding to the Fnllnwing equation =2 -r-K—l Each ontput symhol is then rotated according to the

following equation: s, = 5,-e!™.

Figure 25-14—Constellation bit encoding for BPSK

25.4.4.6 Spreading

The constellation points are spread using the Barker sequence Barker(Z) defined as follows in Table 25-9,
where L is the spreading length.

Table 25-9—The Barker(L)'sequences

Length L Barker(L) sequences
4 +1,+1, -1,+1
7 +1,+1, 1, -1, —1,+1, -1
13 +1,+1,+1,+1,+1, -1, -1, +1,+1, -1, +1, -1, +1

The waveform for the modulated and spread data field is

Foara(nTe) = (Barker(n mod L)dq%p) x exp(jn@, n=0,1,2,.. (25-25)

where d(k) is theamoedulated constellation point & and T is the SC chip time.
For CMMG'control mode SIG, the spreading factor is always Barker(13).
25.4:5CMMG control mode Data field

25/4.5.1 General

The Data field consists of the payload data of the PSDU. The PSDU is scrambled, encoded, modulated, and
spread as described in the following subclauses.

25.4.5.2 Scrambler

The operation of the scrambler is defined in 25.3.7. The scrambling of the data field continues the
scrambling of the CMMG control mode SIG with no reset.
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25.4.5.3 Encoder

Use the LDPC of rate-1/2 and length 672. See 25.3.12.

25.4.5.4 Modulation

See 25.4.4.5.

25.4.5.5 Spreading

Spreading factor of CMMG control mode data field is indicated in CMMG control mode SIG. See 25.4:4:6.
25.4.6 CMMG control mode performance requirements

25.4.6.1 Transmit requirements

25.4.6.1.1 Introduction

Transmitter performance requirements of the control mode are defined in 25.4.61,2.

25.4.6.1.2 Transmit EVM

The transmit EVM accuracy test shall be performed by instrumentation capable of converting the
transmitted signal into a stream of complex samples, with sufficiént-accuracy in terms of I/Q arm amplitude
and phase balance, dc offsets, phase noise, etc. The instrumentation shall perform carrier lock, symbol
timing recovery, and amplitude adjustment while making. the measurements. The instrumentation shall
incorporate a rake receiver or equalizer to reduce error-r&sulting from multipath. If used, the equalizer shall
be trained using information in the preamble (STF/€EF). For CMMG control mode EVM, the signal is first
de-spread using the spreading Barker sequence,the EVM is then calculated on the resulting symbols
according to the formula below:

Ny

1 * 2 * 2
EVM = 200z [55— ¥ [0, L3+(0,-0)'] (25-26)
Vi

where N is the number of samples to be measured and N shall be 1000, P, is thf average power of the
constellation, (1,0,) is theéteomplex coordinates of the measured symbol i, (I;,0;) is the complex
coordinates of the ideal-canstellation point for the measured symbol i .

The test equipment.should use a root-raised cosine filter with roll-off factor of 0.25 for the pulse shaping
filter when conducting EVM measurement.

The trangmiit pulse shaping used is left to the implementer.

The-relative constellation error (EVM) shall not exceed an MCS dependent value according to Table 25-10.

Table 25-10—EVM requirement for control mode

MCS index Description EVM value [dB]
0 Control mode modulation —6
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25.4.6.2 Receive requirements

25.4.6.2.1 Introduction

Subclause 25.4.6.2.2 describes the performance requirement from the CMMG control mode receiver.
25.4.6.2.2 CCA

The start of a valid CMMG control mode transmission at a receive level greater than the minimum
sensitivity for CMMG control mode (=78 dBm) shall cause CCA to indicate busy with a probability > 90%
within 3 ps.

25.5 CMMG SC mode

25.5.1 Introduction

Transmission and reception of CMMG SC mode PPDUs transmitted by CMM&G(SC mode style are
mandatory for MCSs 1 to 3. Transmission and reception of CMMG SC mode PPDUs transmitted by CMMG
SC MIMO mode may be supported.

25.5.2 Transmitter block diagram

Figure 25-15 shows the transmit process for the CMMG SC mode/S1G transmission. The actual structure of
the transmitter is implementation dependent.

Symbol,blocking

__________ 1 r ) )
Q= —»| Glinsertion :— -
L

e pmm———— 2 \7

| 1 | | r ) :
——9 Symbolblocking F—-#f CSD [— —>|L Gl insertion :— -
|

L | R

'
Scrambler
v
LDPC Encoder
v
Constellation mapper
v
Replicate over multiple
540MHz for 1080HMz

Figure 25-15—Transmitter block diagram for CMMG SC mode SIG field

Figure 25-16 shows the transmit block used to generate the data fields of 540 MHz and 1080 MHz using SC
mode transmission.

—>1 Constellation mapper

Constellation mapper  j-------

Scrambler
Y
LDPC Encoder
Block Padding Zero
Stream Sparser
7
|
|
1

:
----- 8 Constellation mapper H
i
|

L{ Analog and RF }4—{ Pulse Shaping Filter }47 -t —

/ c

\‘;, '8

P r 1 r 1 =
[ 1 Analog and RF [ 1 Pulse Shaping Filter [ B S -

_________________________ i ! ! &

NS S

\ ©

! ;i i : T ! (2
oo <+ Analog and RF  |«#-------- 4 Pulse Shaping Filter  i«t#---------—-1

_________________________

Figure 25-16—Transmitter block diagram for data fields of CMMG SC mode PPDUs
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NOTE—The operations denoted by the dotted line arrows and dotted line boxes in the above two figures are optional
and are applied for SC MIMO mode transmission.

25.5.3 Overview of the PPDU encoding process

25.5.3.1 General
This subclause provides an overview of the CMMG SC mode PPDU encoding process.
25.5.3.2 Construction of CMMG SC mode SIG

The construction of the CMMG SC mode SIG field proceeds as follows:

a)  Obtain the parameters from TXVECTOR. Add the reserved bits, append the calculated(GRC. The
calculation of the CRC of the CMMG SC mode SIG is described in 25.3.6.

b)  Scrambler: Scramble the CMMG SC mode SIG bits. The scrambler is described in\25.3.7.
c¢) LDPC encoder: The scrambled bits are encoded using the LDPC code as described in 25.5.5.4.2.

d) Constellation mapper: BPSK modulate the coded bits as described in 25.5.5.4.3 to form the
transmitted symbol blocks of CMMG SC mode SIG.

e) Duplication and phase rotation: Apply the appropriate phase rotationSfor each 540 MHz subchannel
as 25.5.5.4.4.

f)  Symbol blocking: Divide the encoded SIG field into symbol black of length 256.

g) CSD: Apply CSD for each transmit chain as described(in)25.5.5.4.5. This is need only for the
CMMG SC mode MIMO mechanism.

h) Gl insertion: Prepend a GI for each symbol block oftength 256.

i)  Pulse filter, Analog, and RF: Up-convert the resulting complex baseband waveform associated with
each transmit chain to an RF signal accordihgvto the center frequency of the desired channel and
transmit.

NOTE—Conversion from the sampled digital domain to the continuous time domain is beyond the scope of this
document. Filtering for pulse shaping such as in-GMSK is beyond the scope of this standard.

25.5.3.3 Construction of CMMG_SC mode PPDUs

The construction of the data fieldyin a CMMG SC mode PPDU LDPC encoding proceeds as follows:
a)  Scrambler: Scramble-the PHY padded data.
b) LDPC encoder:-The scrambled bits are encoded using the LDPC code as described in 25.3.12.
c) Blocking Padding Zero: Append the PHY pad bits to the PSDU as described in 25.5.6.4.
d) Stream-parser: The output of the LDPC encoder is rearranged into blocks as described in 25.5.6.5.

e) Congtellation mapper: Map to n/2-BPSK, 1/2-QPSK, 7/2-16-QAM, or 7/2-64-QAM constellation
points as described in 25.5.6.6.

f) \“_Spatial Expansion: Apply the spatial expansion mechanism according to the combination of the
number of the spatial streams and the number of the transmit antennas as described in 25.5.6.7.

¢) Pulse filter, 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.

25.5.4 CMMG SC mode PPDU format

A CMMG SC mode PPDU frame is composed of the CMMG SC mode STF, the CMMG SC mode CEF, the
CMMG SC mode SIG field, the optional CMMG SC mode SCTF, the SC data block, and the optional
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training fields, which is illustrated in Figure 25-17 where the SCTF fields is transmitted for 1080 MHz
channel bandwidth.

STF CEF SIG SCTF BLK BLK AGC subfields TRN-R/T subfields

Figure 25-17—Format of CMMG SC mode PPDU

NOTE—The SCTF is only transmitted for 1080 MHz channel bandwidth and is composed of a ZCZ sequence of length
512. For MIMO transmission, different transmit antenna transmit a different preamble that is composed of one the four

. 1 2 3 4 .
ZCZ sequences with the order of Zs,, Z5,5, Z515, Z55 , such as for the case of one transmit antenna, the preamble

. 1 .
sequence is composed of Zs,,, for the case of two transmit antennas, the preamble sequences are composed of

1 2 .
Zs19, Z5, » TESpEctively.

25.5.5 CMMG SC mode SIG transmission
25.5.5.1 SIG field

The CMMG SC mode SIG field carries information required to interpret\RPDUs. The preamble and the
CMMG SC mode SIG fields all are transmitted with SC mode modulation-

25.5.5.2 Generation of the CRC bits of SIG

The calculation of the CRC of the CMMG SC mode SIG is described in 25.3.6.

25.5.5.3 Scrambler

The operation of the scrambler is defined in 25.3,7. Bits x,, x,, x5, x4, X5, X4, x; of the scrambler shift
register are initialized using the bits in the seranibler initialization bits from the SIG. The CMMG SC mode
SIG is scrambled starting from bit 7.

25.5.5.4 Encoding and modulations

25.5.5.4.1 General

The modulation and coding scheme defines the modulation and code rate that is used in the PPDU. The
modulation and coding schemes are defined in 25.5.6.6.

25.5.5.4.2 Encoding
See 25,3(9.2.

25.5.5.4.3 Modulation
See 25.4.4.5.

25.5.5.4.4 Duplication

If the channel bandwidth is 1080 MHz, the modulated SIG symbols are duplicated as described in 25.3.10.
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25.5.5.4.5 Symbol blocking, CSD, and Gl insertion

The modulated CMMG SC mode SIG symbols are divided into four symbols blocks of length 256. For each

block the cvelic shift values for the CMMG SC mode SIG field of the PPDIT for transmit chain L ONE ofa
total of N, are defined in Table 25-11.

Table 25-11—Cyclic shift values for the CMMG SIG field

T lch values for the CMMG-SIG field
Cyclic shift for transmit chain i, (in units of ns)
Total number of transmit chains (N )
1 2 3 4
1 0 — — —
2 0 1287, — —
3 0 85T, -170T - —
4 0 —64T, AT -192T-

After the CSD operations, each group of 256 symbols is prepended by the last 64 symbols that form the
cyclic prefix.

25.5.6 Data field transmission

25.5.6.1 General

The subclause describes the transmission of the S€* data field.
25.5.6.2 Scrambler

The operation of the scrambler is ‘defined in 25.3.7. The scrambling of the Data field continues the
scrambling of the CMMG SC mode'SIG with no reset for CMMG SC mode transmission.

25.5.6.3 Encoding
See 25.3.12.
25.5.6.4 Symbol block padding zeros

The number of symbol blocks, Ny, , is calculated as follows:

Ny, = meg| ZP80 8+(8+LCHECK)XNCW] (25-27)

mseNcgpp

where L pypcx i the number of LDPC parity bits, mg, values are listed in Table 25-12, and N¢gpp values
are shown in Table 25-13.

The number of padding zeros is given by

Ngpap = Ng Negpg—(Length x 8+ (8+ Leppeg) X Ney) (25-28)
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Table 25-12—Values of mgg

Ngg Nryr mgg

1 1 1

N B N S T B S R B 2N I~ B VS I B \S ]
B N e N VS I N N L T L 2N B N R VS R B S ]

Table 25-13—Values of Ngogpp

Ncppp (540 MHz) Ncppp (1080 MHz)
Symbol mapping
Long GI Short GI Long GI Short GI
n/2-BPSK 192 224 384 448
w/2-QPSK 384 448 768 896
n/2-16-QAM 768 896 1536 1792
n/2-64-QAM 1152 1344 2304 2688

The PSDU is concatenated with Ny, 0s. They are scrambled using the continuation of the scrambler
sequence that scrambled the PSDU:

25.5.6.5 Stream parser:

After coding and puncturing, the data bit streams at the output of the FEC encoder are processed in groups of
Ncgpp - Each of these groups is rearranged into Ngg blocks of Ngpes bits.

The number of bits assigned to a single axis (real or imaginary) of a constellation point in a spatial stream is
denoted by/Equation (25-29).

N,
3= max{ 1, %5 } (25-29)

Consecutive blocks of s bits are assigned to different spatial streams in a round robin fashion.

Bit i at the output of encoder is assigned to input bit £ of spatial stream where

i=(issfl)~s+NSS~s~L’fJ+k mod s (25-30)
S

where igg = 1,2, ..., Ngg, i = 0,1, ..., Negpg—1,k = 0,1, ..., Neppgs— 1 -
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25.5.6.6 Constellation mapping

The modulation and coding scheme (MCS) field specifies the modulation and code rate used in the PPDU.

A CMMG STA shall support all equal modulation (EQM) rates for one spatial stream (MCSs 1 to 3).
MCS:s 4 to 8 are optional.

The coded and padded bit stream is converted into a stream of complex constellation points according to the
modulation specified in the MCS table.

In n/2-BPSK modulation, the input bit stream is mapped according to the following equation: 5, = 2 - gp=\I',
where ¢, is the K input coded S{or scrambled pad) bit. Each output symbol is then rotated according to the
following equation: s, = &, eV

NOTE—With appropriate choice of transmit filtering, 7/2-BPSK is equivalent to a precoded pulse-shaped MSK (e.g.,
GMSK). The precoder is simply b,

Doy i 1s the input to the (G)MSK modulator.

= b,  ®b;, 1, where by, ; is the scrambled input streart, b;, _; is 0, and

In 7/2-QPSK modulation, the input bit stream is mapped according te“the following equation:

s(k) = L((zcz,ﬁ 1) +j(2cypy ) — 1))exp(—j§) , where k is the output symbol/index, £=0,1,.... Each output

symbol is then rotated according to the following equation: s, = s k-e(jnk) @)

CoxCaxp

Figure 25-18—QPSK constellation bit encoding

In 7/2-16-QAM modulation, the-input bit stream is mapped according to the following equation:

5= (4, - 2)— 0y D24y~ D)+ (Bcs s s —2) (242~ 12405~ D) (25-31)
J10
where & is the output symbol 1ndex k=0, 1, .... Each output symbol is then rotated according to the

following equatign: s, = 5, Y

C4kC4k+1C4k+2C4k+3

00 10 0110 1110 10 10
. ®e+3+ e e

00 11 0111 11 11 10 11

[ ] ®+1 . [ )

3 1 +1 +3

| | | Il |-

T T T T Lol
00 01 0101 1101 10 01 !

. ® -1+ L] .

00 00 0100 1100 10 00

Figure 25-19—16-QAM constellation bit encoding
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In n/2-64-QAM modulation, the input bit stream is mapped according to the following equation:

~ _ 1

5 = —=((8cg,—H)~(2cg,— Dldegp  —2) + Qe = D(2egs 12650~ 1) (25-32)
AT
1
= ((8cgp s 3—4)~(2cgps3— D(dcgpr 4—2)+ (2cgpsy— D(2¢q4 4= D(2cp 45— 1))
,\/ﬁ 6k+3 6k+3 6k+4 6k+3 6+4 6k+5

where k is the output sy(fnb(/)l index, k=0, 1, .... Each output symbol is then rotated according to the follow-

ing equation: s, = 5;,-e

Q A
CekCok+1Cok+2Cek+3Cek+4Cok+5
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. . 3 e47T+ . . o
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. . 3 ®+5—+ @ . 3 .

000 111 001 111 011 111 010 111 110 111 111111 101 111 100 111
. . ®i3—— e . 3 .
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-1 +1 +3 +5 +7
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t } t t t
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Figure 25-20—64-QAM constellation bit encoding

25.5.6.7 Spatial expansion

Each spatial stream is divided into aftany subblocks that each subblock includes Nqp, constellation
symbols. Values of Njygpp and Ny e are shown in Table 25-14.

Table 25-14—Values of Npgpg and Nyypg

Ncgpg (CBW 540 MHz) Ncgpp (CBW 1080 MHz)

Long GI Short GI Long GI Short GI
Npspp 192 224 384 448
MNywps 64 32 128 64

The spatial stream of complex numbers, d;

ll’l’

=1,...,Nge, n
) s LV S8y
expansion modular, which produces as output the stream of complex numbers i

=0,1,..,

Ny, -1, is the input to the spatial

NTXT

The relation between the spatial streams and the output streamsTls glven in Table 25- 15 where
} ;and Qy  is defined as

x’rxrv” = irxr ”) ’ zn = [d’ "’01 XNUWPB] ’ ITXT - I:Ol X Npspp’

rxT

Nuwes
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where Q2 - ONDSPBXNUWPB’ Q3 = ONUWPBXNDSPB’ and
[0 00..00 1] [0 00..00 1]
00O0..010 00O0..010
Q=1 .. ... .. Q= (25-34)
010..000 010..000
1 0 0 ... 0 0 O NygppxNpsps 1 0 0 ... 0 0 O NyyppxNywes

The starting index for the first symbol for 7/2 rotation is 0. If the Additional PPDU field within the SIG field
is equal to 0, the same ZCZ sequence guard interval is prepended to the first block transmitted. If ‘the
Additional PPDU field within the SIG field is equal to 1, the same ZCZ sequence guard interval is
prepended to the first block transmitted. See Figure 25-21.

uw ‘ Data Symbols

uw ‘ Data Symbols

uw ‘ Data Symbols

d

Figure 25-21—Block transmission

Table 25-15—Constellation mapper output to spatial. mapper input

Index \Ngg \Nryr |izxr ;‘im, 2m ;‘im, 2m+ 1 Nim, 2m+2 Iy, 2'm +3
: : : : (Nil’zum-kﬁirxr dl’zi”,’ﬁl +ﬁirxr - -
2 2 ! Ndl, 2m* ﬁirxr 7QNELS(3;< 2°m+1 ; l~l"T r _ —
2 d1~, 2Pmi1 ﬁirxr QNBL.E(zl 2%m 3 l~lir)(r - - -
3 3 1 ~d1’3m+ﬁirxr QNBLde,*3m+1 +l~lirxr QNRI_S I,3m+2+ﬁirxr e 0
2 7d1’3m+1 +ﬁir}( QNBLSd173m+ﬁ[TXT 0 7QNELsd1,3m+2+ﬁ’-TXT
= ~% ~% =
3 dismeat ﬁirx N 0 QNEIS *1’ 3m irxr QNBLSdl, 3m+1 " Wiy
4 4 1 dl,2am+ﬁirxr 7QNBLSd]W2um+l +l~lir ;QNBls 1,2°m+2 ﬁir T dl,zam"‘3+ﬁ"TXT
= A ~% ~¥F ~
2 d1,2am+ 1 +uirxr QNBLSd]’2Hm+u[TXT _QNBLS 1,2°m+3 iryr _d1,2am+2+uirxr
= — ~% ~ % <
3 dl,2am+2 + uirxr 7QNBLSd], 2m+3 Irxr QNBLSd] 2%m Irxr 7d1,2d’"* 1 * uirxr
X < ~% ~F ~ <
4 dl, 2°m+3 + uirxr QNBLSdl, 2m+2 uirxr QNBIS 1,2°m+1 Irxt] dl, 2%m + uirxr
5 2 2 1 (}1,2“m+ﬁirxr (Nll,Z"m-*-1+ﬁirxr - -
2 (}2" 2%m + ﬁiTXT dz’ 2a~”i+ 1 * l~l’AT)(T 7 -
6 3 1 dl, 2m + ﬁirxr _QNBLSdl, 2°m+1 iryr B B
~ ~%
2 dl, 2°m+1 + uirxr QNBLY 1,2%m irxr - o
= — ~%
3 d2, 2m + uiz')(z‘ QNBLS 2,2m+1 lrxr o o
~ ~ ~
7 4 1 dl,Z“eruirXT _QNBLS 1,2“m+ 1 irxr o o
~ ~%
2 dl, 2°m+1 + uirxr QNBLY 1,2%m irxr - o
~ — ~% =
3 d2, 2%m + uizxr _QNBLSdL 2'm+1 uiT T o B
4 d2, 2m+1 + ~ir)(r QNBLSdz, 2%m + Nirxr o o
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Table 25-15—Constellation mapper output to spatial mapper input (continued)

Index |Ngs |Nryr|iryr ;‘i 2 2'm X e 2m ] X almt2 N 2tm
8 3 3 1 (31,2am+l~lirxr ‘i‘l,ZEm-*-l-'_u’-TXT - -
2 (}2" 2%m + ﬁiTXT d2, 2m+ 1 + ﬁirxr - -
3 (}3, 2“m + l]’-r)(r d3 23@1 +1 * ﬁirx; - -
9 4 1 dl, 2m + l~lir)(r _QNBLSdl, 2°m+1 * ﬁir T o o
> ) - -

+u, +u,
1,2°m+1 ul]xr QNBLSdl, 2m ull')(l
3 0 d

+u, +u,
2,2'm uerT QNBLSdz, 2°m+1 ulTXT

4 d3, 2m + l~lir)(r QNBLSdl 2m+1 + uiTXT o T
10 ! ! : (}1,2um+ﬁi[x1‘ ‘}],2”m+1 +ﬁiz’x1‘ o -
2 (}2, 20 T Wi ‘}z, 2w T ﬁirxr — —
’ (~l3, 2°m ﬁirxr (33, 2me1 T ﬁirxr - -
41yt ﬁim dypepi * ﬁirxr _ _

INOTE 1—a =2, for Ngg = 1 and Ny, = 4 otherwise,a = 1.
INOTE 2—* indicates conjugate operation.

25.5.6.8 Duplication transmission

When the TXVECTOR parameter DUPLICATE MODULATION is present, the transmitted PPDU is a
duplicate. The modulated data symbols are duplicated as described in 25.3.10.

25.5.7 Performance requirements

25.5.7.1 Transmit requirements

25.5.7.1.1 Introduction

Transmitter performance requirements of the SC mode are defined in 25.5.7.1.2.

25.5.7.1.2 Transmijt EVM

The transmit (EYM accuracy test shall be performed by instrumentation capable of converting the
transmitted §ignal into a stream of complex samples, with sufficient accuracy in terms of I/Q arm amplitude
and phase balance, DC offsets, phase noise, etc.

Thé~instrumentation shall perform carrier lock, symbol timing recovery, amplitude adjustment, and
equalization while making the measurements. The equalizer shall be trained using information in the
CMMG SC mode preamble (STF/CEF). For the CMMG SC mode EVM, measuring samples at the sample

rate, the measured symbols should not contain the first and the last hundred symbols of a given packet (ramp
up/down). The EVM is calculated according to the formula below:

il N
e

M
EVM = 20log,, JLN 1 3 [(11.—1:—10)24_(Q[_Q;*_QOﬂJJ (25-35)

stavg [

U
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where
N, is the number of samples to be measured and N, should be 1000
Pyg is the average power of the constellation

(I,0Q;)  isthe complex coordinates of the measured symbol i

([;, Q?) is the complex coordinates of the ideal constellation point for the measured symbol i

(Ip, Op)  1s the complex DC term chosen to reduce EVM

The test equipment should use a root-raised cosine filter with roll-off factor of 0.25 for the pulse shaping
filter when conducting EVM measurement.

The transmit pulse shaping used is left to the implementer.

The relative constellation error (EVM) shall not exceed an MCS dependent value according to Table 25-16.

Table 25-16—EVM requirements for SC mode

Cl\/{]ﬁ(sz/slcs Modulation Codingrate EVI(V(;];’;) lue
1 n/2-BPSK 172 -7
2 m/2-QPSK 172 -11
3 n/2-QPSK 3/4 -13
4 n/2-16-QAM 172 -19
5 n/2-16-QAM 3/4 -21
6 n/2-64-QAM 5/8 -25
7 n/2-64:QAM 3/4 —26
8 m2;64-QAM 13/16 28

25.5.7.1.3 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 P with the following test parameters:

— MULTICHANNEL SAMPLING RATE is 440 x 10° sample/s for 540 MHz channel and
880 x 106 sample/s for 1080 MHz channel

<=) FIRST_TRANSITION_FIELD is Short Training field

“— SECOND_TRANSITION_FIELD is Channel Estimation field

— TRAINING_FIELD is Channel Estimation field

— 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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25.5.7.2 Receive requirements

25.5.7.2.1 Introduction

This subclause describes the receiver requirements of the CMMG SC mode.

25.5.7.2.2 CCA

The start of a valid CMMG SC mode transmission at a receive level greater than the minimum sensitivity for
MCS 0 (=74 dBm for 540 MHz, —71 dBm for 1080 MHz) shall cause CCA to indicate busy with.a

probability > 90% within 1 ps. The receiver shall hold the carrier sense signal busy for any signal 20.dB
above the minimum sensitivity for MCS 0.

25.6 CMMG OFDM mode

25.6.1 Introduction

Transmission and reception of OFDM mode PPDUs are optional.

25.6.2 CMMG OFDM mode PPDU format

A CMMG OFDM mode OFDM PPDU frame is composed of the CMMG OFDM mode STFs, the CMMG
OFDM mode CEF, the CMMG OFDM mode SIG field, the CMMG OFDM mode Short Training Field

(OSTF), the CMMG OFDM mode Channel Estimation Field (O€EF), CMMG OFDM mode symbols, and
the optional training fields, as shown in Figure 25-22.

STF CEF SIG OSTF ‘ OCEF ‘ Sym Sym AGC subfields 1 TRN-R/T subfields

Figure 25-22—Format‘of the CMMG OFDM mode PPDU

25.6.3 Transmission block diagram

Figure 25-23 shows the transmit process for the CMMG OFDM mode SIG transmission. The actual
structure of the transmitter is implementation dependent.

Symbol blocking
= 2 N
o Qs
_ g £z
D 3 @ 23
3 g £ 5% h ] ! i [ -
- u £ 85 [—+-—#| Symbolblocking i----#1 CSD L---a Glinsertion |
[ s P T R Yt S YOO S SO
@ Z T 5L
3 g |z
Q| |l &S | v T
o 23 r | r i i - _ R
. ————>i Symbol blocking :————-»i CSD {----+=i Glinsertion i
i i !
____________________

r | T '
L{ Pulse Filter/Analog and RF - Down-Sampling 2x | ———<  Filter iq————: Up-Sampling 3x -
I 1 {

! r
\(——,' Pulse Filter/Analog and RF ~ |<#----1  Down-Sampling 2x i<————i Filter |«#---=! Up-Sampling 3x e
! ! '

T i -
L——4: Pulse Filter/Analog and RF I<--—--: Down-Sampling 2x K----i Filter i"“J: Up-Sampling 3x  |egt—-
! i i ! i

Figure 25-23—Transmitter block diagram for CMMG OFDM mode SIG fields
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Figure 25-24 shows the transmitter blocks used to generate the Data field of OFDM mode PPDU with
LDPC encoding.

o > Constellation mapper »  LDPC tone mapping o
]
. N =
o 3 ) ]
K} Q = ©
rel o k=] fo% . " 5]
— E PGB ™0 Lt Constellation mapper » LDPC tone mapping E
© o
g1 12| |=| I§ ?
o Q =
4 -g n
>
0 ~---#  Constellation mapper > LDPC tone mapping
"""" i
Analog and RF }4—‘ Insert Gl and Window IDFT :<
7 o |
f £ |
L | = R | - R
[ 4: Analog and RF  re------- 1: Insert Gl and Window ;4————{ IDFT ‘- g \«@---1 CSDperSTS |hag---
i | ' B 1 1 1 | !
7 e E i O — !
14 S |
! |
| | i | | | 1 @ [ @ X\
— 1 Analog and RF [ 1 InsertGland Window  «---{ IDFT |e------- i«--—-1  CSDperSTS [—
i ! i i 1 i e d o) i

Figure 25-24—Transmitter block diagram for the data field of GMMG OFDM mode

NOTE—The operation denoted by the dotted line arrows and dotted line boxes id the'above two figures are optional and
are applied for OFDM MIMO mode transmission.

25.6.4 Overview of CMMG OFDM mode PPDU encoding.process

25.6.4.1 General

This subclause provides an overview of the CMMG(OFDM mode PPDU encoding process.
25.6.4.2 Construction of CMMG OFDM mode SIG

The construction of the CMMG OFDM nigde SIG field proceeds as follows:

a)  Obtain the parameters from EXVECTOR. Add the reserved bits, append the calculated CRC. The
calculation of the CRC of.the CMMG OFDM mode SIG is described in 25.3.6.

b)  Scrambler: Scramble the .CMMG OFDM mode SIG bits. The Scrambler is described in 25.3.7.
c¢) LDPC encoder: The scrambled bits are encoded using the LDPC code as described in 25.5.5.4.2.

d) Constellation (mapper: BPSK modulate the coded bits as described in 25.5.5.4.3 to form the
transmitted symbol blocks of CMMG PHY SIG.

e) Duplication and phase rotation: Apply the appropriate phase rotations for each 540 MHz subchannel
as 25:5:54.4.

f)  €SD: Apply CSD for each transmit chain as described in 25.5.5.4.5. This is need only for the
CMMG OFDM MIMO mode mechanism.

g).) Symbol blocking and GI insertion: Prepend a GI and generate the transmission symbol block.

h) Upsampling, filtering, and downsampling: Sample rate change in CMMG OFDM mode
transmission as described in 25.6.5.4. This is only needed for the CMMG OFDM mode mechanism.

i)  Pulse filter, 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.

NOTE—Conversion from the sampled digital domain to the continuous time domain is beyond the scope of this
document. Filtering for pulse shaping such as in GMSK is beyond the scope of this standard.
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25.6.4.3 Construction of CMMG OFDM mode PPDU

The construction of the Data field in an OFDM mode PPDU with LDPC encoding proceeds as follows:

PLISL dd.d d o ]

AY Q 1ol Q lol o il 4 11 1ol - u | ) i [a W~dila]
ay SUTAIITOTCL. - SCTaTOUTCU UTIU T T T PatiiuUdatd. TIIC ST A ITOTCT TS UCSUITOVU AT Z 07077

b) LDPC encoder: The scrambled bits are encoded using the LDPC code with the APEP_LENGTH in
the TXVECTOR as described in 25.6.8.3.

c) Stream parser: The output of the LDPC encoder is rearranged into blocks as described in 25.6.8.5.

d) Constellation mapper: Map to BPSK, QPSK, 16-QAM, or 64-QAM constellation points as
described in 25.6.8.6.

e) LDPC tone mapper: The LDPC tone mapping shall be performed on all LDPC encoded streafiis)as
described in 25.6.8.7.

f)  OFDM symbol padding zeros: Append the CMMG OFDM mode pad bits to the PSDU as described
in 25.6.8.4.

g) STBC: Apply STBC as described in 25.6.8.8.

h) Pilot insertion: Insert pilots following the steps described in 25.6.8.9.

i)  CSD: Apply CSD for each space-time stream as described in 25.6.8.10.
i) Spatial mapping: Apply the Q matrix as described in 25.6.8.11.

k) Phase rotation: Apply the appropriate phase rotations for each 540-MHz subchannel. As described in
25.3.4.4.

1) IDFT: Compute the inverse discrete Fourier transform.
m) Insert GI and apply windowing: Prepend a GI and apply-windowing.

n) Analog and RF: Up-convert the resulting complex. baseband waveform associated with each
transmit chain to an RF signal according to the c€nter frequency of the desired channel and transmit.

25.6.4.4 Construction of OSTF

The OSTF is defined in 25.6.6 and is constructed as follows:

a)  Sequence generation: Generate the\OSTF in the frequency-domain over the bandwidth indicated by
CH_BANDWIDTH as described in 25.6.6.

b) Phase rotation: Apply apptepriate phase rotation for each 540 MHz subchannel as described in
25.3.4.3 and 25.3.4.4.

c) CSD: Apply CSD fot.each space-time stream and frequency segment as described in 25.6.8.10.
d)  Spatial mapping:Apply the Q matrix as described in 25.6.8.11.
e) IDFT: Computethe inverse discrete Fourier transform.

f)  Insert GRand apply windowing: Prepend a GI (LONG_GI) and apply windowing as described in
25.34'3.

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 25.3.4.3 and 25.6.6 for details.

25.6.4.5 Construction of OCEF

The OCEEF is defined in 25.6.7 and constructed as follows:

a)  Sequence generation: Generate the OCEF sequence in the frequency-domain over the bandwidth
indicated by CH_ BANDWIDTH as described in 25.6.7.

b) Phase rotation: Apply appropriate phase rotation for each 540 MHz subchannel as described in
25.3.4.3 and 25.3.4.4.
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¢) Matrix mapping: Apply the matrix to the OCEF sequence and apply the matrix to the pilot tones as

described in 25.6.7.

d) CSD: Apply CSD for each space-time stream and frequency segment as described in 25.6.8.10.

¢) dSpatial mapping: Apply the Q matrix as described mn 25.6.8.11.

f)  IDFT: Compute the inverse discrete Fourier transform.

g) Insert GI and apply windowing: Prepend a GI (LONG_GI) and apply windowing as described in

25.3.4.3.

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 transiiits

Refer to 25.3.4.3 and 25.6.7 for details.
25.6.5 CMMG OFDM mode SIG fields
25.6.5.1 SIG fields
See 25.5.5.1t025.5.5.4.2.
25.6.5.2 Modulation
See 25.4.4.5.

25.6.5.3 Duplication

If the channel bandwidth is 1080 MHz, the modulated SIG symbols are duplicated as described in 25.3.10.

25.6.5.4 Symbol blocking, CSD, and Gl insertion
See 25.5.5.4.5.

25.6.5.5 Sample rate change

If the channel bandwidth is 540 MHz; the preamble sequence and the CMMG OFDM mode SIG fields
defined in the above subclauses axe specified at the SC chip rate (7). For transmission in the OFDM
(nominal) sample rate, the signal'is resampled with a 3/2 rate change. The resampling is done by upsampling
by a factor of 3, filtering by.the filter #,,,, defined in 25.3.11, and downsampling by a factor of 2 (see
equation below). To define’ the transmission of the preamble when the packet is an OFDM packet, the

preamble waveform is\defined below.

Let r(nTy) = ropplnTo) + regp(nTe—t,,) +ro(nTe—tg,s) , then

TC
r(n%) - r("?)’" 0,3,6, (25-36)
0, otherwise
K-1
~ TS TS
r(n;) > r((nfk)-?)hpm(k),n -01,.. (25-37)
k=0
L—k—+1
r(nT,) = rL2n?f 2 3),11 =0,1,.. (25-38)

where K is the length of the filter defined in 25.3.11, #(n = 0) for n<0.
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