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International Standard ISO/IEC 8802-11:2005/Amd.4:2006(E)

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

ISO |or IEC participate in the development of International Standards through technical committees
estaljlished by the respective organization to deal with particular fields of technical activity. ISO and JEC
techrjical committees collaborate in fields of mutual interest. Other international organizations, governniental
and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of information
techrjology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives; Part 2.

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

Attenftion is drawn to the possibility that some of the elements of this documentimay be the subject of patent
rightg. ISO and IEC shall not be held responsible for identifying any or all such‘patent rights.

Amendment 4 to ISO/IEC 8802-11:2005 was prepared by Joint_Technical Committee ISO/IEC JTC 1,
Information technology, Subcommittee SC 6, Telecommunications.’ and information exchange between
systgms.
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the IEEE Stan-
dards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus development process, approved
by the American National Standards Institute, which brings together volunteers representing varied viewpoints and interests to achieve
the final product. Volunteers are not necessarily members of the Institute and serve without compensation. While the IEEE administers
the process and establishes rules to promote fairness in the consensus development process, the IEEE does not independently evaluate,
test, or verify the accuracy of any of the information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other damage, of any

nature whatsoever, whether special, indirect, consequential, or compensatory. directly or indirectly resulting from the publication, use
of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims any express\or
implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that the use of the material
contained herein is free from patent infringement. IEEE Standards documents are supplied “AS IS.”

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 timé a standard is
approved and issued is subject to change brought about through developments in the state of the art and comments«eceived from users
of the standard. Every IEEE Standard is subjected to review at least every five years for revision or reaffirmationy, When a document is
more than five years old and has not been reaffirmed, 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 ¢dition of any IEEE Stan-
dard.

In publishing and making this document available, the IEEE is not suggesting or rendering_professional or other services for, or on
behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any ather person or entity to another. Any per-
son utilizing this, and any other IEEE Standards document, should rely upon the advice, of ajcompetent professional in determining the
exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions’of standards as they relate to specific applications.
When the need for interpretations is brought to the attention of IEEE, the Institut¢ will initiate action to prepare appropriate responses.
Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any interpretation has also received the
concurrence of a balance of interests. For this reason, IEEE and the miembers of its societies and Standards Coordinating Committees
are not able to provide an instant response to interpretation request§ €xcept in those cases where the matter has previously received for-
mal consideration.

Comments for revision of IEEE Standards are welcome ffom any interested party, regardless of membership affiliation with IEEE. Sug-
gestions for changes in documents should be in the formpof a proposed change of text, together with appropriate supporting comments.
Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box~1331

Piscataway, NJ 08855-1331

USA

Note: 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 with respect to the existence or validity of any patent
rights in conneefion therewith. The IEEE shall not be responsible for identifying patents for which a license may be
required by an’IEEE standard or for conducting inquiries into the legal validity or scope of those patents that are brought
to its attenition. A patent holder has filed a statement of assurance that it will grant licenses under these rights without com-
pensation or under reasonable rates and nondiscriminatory, reasonable terms and conditions to all applicants desiring to
obtain such licenses. The IEEE makes no representation as to the reasonableness of rates and/or terms and conditions of
the license agreements offered by patent holders. Further information may be obtained from the IEEE Standards
Department.

Authorization to photocopy portions of any individual standard for internal or nersonal use is granted by the Institute of Electrical and
+ P+ + %

Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To arrange for payment of licensing
fee, 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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Introduction

This introduction is not part of IEEE Std 802.11g-2003 (Amendment to IEEE Std 802.11, 1999 Edition,
as amended by IEEE Stds 802.11a-1999, 802.11b-1999, 802.11b-1999/Cor 1-2001, and 802.11d-2001),
IEEE Standard for Information Technology—Telecommunications and Information Exchange between

Svstems—T ocal and Mptrnpnlitnn Area Npt\xmﬂ(qulﬁPr‘iﬁn R’Pr}nirpmpntquart 11: Wireless T AN Me-

dium Access Control (MAC) and Physical Layer (PHY) specifications—Amendment 4: Further Higher
Data Rate Extension in the 2.4 GHz Band.

This amendment is part of a family of standards for local and metropolitan area networks. The relationship
between the standard and other members of the family is shown below. (The numbers in the figure refer to
IEEE standard designations. b
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* Formerly IEEE Std 802.1A™.

This family of standards deals witl’;the Physical and Data Link layers as defined by the International
Organization for Standardization (ISO) Open Systems Interconnection (OSI) Basic Reference Model (ISO/
IEC 7498-1: 1994). The access-standards define five types of medium access technologies and associated
physical media, each appropriate for particular applications or system objectives. Some access standards
have been withdrawn and\ether types are under investigation.

The standards defining the technologies noted above are as follows:

« IEEE Std 802:° Overview and Architecture. This standard provides an overview to the family of
IEEE 802 Standards.

« IEEE Std 802.1B™ LAN/MAN Management. Defines an OSI management-compatible architecture
and 802.1k™ and services and protocol elements for use in a LAN/MAN environment for
PISO/IEC 15802-2] performing remote management.

* [EEE Std 502.1D™ Media Access Control (MAC) Bridges. Specifies an architecture and protocol

for the interconnection of IEEE 802 LANs below the MAC service boundary.

'The IEEE standard designations referred to in the above figure and list are trademarks owned by the Institute of Electrical and
Electronics Engineers, Incorporated.

2The IEEE 802 Overview and Architecture Specification, originally known as IEEE Std 802.1A, has been renumbered as IEEE Std 802.
This has been done to accommodate recognition of the base standard in a family of standards. References to IEEE Std 802.1A should be
considered as references to IEEE Std 802.

Copyright © 2003 |EEE. All rights reserved. iii
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« IEEE Std 802.1E™
[ISO/IEC 15802-4]
- IEEE Std 802.1F™

« IEEE Std 802.1G™

[ FaPaWh o =l

System Load Protocol. Specifies a set of services and protocol for those aspects
those aspects of management concerned with the loading of systems on IEEE
802 LANS.

Common Definitions and Procedures for IEEE 802 Management Information.

Remote Media Access Control (MAC) Bridging. Specifies extensions for the

o1 sons 0
[IOVUNMLEC TO0VL=01.

- IEEE Std 802.1H™
[ISO/IEC TR 11802-5]

« IEEE Std 802.1Q™

« IEEE Std 802.2
[ISO/IEC 8802-2]

« IEEE Std 802.3

« IEEE Std 802.5
[ISO/IEC 8802-5]

« IEEE Std 802.10
« IEEE Std 802.11
[ISO/IEC 8802-11]

« IEEE Std 802.15

« IEEE Std 802.16

illLCl LUllquLiUll, Ubillg IIUII‘LAI‘JY S YSICIILS uuuuuuui\,atiuu le‘llllUlUgiCb, Uf
geographically separated IEEE 802 LANSs below the level of the logical link
control protocol.

Recommended Practice for Media Access Control (MAC) Bridging of Ethernet
V2.0 in IEEE 802 Local Area Networks.

Virtual Bridged Local Area Networks. Defines an architecture £0r Virtual
Bridged LANS, the services provided in Virtual Bridged LANS, and the proto-

cols and algorithms involved in the provision of those services.

Logical Link Control.

CSMA/CD Access Method and Physical Layer Specifications.

Token Ring Access Method and Physical Layer Specifications.

Standard for Interoperable’tAN Security (SILS). Currently approved: Secure
Data Exchange (SDE),

Wireless LAN Medium Access Control (MAC) Sublayer and Physical Layer
Specifications.

Wireless \Medium Access Control (MAC) and Physical Layer (PHY)
Specifications for: Wireless Personal Area Networks.

AirInterface for Fixed Broadband Wireless Access Systems.

The reader of this standard is urged to become familiar with the complete family of standards.

Copyright © 2003 IEEE. All rights reserved.
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NOTE—The editing instructions contained in this amendment define how to merge the material contained herein into
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3. Definitions
Insert additional definitions after 3.40 and renumber appropriately as follows:

3.41 protection mechanism: Any procedure that attempts to update the NAV of all receiving STAs prior to
the transmission of a frame that may or may not be understood by receivers.

3.4Z protection mechanism Irame: Any frame that 1S sent as part o1 a protection mechanism procedure.

4. Abbreviations and acronyms
Insert the following abbreviations alphabetically in the list in Clause 4:

DSSS-OFDM PHYSs using DSSS-OFDM modulation under 19.7 rules

ERP extended rate PHY's conforming to Clause 19

ERP-PBCC PHYs using extended rate PBCC modulation under 19.6 rules

ERP-CCK PHYs using CCK modulation under Clause 19 rules

ERP-DSSS PHY's using DSSS modulation under Clause 19 rules

ERP-DSSS/CCK  PHYs using DSSS or CCK modulation under Clause 19'tules

ERP-OFDM PHY's using OFDM modulation under 19.5 rules

EVM error vector magnitude

NonERP non-extended rate PHY's conforming to Clause,15 or Clause 18, but not to Clause 19

7. Frame formats

7.2 Format of individual frame types

7.2.1 Control frames

7.2.1.2 CTS frame format

Insert the following paragraph-at the end of 7.2.1.2

If the CTS is the first framein the exchange and the pending data or management frame requires acknowl-
edgment, the duratioh yalue is the time, in microseconds, required to transmit the pending data or
management frame, plus one SIFS interval, one ACK frame, and an additional SIFS interval. If the CTS is
the first frame inithe exchange and the pending data or management frame does not require acknowledg-
ment, the duratien value is the time, in microseconds, required to transmit the pending data or management
frame, plus_one SIFS interval. If the calculated duration includes a fractional microsecond, that value is
rounded te the next higher integer.

7:2:3 Management frames

Insert the following sentence after the last paragraph:

Gaps may exist in the ordering of fixed fields and elements within frames. The order that remains shall be
ascending.
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7.2.3.1 Beacon frame format

Change the note in row 7 of Table 5:

Table 5—Beacon frame body

Order Information Notes

7 DS Parameter Set The DS Parameter Set information element is present
within Beacon frames generated by STAs using direet
sequenee Clause 15, Clause 18, and Clause 19 PHYs.

Insert the following rows in Table 5:

Table 5—Beacon frame body

Order Information Notes

19 ERP Information The ERP Information jelement is present within Beacon
frames generateddy STAs using ERP PHY's and is
optionally present in other cases.

20 Extended Supported Rates The Exténded Supported Rates element is present when-
ever there are more than eight supported rates, and it is
optional otherwise.

7.2.3.4 Association Request frame format

Insert the following row in Table 7:

Table 7—Association Request frame body

Order Information Notes

5 Extended Supported Rates The Extended Supported Rates element is present when-
ever there are more than eight supported rates, and it is
optional otherwise.
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7.2.3.5 Association Response frame format

Insert the following row in Table §8:

LOCAL AND METROPOLITAN AREA NETWORKS

Table 8—Association Response frame body

Order Information

Notes

5 Extended Supported Rates

The Extended Supported Rates element is present when-
ever there are more than eight supported rates, and it is
optional otherwise.

7.2.3.6 Reassociation Request frame format

Insert the following row in Table 9:

Table 9—Reassociation Request frame body

Order Information

Notes

6 Extended Supported Rates

The Extendéd Supported Rates element is present when-
ever therd-ate more than eight supported rates, and it is
optional otherwise.

7.2.3.7 Reassociation Response frame format

Insert the following row in Table 10:

Table 10=Reassociation Response frame body

Order Information

Notes

5 Extended Supported Rates

The Extended Supported Rates element is present when-
ever there are more than eight supported rates, and it is
optional otherwise.
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7.2.3.8 Probe Request frame format

Insert the following row in Table 11:

Table 11—Probe Request frame body

Order Information Notes

4 Extended Supported Rates The Extended Supported Rates element is present when-
ever there are more than eight supported rates, and it is
optional otherwise.

7.2.3.9 Probe Response frame format

Change row 7 of Table 12 as shown:

Table 12—Probe Response frame body.

Order Information Notes

7 DS Parameter Set The DS Paramegter Set information element is present
within Beacon frames generated by STAs using direet
sequetice Clause 15, Clause 18, and Clause 19 PHYs.

Insert the following rows in Table 12:

Table 12—Probe Response frame body

Order Information Notes

18 ERP Information ERP Information element is present within Probe
Response frames generated by STAs using ERP PHYs
and is optionally present in other cases.

19 Extended Supported Rates The Extended Supported Rates element is present when-
ever there are more than eight supported rates, and it is
optional otherwise.
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7.3 Management frame body components
7.3.1 Fixed fields
7.3.1.4 Capability Information field

Change the first and second paragraphs in 7.3.1.4 as shown:

The Capability Information field contains a number of subfields that are used to indicate requested or adver-
tised optional capabilities.

The length of the Capability Information field is 2 octets. The Capability Information field consists.of the
following subfields: ESS, IBSS, CF-Pollable, CF-Poll Request, Privacy, Short Preamble, Packet Binary
Convolutional Code (PBCC), and Channel Agility, Short Slot Time, and DSSS-OFDM. The\fermat of the
Capability Information field is illustrated in Figure 27. No subfield is supplied for ERP as\a.STA supports
ERP operation if it includes all of the Clause 19 mandatory rates in its supported rate set.

Replace Figure 27 with the following:

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
ESS |IBSS | CF | CF [ Priv- | Short [ og~ [Channel Shdrt DSSS-
Poll- | Poll | acy | Pre- Agility Regerved =Sl Resdrved |QFBM|  Resgrved

able | Req amble

5l

< 2 Octets >

Figure 27—Capability Information fixed field

Change the ninth paragraph in 7.3.1.4 and insert text following the paragraph as shown:

APs (as well as STAs in IBSSs) shall set the Short Preamble subfield to 1 in transmitted Beacon, Probe
Response, Association Responge, and Reassociation Response management MMPDU s to indicate that the
use of the Short Preamble eptton, as described in 18.2.2.2, is allowed within this BSS. To indicate that the
use of the Short Preamblg eptien is not allowed, the Short Preamble subfield shall be set to 0 in Beacon,
Probe Response, Assdciation Response, and Reassociation Response management MMPDUs transmitted
within the BSS.

Insert the following text following the ninth paragraph in 7.3.1.4:

ERP STAs shall set the MIB variable dot11ShortPreambleOptionlmplemented to true as all ERP STAs sup-
portboth long and short preamble formats.

Change the eleventh paragraph in 7.3.1.4 as shown:

APs (as well as STAs in IBSSs) shall set the PBCC subfield to 1 in transmitted Beacon, Probe Response,
Association Response, and Reassociation Response management MMPDUs to indicate that the use-ef-the
PBCC Modulation option, as described in 18.4.6.6 and 19.6, is allowed within the BSS. To indicate that the
use-of-the PBCC Modulation option is not allowed, the PBCC subfield shall be set to 0 in Beacon, Probe
Response, Association Response, and Reassociation Response management MMPDUs transmitted within
the BSS.
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Change the thirteenth paragraph in 7.3.1.4 as shown:
Bit 7 of the Capability Information field shall be used to indicate Channel Agility capability by the High
Rate direct sequence spread spectrum (HR/DSSS) or ERP PHYs. STAs shall set the Channel Agility bit to 1

when Channel Agility is in use and shall set it to 0 otherwise.

Insert the following paragraphs before the last paragraph of 7.3.1.4:

STAs shall set the Short Slot Time subfield to 1 in transmitted Association Request and Reassociation
Request MMPDUs when the MIB attribute  dotl1ShortSlotTimeOptionImplemented and
dot11ShortSlotTimeOptionEnabled are true. Otherwise, the STA shall set the Short Slot Time subfield, to'0
in transmitted Association Request and Reassociation Request MMPDUs.

If a STA that does not support Short Slot Time associates, the AP shall use long slot time begifining at the
first Beacon subsequent to the association of the long slot time STA. APs shall set the Short'Slot Time sub-
field in transmitted Beacon, Probe Response, Association Response, and Reassociation Response MMPDUs
to indicate the currently used slot time value within this BSS.

STAs shall set the MAC variable aSlotTime to the short slot value upon transmigsion or reception of Beacon,
Probe Response, Association Response, and Reassociation Response MMPDUs from the BSS that the STA
has joined or started and that have the short slot subfield set t©) 1 when the MIB attribute
dot11ShortSlotTimeOptionlmplemented is true. STAs shall set the MAE variable aSlotTime to the long slot
value upon transmission or reception of Beacon, Probe Response, Asseciation Response, and Reassociation
Response MMPDUs from the BSS that the STA has joined or staited and that have the short slot subfield set
to 0 when the MIB attribute dotl1ShortSlotTimeOptionImplémented is true. STAs shall set the MAC vari-
able aSlotTime to the long slot value at~yall  times when the MIB  attribute
dot11ShortSlotTimeOptionlmplemented is false. Whetthe dotl1ShortSlotTimeOptionlmplemented MIB
attribute is not present, or when the PHY supports,enly a single slot time value, then the STA shall set the
MAC variable aSlotTime to the slot value appropriate for the attached PHY.

For IBSS, the Short Slot Time subfield shall’be set to 0.

APs as well as STAs in IBSSs shallvset the DSSS-OFDM subfield to 1 in transmitted Beacon, Probe
Response, Association Response, and Reassociation Response management MMPDU s to indicate that the
use of DSSS-OFDM, as described in 19.7, is allowed within this BSS or by STAs that want to use DSSS-
OFDM within an IBSS. To_indicate that the use of DSSS-OFDM is not allowed, the DSSS-OFDM subfield
shall be set to 0 in Beacon; Probe Response, Association Response, and Reassociation Response MMPDUs
transmitted within the BSS.

STAs shall set the:DSSS-OFDM subfield to 1 in transmitted Association Request and Reassociation Request
MMPDUs whenthe MIB attribute dot11DSSS-OFDMOptionIlmplemented and dot11DSSS-OFDMOption-
Enabled are tfue. Otherwise, STAs shall set the DSSS-OFDM subfield to 0 in transmitted Association
Request and Reassociation Request MMPDU .

Change the last paragraph in 7.3.1.4 as shown:

Unused bits 845 of the Capability Information field are reserved.
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7.3.1.9 Status code field

Replace the last row in Table 19 with the following:

Table 19—Status codes

Status-code Meaning
22-24 Reserved
25 Association denied due to requesting station not supporting the Short Slot Time
option
26 Association denied due to requesting station not supporting the DSSS-ORDM
option
27-65 535 Reserved

7.3.2 Information elements

Replace the last row of Table 20 with the following:

Table 20—Element IDs

Information element Element ID
Reserved 17-41
ERP Information 42
Reserved 43-49
Extended Supported Rates 50
Reserved 51-255

7.3.2.2 Supported Rates element
Change the first two paragraphs of 7.3.2.2 as follows:

The Supported Rates ¢lement specifies the-values up to eight rates in the Operational-Rate-Set parameter, as
described in the MLME Join.request and MLME _Start.request primitives. The information field is encoded
as 1 to 8 octets) where each octet describes a single Supported Rate. If the number of rates in the Operational

Rate Setrexeeeds eight, then an Extended Supported Rate element shall be generated to specify the remain-
ing supported rates. The use of the Extended Supported Rates element is optional otherwise.

‘Within Beacon, Probe Response, Association Response, and Reassociation Response management frames,
each Supported Rate belonging to the BSS basic rate set is encoded as an octet with the MSB (bit 7) set to 1

AT A _RA
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the table in 10.4.4.2 (e.g., a 1 Mbit/s rate belonging to the BSS basic rate set is encoded as X'82'). Rates not
belonging to the BSS basic rate set are encoded with the MSB set to 0, and bits 6 through 0 are set to the
appropriate value from the valid range column of the DATA RATE row of the table in 10.4.4.2 (e.g., a
2 Mbit/s rate not belonging to the BSS basic rate set is encoded as X'04"). The MSB of each Supported Rate
octet in other management frame types is ignored by receiving STAs.

8 Copyright © 2003 IEEE. All rights reserved.
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Insert the following paragraph at the end of 7.3.2.2:

If the DSSS-OFDM bit is set to 1 in the transmitted Capability Information field of an MMPDU, then any
supported rates transmitted in that frame that include rates that are common to both DSSS-OFDM and ERP-
OFDM shall be interpreted by receiving and transmitting STA to indicate support for both DSSS-OFDM and
ERP-OFDM at the indicated rate. However, if any of those rates are indicated as basic (a rate in the BSSBa-
sicRateSet), then the basic rate designation shall be interpreted by receiving and transmitting STA to apply

Ulll_y fUl LllU ERF'OFDIVI lllUL‘lu‘ldLiUll dlld IdLlc. If LllC PBCC 1Ull. ib SCL U 1 ill l.llC LlallbllliLlCL‘l bdpd‘Ui‘liLy ﬁU‘ld Uf
an MMPDU, then any supported rates transmitted in that frame that include rates that are common to both
PBCC and CCK shall be interpreted by receiving and transmitting STA to indicate support for both PBCC
and CCK at the indicated rate. However, if any of those rates are indicated as basic, then the basic rate desig”
nation shall be interpreted by receiving and transmitting STA to apply only for the CCK modulation” and
rate. That is, if the rate is indicated as basic, the basic designation does not apply to DSSS-OFDM,PBCC, or
ERP-PBCC.

Insert the following subclauses (7.3.2.13 and 7.3.2.14) at the end of 7.3.2:
7.3.2.13 ERP Information element

The ERP Information element contains information on the presence of Clausg-15 or Clause 18 stations in the
BSS that are not capable of Clause 19 (ERP-OFDM) data rates. It also contains the requirement of the ERP
Information element sender (AP in a BSS or STA in an IBSS) as to the'use'of protection mechanisms to opti-
mize BSS performance and as to the use of long or short Barker preambles. See Figure 42E for a definition
of the frame element.

If one or more NonERP STAs are associated in the BSS, theyUse Protection bit shall be set to 1 in transmit-
ted ERP Information Elements.

In an IBSS, the setting of the Use Protection bit:s left to the STA. In an IBSS, there is no uniform concept
of association; therefore, a typical algorithm forsetting the Use Protection bit will take into account the traf-
fic pattern and history on the network. If a member of an IBSS detects one or more NonERP STAs that are
members of the same IBSS, then the Use.‘Protection bit should be set to 1 in the ERP Information Element
of transmitted Beacon and Probe Response frames.

The NonERP_ Present bit shall be set to 1 when a NonERP STA is associated with the BSS. Examples of
when the NonERP present bit may additionally be set to 1 include, but are not limited to, when

a) A NonERP infrastructure or independent BSS is overlapping (a NonERP BSS may be detected by
the reception of a Beacon where the supported rates contain only Clause 15 or Clause 18 rates).

b) InanIBSS;ifa Beacon frame is received from one of the IBSS participants where the supported rate
set contains only Clause 15 or Clause 18 rates.

c) Aunarlagement frame (excluding a Probe Request) is received where the supported rate set includes
only Clause 15 or Clause 18 rates.

ERP APs and ERP STAs shall invoke the use of a protection mechanism after transmission or reception of
the Use Protection bit with a value of 1 in an MMPDU to or from the BSS that the ERP AP or ERP STA has
joined or started. ERP APs and ERP STAs may additionally invoke protection mechanism use at other times.

ERP APs and ERP STAs may disable protection mechanism use after transmission or reception of the
Use Protection bit with a value of 0 in an MMPDU to or from the BSS that the ERP AP or ERP STA has
joined or started.

When there are no NonERP STAs associated with the BSS and the ERP Information Element sender’s

dot11ShortPreambleOptionlmplemented MIB variable is set to true, then the Barker Preamble Mode bit
may be set to 0. The Barker Preamble Mode bit shall be set to 1 by the ERP Information Element sender if

Copyright © 2003 IEEE. All rights reserved. 9
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one or more associated NonERP STAs are not short preamble capable as indicated in their Capability Infor-
mation field, or if the ERP Information Element senders dotllShortPreambleOptionlmplemented MIB
variable is set to false.

If a member of an IBSS detects one or more non-short preamble-capable STAs that are members of the same
IBSS, then the Barker Preamble Mode bit should be set to 1 in the transmitted ERP Information Element.

ERP APD dlld ERP STAb blldﬁ usS<C 1lUllg plCdlllble W‘IlCll uaumuiuiug C‘ldubU 1), C‘ldubU 18, d.llL‘l CldUbU 19
frames after transmission or reception of an ERP Information Element with a Barker Preamble Mode value
of 1 in an MMPDU to or from the BSS that the ERP AP or ERP STA has joined or started, regardless of the
value of the short preamble capability bit from the same received or transmitted MMPDU that contained thé
ERP Information Element. ERP APs and ERP STAs may additionally use long preambles when transmitting
Clause 15, Clause 18, and Clause 19 frames at other times. ERP APs and ERP STAs may use shettpream-
bles when transmitting Clause 15, Clause 18, and Clause 19 frames after transmission or reception of an
ERP Information Element with a Barker Preamble Mode value of 0 in an MMPDU to or from the BSS that
the ERP AP or ERP STA has joined or started, regardless of the value of the short prednible capability bit
from the same received or transmitted MMPDU. NonERP STAs and NonERP APs may also follow the rules
given in this paragraph.

Recommended behavior for setting the Use Protection bit is contained in 9.10:

The ERP Information element shall have the form shown in Figure 42E.

Element ID | Length (1) | NOn' | Use Barker |13/ 14|15 (16|17
ERP | pr6tection | Preamble
present mode

Octets 1 I 1 P 1 >

Figure 42E—ERP Information element

Bits 13 through r7 are reserved, set:t¢’0, and are ignored on reception. Note that the length of this element is
flexible and may be expanded in the future.

7.3.2.14 Extended Supported Rates element

The Extended Supported Rates element specifies the rates in the OperationalRateSet as described in the
MLME JOIN.request and MLME START.request primitives that are not carried in the Supported Rates ele-
ment. The information field is encoded as 1 to 255 octets where each octet describes a single supported rate.

Within Beacon, Probe Response, Association Response, and Reassociation Response management frames,
each-supported rate belonging to the BSS basic rate set, as defined in 10.3.10.1, is encoded as an octet with
thexmsb (bit 7) set to 1 and bits 6 through 0 are set to the appropriate value from the valid range column of the
DATA RATE row of the table in 10.4.4.2 (e.g., a 1 Mbit/s rate belonging to the BSS basic rate set is encoded
as X'82"). Rates not belonging to the BSS basic rate set are encoded with the msb set to 0, and bits 6 through

0 arc STTT0 TS appropriate vaiue (rom e valid Tange coumm of the DATA _RATE Tow of thie tabie i 1042472
(e.g., a2 Mbit/s rate not belonging to the BSS basic rate set is encoded as X'04'). The msb of each octet in the
Extended Supported Rate element in other management frame types is ignored by receiving STAs.

BSS basic rate set information in Beacon and Probe Response management frames is used by STAs in order
to avoid associating with a BSS if they do not support all the data rates in the BSS basic rate set.

10 Copyright © 2003 IEEE. All rights reserved.
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For stations supporting eight or fewer data rates, this element is optional for inclusion in all of the frame
types that include the supported rates element. For stations supporting more than eight data rates, this ele-
ment shall be included in all of the frame types that include the supported rates element.

The Extended Supported Rates element has the format shown in Figure 42F.

1] +1D I +1 ot dad tod-R ot
oIt TOITgtor X T o a ppoTteaICates
Octets +—— |——>+—— —» < 1-255 .

Figure 42F—Extended Supported Rates element format

9. MAC sublayer functional description

9.2 DCF

Change the eleventh paragraph in 9.2 as shown:

The medium access protocol allows for stations to support different sets\of data rates. All STAs shall be able
to receive and transmit at all the data rates in the aBasicRdteSet specified parameter of the
MLME Join.request and MLME _Start.request primitives. To support the proper operation of the RTS/CTS
and the virtual CS mechanism, all STAs shall be able to detect\th¢ RTS and CTS frames. For-thisreason;the

>
d d a A e O 6 o de 119

Insert the following subclauses after 9.2.10:
9.2.11 NAV distribution

When a node needs to distribute NAV.information, for instance, to reserve the medium for a transmission of
a non-basic rate frame (that may not\be heard by other nodes in the BSS), the node may first transmit a CTS
frame with the RA field equal te.its own MAC address (CTS-to-self) and with a duration value that protects
the pending transmission, plus possibly an ACK frame.

The CTS-to-self NAV(distribution mechanism is lower in network overhead cost than is the RTS/CTS NAV
distribution mechanism, but CTS-to-self is less robust against hidden nodes and collisions than RTS/CTS.
STAs employinga*NAV distribution mechanism should choose a mechanism such as CTS-to-self or RTS/
CTS that is appropriate for the given network conditions. If errors occur when employing the CTS-to-self
mechanism, STAs should switch to a more robust mechanism.

9.242 Determination of PLME aCWmin characteristics

In'the case of the Clause 19 Extended Rate PHY, the aCWmin value is dependent on the requestor’s charac-
teristic rate set. The characteristic rate set is equal to the IBSS’s supported rate set when the STA is operating

as a member of an IBSS. It is equal to the AP’s supported rate set when the STA is associated with an AP. At
all other times, it is equal to the STA’s mandatory rate set. The MAC variable aCWmin is set to aCWmin(0)
if the characteristic rate set includes only rates in the set 1, 2, 5.5, 11 otherwise, aCWmin is set to aCW-
min(1). If the returned value for aCWmin is a scalar, then the MAC always sets the variable aCWmin to the
returned scalar value of aCWmin.

Copyright © 2003 IEEE. All rights reserved. 11
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9.6 Multirate support
Change the text of 9.6 as shown:
Some PHY's have multiple data transfer rate capabilities that allow implementations to perform dynamic rate

switching with the objective of improving performance. The algorithm for performing rate switching is
beyond the scope of this standard, but in order to ensure coexistence and interoperability on multirate-

1t DS L 1 1 i £ 1 1 e 1 Emedd 11 QA
CapauIC I'TT TS, ULLS Stallddl UCTIITS 'd SCU U1 TUICS thdt=StiatirlO UDC TOHOWCU DY dll S 1AS.

All control frames that initiate a frame exchange shall be transmitted at one of the ratésvin the
BSSBasicRateSet, unless the transmitting STAs protection mechanism is enabled, and the controlframe is a
protection mechanism frame; in which case, the control frame shall be transmitted at a rate.aceording to the
separate rules for determining the rates of transmission of protection frames in 9.10.

All frames with multicast or broadcast reeeiver in the addresses] field shall be transmitted at one of the rates
included in the BSS basic rate set, regardless of their type or subtype.

Data and/or management MPDUs with & unicast reeetver in addressesl{shall be sent on any supported
data rate selected by a rate swrtchmg mechanlsm éwhese—e&tput—rs—aﬂ—mtemal—w%mﬂab}e—eaﬂed—k‘%

3 v 3 o No STA shall ret
transmit a unlcast frame ata rate that 1s knewn not te—be supported by the destlnatlon STA, as reported in
any Supported Rates and Extended Supported Rates element“in the management frames. For frames of
type Data + CF — ACK, Data + CF — Poll + CF — ACK, and'CF — Poll + CF — ACK, the rate chosen to
transmit the frame should be supported by both the addressed recipient STA and the STA to which the
ACK is intended.

Under no circumstances shall a STA initiate, transmission of a data or management frame at a data rate
higher than the greatest rate in the OperationalRateSet, a parameter of the MLME_JOIN.request primitive.

To allow the transmitting STA to calculate the contents of the Duration/ID field, the—respending a STA
responding to a received frame shall“transmit its Control Response andManagementResponse—frames
(either CTS or ACK) frames at the\lighest rate in the BSSBasicRateSet that is less than or equal to the rate
of the immediately previous fraie in the frame exchange sequence (as defined in 9.7) and that is of the same
modulation type as the received frame. If no rate in the basic rate set meets these conditions, then the control
frame sent in response to.areceived frame shall be transmitted at the highest mandatory rate of the PHY that
is less than or equal to'the rate of the received frame, and that is of the same modulation type as the received
frame. In additionj\the Control Response frame shall be sent using the same PHY options as the received
frame, unless they-conflict with the requirement to use the BSSBasicRateSet.

An alternative rate for the control response frame may be used. provided that the duration of the control
response-frame at the alternative rate is the same as the duration of the control response frame at the origi-
nally chosen rate and the alternative rate is in either the BSSBasicRateSet or the mandatory rate set of the
PHY and the modulation of the control response frame at the alternative rate is the same type as that of the
received frame.

For the 5GHzPHY Clause 17, Clause 18, and Clause 19 PHYS, the time required to transmit a frame for use

in the Duration/ID field is determined using the PLME-TXTIME.request primitive (see 10.4.6) and the
PLME-TXTIME.confirm primitive (see 10.4.7)-The-ealenlationmethod-of TXTIME-duration-is-defined-in
1743, both defined in 17.4.3, 18.3.4, 19.8.3.1, 19.8.3.2, or 19.8.3.3 depending on the PHY options.

12 Copyright © 2003 IEEE. All rights reserved.
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9.7 Frame exchange sequences

Change rows 1 and 2 and insert a new row following row 2 in Table 21 as shown:

Table 21—Frame sequences

< Frames in
equence Ilsage
x sequence =
{CTS-} Data(bc/mc) lor2 Broadcast or multicast MSDU
{CTS-} Mgmt(bc) lor2 Broadcast MMPDU
CTS - [Frag - ACK -] Last - ACK 3 or more Protected directed MSDU or MMPDU

Insert the following subclause at the end of Clause 9:
9.10 Protection mechanism

The intent of a protection mechanism is to ensure that a STA does not transmit.ani MPDU of type Data or an
MMPDU with an ERP-OFDM preamble and header unless it has attemptedde update the NAV of receiving
NonERP STAs. The updated NAV period shall be longer than or equal to the total time required to send the
data and any required response frames. ERP STAs shall use protection.mechanisms (such as RTS/CTS or
CTS-to-self) for ERP-OFDM MPDUs of type Data or an MMPDU\when the Use Protection field of the
ERP Information element is set to 1 (see the requirements of 9,26)! Protection mechanisms frames shall be
sent using one of the mandatory Clause 15 or Clause 18 ratessand using one of the mandatory Clause 15 or
Clause 18 waveforms, so all STAs in the BSA will know the duration of the exchange even if they cannot
detect the ERP-OFDM signals using their CCA functiofy

Note that when using the Clause 19 options, ERP<PBCC or DSSS-OFDM, there is no need to use protection
mechanisms, as these frames start with a DSSS-header.

In the case of a BSS composed of only ‘ERP STAs, but with knowledge of a neighboring co-channel BSS
having NonERP traffic, the AP may réquire protection mechanisms to protect the BSS’s traffic from inter-
ference. This will provide propagatien of NAV to all attached STAs and all STAs in a neighboring co-
channel BSS within range by BSS basic rate set modulated messages. The frames that propagate the NAV
throughout the BSS include RTS/CTS/ACK frames, all data frames with the “more fragments” field set to 1,
all data frames sent in response to PS-Poll that are not proceeded in the frame sequence by a data frame with
the “more fragments” field set to 1, Beacon frames with nonzero CF time, and CF-End frames.

When RTS/CTSSstused as the protection mechanism, cases exist such as NAV resetting (discretionary, as
indicated in 9.2.5.4), where a hidden station may reset its NAV and this may cause a collision. The likeli-
hood of oecurfence is low, and it is not considered to represent a significant impairment to overall system
operations”’A mechanism to address this possible situation would be to use alternative protection mecha-
nisms;)or to revert to alternative modulation methods.

[f’a protection mechanism is being used, a fragment sequence may only employ ERP-OFDM modulation for
the final fragment and control response.

The rules for calculating RTS/CTS NAV fields are unchanged when using RTS/CTS as a protection
mechanism.

Additionally, if any of the rates in the BSSBasicRateSet of the protection mechanism frame transmitting

STA’s BSS are Clause 15 or Clause 18 rates, then the protection mechanism frames shall be sent at one of
those Clause 15 or Clause 18 basic rates.

Copyright © 2003 IEEE. All rights reserved. 13
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10. Layer management

10.4 PLME SAP interface

10.4.4 PLME-DSSSTESTMODE

___10.4.4.2 P ME-DSSSTESTMODE request

Change the sixth and eighth row in the table in 10.4.4.2 as shown:

Name Type Valid range Description
DATA RATE Integer 2,4,11,12, Selects among rates

18,22.24. | 02 =1 Mbit/s
36. 44,48 04 = 2 Mbit/s
66.72. 96 11 = 5.5 Mbit/s
108 12 = 6 Mbit/s
18 = 9 Mbit/s
22 = 11 Mbit/s
24 = 12 Mbitfs
36 = 18 Mbit/s
44 = 02 Mbit/s
4824 Mbit/s
66= 33 Mbit/s
72 = 36 Mbit/s
96 = 48 Mbit/s
108 = 54 Mbit/s

MODULATION _CODE TYPE | Integer Beelean | null)\0, 1,2 Selects the among modulation eede options
0 = €€k no optional modulation modes
1 = PBEE optional ERP-PBCC modes

2 = optional DSSS-OFDM modes
Can be null.

18. High Rate direct sequence spread spectrum (HR/DSSS)
PHY specification

18.2 High Rate PLCP-sublayer

18.2.2 PPDU format

Change the'title and first paragraph of 18.2.2.2 as shown:
18.2,2:2"Short PPDU format (eptienal)

The short PLCP preamble and header (HR/DSSS/short) is defined as optional for HR/DSSS. The Short
Preamble and header may be used to minimize overhead and, thus, maximize the network data throughput.

D Aa s WAnYal 1 " -
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this preamble type is mandatory.
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Insert new Clause 19 as follows:

19. Extended Rate PHY specification

19.1 Overview

This clause specifies further rate extension of the PHY for the Direct Sequence Spread Spectrum (DSSS)
system of Clause 15 and the extensions of Clause 18. Hereinafter the PHY defined in this clause will be
known as the Extended Rate PHY (ERP). This PHY operates in the 2.4 GHz ISM band.

19.1.1 Introduction

The ERP builds on the payload data rates of 1 and 2 Mbit/s, as described in Clause 15,(that use DSSS
modulation and builds on the payload data rates of 1, 2, 5.5, and 11 Mbit/s, as describedin-Clause 18, that
use DSSS, CCK, and optional PBCC modulations. The ERP draws from Clause 17.to provide additional
payload data rates of 6, 9, 12, 18, 24, 36, 48, and 54 Mbit/s. Of these rates, transmission and reception
capability for 1, 2, 5.5, 11, 6, 12, and 24 Mbit/s data rates is mandatory.

Two additional optional ERP-PBCC modulation modes with payload ddtayrates of 22 and 33 Mbit/s are
defined. An ERP-PBCC station may implement 22 Mbit/s alone, or )22 and 33 Mbit/s. An optional
modulation mode known as DSSS-OFDM is also incorporated with,payload data rates of 6, 9, 12, 18, 24, 36,
48, and 54 Mbit/s.

19.1.2 Operational modes

The radio portion of all Clause 19-compliant ERP systems implements all mandatory modes of Clause 17
and Clause 18, except it uses the 2.4 GHz frequency band and channelization plan specified in 18.4.6. The
ERP has the capability to decode all Clause 15 and Clause 18 PLCPs and all ERP-OFDM PLCPs. In addi-
tion, it is mandatory that all ERP-compliant ‘equipment be capable of sending and receiving the short
preamble that is (and remains) optional fof €lause 18 PHYSs.

The ERP has the capability to dete¢t’)ERP and Clause 18 preambles whenever a clear channel assessment
(CCA) is requested. Because protéction mechanisms are not required in all cases, the ERP CCA mechanisms
for all preamble types shall be‘aetive at all times.

An ERP BSS is capable;of operating in any combination of available ERP modes (Clause 19 PHYs) and
NonERP modes (Claus€ 15 or Clause 18 PHYSs). For example, a BSS could operate in an ERP-OFDM-only
mode, a mixed mode of ERP-OFDM and ERP-DSSS/CCK, or a mixed mode of ERP-DSSS/CCK and Non-
ERP. When options are enabled, combinations are also allowed.

The chafiges to the base standard required to implement the ERP are summarized as follows:
a)~" ERP-DSSS/CCK

1) The PHY uses the capabilities of Clause 18 with the following exceptions:
i) Support of the short PLCP PPDU header format capability of 18.2.2.2 is mandatory.

1) CCA (see 18.4.8.4) has a mechanism that will detect all mandatory Clause 19 sync
symbols.

iii) The maximum input signal level (see 18.4.8.2) is —20 dBm.

iv) Locking the transmit center frequency and the symbol clock frequency to the same
reference oscillator is mandatory.

Copyright © 2003 IEEE. All rights reserved. 15
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b) ERP-OFDM
1) The PHY uses the capabilities of Clause 17 with the following exceptions:
i)  The frequency plan is in accordance with 18.4.6.1 and 18.4.6.2 instead of 17.3.8.3.
i) CCA has a mechanism that will detect all mandatory Clause 19 sync symbols.
iii) The frequency accuracy (see 17.3.9.4 and 17.3.9.5) is £25 PPM.
iv) The maximum input signal level (see 17.3.10.4) is -20 dBm.
v) The slot time is 20 us in accordance with 18.3.3, except that an optional 9 ps slot time may

1UC: ubCL‘l Wht?ll l.‘llC BSS bUllbiblb Uf Ullly ERP STAb
vi) SIFS time is 10 ps in accordance with 18.3.3. See 19.3.2.3 for more detail.
¢) ERP-PBCC (Optional)
1) This is a single-carrier modulation scheme that encodes the payload using a 256-state packet
binary convolutional code. These are extensions to the PBCC modulation in Clause 18, ERP-
PBCC modes with payload data rates of 22 and 33 Mbit/s are defined in 19.6.
d) DSSS-OFDM (Optional)
1) This is a hybrid modulation combining a DSSS preamble and header with ann@OFDM payload
transmission. DSSS-OFDM modes with payload data rates of 6, 9, 12, 18)24, 36, 48, and
54 Mbit/s are defined in 19.7.
2) If the optional DSSS-OFDM mode is used, the supported rates in that'mode are the same as the
ERP-OFDM supported rates.

The 2.4 GHz ISM band is a shared medium, and coexistence with other devices such as Clause 15 and Clause
18 STAs is an important issue for maintaining high performance in Clausé 19 (ERP) STAs. The ERP modu-
lations (ERP-OFDM, ERP-PBCC, and DSSS-OFDM) have been desigred to coexist with existing Clause 15
and Clause 18 STAs. This coexistence is achieved by several means, including virtual carrier sense (RTS/
CTS or CTS-to-self), carrier sense and collision avoidance protecols, and MSDU fragmentation.

19.1.3 Scope

This clause specifies the ERP entity and the deyiations from earlier clauses to accommodate it. It is orga-
nized by reference to the relevant earlier clauses to avoid excessive duplication.

The Extended Rate PHY layer consists of the following two protocol functions:

a) A physical layer convergeneg-function that adapts the capabilities of the physical medium dependent
(PMD) system to the PHY service available. This function is supported by the PHY layer conver-
gence procedure (PLCP), which defines a method for mapping the MAC sublayer protocol data
units (MPDU) int@_a framing format suitable for sending and receiving user data and management
information bétween two or more STAs using the associated PMD system. The PHY exchanges
PHY protocol data units (PPDU) that contain PLCP service data units (PSDU). The MAC uses the
PHY serviee, so each MPDU corresponds to a PSDU that is carried in a PPDU.

b) A PMD-system, whose function defines the characteristics and method of transmitting and receiving
data through a wireless medium between two or more STAs; each using the ERP.

19.1.4 Extended Rate PHY functions

The architecture of the ERP is depicted in the ISO/IEC basic reference model shown in Figure 141 of 18.4.1.
The ERP contains three functional entities: the PMD function, the PHY convergence function (PLCP), and

the layer management function.

The ERP service is provided to the MAC through the PHY service primitives described in Clause 12.
Interoperability is addressed by use of the carrier sense mechanism specified in 9.2.1 and the protection
mechanism in 9.10. This mechanism allows NonERP stations to know of ERP traffic that they cannot
demodulate so that they may defer the medium to that traffic.

16 Copyright © 2003 IEEE. All rights reserved.
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19.2 PHY-specific service parameter list

The architecture of the IEEE 802.11 MAC is intended to be PHY independent. Some PHY implementations
require PHY-dependent MAC state machines running in the MAC sublayer in order to meet certain PMD
requirements. The PHY-dependent MAC state machine resides in a sublayer defined as the MAC sublayer
management entity (MLME). In certain PMD implementations, the MLME may need to interact with the
PLME as part of the normal PHY SAP primitives. These interactions are defined by the PLME parameter

tistcurrentty defined i the PHY Service primitives as 1 X vVECTOR and RX VECTOR. The Hist of these
parameters, and the values they may represent, are defined in the specific PHY specifications for each PMD.
This subclause addresses the TXVECTOR and RXVECTOR for the ERP. The service parameters for
RXVECTOR and TXVECTOR shall follow 17.2.2 and 17.2.3.

Several service primitives include a parameter vector. DATARATE and LENGTH are described in\12.3.4.4.
The remaining parameters are considered to be management parameters and are specific to this PHY.

The parameters in Table 123A are defined as part of the TXVECTOR parameter ist in the PHY-
TXSTART.request service and PLME-TXTIME.request primitives.

Table 123A—TXVECTOR parameters

Parameter Value

DATARATE The rate used to transmit the PSDU-in Mbit/s

Allowed value depends on value of MODULATION parameter:
ERP-DSSS: 1 and 2

ERP-CCK: 5.5 and 11

ERP-OFDM: 6, 9, 12, 18;24, 36, 48, and 54

ERP-PBCC: 5.5, 11, 22y 'and 33

DSSS-OFDM: 6, 9512518, 24, 36, 48, and 54.

LENGTH The length of the\PSDU in octets
Range: 1-4095.

PREAMBLE TYPE The preamble used for the transmission of the PPDU
Enuniérated type for which the allowed value depends on value of MODULA-
TION parameter:

ERP-OFDM: null
ERP-DSSS, ERP-CCK, ERP-PBCC, DSSS-OFDM: SHORTPREAMBLE,

LONGPREAMBLE.

MODULATION The modulation used for the transmission of this PSDU
Enumerated type: ERP-DSSS, ERP-CCK, ERP-OFDM, ERP-PBCC, DSSS-
OFDM.

SERVICE The scrambler initialization vector

When the modulation format selected is ERP-OFDM or DSSS-OFDM, seven
null bits are used for scrambler initialization as described in 17.3.5.1. The
remaining bits are reserved.

For all other ERP modulations that all start with ERP-DSSS short or long
preamble, the bits of the SERVICE field are defined in Table 123C and the
SERVICE field is not applicable in the TXVECTOR, so the entire field is

1
TCSCrvea.

TXPWR _LEVEL The transmit power level. The definition of these levels is up to the implementer.
1-8.

Copyright © 2003 IEEE. All rights reserved. 17
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The parameters in Table 123B are defined as part of the RXVECTOR parameter list in the PHY-
RXSTART.indicate service primitive. When implementations require the use of these vectors, some or all of
these parameters may be used in the vectors.

Table 123B—RXVECTOR parameters

Parameter Value

DATARATE The rate at which the PSDU was received in Mbit/s.

Allowed value depends on value of MODULATION parameter:
ERP-DSSS: 1 and 2

ERP-CCK: 5.5 and 11

ERP-OFDM: 6, 9, 12, 18, 24, 36, 48, and 54

ERP-PBCC: 5.5, 11, 22, and 33

DSSS-OFDM: 6, 9, 12, 18, 24, 36, 48, and 54.

LENGTH The length of the PSDU in octets.
Range: 1-4095.

PREAMBLE TYPE The preamble type detected during reception of the PPDU.
Enumerated type for which the allowed value depends on value of
MODULATION parameter:

ERP-OFDM: null
ERP-DSSS, ERP-CCK, ERP-PBCC, PBCC,
DSSS-OFDM: SHORTPREAMBLE, LONGPREAMBLE.

MODULATION The modulation used for the reception of this PSDU.
Enumerated types: ERP-DSSS,ERP-CCK, ERP?0OFDM, ERP-PBCC, DSSS-
OFDM.

SERVICE Null.

RSSI The RSSI is a measure of the RF energy received by the ERP. The 8-bit value is

in the range of 0,0 RSSI maximum as described in 17.2.3.2.

19.3 Extended Rate PLCP sublayer
19.3.1 Introduction

This subclause providessa'PHY layer convergence procedure (PLCP) for the ERP. The convergence proce-
dure specifies how PSDUs are converted to and from PPDUs at the transmitter and receiver. The PPDU is
formed during data, transmission by appending the PSDU to the Extended Rate PLCP preamble and header.
At the receiver;the' PLCP preamble and header are processed to aid in the demodulation and delivery of the
PSDU.

19.3.2 PPDU format
An ERP STA shall support three different preamble and header formats. The first is the Long Preamble and

header described in 19.3.2.1 (and based on 18.2.2.1 with redefinition of reserved bits defined therein). This
PPDIJ provides interoperahility with Clanse 18 STAs whenusingthe 1 2 S5 _and 11 Mhbit/s data rates: the

optional DSSS-OFDM modulation at all OFDM rates; and the optional ERP-PBCC modulation at all ERP-
PBCC rates. The second is the Short Preamble and header described in 19.3.2.2 (and based on 18.2.2.2
wherein it is optional). The short preamble supports the rates 2, 5.5, and 11 Mbit/s as well as DSSS-OFDM
and ERP-PBCC. The third is the ERP-OFDM preamble and header specified in 19.3.2.3 (and based on
17.3.2). The ERP has two optional PPDU formats, described in 19.3.2.4 and 19.3.2.5, to support the optional
DSSS-OFDM modulation rates.

18 Copyright © 2003 IEEE. All rights reserved.
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19.3.2.1 Long preamble PPDU format

Figure 131 of 18.2.2.1 shows the basic format for the long preamble PPDU. This preamble is appropriate for
use with the 1, 2, 5.5, and 11 Mbit/s (Clause 18) modes and is compatible with BSSs using these modes. To
support the optional modes included in the ERP, the Long Preamble PPDU only differs from 18.2.2.1 in the
following:

d) TIIU UusS< Uf UIIC ‘Ull. ill LIIC SER‘V’ICE ﬁC‘ld |58} illdibdlc W‘llCll l.‘llC UpLiUudl ERP—PBCC lllUL‘lC ib bCillg
used.

b) The use of two additional bits in the SERVICE field to resolve the length ambiguity when tle
optional ERP-PBCC-22 and ERP-PBCC-33 modes are being used.

c¢) Three additional optional rates given by the following SIGNAL field octets where the Isb is_tfans-
mitted first in time:
1) X'DC' (msb to Isb) for 22 Mbit/s ERP-PBCC
2) X21' (msb to Isb) for 33 Mbit/s ERP-PBCC
3) X'1E' (msb to Isb) for all DSSS-OFDM rates

Three bits of the SERVICE field have been defined to support the optional modes of the ERP standard.
Table 123C shows graphically the assignment of the bits within the SERVICE fi¢ld. The bits b0, b1, and b4
are reserved and shall be set to 0. Bit b2 is used to indicate that the transmit ffequency and symbol clocks are
derived from the same oscillator. For all ERP systems, the Locked Clock Bibshall be set to 1. Bit b3 is used
to indicate if the data are modulated using the optional ERP-PBCC medulation. Bit b3 is defined in 18.2.3.4
with the caveat that the ERP-PBCC mode now has the additional optional rates of 22 and 33 Mbit/s as
defined in 19.3.3.2. Bits b5, b6, and b7 are used to resolve data_ficld length ambiguities for the optional
ERP-PBCC-11 through ERP-PBCC-33 modes. These bits are fully defined in 19.6. Bit b7 is also used to
resolve data field length ambiguities for the CCK 11 Mbit/smode and is defined in 18.2.3.5. Bits b3, b5, and
b6 are set to 0 for CCK.

Table 123C—SERVICE field bit definitions

b0 bl b2 b3 b4 b5 b6 b7
Reserved | Reserved | Locked Modulation Reserved | Length Length Length
Clock Bit Selection Extension | Extension | Extension
0 = not locked 0 =Not ERP- Bit Bit Bit
1 = locked PBCC (ERP- (ERP-
1 =ERP-PBCC PBCC) PBCC)

19.3.2.1.1 ERP RLCP length field calculation

For the longrand‘short preamble modes other than PBCC, the length field shall be calculated as in 18.2.3.5.
19.3.2:1.2 ERP-PBCC PLCP length (LENGTH) field calculation

Forthe ERP-PBCC PLCP length field, the transmitted value shall be determined from the LENGTH and

DataRate parameters in the TXVECTOR issued with the PMD-TXSTART.request primitive described in
18.4.5.6

The length field provided in the TXVECTOR is in octets and is converted to microseconds for inclusion in
the PLCP LENGTH field. The Length Extension bits are provided to resolve the ambiguity in the number of
octets that is described by an integer number of microseconds for any data rate over 8 Mb/s. These bits are
used to indicate which of the smaller potential number of octets is correct.

Copyright © 2003 IEEE. All rights reserved. 19
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11 Mbit/s PBCC see 18.2.3.5.

22 Mbit/s ERP-PBCC Length = (number of octets + 1)*4/11, rounded up to the next integer; the
SERVICE field b6 and b7 bits shall each indicate a 0 if the rounding took less than 4/11ths; the
SERVICE field bit b6 shall indicate a 0 and the SERVICE field bit b7 shall indicate a 1 if the
rounding took 4/11ths or more and less than 8/11ths; and the SERVICE field bit b6 shall indicate a 1
and the SERVICE field bit b7 shall indicate a 0 if the rounding took 8/11ths or more.

33 Mbit/s ERP-PBCC Length = (number of octets + 1)*8/33, rounded up to the next integer; the

SERVICE field b5, b6, and b7 bits shall each indicate a 0 if the rounding took less than 8/33; the
SERVICE field bit b5 shall indicate a 0, b6 shall indicate a 0, and the SERVICE field bit b7 shall
indicate a 1 if the rounding took more than or equal to 8/33 and less than 16/33; the SERVICE field
bit b5 shall indicate 0, b6 shall indicate a 1, and b7 shall indicate a 0 if the rounding took more than
or equal to 16/33 and less than 24/33; the SERVICE field bit b5 shall indicate 0, b6 shall indi€ate a 1,
and b7 shall indicate a 1 if the rounding took more than or equal to 24/33 and less than‘32/33; the
SERVICE field bit b5 shall indicate 1, b6 shall indicate a 0, and b7 shall indicate a Ovif\the rounding
took 32/33 or more.

At the receiver, the number of octets in the MPDU is calculated as follows:

22 Mbit/s ERP-PBCC Number of octets = (Length * 11/4) — 1, roundéd down to the next integer,
minus 1 if the SERVICE field bit b6 is a 0 and the SERVICE field(bit’b7 is a 1, or minus 2 if the
SERVICE field bit b6 is a 1 and the SERVICE field bit b7 is a 0,

33 Mbit/s ERP-PBCC Number of octets = (Length * 33/8) ¥, rounded down to the next integer,
minus 1 if the SERVICE field bit b5 is a 0, b6 is a 0, and the\SERVICE field bit b7 is a 1, or minus 2
if the SERVICE field bit b5 is a 0, b6 is a 1, and the SERVICE field bit b7 is a 0, or minus 3 if the
SERVICE field bit b5 is a 0, b6 is a 1, and the SERVICE field bit b7 is a 1, or minus 4 if the
SERVICE field bit b5 is a 1, b6 is a 0, and the SERVICE field bit b7 is a 0.

Table 123D shows an example calculation for several packet lengths of ERP-PBCC at 22 Mbit/s.

Table 123D—Example of LENGTH calculations for ERP-PBCC-22

Length Length
+ - -
T (O: tets 1) LENGTH | Extension | Extension LENGTH floor(X) | RX Octets
Octets 4/11 . . 11/4
bit b6 bit b7
1023 372.364 873 0 1 1025.75 1025 1023
1024 372.727 373 0 0 1025.75 1025 1024
1025 373.091 374 1 0 1028.50 1028 1025
1026 373455 374 0 1 1028.50 1028 1026

19.3.2:2'Short preamble PPDU format

Figure 132 of 18.2.2.2 shows the basic format for the short preamble PPDU. For the ERP, support for this
preamble is mandatory. The short preamble is appropriate for use with 2, 5.5, and 11 Mbit/s modes. The bits
of the Short PLCP SERVICE field and RATE field are the same as for the Long PLCP SERVICE field and

RATE field and are defined in 19.3.2.1.

19.3.2.3 ERP-OFDM PPDU format

The format, preamble, and headers for the ERP-OFDM PLCP PPDU are described in 17.3.2 through 17.3.5.
For the ERP-OFDM modes, the DATA Field that contains the SERVICE field, the PSDU, the TAIL bits, and
the PAD bits shall follow 17.3.5.

20
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For ERP-OFDM modes, an ERP packet is followed by a period of no transmission with a length of 6 ps
called the signal extension. The purpose of this extension is to make the TXTIME calculation in 19.8.3
result in a transmission duration interval that includes an additional 6 us. The SIFS time for Clause 17 pack-
ets is 16 ps, and the SIFS time for Clause 18 packets is 10 ps. The longer SIFS time in Clause 17 is to allow
extra time for the convolutional decode process to finish. As Clause 19 packets will use a SIFS time of 10
us, this extra 6 us length extension is used to ensure that the Transmitter computes the Duration field in the
MAC header incorporating the 6 ps of “idle time” following each ERP-OFDM transmission. This ensures

1 1 AdAXL 1 APt 1Q QA . 1
Uldl UIT INAV VA4AIUC O TUIdUST 16 O ITAS IS STUL COITICULLY.

The “carrier-sense mechanism” described in 9.2.1 combines the NAV state and the STA’s transmitter status
with physical carrier sense to determine the busy/idle state of the medium. The time interval between frames
is called the inter-frame spacing (IFS). A STA shall determine that the medium is idle through the use of the
CCA mechanism for the interval specified. The starting reference of slot boundaries is the end @f\the last
symbol of the previous frame on the medium. For ERP-OFDM frames, this includes the length extension.
For ERP-OFDM frames, a STA shall generate the PHY RX END indication, 6 ps after the/end of the last
symbol of the previous frame on the medium. This adjustment shall be performed by the STA based on local
configuration information set using the PLME SAP.

19.3.2.4 DSSS-OFDM long preamble PPDU format

Both long and short preambles and headers as previously described in 193)2.1 and 19.3.2.2 are used with
DSSS-OFDM.

For all DSSS-OFDM rates and preamble modes, the PLCP SIGNAL Field described in 18.2.3.3 shall be set
to a 3 Mbit/s value. That is, the eight-bit value is set to X'] E\(msb to Isb). For DSSS-OFDM, this value is
simply a default setting used for BSS compatibility and to ensure that NonERP stations read the length field
and defer the medium for that time even though they cannot demodulate the MPDU due to unsupported rates.

Figure 153A shows the PPDU format for the long preamble case. As seen, the PSDU is appended to the
PLCP Preamble and the PLCP header. The PLGP)Preamble is the same as described in 18.2.3.1 and 18.2.3.2.
The PLCP header is similar to the one described in 19.3.2.1. The PSDU has a format that is nearly identical
to a Clause 17 PLCP. The differences are«described in 19.3.3.4.

The scrambler of 18.2.4 is used to scfamble the DSSS-OFDM PLCP header, and the scrambler in 17.3.5.4 is
used to scramble the data symbpls in the OFDM segment.

19.3.2.4.1 DSSS-OFDMPLCP length field calculation

For both the long and the short preamble PLCP cases, the length field calculation in terms of data packet
length is as folloWws:

LENGTEFH =PSDUsyncOFDM + PSDUSignal OFDM + ...
4% Ceiling((PLCPServiceBits + 8 x (NumberOfOctets) + PadBits) / NDBPS) + SignalExtension

where

PSDUsyncOFDM is 8 us (OFDM long training symbols),

PSDUSignalOFDM is 4 s,

Ceiling is a function that returns the smallest integer value greater than or equal to its argument value,
PLCPServiceBits is 8 bits,

NumberOfOctets is the number of data octets in the PSDU,

PadBits is 6 bits,

Npgps is the number of data bits per OFDM symbol,

SignalExtension is 6 Us.
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OFDM OFDM
SYNC OFDM
Sync Signal OFDM
(128 bits - SFD Signal Service Length CRC Signal
Scrambled (16 bits) (8 bits) (8 bits) (16 bits) (16 b its) (Long Field Data Extension
cram| Sync — (4 us) Symbols
Ones) 8 s) (6 us)
DBPSK DBPSK OFDM
\ Modulation \ Modulation Modulation
PLCP
PLCP Header PSDU
Preamble
(48 bits) (Data Modulation)
(144 bits)
PPDU

Figure 153A—Long preamble PPDU format for DSSS-OFDM

The length field is defined in units of microseconds and shall correspond to the calculated length of the
PSDU. Note that the length extension bits in the Signal field are not needed or used for DSSS-OFDM.

19.3.2.5 Short DSSS-OFDM PLCP PPDUformat

The short PLCP preamble and header ate Used to maximize the throughput by reducing the overhead associ-
ated with the preamble and header. Rigure 153B shows the short preamble PLCP PPDU format. As seen, the
PSDU is appended to the PLCP Preamble and the PLCP header. The short PLCP Preamble is described in
18.2.3.8 and 18.2.3.9. The PI:CP header is as described in 19.3.2.4. The PSDU has a format that is nearly
identical to Clause 17 PLCPThe differences are described in 19.3.3.4.

19.3.3 PLCP data modulation and rate change
19.3.3.1 Long and short preamble formats

The long-and short PLCP preamble and the long PLCP header shall be transmitted using the 1 Mbit/s
DBPSK “modulation. The short PLCP header shall be transmitted using the 2 Mbit/s modulation. The
SIGNAL and SERVICE fields combined shall indicate the modulation and rate that shall be used to transmit
the' PSDU. The transmitter and receiver shall initiate the modulation and rate indicated by the SIGNAL and
SERVICE fields, starting with the first octet of the PSDU. The PSDU transmission rate shall be set by the

JCQUC D ve J OCJ

Four modulation formats are mandatory, 1 and 2 Mbit/s ERP-DSSS and 5.5 and 11 Mbit/s ERP-CCK, and
they are specified in 18.4.6.3.
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SYNC SFD %';?1';" gi'; ?":I OFDM OFDM
(56 bits -- (16 bits -- Signal Service Length CRC (Lon Field Data Signal
Scrambled | Reversed | (8 bits) (8 bits) (16 bits) | (16 bits) Syn cg_ (4us) | Symbols Extension
Ones) SFD) 8 us) y (6 us)
DBPSK DQPSK OFDM
\ Vioduration Woduration WModulation
PLCP
Preamble PLCP Header PSDU
. 48 bits Data Modulation
(72 bits) ( ) ( )

Figure 153B—Short preamble PPDU,format for DSSS-OFDM

Four optional ERP-PBCC modulation formats and) ddta rates are specified for the Enhanced Rate PHY
(ERP). They shall be based on Packet Binary Convolutional Coding (PBCC) 5.5, 11, 22, and 33 Mbit/s mod-
ulations. The rates of 5.5 and 11 Mbit/s are described in 18.4.6.6. No change in the spectral mask of 18.4.7.3
is required for these modes.

19.3.3.2 ERP-PBCC 22 Mbit/s and 33 Mbit/s formats

In the PBCC encoder, incoming)ydata are first encoded with a packet binary convolutional code. A cover
code (as defined in PBCC modes in 18.4.6.6) is applied to the encoded data prior to transmission through the
channel.

The packet binarytconvolutional code that is used is a 256-state, rate 2/3 code. The generator matrix for the

code is given imEquation (37).

G £ i'+p* D D+D’

(37)
p* 1+p*+D'D+D’
In octal notation, the generator matrix is given in Equation (38).
21 2 12
G =
|:10 25 12} (38)
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As the system is frame (PPDU) based, the encoder shall be in state zero; i.e., all memory elements contain
zero, at the beginning of every PPDU. The encoder shall also be placed in a known state at the end of every
PPDU to prevent the data bits near the end of the PPDU from being decoded incorrectly. This is achieved by
appending one octet containing all zeros to the end of the PPDU prior to transmission and discarding the
final octet of each received PPDU.

An encoder block diagram is shown in Figure 153C. It consists of two paths of four memory elements each.

FUI CVLlly pdil Uf ddta 1Uil.b iuput, LIIIUU output ‘Uil.b dalc gUllClaLCd. ThC output Uf LllU LUllVUluLiUlla‘l \/UL‘IC ib
mapped to an 8-PSK constellation; each 3-bit output sequence from the packet binary convolutional encoder is
used to produce one symbol. This yields a throughput of two information bits per symbol. In ERP-PBCC-22
and ERP-PBCC-33, the input data stream is divided into pairs of adjacent bits. In each pair, the first bit is fed t6
the upper input of the convolutional encoder, and the second is fed to the lower input of the convolutional
encoder. An illustration of the mapping for the jth (j=0) pair of input bits (b2j, b2j+1) is given in Figare 153C.

I? ? y0
P a

j Z—l Z—l Z—l

»D —>

Z! Z! Z! Z!
byi * v
D »O—>

y2
Figure 153C—22/33 Mbit/s ERP-PBCC convolutional encoder

The phase of the first complex chip of the 22 Mbit/s PSDU shall be defined with respect to the phase of the
last chip of the PCLP header, ¢, the last chip of the CRC check. The phase of the first complex chip of the
33 Mb/s PSDU shall be defined with respect to the phase of the last chip of the clock switch section, i.e., the
last chip of the ReSyn¢ field. The bits (y2 y1 y0) = (0,0,0) shall indicate the same phase as the last chip of
the CRC check. The-other seven combinations of (y2 y1 y0) shall be defined with respect to this reference
phase as shown im-Figure 153D.

The mapping-from BCC outputs to 8-PSK constellation points is determined by a pseudo-random cover
sequeneei-The cover sequence is the same one as described in 18.4.6.6. The current binary value of this
sequence at every given point in time is taken as shown in Figure 153D. The mapping is shown in
Figure 153D.

ERP-PBCC mode achieves a 33 Mbit/s data rate by using a 16.5 MHz clock for the data portion of the

packet. The data portion 1s otherwise 1dentical to the 22 Mbit/s ERP-PBCC modulations. The structure and
clock speed of the preamble is the same as in Clause 18. An extra clock switch section between the preamble
and the data portion is added, with the format described below. The same pulse shape shall be used in each
clock domain.
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S=0 S=1
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®
8PSK Mode 001@ @ 000 00“ ° 011
(2 bit per
Symbol) 101 @——@Illl 4, @———@110
(] [ ]
010 [ ) 011 001. o ® 010
(Y2 Y1» Yo) 110 101

Figure 153D—ERP-PBCC-22 and ERP-PBCC-33 cover code mapping

When the clock is switched from 11 MHz to 16.5 MHz, the clock switching structure in Figur€)153E is used.

Clock
) Switch
< 11Mchip/s 16.5Msymbol/s >
Preamble | Shift EncodedData
Tail Head ReSync

Clock
Switch

Figure 153E—33 Mbit/s clock switching

The tail is 3 clock cycles*at 11 Mchip/s and the head is 3 clock cycles at 16.5 Msymbol/s (QPSK). The
resync is 9 clock cyclesat 16.5 Msymbol/s. The total clock switching time (tail and head and resync) is 1 ps.
The tail bits are 4.1, the head bits are 0 0 0, and the resync bitsare 1 000 1 1 1 0 1. The modulation is
BPSK, which.is phase synchronous with the previous symbol.

19.3.3.3:ERP-OFDM format
PLEP modulation and rate change for the ERP-OFDM frame format follows 17.3.7.

19.3.3.4 Long & short DSSS-OFDM PLCP format

The scrambler of 18.2.4 is used to scramble the DSSS-OFDM PLCP header, and the scrambler in 17.3.5.4 is
used to scramble the data symbols in the OFDM segment.
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19.3.3.4.1 Overview of the DSSS-OFDM PLCP PSDU encoding process

This subclause contains the definitions and procedure for forming the PSDU portion of the DSSS-OFDM
PLCP. Figure 153F shows an expanded view of the DSSS-OFDM PSDU. The PSDU is composed of four
major sections. The first is the long sync training sequence that is used for acquisition of receiver parameters
by the OFDM demodulator. The long sync training sequence for DSSS-OFDM is identical to the long train-
ing symbols described in 17.3.3. The second section is the OFDM SIGNAL field that provides the

demodulatorinformation-on-the OFDM data rate and ]thfl’\ of the OEDM data-section—Ihe-SIGNATL field

for DSSS-OFDM is identical to the SIGNAL field described in 17.3.4. After the SIGNAL field is the data
section of the PSDU. This is identical to the modulation procedure described in 17.3.2.1 in steps (c) through
(m). After the data section, the PSDU for DSSS-OFDM appends a signal extension section to provide addi-
tional processing time for the OFDM demodulator. This signal extension is a period of no transmission ‘as
described in 19.3.3.4.5.

Guard TL°_“9 Long Guard | Signal
Interval raining | Training | |Interval Quiet time
| Symb 4
(16us) | S| TR | (0.8 us) (3.2 us) 10 transmission
OFDM Data
52 BPSK 6 Mbps mbol
Modulated OFDM Symbols at 6, 9,
Sub carriers Modulation 12, 18, 24, 36, 48;
Or 54 Mbit/s
Long Training OFDM Signal DSSS- OFDM
Sequence Field Data Symbols Signal Extension
(8 us) (4 us) (6 us)

Figure 153F—DSSS-OFDM PSDU

19.3.3.4.2 Longsync training sequence definition

The Long Synhc-Training Sequence is defined in 17.3.3.

19.3.374.3 OFDM signal field definition

The'DSSS-OFDM Signal Field is defined in 17.3.4. Note that the length conveyed by the SIGNAL field is

edlculated as described in 17.3.4. That is, the length conveyed by this field does not include the signal exten-
sion described in 19.3.3.4.5.

19.3.3.4.4 Data symbol definition

The same process as steps (c) through (m) of 17.3.2.1 is used to encode the data symbols’ portion of the
DSSS-OFDM PSDU.
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19.3.3.4.5 DSSS-OFDM signal extension
The DSSS-OFDM Signal Extension shall be a period of no transmission of 6 s length. It is inserted to allow
more time to finish the convolutional decoding of the OFDM segment waveform and still meet the 10 us

SIFS requirement of the ERP.

19.3.4 PLCP transmit procedure

The transmit procedure will depend on the data rate and modulation format requested. For data rates of 1, 2,
5.5, 11, 22, and 33 Mbit/s, the PLCP transmit procedure shall follow 18.2.5. For the ERP_ OFDM rates of 6,
12, and 24 and the rates of 9, 18, 36, 48, and 54 Mbit/s, the PLCP transmit procedure shall follow 17.3,1..

The transmit procedures for the optional DSSS-OFDM mode using the long or short PLCP preamble and
header are the same as those described in 18.2.5, and they do not change apart from the ability te-transmit a
higher rate PSDU using DSSS-OFDM.

19.3.5 CCA

The PLCP shall provide the capability to perform a clear channel assessment (CEA) and report the results of
the assessment to the MAC. The CCA mechanism shall detect a “medium busy? ‘Condition for all supported
preamble and header types. That is, the CCA mechanism shall detect that thé-medium is busy for the PLCP
PPDUs specified in 17.3.3 and 18.2.2. The CCA mechanism performancCe,requirements are given in 19.4.6.

The ERP shall provide the capability to perform CCA according to-the following method:

CCA Mode (ED and CS): A combination of carrier sense (CS) and energy above threshold. CCA
shall have a mechanism for carrier sense that willdetect all mandatory Clause 19 sync symbols.
This CCA’s mode’s carrier sense shall include‘both Barker code sync detection and OFDM sync
symbol detection. CCA shall report busy at least while a PPDU with energy above the ED threshold
is being received at the antenna.

The energy detection status shall be given by/the PMD primitive, PMD_ED. The carrier sense status shall be
given by PMD_CS. The status of PMD*ED and PMD_CS is used in the PLCP convergence procedure to
indicate activity to the MAC through the PHY interface primitive, PHY-CCA.indicate. A busy channel shall
be indicated by PHY-CCA.indicate of'class BUSY. A clear channel shall be indicated by PHY-CCA.indicate
of class IDLE.

19.3.6 PLCP receive procedure

This describes the procedure used by receivers of the ERP. An ERP receiver shall be capable of receiving 1,
2, 5.5, and 11 MBbit/s PLCPs using either the long or short preamble formats described in Clause 18 and shall
be capable of-receiving 6, 12, and 24 Mbit/s using the modulation and preamble described in Clause 17. The
PHY mayalse’implement the ERP-PBCC modulation at rates of 5.5, 11, 22, and 33 Mbit/s; the ERP-OFDM
modulations at rates of 9, 18, 36, 48, and 54 Mbit/s; and/or the DSSS-OFDM modulation rates of 6, 9, 12,
18, 24,536, 48, and 54 Mbit/s. The receiver shall be capable of detecting the preamble type (ERP-OFDM,
Short“Preamble, or Long Preamble) and the modulation type. These values shall be reported in the
RXVECTOR (see 19.2).

Upon the Teceipt of @ PP DU, e Teceiver shall first distnguisit between e ERP-OF DV preambic and the
single carrier modulations (long or short preamble). In the case where the preamble is an ERP-OFDM
preamble, the PLCP Receive Procedure shall follow the procedure described in 17.3.12. Otherwise, the
receiver shall then distinguish between the long preamble and short preamble as specified in 18.2.2. The
receiver shall then demodulate the SERVICE field to determine the modulation type as specified in 19.3.2.1
or 19.3.2.2. For short preamble and long preamble using ERP-DSSS, ERP-CCK, or ERP-PBCC
modulations, the receiver shall then follow the receive procedure described in 18.2.6.
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A receiver that supports DSSS-OFDM is capable of receiving all rates specified in Clause 15 and all manda-
tory rates in Clause 17 and Clause 18. If the SIGNAL field indicates 3 Mbit/s, the receiver shall attempt to
receive a DSSS-OFDM packet. The remaining receive procedures for a DSSS-OFDM-capable receiver are
the same as those described in 18.2.6, and they do not change apart from the ability to receive DSSS-OFDM
in the PSDU. If DSSS-OFDM is being received, the receiver shall handle the modulation transition require-
ments as described in 19.7.2. The receiver shall then follow the receive procedure described in 17.3.12.

19.4 ERP PMD operating specifications (general)

Subclauses 19.4.1 through 19.4.7 provide general specifications for the ERP PMD sublayers. These specifis
cations are based on 17.3.8 except where noted.

19.4.1 Regulatory requirements

All systems shall comply with the local regulatory requirements for operation in the 2.4/GHz band. For the
USA, refer to FCC 15.247, 15.249, 15.205, and 15.209. For Europe, refer to ETS 300£328. For Japan, refer
to MPHPT article 49-20.

19.4.2 Operating channel frequencies

The ERP shall operate in the frequency ranges specified in 18.4.6.2, as(allocated by regulatory bodies in the
USA, Europe, and Japan. OFDM operation in channel 14 may not be allewed in Japan. The channel number-
ing and the number of operating channels shall follow Table 105 ©0f18.4.6.2.

19.4.3 Transmit and receive in-band and out-of-band spurious emissions

The ERP shall conform to in-band and out-of-band spurious emissions as set by the appropriate regulatory
bodies for the 2.4 GHz band.

19.4.4 Slot time

The slot time is 20 ps, except that an optional 9 us slot time may be used when the BSS consists of only ERP
STAs capable of supporting this option: The optional 9 ps slot time shall not be used if the network has one
or more non-ERP STAs associated-\For IBSS, the Short Slot Time subfield shall be set to 0, corresponding to
a 20 ps slot time.

19.4.5 SIFS value

The ERP shall use‘a.SIFS of 10 ps.

19.4.6 CCA performance

The CEA shall indicate TRUE if there is no CCA “medium busy” indication. The CCA parameters are sub-
jectte’the following criteria:

a)  When a valid signal with a signal power of =76 dBm or greater at the receiver antenna connector

ib PICSCIIL dal LIIU Sldlt Uf LilC PH‘I’ DIUL, lllC ICbCiVCl'b CCA illdibdlUl b‘lldll ICPUIT LIIC blldllllcl ‘Uub)’
with probability CCA_Detect Probabilty within a CCA_Time. CCA Time is SlotTime -
RxTxTurnaroundTime. CCA_Detect Probabilty is the probability that the CCA does respond
correctly to a valid signal. The values for these parameters are found in Table 123E. Note that the
CCA Detect Probability and the power level are performance requirements.
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b) Inthe event that a correct PLCP header is received, the ERP PHY shall hold the CCA signal inactive
(channel busy) for the full duration, as indicated by the PLCP LENGTH field. Should a loss of car-
rier sense occur in the middle of reception, the CCA shall indicate a busy medium for the intended
duration of the transmitted PPDU.

Table 123E—CCA parameters

Parameter Slot time = 20 ps Slot time =9 pus
SlotTime 20 us 9 us
RxTxTurnaroundTime 5us 5us
CCA_Time 15 ps 4 ps
CCA_Detect_Probability >99% >90%

19.4.7 PMD transmit specifications

The PMD transmit specifications shall follow 17.3.9 with the exception of the transmit power level
(17.3.9.1), the transmit center frequency tolerance (17.3.9.4), and the symbol clock frequency tolerance
(17.3.9.5). Regulatory requirements may have an effect on the combination of maximum transmit power and
spectral mask if the resulting signals violate restricted band emission Jumits.

19.4.7.1 Transmit power levels

The maximum transmit power level shall meet the requirements of the local regulatory body. For examples,
see Table 115 in 18.4.7.1.

19.4.7.2 Transmit center frequency tolerance

The transmit center frequency tolerance.shall be £25 PPM maximum. The transmit center frequency and
symbol clock frequency shall be derived from the same reference oscillator (locked).

19.4.7.3 Symbol clock frequency tolerance

The symbol clock frequency;tolerance shall be £25 PPM maximum. The transmit center frequency and sym-
bol clock frequency shall‘be derived from the same reference oscillator (locked oscillators). This means that
the error in PPM for the carrier and the symbol timing shall be the same.

19.5 ERP (operation specifications

This_subelause describes the receive specifications for the PMD sublayer. The receive specification for the
ERP-OFDM modes shall follow 17.3.10 with the exception of the receiver maximum input level (17.3.10.4)
and the adjacent channel rejection (17.3.10.2). The receive specifications for the ERP-DSSS modes shall
follow 18.4.8 with the exception of the receiver maximum input level (18.4.8.2).

19.5.1 Receiver minimum input level sensitivity

The packet error rate (PER) of the ERP-OFDM modes shall be less than 10% at a PSDU length of
1000 bytes for the input levels of Table 91 of 17.3.10. Input levels are specific for each data rate and are
measured at the antenna connector. A noise figure (NF) of 10 dB and an implementation loss of 5 dB are
assumed. The PER of the ERP-DSSS modes shall be as specified in 18.4.8.1.
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19.5.2 Adjacent channel rejection

Adjacent channels at 2.4 GHz are defined to be at £25 MHz spacing. The adjacent channel rejection shall be
measured by setting the desired signal's strength 3 dB above the rate-dependent sensitivity specified in
Table 91 of 17.3.10 and raising the power of the interfering signal until 10% PER is caused for a PSDU
length of 1000 bytes. The power difference between the interfering and the desired channel is the corre-
sponding adjacent channel rejection. The interfering signal in the adjacent channel shall be a conformant

Pat b nt W S 1 1 . 1 il . 1 1 1 1 1 = AT AA—D I Lt} 1
UT DIVISIgldl, UIlS yHUIITUIIIZCU WIUT UIC STEal T UIC CITalICT UITUCT ICSL. 'O Al UT'DJIVE T'TT I, UIC COITCSPOIIU=

ing rejection shall be no less than specified in Table 91 of 17.3.10.

The alternative adjacent channel rejection of Table 91 shall not be required for the ERP.

The adjacent channel rejection of the ERP-DSSS modes shall follow 18.4.8.3.

19.5.3 Receive maximum input level capability

The PER shall be less than 10% at a PSDU length of 1000 bytes for an input level of =20' dBm measured at
the antenna connector for any supported modulation signal or data rate (i.e., 1, 2, 55,6, 9, 11, 12, 18, 22, 24,
33, 36, 48, 54 Mbit/s).

19.5.4 Transmit spectral mask

The transmit spectral mask for the ERP-OFDM modes shall follow.\17.3.9.2 and is shown in Figure 124

therein. The transmit spectral mask for the ERP-DSSS modes shall follow 18.4.7.3 and is shown in
Figure 149 therein.

19.6 ERP-PBCC operation specifications
The ERP-PBCC receiver specifications shall follow 18.4.8 except as noted.

These optional modes provide systems thecability to achieve data rates of 22 and 33 Mbit/s in modes that are
fully backwards compatible with Clause, 15 and Clause 18 BSSs without requiring additional coordination or
protection mechanisms. In additiongthe 22 Mbit/s ERP-PBCC mode is spectrally identical to Clause 18
BSSs. Four optional ERP-PBCC miodulation formats and data rates are specified for the ERP. They shall be
based on Packet Binary Convaelutional Coding (PBCC) 5.5, 11, 22, and 33 Mbit/s modulations. The rates of
5.5 and 11 Mbit/s are described in 18.4.6.6.

19.6.1 Receiver minimum input level sensitivity

For the 22 Mbit/s'ERP-PBCC mode, the frame error ratio shall be less than 8 x 1072 at a PSDU length of
1024 octets for an input level of —76 dBm measured at the antenna connector. For the 33 Mbit/s ERP-PBCC
mode, the.corresponding input level shall be =74 dBm.

19:6.2 Receiver adjacent channel rejection

‘The adjacent channel rejection shall be equal to or better than 35 dB, with an FER of 8 x 1072 using ERP-

Pah =

using the following method. Input an ERP-PBCC modulated signal of the same rate at a level 6 dB greater
than specified in 19.6.1. In an adjacent channel (25 MHz separation as defined by the channel numbering),
input a signal modulated in a similar fashion, which adheres to the transmit mask specified in 18.4.7.3, to a
level 41 dB above the level specified in 19.6.1. The adjacent channel signal shall be derived from a separate
signal source. It shall not be a frequency-shifted version of the reference channel. Under these conditions,
the FER shall be no worse than 8 x 1072,
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19.7 DSSS-OFDM operation specifications

This optional mode provides systems the ability to use OFDM in a mode that is fully compatible with
Clause 15 and Clause 18 BSSs without requiring additional coordination. That is, it does not need a protec-
tion mechanism. This compatibility requires the use of Clause 18 long and short preambles and inclusion of
a signal extension field to match SIFS spacing of Clause 18 systems. By reusing the Clause 18 preambles,
this optional mode ensures that the Clause 18 CCA and short inter-frame spacing interval (SIFS) function

property when ERPand INONERDP S TAS Ieroperare. Wiieh TS option 15 enapied, e Same rates shail be
supported in both ERP-OFDM and DSSS-OFDM. The DSSS-OFDM PMD transmit and receive specifica-
tions shall follow the related ERP-OFDM specifications in 19.5.

19.7.1 Overview

This optional extension of the DSSS system builds on the payload data rates of 1, 2, 5.5, and\ I"Mbit/s, as
described in Clause 18, to provide 6, 9, 12, 18, 24, 36, 48, and 54 Mbit/s payload data ratescwhile reusing the
preambles (short and long) described by Clause 18. The capability described in this\subclause is called
DSSS-OFDM. This optional capability complements the Extended Rate OFDM maode described in Clause
19 by combining OFDM modulation with DSSS preambles. As a result, for DSSS-OFDM, the PPDU format
described in 18.2.2 is relatively unchanged. The major change is to the format.of the PSDU. The Clause 18
single carrier PSDU is replaced by a PSDU that is very similar to the PSDUs described in Clause 17. This
subclause highlights the differences. In addition, 19.7.2 specifies the radio @nd physical layer behavior of the
transition from the Barker symbol-modulated preamble and the OFDM-=*modulated data for PSDU.

19.7.2 Single carrier to multicarrier transition requirements

The spectrum mask for the DSSS-OFDM waveform shall meet the requirements as shown in Figure 124 of
17.3.9.6.2.

The single carrier signal segment of the packet\shall have a coherent relationship with the multicarrier
(OFDM) segment of the packet. All characteristics of the signal shall be transferable from one symbol to the
next, even when transitioning to the OFDM, segment. This enables high-performance, coherent receiver
operation across the whole packet. This‘tequirement is no different in nature than that stated in Clause 15,
Clause 17, and Clause 18. The distinetion being that those clauses use a signaling scheme that is either just
single carrier or just multicarrier. IimrContrast, for this mode, both single carrier and multicarrier signaling are
used within the context of a single packet.

This section specifies the.€oherent relationship between the single carrier segment and the OFDM segment,
so that the receiver has the opportunity to track through the transition without any forced parameter reacqui-
sition. The single carrier preamble and header provide all parametric information required for demodulation
of the OFDM segiment to within conventional estimation-in-noise accuracy. Although multicarrier sync fea-
tures are provided for convenience at OFDM segment onset, if and how to use the multicarrier sync for
reacquisition.is an implementer's decision. Multicarrier sync is not necessary. The packet is coherent
throughout.

As-shown in Figure 153G, the ideal transition would provide a constant carrier frequency and phase, a con-
stant power, a constant spectrum, and a constant timing relationship. Constant in this context means that the
same clock crystal that sets the frequencies and timing of each part is the same through the transition. This

allows the frequency and timing tracking loops to work undisturbed through the transition. The following
subparagraphs establish the ideal transition characteristics for the transmit signal. An additional paragraph
specifies the required implementation fidelity or accuracy.
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Ideal Transition Specification

- Constant Power

« Constant Spectrum

« Constant Frequency and Phase
« Constant Timing

Figure 153G—Single carrier to multicarrier transition-definition

19.7.2.1 Spectral binding requirement

The spectral binding requirement allows the receiver’s estimate of-the channel state information to be trans-
ferred from the single-carrier packet segment to the multicarrier packet segment. This requirement
establishes a coherent relationship between the end-toserd frequency responses of the single carrier and
multicarrier segments.

During reception of the single carrier preamble :and header, the receiver may estimate the channel impulse
response. In practice, this could be accomplished through Barker code correlation. The channel impulse
response contains end-to-end frequency response information about the linear distortion experienced by the
signal due to filters and multipath. This distortion can be mitigated with an equalizer or other commonly
known techniques.

The channel impulse response €stimate generated during the single carrier packet segment will include the
single carrier’s pulse-shaping, filter frequency response used to control the single carrier’s transmit spectrum
and transmit impulse response. The single carrier's pulse-shaping filter may be distinct from the shaping
technique used for the'multicarrier segment.

The spectral binding requirement states that the linear distortions experienced by the single carrier signal
and the linedr diStortions experienced by the multicarrier signal have a known relationship. This relationship
is defined by this specification and shall be manifested by all compliant transmit radios. This will allow any
receiver-to exploit channel information derived during the single carrier segment and reuse the channel
information during the multicarrier segment, if desired.

Three elements have been itemized for this specification to achieve spectral binding. All three elements are

necessarv toachieve spectral binding —and thev are discussed-in the next three subclauses. The first element
r =) J

focuses on distortions common to both the single carrier packet segment and the multicarrier packet seg-
ment. The second element deals with pulse-shaping unique to the OFDM packet segment. The third element
deals with pulse-shaping unique to the single carrier packet segment. The multicarrier pulse shape discus-
sion precedes the single carrier’s pulse shape discussion because it is believed this will be a more
comfortable progression, due to similar multicarrier pulse-shaping considerations contained in Clause 17.
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19.7.2.1.1 Common linear distortions

Separate from the single carrier and the multicarrier pulse shaping, transmit signal generation will be
designed to provide linear distortion continuity to the receiver’s demodulation algorithms. The common lin-
ear distortion requirement is illustrated in Figure 153H, where it is shown that the processing at the receiver
assumes that the dominant linear distortions are induced on all waveform segments. The receiver observes
the composite linear distortion due to imperfect transmit radio filters, due to multipath filtering, and due to

illlpleCbL leCiVC ld\.‘liU ﬁlLUlb. Iu gCllUldl, LIIC leCiVUI ib Ulld.‘UlU w \.‘leUlllpUbC l.hU diblUlliUll illl.U Stpaldlc
physical components and is only able to observe the aggregate effect. This specification constrains only the
linear distortions in the transmit radio, because that is what is necessary to ensure interoperability. The soft
switch that appears in Figure 153H is a conceptual element to implement the transition, as described below:

802.11b
Preamble/HDR

Kernel

\ 4

Linear . Finear
Se\l%l':gH » Transmitter > “gl;‘l:r?::? » Receiver —»
Distortions Distortions

A
OFDM S— _
Kernel Y

Linear Distortions Induced
On Both Signal Segments

Figure 153H—Linear distortions common to the single carrier and
multicarrier signal segments

In short, this common linear distortion requirement states that the dominant filters in the transmit radio will
stay invariant and common to all waveform, segments. Once the receiver has determined the end-to-end
impulse response, channel information is‘assumed to be common to both the single carrier signal and the
multicarrier signal. This will enable receiver design of linear-distortion mitigation techniques that do not
require a reacquisition after transitioning to OFDM.

19.7.2.1.2 Symbol shaping-unique to the DSSS-OFDM segment

OFDM spectral shapifig,may be achieved using two mechanisms: (1) Time-domain convolution filtering
may be used to shape the spectrum. (2) Time-domain window tapering of OFDM symbol onset and termina-
tion may be uséd-to shape the spectrum. This second mechanism can be viewed as frequency domain
convolutionThe'first mechanism shall be common to both the OFDM and single carrier if it is a dominant
distortionaneechanism. The second mechanism may be unique to the OFDM segment, because it does not
affect thefrequency response of the 52 subcarriers.

Thexfirst spectral shaping mechanism using time-domain convolution filtering shall be common to both the
sihgle carrier and multicarrier segments for the reasons described in the preceding section. The receiver
should not see intrapacket frequency response discontinuities.

Convolution filtering may be budgeted in various ways. One option would be to use a single filter that both
the single carrier and multicarrier segments use. Another option would be to use two different physical filter
realizations, one for the single carrier segment and a second for the multicarrier segment, say, for reason of
distinct sample rates or bit precision. With this second implementation option, the designer shall ensure the
frequency response of the filter is common to both packet segments.
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The second shaping mechanism, which uses frequency-domain convolution through time-domain subcarrier
onset-and-termination shaping, may be unique to the OFDM segment. This unique technique is acceptable
because it does not modify the required frequency response of the 52 subcarriers.

Spectral shaping by tapering the OFDM symbol onset-and-termination using a time-domain window is
described in Clause 17 and is equally germane to Clause 19 systems. For convenience, one of the relevant
figures from Clause 17 is repeated here as Figure 1531. Clause 17 suggested that the tapering transition dura-
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Figure 1531—Spectral shaping achieved by OFDM symbol onset and
termination shaping

The effect of time-domain windowing on a single subcarrier's power spectrum is shown in Figure 153J for
two cases. The first case is@ectangular time-domain windowing of an OFDM symbol. The second case is for
the Clause 17 suggestéd time-domain windowing of an OFDM symbol with a 0.1 ps transition. Note the dif-
ference in frequency-dependent amplitude roll-off. Adding the 52 frequency-bin-centered individual
subcarrier powertspectral densities generates the composite 52 subcarrier power spectrum.

This typewf OFDM spectrum control does not affect the relative amplitudes and phases of the individual
subcarriers: Instead, it affects each subcarrier’s power spectral density. Consequently, this type of spectrum
control has a benign effect on the relative spectrums of single carrier and the multicarrier packet segments,
which is why it can be unique.

To achieve the design goal, the implementer may budget spectral shaping in the transmit radio. Some of the

spectral shaping may be achieved using time-domain convolution filtering, and some may be achieved
through time-domain windowing of the OFDM. In any case, the transmit implementation shall provide fre-
quency response coherency.
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Figure 153J—Subcarrier spectrums for rectangular windowing)and
Clause 17 suggested windowing

19.7.2.1.3 Pulse shaping unique to the single carrier segment

This section describes the pulse-shaping requirements of the single carrier segment of the DSSS-OFDM
packet. To establish frequency response coherency, it is necessary ta_specify the frequency response of the
single carrier signal that establishes a coherent relationship to theAfitequency response of the OFDM.

The frequency response of the single carrier pulse is patterned after the tandem OFDM. The pattern is the
OFDM signal as described in Clause 17, with an example provided in Annex G. The ideal OFDM signal has
a flat amplitude response and zero-phase offset acrgss.$2 subcarriers. Clause 17 establishes the ideal fre-
quency-response relationship among the 12 short{SYNC subcarriers, 52 long SYNC subcarriers, the 52
SIGNAL field subcarriers, and the 52 data field.subcarriers. Similarly, the ideal relationship to the single
carrier frequency response is defined.

Relative to the ideal OFDM, the single catrier part of the DSSS-OFDM signal shall have the pulse shape
established herein. In a particular implementation, it is acceptable to deviate from this ideal, but only in a
manner that is common to both the'single carrier signal and the multicarrier signal across the passband of the
OFDM signal. This requirement provides the required frequency response coherency.

The frequency response of-the single carrier pulse is patterned after the OFDM that will be transmitted in
tandem. The single carrier pulse is derived from a time-windowed sinc function as shown in Figure 153K
and Equation (39)%The sinc function is the time response of an ideal brickwall filter. The brickwall filter is
set equal to thg'bandwidth of an ideal OFDM signal. In particular, the bandwidth of the brickwall filter has
been set to 52 times the Clause 17 subcarrier spacing of 20/64 MHz, or 312.5 KHz.

sin(7fy,t)

oyt

Wiadaizw(t) = fy = fwsinc(fy1) (39)

where

fir="52(20/64) MHz

The infinite duration impulse response of the brickwall filter should be windowed to something practical. A
continuous time version of the Hanning window may be used. The Hanning window and an overlay of the
sinc function are shown in Equation (40) and Figure 153L.
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Figure 153K—The foundational brickwall filter

)] (40)
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Figure 153L—The continuous time Hanning window

The pulsespeeified for use with the single carrier packet segment is obtained by application of the window
as showitin Equation (41) and Figure 153M. Notice that its duration is equal to a Clause 17 short sync cycle,
only 0.8 pus.

p(t) = hWindowhldealBW(t) (41)

The frequency response of the derived pulse is shown in Figure 153N. This pulse generates a single carrier
signal that has a spectrum nearly equal to that of the OFDM signal. This means that the receiver will experi-
ence essentially no change in receive signal power behavior even in the presence of multipath. At the point
of the outermost subcarrier in the OFDM signal, the single carrier spectrum is down only about 4 dB. This is
deemed adequate because the single carrier preamble-header is long in duration compared to the Clause 17
sync duration. Plenty of time is available to generate channel impulse response information that is suffi-
ciently accurate.
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Figure 153M—The specified pulse
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Figure 153N—The single carrier frequency response

In summary,.the specified single carrier pulse provides frequency response coherency between the single
carrieand multicarrier segments of the packet. This does not mean that the spectrums are identical between
segments. Rather, it means the ideal frequency responses of both are known. Beyond this, all linear distor-
tion*s common to both. It is not necessary to use this single carrier pulse during Clause 15 or Clause 18
packet transmissions.

19.7.2.2 Sample-power matching requirement

The transmit signal power shall be equal for the single carrier and multicarrier signal segments. The point of
comparison is shown in Figure 1530. The power measurement will be over the single carrier header and
over the OFDM data symbols.
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Average Signal Power Must be Equal
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Figure 1530—Comparing signal power
19.7.2.3 Transition time alignment
This section describes how the single carrier signal and the multicarrier siggal are time aligned. The single
carrier signal uses a chip rate of 11 MHz. The OFDM signal uses a fundamental sample rate of 20 MHz. The

signals are easily aligned by first aligning the 11 MHz clock and the20 MHz clock on 1 ps boundaries as
shown in Figure 153P.
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Figure 153P—Aligning the 11 MHz and 20 MHz clocks

The 11 Barker chips of the preamble and header are transmitted aligned with this timing epoch. The first
Barker chip is transmitted synchronous to the epoch, and then the remaining 10 chips follow. This is
repeated over the duration of the preamble and header.
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The peak of the continuous-time single carrier pulse shall be aligned to this epoch as shown in Figure 153Q.

11 MHz Chip
Rate
< 1 usec Pulses Aligned
/ On Zero-Phase
-carrier: /DN /A /A /A A A DD DDA Peaks
Last Barker
Word
Of Header 20 MHz Samples of
OFDM as described
in Annex G of the

f 802.11a standard
time 4, 5 3 4 5 6 7 8 9 10 11 /

Barker Chip #

A A A A A
Multi-Carrier:
OFDM Ramp
Up

time

Figure 153Q—Single carrier to OFDM time_alignment

The first full-strength OFDM sample is sent on the 1 ps-epech-boundary, as illustrated in Figure 153Q.
Tapering may precede this. The peak corresponds to the first full=strength sample described in Annex G.

19.7.2.4 Single carrier termination

The single carrier segment of a packet should terminate in nominally 0.1 ps with the same type shaping
described for Clause 17. This is depicted in Figure 153R. It is not necessary to completely flush the single
carrier pulse-shaping filter. This minimizesche transition time overhead. This is informative as the basic
requirement is to meet the spectral mask ‘defined in 17.3.9.2.

This termination may be performed explicitly in the baseband processor, or it may be provided by filters in
the transmit radio.

19.7.2.5 Transition carrier frequency requirement

The carrier frequency shall be coherent across the packet segments. This effect is depicted in Figure 153S.
19.7.2.6 Transition carrier phase requirement

The carrier phase shall be coherent across the single carrier to multicarrier transition. This coherency shall
be differentially established relative to the phase of the last Barker symbol transmitted (the last 11 single car-
riet chips). The OFDM segment symbols shall be transmitted with one of four phases relative to the phase of

OFDM symbols as described in Clause 17. These phases include 0, 90, 180, or 270 degrees, depending on
the phase of the last Barker symhol The phase of the first OFDM symbol (as referenced by the pilot tones)

shall be 45 degrees more than the phase of the last Barker symbol. “More than” implies a clockwise rotation
as shown in Figure 153U.
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In a transmit implementation using I/Q signaling, it is common to maximally energize in the I-and-Q chan-
nels concurrently for BPSK or QPSK signaling. The analog stages of the transmit radio tend to perform best
with this configuration. To achieve this effect, typically the BPSK or QPSK I-and-Q alignment of the Barker
symbols are at 45 degrees, 135 degrees, —135 degrees, and —45 degrees, as shown in Figure 153T. This
Barker symbol alignment is used to establish the phase of the OFDM signal.

BPSK QPSK

imag imag

real real

Figure 153T—BPSK and QPSK signaling with the 1/Q channels maximally energized

Figure 153U is a series of diagrams illustrating the phase relationship between the last Barker symbol (not
the last chip) in the IEEE 802.11g header and subsequent ©FDM symbols. For example, if the phase of the
last Barker symbol is in the first quadrant at 45 degreesj.then the phase of the OFDM symbols will be trans-
mitted as described in Annex G unmodified. Howeyer, if the phase of the last Barker symbol is in the second
quadrant (135 degree phase), then the phase of the OFDM symbols will be rotated by +90 degrees relative to
the phase of the samples in Annex G. If the phase of the last Barker symbol is in the third quadrant (—135
degree phase), then the phase of the OFDM symbols will be rotated by +180 degrees relative to the phase of
the samples in Annex G. If the phase of the last Barker symbol is in the fourth quadrant (—45 degree phase),
then the phase of the OFDM symbols.will be rotated by +270 degrees relative to the phase of the samples in
Annex G.

If the transmitter generates_the*Barker symbols at some other angular relationship to the I/Q axes, then the
OFDM symbols shall be transmitted at a phase 45 degrees more than the phase of the last 11-chip Barker
symbol.

19.7.2.7 Transmit' modulation accuracy requirement

The preceding’subclauses establish transmit modulation requirements without mention of required accuracy.
The accuracy is as described in 17.3.9.7.

Therequired accuracy for a given transmit packet is data rate dependent. The packet accuracy is set by the
data rate of the OFDM portion of the packet. The preamble and header will be transmitted with the same
fidelity requirement as the fidelity requirement levied on the OFDM portion of the packet. For the single

carrier portion of the packet, the EVM is interpreted as normalized mean-squared error (NMSE).
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Figure 153U—The phase of the first OFDM segment symbol is established by
the last Barker symbol

19.8 ERP PLME

19.8.1 PLME SAP

Table 123F lists the additional MIB attributes that may be accessed by the PHY sublayer entities and the
intralayer of higher layer management entities (LMEs). These attributes are accessed via the PLME-GET,
PLME-SET, PLME-RESET, and RLME-CHARACTERISTICS primitives defined in 10.4.

19.8.2 MIB

High Rate PHY MIB attributes are defined in Annex D with additions from this amendment, and with spe-
cific values defined\in Table 123F.

19.8.3 TXTIME
The valtue of TXTIME is calculated for each modulation type based on parameters in the TXVECTOR. For

the\}s2, 5.5, and 11 Mbit/s modes with DSSS, CCK, and PBCC modulation formats, the value shall be cal-
culated as described in 18.3.4.
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Table 123F—MIB attribute default values/ranges

Managed Object Default Value/Range Operational Semantics
dotll PHY Operation Table
dot11PHYtype ERP (X'06") Static
dot11CurrentRegDomain Implementation dependent Static
dot11TempType Implementation dependent Static
dot1l PHY Antenna Table
dot11CurrentTxAntenna Implementation dependent Dynamic
dot11DiversitySupport Implementation dependent Static
dot11CurrentRxAntenna Implementation dependent Dynamic
dotll PHY Tx Power Table
dot11NumberSupportedPowerLevels Implementation dependent Statie
dot11TxPowerLevell Implementation dependent Static
dot11TxPowerLevel2 Implementation dependent Static
dot11TxPowerLevel3 Implementation dependent Static
dot11TxPowerLevel4 Implementation dependent Static
dot11TxPowerLevel5 Implementation dependent Static
dot11TxPowerLevel6 Implementation‘dépendent Static
dot11TxPowerLevel7 Implementation ‘dependent Static
dot11TxPowerLevel8 Implententation dependent Static
dot11CurrentTxPowerLevel Implémentation dependent Dynamic
dot11.Phy DSSS Table
dot11CurrentChannel ‘ Implementation dependent ‘ Dynamic
dotll Reg Domains Supported Table
dot11RegDomainsSupported Value(s) ‘ Implementation dependent ‘ Static
dot1l PHY Antennas List Table
dot11SupportedTxAntenna Implementation dependent Static
dot11SupportedRxAntensna Implementation dependent Static
dot11DiversitySeleetionRx Implementation dependent Dynamic
dot11 Supported Data Rates Tx Table

dot11SupportedDataratesTx Value X'02' =1 Mbit/s Static

X'04' = 2 Mbit/s

X'0B' = 5.5 Mbit/s

X'16'= 11 Mbit/s

X'0C' = 6 Mbit/s

X'12"'= 9 Mbit/s

X'18'= 12 Mbit/s

X"24' = 18 Mbit/s

X"2C = 22 Mbit/s

X'30" = 24 Mbit/s

X'42 = 33 Mbit/s

X'48' = 36 Mbit/s

X'60" = 48 Mbit/s

X'6C' = 54 Mbit/s
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Table 123F—MIB attribute default values/ranges (continued)

Managed Object Default Value/Range Operational Semantics

dot11 Supported Data Rates Rx Table

dot11SupportedDataRatesRxValue X'02' =1 Mbit/s Static
X'04' = 2 Mbit/s
SEOB-—5-5-Mbiths

X'16'= 11 Mbit/s
X'0C' = 6 Mbit/s
X'12' =9 Mbit/s
X'18"'= 12 Mbit/s
X"24' = 18 Mbit/s
X"2C =22 Mbit/s
X'30" = 24 Mbit/s
X'42 =33 Mbit/s
X'48' = 36 Mbit/s
X'60" = 48 Mbit/s
X'6C' = 54 Mbit/s

dot1l HRDSSS PHY Table

dot11ShortPreambleOptionImplemented True Static
dot11PBCCOptionImplemented Implementation dependent Static
dot11ChannelAgilityPresent Implementation dependent Static
dot11ChannelAgilityEnabled False/Boolean Dynamic
dotll PHY ERP Table
dot11ERP-PBCCOptionlmplemented False/Boolean Static
dot11DSSS-OFDMOptionImplemented False/Boolean Static
dot11DSSS-OFDMOptionEnabled False/Boolean Dynamic
dot11ShortSlotTimeOptionImplemented False/Boolean Static
dot11ShortSlotTimeOptionEnabled False/Boolean Dynamic

19.8.3.1 ERP-OFDM TXTIME calculations

The value of the TXTIME parameter returned by the PLME-TXTIME.confirm primitive shall be calculated
using the ERP-OFDMAXTIME calculation as shown in Equation (42).

+ Signal Extension

where

TPREAMBLE’ TSIGNAL’ and TSYM are defined in Table 79 in 17323,
Nppgps is the number of data bits per symbol and is derived from the DATARATE parameter in Table 78 in
17.3.2.2,

Ceiling is a function that returns the smallest integer value greater than or equal to its argument value,
Signal Extension is 6 pus.

44 Copyright © 2003 IEEE. All rights reserved.



https://iecnorm.com/api/?name=d0b222e530cf1e855fa38974550babfa

IEEE
AMENDMENT 4: FURTHER HIGHER DATA RATE EXTENSION IN THE 2.4 GHz BAND Std 802.11g-2003

19.8.3.2 ERP-PBCC TXTIME calculations

The value of the TXTIME parameter returned by the PLME-TXTIME.confirm primitive shall be calculated
according to the following:

For PBCC 5.5 and 11 Mbit/s, see 18.3.4.

For ERP-PBCEC=-22-Mbrtfs; use Equatiom(#3)-
TXTIME = PreambleLength + PLCPHeaderTime + Ceiling(((LENGTH+PBCC) x 8) / DATARATE) (43)

For ERP-PBCC-33 Mbit/s, use Equation (44).

TXTIME = PreambleLength + PLCPHeaderTime
+ Ceiling((LENGTH+PBCC) x 8) / DATARATE) + ClkSwitchTime. (44)

where

LENGTH and DATARATE are values from the TXVECTOR parameter ofythe corresponding PLME-
TXTIME request primitive,

“PBCC” has a value of 1 if the SIGNAL value from the TXVECTOR patameter specifies ERP-PBCC and
has a value of 0 otherwise,

PreambleLength is 144 ps if the PREAMBLE TYPE value fromi¢he TXVECTOR parameter indicates
“LONGPREAMBLE” or 72 us if the PREAMBLE TY{PE\value from the TXVECTOR parameter
indicates “SHORTPREAMBLE”,

PLCPHeaderTime is 48 ps if the PREAMBLE TYPE valu¢ from the TXVECTOR parameter indicates
“LONGPREAMBLE” or 24 us if the PREAMBLE TYPE value from the TXVECTOR parameter
indicates “SHORTPREAMBLE”,

LENGTH is in units of octets,

DATARATE is in units of Mbit/s,

ClkSwitchTime is defined as 1 ps,

Ceiling is a function that returns the smallest integer value greater than or equal to its argument value.

19.8.3.3 DSSS-OFDM TXTIME.calculations

The value of the TXTIME parameter returned by the PLME-TXTIME.confirm primitive shall be calculated
according to Equation (45):

TXTIME = PreambleLengthDSSS + PLCPHeaderTimeDSSS (45)
+ PfeambleLengthOFDM + PLCPSignal OFDM
+4 x Ceiling((PLCPServiceBits + 8 x (NumberOfOctets) + PadBits) / Npgps) + SignalExtension
where

PreambleLengthDSSS is 144 ps if the PREAMBLE TYPE value from the TXVECTOR parameter indi-
cates “LONGPREAMBLE,” or 72 ps if the PREAMBLE TYPE value from the TXVECTOR
parameter indicates “SHORTPREAMBLE”,
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cates “LONGPREAMBLE,” or 24 ps if the PREAMBLE TYPE value from the TXVECTOR
parameter indicates “SHORTPREAMBLE”,
Ceiling is a function that returns the smallest integer value greater than or equal to its argument value;
PreambleLengthOFDM is 8 s,
PLCPSignalOFDM is 4 ps,
PLCPServiceBits is 16 bits;
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NumberOfOctets is the number of data octets in the PSDU,
PadBits is 6 bits,

SignalExtension is 6 ps,

Npgps is the number of data bits per OFDM symbol.

19.8.4 ERP-OFDM PLCP PSDU definition

The DSSS PHY characteristics in Table 123G shall be used for the ERP Tor the purposes ol MAC tming
calculations.

The slot time shall be 20 ps, unless the BSS consists only of ERP STAs that support the Short Slot f[inte
option. STAs indicate support for a short slot time by setting the Short Slot Time subfield to 1 when trans-
mitting Association Request and Reassociation Request MMPDUs. If the BSS consists of only ERP STAs
that support the Short Slot Time option, an optional 9 us slot time may be used. APs indicate uisageé of a 9 pus
slot time by setting the Short Slot Time subfield to 1 in all Beacon, Probe Response, Associdtion Response,
and Reassociation MMPDU transmissions as described in 7.3.1.4. STAs shall use short-slot if the BSS indi-
cates short slot.

Table 123G—Extended Rate PHY characteristics

Characteristic Value

aSlotTime Long =20 ps, short =9 pus

aSIFSTime 10 ps

aCCATime <15 ps for long slot time op<4-s for Short Slot Time, see 19.4.6

aRxTxTurnaroundTime <5 s

aTxRxTurnaroundTime <10 ps

aTxPLCPDelay Implementation dependent as long as the requirements of aRxTxTurnaround-
Time are met,

aRxPLCPDelay Implemehtation dependent as long as the requirements of aSIFSTime and
aCCATime are met.

aRxTxSwitchTime <<I'us

aTxRampOnTime Implementation dependent as long as the requirements of aRxTxTurnaround-
Time are met.

aTxRampOffTime Implementation dependent as long as the requirements of aSIFSTime are met.

ATxRFDelay Implementation dependent as long as the requirements of aRxTxTurnaround-
Time are met.

ARxRFDelay Implementation dependent as long as the requirements of aSIFSTime and
aCCATime are met.

aAirPropagationTime <<I pus

aMACProcessingDelay <2 us

aPreambleLength 20 pus

aPLCPHeaderLength 4 pus

aMPDUMaxLength 4095

aCWmin(0) 31
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Table 123G—Extended Rate PHY characteristics (continued)

Characteristic Value
aCWmin(1) 15
ACWmin The set aCWmin()
aCWmax 1023

19.9 Extended Rate PMD sublayer

19.9.1 Scope and field of application

This subclause describes the PMD services provided to the PLCP for the ERP.

19.9.2 Overview of service

The ERP sublayer accepts PLCP sublayer service primitives and provides the actual means by which data
are transmitted or received from the medium. The combined functions of the Exténded Rate PMD sublayer
primitives and parameters for the receive function result in a data stream, timing information, and associated
received signal parameters being delivered to the PLCP sublayer. A similar functionality is provided for data
transmission.

19.9.3 Overview of Interactions

The primitives associated with the PLCP sublayer to the’ ERP fall into two basic categories, as follows:

a)  Service primitives that support PLCP peersto-peer interactions
b)  Service primitives that have local significance and that support sublayer-to-sublayer interactions

19.9.4 Basic service and options

All of the service primitives described in this subclause are considered mandatory, unless otherwise
specified.

19.9.4.1 PMD_SAP peer-to-peer service primitives

Table 123H indicates the primitives for peer-to-peer interactions.

Table 123H—PMD_SAP peer-to-peer services

Primitive Request Indicate Confirm Response

PMD _Data X X

19.9.4.2 PMD_SAP sublayer-to-sublayer service primitives

Table 1231 indicates the primitives for sublayer-to-sublayer interactions.
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Table 1231—PMD_SAP sublayer-to-sublayer services

Primitive Request Indicate Confirm Response
PMD_TXSTART X
PMD TXEND X
FMID _ANTSEL PaN
PMD_TXPWRLVL X
PMD_MODULATION X
PMD_PREAMBLE X
PMD_RATE X
PMD_RSSI X
PMD_SQ X
PMD CS X
PMD_ED X
19.9.4.3 PMD_SAP service primitive parameters
Table 123J shows the parameters used by one or more of the RMD SAP service primitives.
Table 123J—L.ist of parameters for the PMD primitives
Parameter Associated primitive Value Description

TXD_UNIT PMD_DATA .request 0to (2”n)-1, where nisthe number | This parameter represents
of bits per symbol for the a single block of data,
modulation and rate specified in which, in turn, is used by
PMD_MODULATION.request the PMD to be encoded
and PMD_RATE.request into a transmitted
primitives. symbol.

RXD_UNIT PMD DATA .indicate 0to (2”n)—1, wherenis the number | This parameter represents
of bits per symbol for the a single symbol that has
modulation and rate specified in been demodulated by the
PMD_MODULATION.request PMD entity.
and PMD_RATE.request
primitives.

MODULATION PMD_MODULATION.request ERP-DSSS, ERP-CCK, PBCC, The MODULATION
ERP-PBCC, ERP-OFDM, DSSS- parameter specifies to the
OFDM PMD layer, which ERP

modulation format is for
transmission of the PSDU
portion of the PPDU.

PREAMBLE PMD_PREAMBLE.request 0 for long, 1 for short PREAMBLE selects

which of the ERP
preamble types is used
for PLCP transmission,
when applicable. It is not
applicable to ERP-
OFDM format.
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Table 123J—L.ist of parameters for the PMD primitives (continued)

Parameter Associated primitive Value Description

ANT_STATE PMD_ANTSEL.request 1to 256 ANT STATE selects
which of the available
antennas is used for
transmission. The

number of available
antennas is determined
from the MIB table
parameters.

TXPWR_LEVEL PMD_TXPWRLVL.request 1-8 (max of 8§ levels) TXPWR_LEVEIselects
which of the optional
transmit power levels
should-bé used for the
curtent-PPDU
trangmission. The
nuinber of available
power levels is

determined from the MIB
table parameters.
RATE PMD_RATE.request X'0A' for 1 Mbit/s RATE selects which of
X'14' for 2 Mbit/s the ERP data rates is used
X'37" for 5.5 Mbit/s for PSDU transmission.
X'6E' for 11L-Mbit/s Note that the OFDM rates
X'DC' for22.Mbit/s are the raw, uncoded rates
X21" for'33 Mbit/s asin 17.3.7 and 17.5.5
X'75) for' 12 Mbit/s BPSK and represent the rates
X'E7 for 24 Mbit/s QPSK existing at this interface.
X'4B' for 48 Mbit/s 16 QAM
X'AA' for 72 Mbit/s 64QAM
RSSI PMD_RSSlLindicate 8 bits of RSSI (256 levels) The RSSI is a measure of
the RF energy received.
Mapping of the RSSI

values to actual received
power is implementation
dependent. See 19.9.5.10.

SQ PMD_SQ.indicate 8 bits of SQ This parameter is a
measure of the signal
quality received by the
ERP during the PLCP
preamble and header. It is
not applicable to ERP-
OFDM format. See
19.9.5.11.
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Table 123J—L.ist of parameters for the PMD primitives (continued)

Parameter

Associated primitive

Value

Description

CS

PMD_CS.indicate

0 for DISABLED1 for ENABLED

The PMD_CS (preamble
detect) primitive in
conjunction with the
PMD ED provides the

CCA status through the
PLCP layer PHY?CCA
primitive. PMD_CS
indicates a binary status
of ENABLED or
DISABLED. PMPB/CS is
ENABLEDupen
detection.of Barker code
or OFDM~sync signals.
PMDB_CS is DISABLED
otherwise.

ED

PMD_ED.indicate

0 for DISABLED1 for ENABLED

The PMD_ED (energy
detect) primitive, along
with the PMD_SQ,
provides CCA status at
the PLCP layer through
the PHY?CCA primitive.
PMD_ED indicates a
binary status of
ENABLED or
DISABLED.PMD_EDis
ENABLED when the
RSSI indicated in the
PMD_RSSI is greater
than the detection
threshold. PMD_ED is
DISALBED otherwise.

19.9.5 PMD_SAP detailed service specification

The following subclauses describe the services provided by each PMD primitive.

19.9.5.1 PMD_DATA.request

This primitive(isithe same as that defined in 17.5.5.1 and 18.4.5.1 except that the parameter TXD_ UNIT is
expanded infscope to reflect the supported modulation formats of ERP as defined in 19.9.4.3.

19.9.52-PMD_DATA.indicate

This primitive is the same as that defined in 17.5.5.2 and 18.4.5.2 except that the parameter RXD_UNIT is
expanded in scope to reflect the supported modulation formats of ERP as defined in 19.9.4.3.

19.9.5.3 PMD_MODULATION.request

This primitive is the same as that defined in 18.4.5.3 except that the parameter MODULATION is expanded

in scope to reflect the supported modulation formats of ERP as defined in 19.9.4.3.
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19.9.5.4 PMD_PREAMBLE.request

This primitive is the same as that defined in 18.4.5.4, including the definition of the parameter PREAMBLE.
This primitive is not used in association with transmission of ERP-OFDM modulations.

19.9.5.5 PMD_TXSTART.request

Fhisprimrtive 15 thesameas that defimed 7553 amdH84-5-6-
19.9.5.6 PMD_TXEND.request

This primitive is the same as that defined in 17.5.5.4 and 18.4.5.7.
19.9.5.7 PMD_ANTSEL.request

This primitive is the same as that defined in 18.4.5.8, including the definition{ of the parameter
ANT STATE.

19.9.5.8 PMD_TXPRWLVL.request

This primitive is the same as that defined in 17.5.5.5, including the definition of the parameter
TXPWR LEVEL.

19.9.5.9 PMD_RATE.request

This primitive is the same as that defined in 17.5.5.6 and\18.4.5.10, except that the parameter RATE is
expanded in scope to reflect the supported ERP transmission rates as defined in 19.9.4.3.

19.9.5.10 PMD_RSSl.indicate

This primitive is the same as that defined dn 17.5.5.7 and 18.4.5.11, including the parameter RSSI. This
primitive is used to aid in link optimizatien algorithms such as roaming decisions.

19.9.5.11 PMD_SQ.indicate

This primitive is the same_ as that defined in 18.4.5.12, including the parameter SQ. This primitive is not
used in association with réception of ERP-OFDM modulations. This primitive is used to aid in link optimi-
zation algorithms such as roaming decisions.

19.9.5.12 PMD:CS.indicate

This primitive’is the same as that defined in 18.4.5.13, except that its use is expanded for use with all ERP
modulation types as described in 19.3.5.

19:9.5.13 PMD_ED.indicate

This primitive is the same as that defined in 18.4.5.14, except that its use is expanded for use with all ERP

modulation types as described in 19.3.5.
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