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Abstract: Modifications to both the IEEE 802.11 physical layer (PHY) and medium access control
(MAC) sublayer for high-efficiency operation in frequency bands between 1 GHz and 7.125 GHz
are defined in this amendment to IEEE Std 802.11-2020.

Keywords: dense deployment, high efficiency, IEEE 802.11™, IEEE 802.11ax™, MAC, medium
access control, OFDMA, orthogonal frequency division multiple access, PHY, physical layer,
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Important Notices and Disclaimers Concerning IEEE Standards
Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning
IEEE Standards Documents.”

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

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by
volunteers with scientific, academic, and industry-based expertise in technical working groups. Volunteers
are not necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While
IEEE administers the process and establishes rules to promote fairness in the consensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the
soundness of any judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all
warranties, express or implied, concerning this standard, including but not limited to the warranties of
merchantability, fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant or
represent that the use of the material contained in its standards is free from patent infringement. IEEE
Standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

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

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

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

Translations

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

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that the presenter’s views should be considered the personal views of that individual rather
than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
consulting information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of interests.
For this reason, IEEE and the members of its Societies and Standards Coordinating Committees are not able to
provide an instant response to comments, or questions except in those cases where the matter has previously
been addressed. For the same reason, IEEE does not respond to interpretation requests. Any person who would
like to participate in evaluating comments or in revisions to an IEEE standard is welcome to join the relevant
IEEE working group. You can indicate interest in a working group using the Interests tab in the Manage Profile
& Interests area of the IEEE SA myProject system. An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.
Laws and regulations

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

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

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

Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license
to photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400; https://
www.copyright.com/. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.
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Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE. For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for standard number
and year of approval to access the web page of the published standard. Errata links are located under the
Additional Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to
periodically check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

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

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

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. IEEE Standards development activities consider
research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. Implementers and users of IEEE Standards documents are responsible for
determining and complying with all appropriate safety, security, environmental, health, and interference
protection practices and all applicable laws and regulations.
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Introduction

This introduction is not part of IEEE Std 802.11ax-2021, IEEE Standard for Information Technology—
Telecommunications and Information Exchange Between Systems—Local and Metropolitan Area Networks—
Specific Requirements—Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY)
Specifications—Amendment 1: Enhancements for High-Efficiency WLAN.

This amendment defines modifications to both the IEEE 802.11 physical layer (PHY) and medium access
control (MAC) sublayer for high-efficiency operation in frequency bands between 1 GHz and 7.125 GHz.

Documents

10 Document Sharing Hub
Authorized licensed use limited to: Tsinghua um\gwﬁ%&lﬁo%%& &ﬁ%@orﬁﬁr{i%%&%ﬁ%me UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

Contents

1. OVETVIEW ..ttt ettt ettt h bbbttt bbbttt s bbbt e bt bt e bt s bt b e b et et et et e bt ebe e bt ebesbe st enaenee 36
L4 WOT USAZE ..oveeeeeiieiiecteeeiettete ettt et e sttt e st e e s ae e st e s e e st et e ensesseessesseensesseensesseensesseensensennsansenns 36
1.5 Terminology for mathematical, logical, and bit OPErations. ...........ccceceeererervenierienieneeenenennens 37
2. NOIMALIVE TETETEICES .. .vevieiiiiieieeieteetete sttt tee et e e et e et eaesseessesseesesseensesseenseeseansesseensesseensensenn 37
3. Definitions, acronyms, and abDIEVIATIONS. .........ccuerierieriieieriieiesteeterieetesteeeestesaesteeeeeseeseensesseesessens 37
T8 B B T 1 14 o) 1TSS 37
3.2 Definitions specific t0 IEEE 802.11 ......ccoeiiiiiiieiieieieeiese ettt s 38
3.4  Acronyms and abDIEVIAtIONS ........cceccvereriieriieieieeierteetesteste e ssaeteeeeesseessenseeseesseessessesnnessenseens 46
4. (€11 1o 2 e 1T o ) o PSSR 47
4.3  Components of the IEEE Std 802.11 architeCture ............ceoerierierienieeiee e 47
4.3.15a High-efficiency (HE) STA.......oociooieee ettt sneens 47
4.3.19 Wireless network Mmanagement ...........cccveeueeueeruereesiesieeieneeiesteeeesee e sseeeesseseaessessnens 48
4.3.19.8  EVENt TEPOTING ...cuvervieiiiiieieeiieieeieeieseetesteesteeteeeesseensesseesesseensesseensessenns 48
6 Layer Mana@emENt.........ccocuiiiiiirieiiieiie ettt ettt ettt e b e st et esht e b e e bttt e bt e bt e et e e e saees 49
6.3 MLME SAP INEEITACE ......eeviiieieciieieeieit ettt ettt e see st eaesseensesseensenseens 49
0.3.3  SCAN .ttt ettt et sttt ettt eae 49
6.3.3.2 MLME-SCAN.TEQUESL....cccueeriiiiieeiiieiee ettt ettt et et ebeesbeeesieesiee s 49
6.3.3.3  MLME-SCAN.CONTIIM....c.ceviiriiiriiieiiieiiieieeieeseee ettt 50
6.3.4  SYNCRIONIZATION ....eeuiieeieiieiieie e ete ettt ettt et et st ebeseeessesseenseeseenseesaensenseenes 53
6.3.4.2 MLME-JOIN.TEQUEST ....uveeueieriiieiieeiieeite ettt ettt et e ste et esiee e e e saee s 53
0.3.7  ASSOCIALE ..c.eutnieiieiieiieie ettt sttt ettt ettt b bbb bbbt a ettt b e bbb een 53
6.3.7.2  MLME-ASSOCIATE.LEQUEST.......ceruruiieriienirieninieeeieeeieieete st 53
6.3.7.3  MLME-ASSOCIATE.CONfirm .....ccooueiiiiiiiiirieieieieeeeeieee e 54
6.3.74  MLME-ASSOCIATE.iNAICAtION ....eveuieeiiiinieieieieieeieieiei e 56
6.3.7.5 MLME-ASSOCIATE.TESPONSE ...c.vveenvieeiiieieeeiiienitenieeieesveeieesveeveeniee e 57
6.3.8  REASSOCIALE. .. .eueiuieiieiieiieiieieeteet ettt ettt ettt ettt ie et eae s 59
6.3.8.2  MLME-REASSOCIATE.TEQUESL ...c.veveveviieeiienieieiieieeeieieeieeeee e 59
6.3.8.3  MLME-REASSOCIATE.CONTIIM .....ceoveiiiieiiiieieieieieieieeeeeee e 60
6.3.84  MLME-REASSOCIATE.INiCation .........ccccveierierieiiririreieeeieereneennenas 61
6.3.8.5 MLME-REASSOCIATE.TE€SPONSE ......eervvienieeiiieieeiiesieenireeveenieesveenieenes 62
0.3 11 SEAIT.ctetitetet ettt ettt b bt h bbbttt ea bttt e b e b b e neen 64
6.3.11.2  MLME-START.TEQUESL.....ccetriieiieeieeiiesiieeiee ettt eiee st esiee e eieeseee s 64
6.3.118 QUICt tIME PEIIOM ...ovvivieniieiieiieeete ettt ettt ettt eeaesraesbesbeesbesseessaseessenseens 65
6.3.118.1 INtrOdUCHION.....c.eeiiiieieeiieiecteeie ettt ettt ae e b ae e besreessesseensessnenns 65
6.3.118.2 MLME-QTP.IEQUESL .....eevtieiieiiiiiieiieeieeiteeee ettt ettt ere et seaeeneee e 65
6.3.118.3 MLME-QTP.NdIiCatON........coiiiiiiiiieriecie ettt e 66
6.3.118.4 MLME-QTP.IESPONSE. ..ccuteruririieriieetieniiesreenieesireenteenieesreesaneseseeseesssesnses 67
6.3.118.5 MLME-QTP.CONTIIM .....cccoiiiiiiiiiiiiiiiicie ettt 68
6.5  PLME SAP INEEITACE ...eecviiiiiiieiiciieiieieciteeet ettt te sttt beseae s e esaesseeseesseesaesseennesaesseens 69
6.5.6  PLME-TXTIME.CONTIIM.....coccirieuirieiirietinieiirietireeitete sttt sttt eae e 69
6.5.6.2 Semantics of the Service Primitive.........ccvecverieriereerieriereseeseeeeseeeeseens 69
Documents
11 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um\gwﬁ%&lﬁo%%& &ﬁ%&MrQQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

8. PHY SEIVICe SPECIICALION. .. .ctieuiieieiietiete ettt ettt ettt e see et esbe et e beese et e eneeneeseeeneesnean 71

8.3 Detailed PHY service SpecifiCations..........ccoveeieriieieriieieriieiesie et ee sttt sieeee e enee e e s enes 71

8.3.4  Basic Service and OPTIONS .....cueiuieieriieieitieie ettt sttt et nee s enes 71

8.3.4.2  PHY-SAP inter-(sub)layer service primitives ..........ccceeceereeeeneeeeereeneenn. 71

83423 PHY SAP service primitives parameters .........co.ceecveeeereereeneeeeeneeseeneennens 71

8.3.4.4  Vector deSCIIPHIONS ....eecueeuieeieiieie et eiieie ettt et eseeeneeeeeneas 71

8.3.5 PHY SAP detailed service specification.............cceeeerieienieiene e 72

8.3.5.2 PHY -DATATEQUESL ...cneeiieiiieiieeiteite ettt sttt 72

8.3.5.3  PHY-DATA.INAICAION ......eeervieiriiiiiiiitiinierieieeieee e 72

8.3.5.10  PHY-CCARESET.IEQUESL ...ceeuereeuiiiirriiriiieieieieieieeeiesee et 73

8.3.5.12  PHY-CCANAICAtION ...ttt e 73

8.3.5.16  PHY-TRIGGER.IEQUESL ....c.crveuirieiiiiiriiieiiieieieeieieei et 74

9. Frame fOMAtS .......c.ooiiiieieeeee ettt ettt et ettt s et et ettt eeaeeeeseeenneenean 76

9.2 MAC frame fOIMALS ......ccueetieiieeieteeeietee ettt sttt e et e e st ete et eseeseesaeemeesseeneeaseeneenseens 76

9.2.4  Frame fIeldS .....c.oooueiiieiie et 76

9.24.1 Frame Control field.........ccoooiiieiiiee e 76

9.243 AdAress fIelds .....ooeeeiiieeeeeee e s 77

9.2.4.5 QOS Control field.......cccvveeuieeiieiiecie ettt 78

9.24.6  HT Control field.........ccooiiiiiieieieeeee e 80

9.2.4.6a Control subfield variants of an A-Control subfield ............cccoeoerrrenne 83

9.2.4.7  Frame Body field .......cccooeiiiiiiiieieee e 92

9.2.5  Duration/ID field (QOS STA) ..cuiooieieeiece ettt e 93
9252 Setting for single and multiple protection under enhanced distributed

channel access (EDCA) .....oociiiiiiiieeieeeeete ettt e 93

9.2.5.7 Setting for control response frames ...........cooeevereerenierienieseeeeeecee e 95

9.2.5.8 Setting for other response frames ...........coeceeeereererierenieeceeeee e 95

9.3 Format of individual frame tyPes.......ccceeueeiieierieeeee sttt 95

L2 T B 0703 s Ui (o) U i 111 L RSP T 95

9.3.1.2 RTS frame format ..........occoeieiirieiieee e 95

93.13 CTS frame format ..........ccoocieiiiieiiiieee e e 96

9.3.15 PS-Poll frame fOrmat ..........ccooeeierieiiiiee e 96

9.3.1.6 CF-End frame format..........ccoceevirieieiieieneeeeseee e 96

9.3.1.7  BlockAckReq frame format...........cccoeoueiirieninienieeeeee e 96

9.3.1.8 BlockAck frame format ...........coceeierieieni et 97

9.3.1.19 VHT/HE NDP Announcement frame format .............cccecevvreenvnennnnen. 104

9.3.1.22  Trigger frame fOrmat ........ccooceeririeiiiiee e 107

LR TRV B T - 1 i 2 1 TSRS 119

9.3.2.1 Format of Data frames ...........ccooeeiiiieiiniee e 119

9.3.3  (PV0) Management frames ........cooeeruerieriieieniieiesie ettt see e s 120

9332 Beacon frame format ...........coocoeoiiiiiiiiie e 120

9.3.35 Association Request frame format............coocevivieniiiiniieieeceee 122

9.3.3.6  Association Response frame format ...........cccoevevieoiiiiniinieiinieeeee, 123

9.3.3.7  Reassociation Request frame format ..............cooceoveriniiiinieniinecee, 124

9.3.3.8  Reassociation Response frame format............cccceoeevenieiinieninieenenee, 125

9.3.3.9  Probe Request frame format .............oceririeniniiineeeeeeee e 126

9.3.3.10  Probe Response frame format.............ccoeeeeenirienenienieieseeecee e 127

9.3.3.13  Action frame fOrmat..........ccoeueiirieriieiese et 129

9.3.4  EXtension frames.........ccovieiiiiiiiiiiiieiet ettt sttt e 129

9.34.2 DIMG BEACOM ...ttt ettt s 129

9343 S1G Beacon frame format .........occoeceeeieiienieneniee e 129

Documents
12 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

9.4 Management and Extension frame body cOmMponents ............ccoecvevereerereeneneeeneeee e 130

9.4.1  Fields that are not €leMENts ...........ceoueruieierieieieiere et 130
9.4.1.7 Reason Code field.......c.ooueiieieiieeee e 130
94.19 Status Code field.......ooiiiiiee e 130
9.4.1.11  Action fleld ....oo.eeiiiiee e 130
9.4.1.17  QOS INO fIeld ....eoveieieiiieieiciccc e 131
9.4.1.45  Band ID fleld .....cccovereriniinieiciiiectnc e 131
9.4.1.53  Operating Mode field..........oooeiiriiiiiie e 132
9.4.1.60 TWT Information field ..........ccccoriiiirinie e, 133
9.4.1.64 HE MIMO Control field .........ccccceveeiriirvninininenicicceeeeeneeeeenee 134
9.4.1.65 HE Compressed Beamforming Report field...........cocceneniniininiennne. 136
9.4.1.66 HE MU Exclusive Beamforming Report field ............cocevveiinininnnnn. 143
9.4.1.67 HE CQI Report field.......ccoerinerineiiiiieiiiieniccecetceeeeeeeee 145

0.4.2  EICIMENLS. ....eitieieitieieeeeee ettt ettt ettt ettt e et ettt n et e e bt neesae s 146
9.4.2.1 (€ 1531 1<3 2 ) USRS 146
94.23 Supported Rates and BSS Membership Selectors element...................... 147
94.2.5 000 S 155 TS 4 LU SU 147
9.4.2.8 Country €lemMent...........oecuiruieiiieiee ettt 148
9.4.2.26 Extended Capabilities element............ccooceeeeerirreieeiienieeeceeece e, 149
9.4.2.28 EDCA Parameter Set element............cccooeereniiiiiieriinieeeeeeeeee e 150
94229  TSPEC €lemMeNt.....cc.coueieiiieieieininieieee ettt 151
9.4.2.36  Neighbor Report element.........coveeviirieieiieiiieeeeeee e 153
9.4.2.45 Multiple BSSID €lement..........cccecueiieierieienieeseeeieee e 155
9.4.2.63 Channel Switch Timing element.............ccccoevirieiinieiineeeee e 156
9.4.2.66 Event Request element...........ccccorieiiiieiiiieireeeeeee e 157
9.4.2.67 Event Report element............ccoceriiiieiinieeiee e 157
9.4.2.73  Multiple BSSID-Index element .............ccerveienirienienieneeeesieeee e 158
9.4.2.139 ADDBA Extension element............ccccceeeeerieienirienieieeieeeeee e 158
9.4.2.157 VHT Capabilities element ...........ccccceerereerenirneieeiesiee e 159
9.4.2.159 Extended BSS Load element ............cccoooerieiiiieienieienieeeeeeeee e 159
9.4.2.161 Transmit Power Envelope element............ccooceevirieiininiinieeceeeee, 160
9.4.2.170 Reduced Neighbor Report element.............cocceveeienieiinieiieieeeeeee 164
9.4.2.177 FILS Request Parameters element...........cccoeceevirieninieneeieneeee e, 167
9.4.2.199 TWT Cl@MENL ....evieiiiiieiietieiieee sttt sttt seeeneas 167
9.4.2.248 HE Capabilities element ...........ccoceeeeririieiieienieeeeeeeee e 175
9.4.2.249 HE Operation element ...........ccccoeieiirieneeierieeeseeeieee e 197
9.4.2.250 UORA Parameter Set element ...........ccoveeieririenenieieiee e 200
9.4.2.251 MU EDCA Parameter Set element ...........cccoeeevereerienieiieneeiereee e 200
9.4.2.252 Spatial Reuse Parameter Set element.............ccoocereninieninieninieeeee, 201
9.4.2.253 NDP Feedback Report Parameter Set element .............cccceeveiinienennnee. 203
9.4.2.254 BSS Color Change Announcement element............cccccoeeeveerienrneennnen. 203
9.4.2.255 Quiet Time Period element...........cceecvvevieiiiiiiieeieeieceeeieesee e 204
9.4.2.256 ESS Report €lement ............cceeciirieiinieie et 207
9.4.2.257 OPS ClEMENL .....oeieiiiieieeiietiee ettt 208
9.4.2.258 TWT Constraint Parameters element............ccccceeveveeiiinienenienenieeeees 208
9.4.2.259 HE BSS Load €lement ...........ccceeririeriieiieiieeiesieee e 208
9.4.2.260 Multiple BSSID Configuration element .............cccoeveviinienencenenceieaee. 210
9.4.2.261 Known BSSID €lement...........cccoeieririenirieiieiereeeieieeee e 210
9.4.2.262 Short SSID List €lemMent .........ccceeeeiirrriieiieiesieeeseeeeee e 211
9.4.2.263 HE 6 GHz Band Capabilities element ............coccevereenirceneenineeeneenee. 211
9.4.2.264 UL MU Power Capabilities element.............ccceeererienircenieninieeneeneen 212

9.6  Action frame format detailS ..........ceouiiuiiiiiiieiii e e e 213
9.6.1  Introduction GENETal..........cceeieiiiiiieiiieiiee ettt et s 213
9.6.7  Public ACtion detailS........ceouirieriitieieitiee et 213
Documents
13 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

9.6.7.16 TDLS Discovery Response frame format............coeceeveerieneenencnnennnnee. 213

9.6.7.36  FILS Discovery frame format.............ccoeceeeeeririeneniesieieseeeseee e 213
9.6.12 TDLS Action field formats ...........coooirieiiiieieiee e 215
9.6.12.2 TDLS Setup Request Action field format.............ceoevieiinieninieienee, 215
9.6.12.3 TDLS Setup Response Action field format...........ccccoveeiinieiininiennnen. 216
9.6.12.4 TDLS Setup Confirm Action field format............ccoccovieiiniiiinininee. 216
9.6.15 Self-protected Action frame detailS ..........cocceveeieriiiinieeeeee e 217
9.6.15.2  Mesh Peering Open frame format..............coeceiieiinieiinieneecececeeee 217
9.6.15.3  Mesh Peering Confirm frame format............ccoooeevinieiinienieeceeeeen 217
9.6.24 Unprotected S1G Action frame detailS.........ccoeeerieiinieiinieeee e 217
9.6.24.1 Unprotected S1G Action field ........ccooceeiirieriniiieee e 217
9.6.24.8 TWT Setup frame format..........cocceevireeierieniniereeieeeee e 218
9.6.24.9 TWT Teardown frame format.............ccoeceeiiniriiiierinieeeeeeee e 218
9.6.24.12 TWT Information frame format..............coeceiiriininiinieeee e 219
9.6.31 HE Action frame details ...........ccooerieiiirienieieee e 220
9.6.31.1  HE Action field.......ccoeoiiiiinienieiiiiiiicneccceeceeteee e 220
9.6.31.2 HE Compressed Beamforming/CQI frame format.............coccevveennnnee. 220
9.6.31.3  Quiet Time Period action frame format...........c.cccceevviieiieniencireceeeieeen 221
9.6.31.4  OPS frame fOrmat..........cceceeieiirieiieiere et 221
9.6.32 Protected HE Action frame details ...........cccoiiriinieiiniiee e 221
9.6.32.1 Protected HE Action field.........cocoeoiiiiniiiiiiieeeeee e 221
9.6.32.2 HE BSS Color Change Announcement frame format............c.ccccceeue...e. 222
9.6.32.3 MU EDCA Reset frame format ...........coeceeverieniiienenieeeceeecee e 222
9.7 Aggregate MPDU (A-MPDU).......ooiiiiieieeieee ettt 223
9.7.1  A-MPDU fOIMAL .....cueiiiiiriiiiniintitententectet ettt ettt n et et saee 223
9.7.3  A-MPDU CONENLS ...eeuiiriiiiiiieiieniieiieesitertt ettt st ebe e st e e et st ebeesbaeesbeesaeeeas 225
10.  MAC sublayer functional deSCIIPLION.........ccueruieiiriieiiite ettt 234
O 6413 (0 Ta L o7 T USSR 234
10.2 MAQC QrCRITECLUIE .....oueieiiieeieieeiie ettt ettt ettt s e et et e e bees e e et eneesbeeneeneeeneenaeenean 234
L B € 1< s 1<) ) SRR 234
10.2.3 Hybrid coordination function (HCF) ........cccooiiiiiiiiiie e, 235
10.2.3.2  HCF contention based channel access (EDCA) .......cccoevveeveerieevieenneenns 235
10.2.4a Triggered uplink access (TUA) ....ooouiiierieeeeeeee et 235
10.2.5 Combined use of DCF, and HCF, and TUA ..........oooiiiiiiiiiiiieee e 235
LO.3 DICF ..ttt ettt ettt sttt et ettt e b e e e nes 236
L 0 B € 1< s 1<) ) SRR 236
10.3.2  Procedures common to the DCF and EDCAF .........ccoocoiiiiiiiinieieeeeeeee e 236
10.3.2.1  CS MECHANISIN ..coueiiiiiieiieiiee ettt ees 236
L0.3.2.3 TSttt et e e 237
10.3.2.4  Setting and resetting the NAV .......ccoeiiiiiiiiiit e 237
10.3.2.6  RTS/CTS with fragmentation ............cccoeceeririeneieeneniee e 239
10.3.2.13 MU acknowledgment procedure............cceerereerereeseneenieneeeeeeeee e 239
10.3.3 Random backoff tiMe..........cceeiiiriiiiiiii e 242
10.3.4 DCF aCCE@SS PIOCEAULE .....cuveivieieetieiieiieteeiiestteteeeeeee st eteste e e steeteeneeeeeneeseeeneeseenean 242
10.3.4.4 Recovery procedures and retransmit limits ..........ccocceveeererienenceneneenee. 242
10.3.5 Individually addressed MPDU transfer procedure ...........c.ccoooeeeeieeieneeicenesieneeenees 242
10.3.7 DCF timing relatiOns .......ceccerueeriereeieniieiesteeteeteeseesteeeesseeneesseensesseetesneeseeneenseeneenees 243
10.3.8  SigNal EXEENSION .. .eeutiiieieeeietiet ettt ettt ettt et e e st e st e sbeenteeseeeeeneeneeeneenees 243
10.4 MSDU, A-MSDU, and MMPDU fragmentation.............ccceerereerienienienieeeseceneeeeeneeseeenee e 243
10.5 MSDU, A-MSDU, and MMPDU defragmentation .............cccceeeuereereneeieneeieseeeieseeeee e 244
10.6 MUILITALE SUPPOIL...ecueitieiieitieiieteeieeteeete ettt et e st e e eaeentess e e teebeenteeeeeteeseenteeseenseeneeseesneensesnean 244
L 0 B @ <) 4 1<) SRS 244
Documents
14 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

10.6.5 Rate selection for Data and Management frames .............cocceeeererienenienieeceneeeene. 244

10.6.5.1 Rate selection for non-STBC Beacon and non-STBC PSMP frames...... 244
10.6.5.3  Rate selection for other group addressed Data and Management frames 245
10.6.6 Rate selection for Control frames ............cooeeeuerieiiiierieee e 245
10.6.6.1  General rules for rate selection for Control frames ............ccccceevreeenuennee. 245
10.6.6.6  Channel Width selection for Control frames ............ccccceverierenienreeenee. 245
10.6.10 MOdUIAtioN CIASSES....c..eiuieietieiieiierie ettt ettt sttt ettt eneesee s e seeeneenaeeneas 246
10.6.11 Non-HT basic rate calculation ...........cocererieiieienieee e 247
10.6.12 Channel Width in non-HT and non-HT duplicate PPDUS .........ccccoeoeiinieniiiennee. 248
10.6.13 Rate selection constraints for VHT STAS......cccoceriireniiere e 248
10.6.13.3 Additional rate selection constraints for VHT PPDUs .........ccccceveeneenen. 248
10.8 HT Control field OPEIation ...........ccoeeerierieieiiieiesieee ettt sttt eneas 249
10.9  Control Wrapper OPETALION .........ccueeueerueeierieetieieeteeeeeteetessee e sseesesseenteeseeneeeseenseeneensesneesseenean 251
LO.11 A-MSDU OPETALION. ... .ceruieuiieieiieiteetieteei et et et et e seeeaeeseeeseesseeseeseenaesseeseeneeeseeseeneenseeneenaeenean 251
10.12 A-MPDU OPETALION. ... .cciuieuieiieiieiteetieteeite sttt et etee et eateste e eesteeseesesseeseeseaneeeneenseeneeneeeneenaeenean 252
10.12.1 A-MPDU CONEENLS ...ccvieuiiiiieeieiieeiite ettt ettt ettt ettt sabee st e bt e sbeeebeesbeenas 252
10.12.2 A-MPDU length lmit TULES ....coeeiuieiiiiieieeeeee e 252
10.12.3 Minimum MPDU Sstart Sspacing field rules ..........ccoooeeoiiiriinieiineeeeeeeee e 254
10.12.4 A-MPDU aggregation of group addressed Data frames............cecceeeereeccenvrennnen. 254
10.12.6 A-MPDU padding for VHT PPDU, HE, or S1G PPDU.......c.cccceniiniiniiiineen, 256
10.12.7 Setting the EOF/Tag field of the MPDU delimiter...........c.ccccoeeveiinienenienieeeeneen 256
10.13 PPDU duration CONSIIAINT ........ccuteieruieiereeeiestietesteeeteeteeeeesteeseesteeeeseeeeesseensesseeneesseensesseeneenean 256
10.15 Low-density parity check code (LDPC) Operation ............ccceeceevuereerienieeieniieeseeeeeseeeee e 256
10.22 Operation across regulatory dOmains ...........cc.ecueriereiiereriere et 257
10.22.3 Operation with Operating ClasSes ........c.cevererieririere et 257
10.22.4 Operation with the Transmit Power Envelope element.............ccocceecenieiininnennnen. 258
LO23 HCF .t ettt b et b et bbbt sttt eb et eb et b e ne 259
LU T € 1< s 1<) ) SRR 259
10.23.2 HCF contention based channel access (EDCA) .......coovveeiieviienieeciiesieecie e 259
10.23.2.2 EDCA backoff procedure ...........cccoeeeiieieriniene e 259
10.23.2.4 Obtaining an EDCA TXOP .....ccooccriiriiiiineinenerieeeeseese s 260
10.23.2.5 EDCA channel access in a VHT, HE, or TVHT BSS .....oooviiiiiiiiiiiinns 261
10.23.2.7 Sharing an EDCA TXOP......cccoceriirriinieiieineeeenieeeeseeesee s 262
10.23.2.8 Multiple frame transmission in an EDCA TXOP........cccccccevvveiinnnnnen. 263
10.23.2.9 TXOP HMILS ...cviuiviiiieiiiieiiietee ettt et 265
10.23.2.10 Truncation 0f TXOP ......cccocieiiiieiiieeeeeeee e 267
10.23.2.11 Termination of TXOP .......c.cooiiiriiiiiiei e 267
10.23.2.12 Retransmit proCedures ...........coooeecuereerieeierieniere e e 267
10.23.3 HCEF controlled channel access (HCCA) ......cceevuiiiiieiiecii ettt 268
10.23.3.5 HCCA transfer 1ules ........oocceoeeieiieieiieeeeee e 268
10.25 Block acknowledgment (blOCK aCK) ......c.eeoiiruiiiiiieiiiiee e 268
10.25.2 Setup and modification of the block ack parameters............ccoeceeiieieninienvniennnee. 268
10.25.5 Selection of BlockAck and BlockAckReq variants............ccocoeeeeienienenccencnienenee. 268
10.25.6 HT-immediate block ack eXtenSions.........ccouerueeierieienieiere e 269
10.25.6.1 Introduction to HT-immediate block ack extensions...........ccccceceeveenuennee. 269
10.25.6.3 Scoreboard context control during full-state operation ..............cceueeee. 270

10.25.6.5 Generation and transmission of BlockAck frames by an HT STA,
DMG STA, O STG STA ..ottt 270
10.25.6.6 Receive reordering buffer control operation............cecceeeerieeeneeseenenen. 270
10.25.8 GCR and GLK-GCR bloCK QCK .....ccucirueiiriiiirieiirieirieerie e 271
10.25.8.1 Introduction General...........cccceeoeeiuirieiiieierieiese e 271
10.25.8.4 GCR block ack BlockAckReq and BlockAck frame exchanges.............. 271
10.27 Protection MECRANISINS ........cecueruieieitieieite ettt ettt te et ettt e ae st entesse e e eseeneeeseeneesaeenean 273
10.27.6 Protection rules fOor HE STAS ....coiiiiiiieieeeeieee et 273

Documents
15 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

10.29 Reverse dir€Ction PrOtOCOL.......c.eeiiiiieiiiieieete ettt ettt e e e saeenean 273

10.29.1 GENETAL.....ceiiiiiiiiiiirieeteeeee ettt ettt sttt 273
10.29.2 Reverse direction (RD) exchange SeqUENCE ..........cocereerueriereeiienieeieneeeeree e enees 273
10.29.3 Rules for RD INItiator ......c.coceeeririinienienieieieceeeeneseteecereteieeeesie et 274
10.29.4 Rules for RD 1eSPONAET .......ooueeiiiieieiiiiieieeiieieee et 275
10.36 Null data PPDU (NDP) SOUNGING -....eeueevieiieeiieieeieeie ettt sne s 276
10.36.6 Transmission of @ VHT NDP......c.cccociriiriininininiiiciceeineneecrereeeeeeeeeeeiesie e 276
10.47 Target Wake time (TWT) ..ottt ettt 276
LO.47.1 TWT OVEIVIEW ..ttt ettt st sttt ettt ene ettt st et aenae e 276
10.47.9 TWT PArameter TANZES .....eeovveerueeruiieieerieeeieenttesteentteeteesbeesitesaeeesbeesbeesbeesineenseesseeens 280
L1, MLME ettt et sttt ettt et ettt he e e nen 281
L11.1  SYNCRIONMIZATION ....eiutieiiiiieieeieee ettt ettt sttt e e st e e bt e e ene et e sneeneenaeenean 281
11.1.3 Maintaining SYNCArONIZAtION .......ccceiuirieieiieieiieiesie ettt 281
11.1.3.8  Multiple BSSID Procedure ..........cccecuerieierinieneeeeiesieee e 281
11.1.4 Acquiring synchronization, SCANNING ............cceeceereeeerereereneeeesteeeeseeeeeneeseesee e 286
11.1.43  Active scanning and probing procedures...........ceccereereereerereeneeseennennns 286
11.2 POWET MANAZEINENL . ... eeitiiruiieiieriteeiteeniteete ettt e stee et ebe e bt e eabeesbeesabeesbeesateeabeesatesabeesbseeaseennes 287
11.2.3 Power management in a non-DMG infrastructure network............ccevvreerereennnen. 287
11.2.3.2 Non-AP STA power management modes...........ccceeeereerereeeneneeneeneenen. 287
11.2.3.6 AP OPETALION ..ottt ettt e nee s 288
11.2.3.7 Receive operation for STAs in PS mode ........cccoeoeiieiieiiiiiieeeee 289
11.2.3.9  STAs operating in active MOde..........eceeieriiriereeieiesicee e 290
11.2.3.15 TIM BroadCast ........cceceeererieniinienienieeeieteieeieee sttt 290
11.2.6 SIM POWET SAVE....eeriiiiiiniiiiieeeitenteentte sttt e st et e sbteste et ee st e sateesbeesabe e bt esbeeeabeenbeeeane 291
11.3 STA authentication and aSSOCIALION.........c.ceeruirtirterierieieieeeeeeee ettt et eeneere e seeenes 293
11.3.3 Frame filtering based on STA State ........ccccceeiirieririeieiee et 293
11.3.5 Association, reassociation, and diSASSOCIALION ..........ccoueeeeeeieiereeeeiiiereeeeeesnreeeeeesnees 293
11.3.5.3 AP or PCP association receipt procedures............ceceeeeeeeereereenrrneenenncns 293
11.3.5.5 AP or PCP reassociation receipt procedures. ...........ccecereerereeneeeneenennns 293
11.3.8 Neighbor report information upon rejection with suggested BSS transition............. 293
I R B0 T3 2 ) B TSRS 294
L1444 TS SELUP weouteiiieeeet ettt sttt et st e bt e st e bt e eate et e saneebee e 294
11.4.4.4 TS setup procedures for both AP and non-AP STA initiation................. 294
L1.7  TPC PrOCEAUIES. ... cetieuieieeeieteeite sttt ettt ettt et e et et e et e st e s bt e st e beeseebeeseeneeeneenseeneenseeneensesnean 294
L1701 GONETAL...iiiiiiiiiiitet ettt ettt sttt 294
11.7.2  Association based on transmit power capability...........ccocceveereririeniniereeiee e, 294
11.7.3 Peering based on transmit power capability ..........cocceverieiirienieienieeeee e 294
11.7.5 Specification of regulatory and local maximum transmit power levels .................... 295
11.7.6  Transmit POWET SELECTION .....cc.iiiiiuieiiiitieiiesie ettt ettt 297
11.10 Radio measurement ProCeaUIES ............eeverieieriirtieie ettt eetee ettt eseeee e nee e saeeneas 297
11.10.14Multiple BSSID SEt......ccceririimiriiniiieieteeetncne sttt ettt 297
11.20 Tunneled direct-Iink SEEUP .......coveeiiriirieie ettt 298
112001 GENETAL....uiiiiiiiiiiiireeteeeee ettt ettt sttt 298
11.21 Wireless network management ProCedures ............cocueouereeriereeiereeienieeeeneeeee e eeeseeeeeseeeneas 298
11.21.2 Event request and 1eport proCedures...........oueieeverieienieiene et ees 298
11.21.2.1 Event request and eVent rePOIt.........oeouerereereriereeieneeeeeseeeeeeeseeee e 298
11.21.2.7 BSS color colliSIon EVENL........ccceivirererieiereieieeneneneeeresresee e 298
11.21.2.8 BSS COIOT IN USE EVENL .....eoueruiriiriinriniirientercteiteeeiieene et 299
11.21.6 Fine timing measurement (FTM) procedure. ..........cccoeeereereieeienieeieneeeese e 299
11.21.6.4 Measurement €XChan@e.........c.eceeeeruieierieieneeie e eeeesie e ee e 299
11.21.7 BSS transition management for network load balancing............cccccecevvrceniniennnn. 299
11.21.7.1 BSS transition capability ..........cccccerieiirieriniee e 299
Documents
16 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

11.21.7.4 BSS transition management reSPONSE.......ccveeueerrereeruereeruereeneeeseeneeeneenees 299

11.21.7.5 Planned ESS......cccoiriiriiiieiieine ettt 300
11.31 Multi-band OPETatiON ..........cooueiueeieeiieieee ettt ettt sttt ee st eseesteeneeeseeneeeseeneesneeneas 300
11.31.5 On-channel Tunneling (OCT) OPEration..........cccueeueeiereriereeieiesteeie et eeeeeeeeeeees 300
11.45 Fast Initial Link Setup (FILS) procedures ..........ccccoeieieririeneeiesieeeseeeeee e 301
11.45.2 FILS Discovery frame generation and USAZE..........cccuerueeeererrienierienieeeeneeeeeeneeseeenees 301
11.45.2.1 FILS Discovery frame tranSmiSSion ..........ceeeeereereereereeseseeeneeneeeneeseeenees 301
11.49 Reduced Neighbor TEPOTL. ... ...oiuiiieitieietieeet ettt et e e see e saeeneas 302
11.53 Out-of-band discovery of a 6 GHZ BSS ..o 304
L 1< o105 2RSSR 307
12.5 RSNA confidentiality and integrity protoCols ..........cccceririerieriereeieeeiee e 307
12.5.3 CTR with CBC-MAC protocol (CCMP)......ccoeireirininiiinieiniennereesee e 307
12.5.3.3  CCMP cryptographic encapsulation ............ecceeeeeeererienesieneeieneeeeenee 307
12.5.5 GCM protocol (GCMP) ......coouiiiiiieeieee ettt 307
12.5.5.3  GCMP cryptographic encapsulation...........cecevereereseenenienineeneeeeene 307
12.12 Constraints on allowed SECUrity Parameters ............ccoveerueruierereerienieieeeeeeeseeeneeeeeneeseeenaesneas 307
12.12.1 INErOQUCHION.......couiiiiiiiititetertcteteceet ettt ettt 307
12.12.2 Security constraints in the 6 GHz band .............coccoiiiiiiiiiiiiee e 307
14, MLME MESh PIOCEAUIES ......cvieiieiieieiieiieie ettt ettt ettt ae et st eseeseeeteseeeeeeseenteeneeneeseeenes 309
14.2 MESH QISCOVEIY ..ttt ettt ettt ettt ettt e s et e st et e s e bees et e en e nbeemeenseeneenaesnean 309
14.2.4 Mesh STA cONTIGUIALION ....cocuiiiiiiiieiiiieiiee et 309
14.2.7 Candidate peer mesh STA ......oooiiiiiiiiiee e 309
18. Extended Rate PHY (ERP) SPECIfiCatiON.......ccuevueriiriiiieitieiesieeteec et 310
18.2 PHY-specific service parameter LISt ..........ccoeouiririeiiiieieiiee et 310
26. High-efficiency (HE) MAC SPECIfICAtION. .....ccuteiirieiiriieieie ettt st eeeens 311
26.1  INITOQUCLION......coutiuiiiiriirtintentert ettt ettt ettt ettt ebe bt et ea et b et ebesaesr b e 311
26.2 HE Channel ACCESS ...c..eoververiiiiieiieiieiiiiieic ettt ettt ettt sttt et ebe et saesr e ee 311
26.2.1 TXOP duration-based RTS/CTS ....c..cceoiriimimimininiiieieieenene et 311
26.2.2 Intra-BSS and inter-BSS PPDU classification..........cccccueevecervinieneneneneneneeceeencnnens 312
26.2.3  SRG PPDU 1dentiflcation ......c..ccceceeueriruinieieieieiniineniceiesieneeeeteteeeieeiesie e 313
26.2.4  Updating tWo NAVS ..ottt ettt et e e e enes 314
26.2.5 Truncation Of TXOP .....c.ccceiiiiiiiiiiiiircctcteeeeeee et 315
26.2.6 MU-RTS Trigger/CTS frame exchange procedure .............ccovoveenerrenieeieneeieneene 316
26.2.6.1  GENETAL....couioiiiiicieicicicec e 316
26.2.6.2 MU-RTS Trigger frame tranSmiSSiON..........ceverueererueeienieerienieeieneeeeeeees 317
26.2.6.3  CTS frame response to an MU-RTS Trigger frame .........cccceceecuerrecnnee. 318
26.2.7 EDCA operation using MU EDCA parameters...........cccoeeeerereerereeneneeienieeeeneeenes 319
26.2.8 Multiple frame transmission in an EDCA TXOP in the 6 GHz band........................ 321
26.3 Fragmentation and defragmentation .............cooceeriiirieiieie e 321
260.3.1  GENEIAL...eeiiiiiiiiirieeiee ettt ettt ettt 321
26.3.2 Dynamic fragmentation ...........ccoceeeerieiereiiere ettt ettt s 323
260.3.2.1  GENETAL....euiiiiiiirieeccceet e 323
26.3.2.2 Level 1 dynamic fragmentation ............cceceereveereierieneeeseee e 324
26.3.2.3 Level 2 dynamic fragmentation ............ccoceevereeneierieneeieseee e 324
26.3.2.4 Level 3 dynamic fragmentation ............ccoceevereeneierieneeeseee e 324
Documents
17 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

26.3.3 Dynamic defragmentation...........coceeouererieieriieieeeeree et 325

26.3.3.1  GENETAL....oiuiiiiiicieiceeccrr e 325
26.3.3.2 Level 1 dynamic defragmentation ..............cceeceveereninieneesieseeee e 326
26.3.3.3 Level 2 dynamic defragmentation .............cceeceveerenieieneecienieeee e 326
26.3.3.4 Level 3 dynamic defragmentation .............cceeereeneneeieneerieneeee e 327
26.4 HE acknowledgment proCedure............ccorieieriiiiiriieieie et 328
20.4.1  OVEIVIEW ..ouiiuiiiiiriinietentetet ettt ettt sttt et et ettt eat bt e bt be sttt e be e te s neneeneeaesuesuens 328
26.4.2 Acknowledgment context in a Multi-STA BlockAck frame...........ccoceeveervniennnnnne. 330
26.4.3 Negotiation of block ack bitmap lengths ............ccooovriiiiiiiiiiie e 332
26.4.4 Per-PPDU acknowledgment selection rules ...........occeveererienenienenieieeee e 333
26.4.4.1  GENETAL....oouiiiiiieieiceccctec e 333
26.4.4.2 Responding to an HE SU PPDU or HE ER SU PPDU with an
SU PPDU ..ottt sttt 333
26.4.4.3 Responding to an HE MU PPDU with an SU PPDU ............ccoccveennee. 334
26.4.4.4 Responding to an HE MU PPDU, HE SU PPDU, or
HE ER SU PPDU with an HE TB PPDU .......c.ccoconinininiiiiiiinenenenn 334
26.4.4.5 Responding to an HE TB PPDU with an SU PPDU...........cccccoovrinnnen. 335
26.4.4.6 Responding to an HE TB PPDU with an HE MU PPDU....................... 336
26.4.5 HE block acknowledgment request and response rules...........coceveeeereieieneeceenennne. 337
B T IV L I3 1S3 ¢ (o) TSP 338
26.5.1 HE DL MU OPETAtION ...c.ueiueieiietieiieiiieieeteeteetee et et saeseeesae s e saesseeseeeneesseeneeneeenes 338
260.5.1.1  GENETAL....oouiiiiiieieiciccccc e 338
26.5.1.2 RU addressing in an HE MU PPDU .........cccoociiiiiininiieeeeeeeee, 338
26.5.1.3 RU allocation in an HE MU PPDU .........ccccccciiiivininninicicicceeenn, 340
26.5.2 UL MU OPETALION. .....eetieuiieeieieiteeieeieeieeitete et te e e st eseesaeetesaeeneesaeeeesseeneenseeneesseenes 341
26.5.2.1  GENETAL....oouiiiiiieicieicccec e 341
26.5.2.2  Rules for soliciting UL MU frames ..........ccccevoeerererieneeieneeeseeeeee e 341
26.5.2.3 Non-AP STA behavior for UL MU operation...........ceceeeeeeeneeneeneennnnen. 349
26.5.2.4 A-MPDU contents in an HE TB PPDU.......c.ccccevinininininiiiiinenenenn 353
26.5.2.5 UL MU CS MechaniSm........cccceeveruerieneenieieeeinenintereiereeeeeesessensenee 356
26.5.3 MU caScading SEQUEIICE. ......eerureueeerrneerieeieteeitesteetesteeneesteetessesneesseeneesseeseenseeneenseenes 357
26.5.4 UL OFDMA-based random access (UORA).......c.ccoieeiieriieiieeeeee et 358
260.5.4.1  GENETAL....oouioiiiiicieiceccr e 358
26.5.4.2  Eligible RA-RUS....ccccociiimiiniiiicieicinenneceeteeeeeeieeese e 359
26.5.4.3  Transmission procedure for UORA ..........cccooiiiiiiiiinieeeeee e 360
26.5.4.4 Retransmission procedure for UORA..........ccccoiiiiiiiiiiniiieeeee, 362
26.5.4.5 Additional considerations for unassociated STAS ........ccccoecvecvrcerenennenn 362
26.5.5 Buffer status report OPETAtION ........c.cceerueruieieereeieiteeieriteee et eeee st eesee e see e seeeeeenes 363
26.5.6 Bandwidth query report OPEration ............cocceererierieeieriieee et 365
26.5.7 NDP feedback report procedure ............cooeeieierieniieieeee e 366
260.5.7.1  GENETAL....couiiiiiicieiciccte et e 366
26.5.7.2  STA DEHAVIOT ...c..eouiriiiiiiiiieeeiietee ettt 366
26.5.7.3 AP BERAVIOT ..cuiiiiiiiiiicicecccecrcrecet e 368
26.5.7.4 NDP feedback report for a resource request ..........coeveeeeereeceeneeieneeeenen. 368
26.5.7.5 Power save operation with NDP feedback report procedure................... 369
26.5.8 Use Of TSPEC by HE STAS ....ooeriiniiiiieicieeeeettetestenteteteteteteeteeeveeiesie e 369
26.5.9 UL MU transmit power Capabilities ..........ccccererieririeiinienieeiee st 369
26.6 A-MPDU operation in an HE PPDU ..o 369
26.0.1  GENEIAL.....oouiiiiiiiiiitietitectectetetee ettt sttt ettt 369
26.6.2 A-MPDU padding in an HE PPDU .........c.cccooiiiiiiniiiiiinnnenceeecceeeecaes 371
26.6.2.1  GENETAL....oouiiiiiiiiieiciccecee e 371
26.6.2.2 A-MPDU padding in an HE SU PPDU, HE ER SU PPDU, and
HE MU PPDU ..ottt 371
26.6.2.3 A-MPDU padding in an HE TB PPDU .......ccccccceiinininininiincicine, 371
Documents
18 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

26.6.3 Multi-TID A-MPDU and ack-enabled single-TID A-MPDU .........ccccccovvieiineennne. 372

26.6.3.1  GENETAL....couioiiiiieieicicccter e 372
26.6.3.2  Ack-enabled single-TID A-MPDU operation...........cccceeeeveereenereeneennnns 374
26.6.3.3 Non-ack-enabled multi-TID A-MPDU operation...........ccceceeveereeeenennen. 374
26.6.3.4  Ack-enabled multi-TID A-MPDU operation...........cceceeeeeeeereenereeneennens 374
26.7 HE soUnding protoCo] ........ccoiieiiriieie ettt sttt eaeens 375
260.7.1  GENCIAL....euiiiiiiirieeieteee ettt ettt sttt ettt 375
26.7.2 HE sounding protoCol .........c.ooieiirieiiieeeceee et e 375
26.7.3 Rules for HE sounding protocol SEqUENCES ..........ccceruiriereriienirieneeie e 378
26.7.4 Rules for generating segmented feedback ...........coocoevieiiiiiriiiiiniie 384
26.7.5 HE sounding NDP transmiSSION .........cecueeeeruereriierieeienieeieseeeeese e seeeneeseeeeeseeeneenes 385
20.8 TWT OPETALION ....c..eeiieiiitieiiett ettt ettt ettt et et e st este et e saeeaeesaeeneesseemeesseensesseentesneeneeneeenes 385
260.8.1  GENEIAL.....ouiiiiiiiitieietee ettt sttt ettt 385
26.8.2 Individual TWT Q@reements .........cecueeueruieieriieieeieereeeieeie et ee et eneeens 386
26.8.3 Broadcast TWT OPeration.........cceceeuereerierierienieeieeeieee st eteseeeae st eneeseeenee e eeseeenes 390
26.8.3.1  GENETAL....oouiiiiiiciciciccctcr e e 390
26.8.3.2 Rules for TWT scheduling AP.........ccoooiiiiiiiiiieeeeee e, 392
26.8.3.3  Rules for TWT scheduled STA ........ccocvimiminineieieeeeneneseeeeeeene 396
26.8.4 Use of TWT Information frames .........ccceceveruimienrenieieininininenenesteieeeeeeeeiesesnens 400
260.8.4.1  GENETAL....oouiiiiiiieieicicccete e 400
26.8.4.2 TWT Information frame exchange for individual TWT...........cccccooeeee. 401
26.8.4.3 TWT Information frame exchange for broadcast TWT............cccceeneenne. 402
26.8.4.4 TWT Information frame exchange for flexible wake time...................... 403
26.8.5 Power save operation during TWT SPS.......ccoooiiiiiiiieiie e 404
26.8.6 Negotiation of wake TBTT and wake interval ............occoeoevireiiiieneeeeee e 405
26.8.7 HE subchannel selective tranSmisSSiOn..........coceerveruerieieieeeinieneneneneneeeeeeeeeenens 407
26.8.7.1  GENETAL....couiiiiiieieieieccer et 407
26.8.7.2  SST OPETALION ..eeeiiiieiieiieiieie ettt ettt ettt ee e ees 407
26.9 Operating Mode INAICALION. .........eecuiiuirieetieieet ettt ettt sttt et eneeseeeneeseeenes 408
260.9.1  GENEIAL.....oouiiiiiiiiitiieteeee ettt sttt ettt 408
26.9.2 Receive operating mode (ROM) indication...........ccoceeeerienenieienieneceee e 411
26.9.3 Transmit operating mode (TOM) Indication ...........cccoeceererienenieneeieeeee e 412
26.10 Spatial TEUSE OPEIATION . ......eiuieietieiieetieieete ettt sttt et et et ese ettt e et eseesaeeneesaeeseeseeneeneeneeenes 413
26.10.1 GENEIAL.....ouiiuiriiriiitietitee ettt ettt ettt st sttt 413
26.10.2 OBSS PD-based spatial reuse Operation............eccevueeeerueeieneeiene e seeeeieeee e 414
26.10.2.1  GENETAL....cuioiiiiiiieicececerte ettt e 414
26.10.2.2 General operation with non-SRG OBSS PD level........c.ccoocvevininennnnen. 414
26.10.2.3 General operation with SRG OBSS PD level.......cccccovieiiiieiiniieee, 416
26.10.2.4 Adjustment of OBSS PD and transmit pOWer ..........cccceeveevveceneneenennnen. 417
26.10.2.5 OBSS PD SR transmit power restriction period...........cccceeverereeeeneennen. 420
26.10.2.6 OBSS PD-based spatial reuse backoff procedure...........ccccceevinirennnnee. 421
26.10.3 PSR-based spatial reuse operation
26.10.3.1  GENETAL....couioiiiiicieieieicerer ettt
26.10.3.2 PSR-based spatial reuse initiation...........ccoeeereereerienenieneeieseecee e 422
26.10.3.3 PSR-based spatial reuse backoff procedure..........ccccceveevirienininnenenen. 423
26.10.3.4 UL Spatial Reuse subfield of Trigger frame..........cccocvveenierencniennnen. 423
26.10.3.5 PSRT PPDU transmission reqUir€mMents. ...........cceverveeueneeeneeneeeeeneeeeennes 424
26.10.3.6 PSRT PPDU reception and response transmission requirements............ 424
26.10.4 Interaction of OBSS PD and PSR-based spatial reuse ..........ccceeceveereiieieneeeene 424
26.11 Rules for setting some TXVECTOR parameters for PPDUs transmitted by an HE STA....... 425
260.11.1 STA ID ettt st st b et b ettt aebe st 425
26.11.2 UPLINK FLAG ..ottt ettt sttt 426
26.11.3 BEAM CHANGE ..ottt 426
26.11.4 BSS COLOR ..ottt ettt sttt sttt sttt 426
Documents
19 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

26.11.5 TXOP_DURATION ...ttt st s e 427

26.11.6 SPATIAL REUSE ....ccoiiiiiiiiiiirinnerectcceecetet ettt 428
26.11.7 INACTIVE _SUBCHANNELS and RU ALLOCATION ......ccccceeevieimcinininenennns 430
26.11.8 TRIGGER _RESPONDING......ccccceitririimtimtiniiieieteteieeente sttt eve e saens 431
26.11.9 STBC and DCM......ccoiiiiiiiiiiicieiinitie sttt ettt ettt s 431
26.12 HE PPDU post-FEC padding and packet eXtension ............cceveeeerereenenieneeieneeeee e 432
26.13 Link adaptation using the HLA Control subfield ...........cccoooiiiiiiiinieieeeeeee 433
26.14 POWET MANAZEIMNEIIL ....c..eiiuiiiiiiriieeteerite ettt sttt stt et e bt st e sbtesa e e bt e satesabeesbtesateesbeesmnesseenne 435
26.14.1 Intra-PPDU power save for non-AP HE STAS.......ccooiiriiiiiee e 435
26.14.2 Power save with UORA and TWT ....c.cccooininininiiiiiiiiinnneseneeeeceeee e 436
26.14.3 OpPOTtUNISTIC POWET SAVE ....eeuveeueiuieneerieeeesteeeesteeseeseeneesseesesneensesneessesseensesseesesseenes 437
260.14.3.1 GENETAL....oouioiiiiicieieieicteer ettt 437
26.14.3.2 AP operation for opportunistic POWEr SAVE .........cceeeerereeerueeeeneereeneenneas 437
26.14.3.3 STA operation for opportunistic POWer SaVe ..........eceeveeeeereereeneereenennns 438
26.14.4 HE dynamic SM POWET SAVE .......ccueeuirueeieitieienieeieeteeee st eeesteeneesaeseesseeneesseeneeseeenes 438
26.15 PPDU format, BW, MCS, NSS, and DCM selection Tules .........ccocovvveiiiieieeeiiiiiiiiiee e 439
26.15.1 GNEIAL....euiiiiiiriiiiietiteet ettt ettt ettt st s sttt 439
26.15.2 PPDU format SEIECHION ....ccvevueriiiiiieiieiieiieiiniirtcstctentctetee ettt eaeen 439
26.15.3 MCS, NSS, BW, and DCM SEleCtiON ..........cocuveieiieeeeieeeeieeeeeeee e 441
26.15.4 Rate selection constraints for HE STAS .....ccocvivininiiieniiiinncneneeeeeeeeecenns 443
26.15.4.1 Receive HE-MCS and NSS Set....c.coceveieieininiinininenceeicieeeeeenene 443
26.15.4.2 Transmit HE-MCS and NSS Set.......cccocviviiiivinininininccicinenceenenee 444
26.15.4.3 Additional rate selection constraints for HE PPDUS..........ccccceceninennene 444
26.15.4.4 Rx Supported VHT-MCS and NSS Set......ccovevveninencnincninenceenenn 445
26.15.5 Additional rules for ER beacons and group addressed frames ...........cccceceveeennnne. 445
26.15.6 Additional rules for HE beacons and group addressed frames...........ccccceceevueeeennne. 445
26.15.7 Additional rules for group addressed frames in an HE MU PPDU ........................... 446
26.15.8 Additional rules for PPDUs sent in the 6 GHz band .........c.ccccccoecivinvniininincnencnnn. 447
26.16 Midamble parameter Setting TULES.......ccevieriirieieeieieee et 448
26.17 HE BSS OPETALION .....eeiiitieiietieiietiee ettt ettt et eee e s et et e et et e s bt eneeseeeneesaeeneeneeenes 449
26.17.1 Basic HE BSS OPeration .........ceceeruiiieieiieieeese ettt 449
26.17.2 HE BSS operation in the 6 GHz band.............ccoooieiiiiiiiiiiieeeeeee e 452
26.17.2.1  GENETAL....couiiiiiiiieicicccteee ettt e 452
26.17.2.2 Beacons in the 6 GHz band.........c.ccccccvveniniiniiniinieinnnicceceeenn, 454
26.17.2.3 Scanning in the 6 GHz band ............ccoooieiiiiiiiniieeeeeeee e 455
26.17.2.4 HE STA antenna indiCation ..........c..coceeerueruereieinineneneneereneeeeeennene 458
26.17.3 BSS COLOT ..ttt ettt 458
26.17.3.1 GENETAL....couiiiiiiiiieieicecrte e e 458
26.17.3.2 Initial BSS COLOT.....coiiiriiiiiiicicieene e e 458
26.17.3.3 Disabling BSS COIOT......ccoiiiiieiiiieee e 458
26.17.3.4 Selecting and advertising a new BSS color........cccoviviiiiiiiinecee, 459
26.17.3.5 Detecting and reporting BSS color collision ...........ccecevieieninienrecnne. 460
BT BB N D B0 11 P Vi 4 L) 3L SRS 461
26.17.5 Quiet HE STAs in an HE BSS....coooiiiiiiic e 461
26.17.5.1 GENETAL....couioiiriiiiiiicicicteeet ettt e 461
26.17.5.2 QTP Requesting STA procedure ...........oceveeiereneeiienieeeeeieseee e 462
26.17.5.3 Responding AP procedure ...........ccoeoeieeienirieneeeeee e 463
26.17.6 ER beacon generation in an ER BSS ... 463
26.17.7 Co-hosted BSSID SEL....c..ceiriirieieiieiieiieiieienertetcet ettt ettt 464
27. High-efficiency (HE) PHY SPecifiCation..........ccoiieieiiieieiieiesie et 465
27,1 INITOQUCLION.....c.coutiuiiiiriirtietentent ettt ettt sttt sttt ettt eb e bt et b e et enesae st b e 465
27.1.1 Introduction to the HE PHY .....cccciiiiiiiiiiiiicceeenene e 465
Documents
20 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

27 1.2 SCOPE .ttt ettt b e ettt et ettt b et e be e sttt e bbbt esat e b e bt e naae s 470

27.1.3  HE PHY fUNCHONS ....oiiiiiiiieiieeiicctt ettt et evee s e eave e saessaeesnaenene s 470

27.1.3. 1 GENETAL....iiieiieiiieiieceieee ettt sttt e e saa e ebe s 470

27.1.3.2 PHY management entity (PLME)...........ccccoiiiiiiiniiee e 470

27.1.3.3  Service specification method ...........ccoocvevirieiiniiineeeeeee e 470

27.1.4  PPDU fOIMALS ....ccveiiiieiieeiiieiieetie ettt e e et eeeteeveeseeeeaeesteessbeesseessseesseesseessseesseenssens 470

27.2 HE PHY SEIVICE INTETTACE ......eiiiieiieieiiciieiie ettt et eiee et estaeeveesteesneeareessaeesseessaesnseeseees 471

27.2.1  INITOAUCTION. ..c..viitiiiiietieeie ettt et e te et e et e ebeesebeebe e beesabeesseessseessaesssesnseesnennsens 471

27.2.2 TXVECTOR and RXVECTOR parameters ...........cceceeeeeeeneeeieneneereseeeieseeeeeseeens 471

27.2.3 TRIGVECTOR Parameters.........ccocutereerueeiienienieeniteeieesieesiiesieesiee e esieesiaeeseeesaee s 488

27.2.4 PHYCONFIG_VECTOR Parameters .......ccccueeveeerueerieerieenienieeiieenieeeieesieesneeseeenanens 489

27.2.5 Effects of CH BANDWIDTH parameter on PPDU format...........ccccoveeiininennne. 490

27.2.6 Support for non-HT, HT, and VHT formats...........ccccovveeririeninieneneeeeeeeeeee 493

27.2.6.1  GENETAL.....iccuiieiiiiiieeeieeee ettt ettt ettt e e e eaaeeebe s 493

27.2.6.2  Support for non-HT format............eccoeieiininieniieeeeeee e 494

27.2.6.3  Support for HT format ..........ccoeceeiiriiiiiiieeiee e 496

27.2.6.4 Support for VHT format ..........cccoeeieiiiieiiiieeceeeeeeee e 496

g T = | o = TSRS 496

27.3.1  INITOAUCTION. ..c.utiitiiiieetiecie ettt ettt et e et e et e e st e ebe e teeeabeenseessseesseesssesnseanseennseas 496

27.3.1.1 MU tranSmMiSSION . ....ccueerueeerueerreeserearreesereesseesseeseseesseesseessseesseessseessesssssssees 497

27.3.1.2  OFDMA ...ttt 497

27.3.2  Subcarrier and resource alloCation..........c.cccveereeeiierieeieerieerie et eve e sve e 498

27.3.2.1  GONCTAL.....iieiieiiieiieetie ettt sttt e e saaeeebe s 498

27.3.2.2 Resource unit, guard, and DC Subcarriers ..........cccecveveeieneenienenenenees 498

27.3.2.3  NUIL SUDCAITIETS .....veevieieiieiieeiie ettt ettt e e e ssaeebeestaeesaeeneeas 504

27.3.2.4  Pilot SUDCAITIETS ....veecvieieiieiieeiiieieeeieeeie et e et e e ae e eveesaaeeaveebaeseaeennes 505

27.3.2.5 Resource indication and User identification in an HE MU PPDU........... 505

27.3.2.6  Resource allocation for an HE TB PPDU.........c.ccccceeeviiiiiviieiieeeeeen 506

27.3.2.7 20 MHz operating non-AP HE STAS ....cccoveiiriiieeeee e 506

27.3.2.8 RU restrictions for 20 MHZ 0peration ............cceccevereereneereneeieneeeeene 507

27.3.2.9 80 MHz operating non-AP HE STAS ......ccoveiiriiieeeeee e 508

27.3.3  MU-MIMO ..ottt ettt ettt sttt et st e te e e neeenes 508

27.3.3.1 DL MU-MIMO .....ooiiiiiiiiiieece ettt 508

27.3.3.2 UL MU-MIMO ....oiiiiiiiiiiieeee ettt e s 509

27.3.4 HE PPDU fOrMAtS......ccuiiiiieieieitieieeiiee ettt ettt eee et e e 510

27.3.5 Transmitter block diagram..........coocoeoiiiiiiiiiirecieee e 513

27.3.6 Overview of the PPDU encoding ProCess. ........ccceeverireereenierenieneeeesieeeeenseeeeseeens 521

27.3.6.1  GENCTAL.....oiiiieiieiie ettt et e b e aaeeaaeeneas 521

27.3.6.2  Construction of L-STF field .........cccoeevriiiiieiieieeeee e 521

27.3.6.3  Construction of L-LTF field ........ccccceeeriiviiniiiciieieee e 522

27.3.6.4  Construction of L-SIG field........cccccueiiiiniiiiiiieciececeeee e 522

27.3.6.5 Construction of RL-SIG field ........cccoeovievieeiieiieciecie e 523

27.3.6.6  Construction of HE-SIG-A field.........c.cccoueeiiecieniieiicieee e 523

27.3.6.7 Construction of HE-SIG-B field.........c.cccoueviiiiieniieiiiiee e, 525

27.3.6.8  Construction of HE-STF field........ccccccveviiniiiiieiece e 525

27.3.6.9  Construction of HE-LTF field .......ccccciivieeciieiecieee e 525
27.3.6.10 Construction of the Data field in an HE SU PPDU,

HE ER SU PPDU, and HE TB PPDU .......cccciiiiiiiiiieeeeecceeeee 526

27.3.6.11 Construction of the Data field in an HE MU PPDU...............ccccceuveunnnen. 527

27.3.7 HE modulation and coding schemes (HE-MCSS) .......ccccooiririeninnieneieeceee e 528

27.3.8 HE-SIG-B modulation and coding schemes (HE-SIG-B-MCSS)........c.cccccevierernne 528

27.3.9 Timing-related Parameters ........cocueierieriereriereeierte et ettt et e et eneenee 528

27.3.10 Mathematical description of Signals ..........cccceoerieiiiieiiiiee e 533

27.3.11 HE Preamble .......cc.oooiiiiiiiiiee ettt ettt et 539

Documents
21 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

27K T B U N 315 (e Yo 11 Lod 5 o) o DRSO 539

27.3.11.2 Cyclic SRIft....cooiuiiieiieeeeee e s 539
27.3.11.3 L-STF fIeld c.ooouiriiiiiceciciieeceeeccceeeeee et 540
27.3.11.4 L-LTF fIeld c..ooiriiiiieiccicieeecresccceceee et e 541
27.3.11.5 L-SIG fIeld...oouiiiiiiiiiciciiiccenereseccceeeeee et 542
27.3.11.6  RL-SIG fIeld ....couiriiniiiiieiiicicincrcseceeteeeeteee e 544
27.3.11.7 HE-SIG-A fleld.....cccceoiriiiiieiiiniiinecccctee e 545
27.3.11.8 HE-SIG-B field.....cccceoiiiiiiiiiiiiiiinicceccteec e 559
27.3.11.9 HE-STF fleld....cc.ooioiieiiiiieieereeeceecteee et e 575
27.3.11.10 HE-LTF field ...coueeiiiriiiiieieieieeceeeseectetecee e 579
27.3.12 Data fleld.....cceeiiiririieccccce ettt e 594
27.3.12.1  GENETAL....ceiiiiiiciciccectee ettt e 594
27.3.12.2 Pre-FEC padding ProCess. .......ccceeueeruereereereeieseeeeeeeeteieeieeneeseeeeesaeenees 595
27.3.12.3 SERVICE field ....c.coeiiiiiiiiiiiiiiieneccceceeeeee e 597
27.3.12.:4  SCIAMDIET ..ottt 597
27.3.12.5 COQINE..cviriiiiriinieieietctetee ettt ettt sttt 598
27.3.12.6  SHEAIM PATSET ..veeneveeueiiiieeiieeieenite ettt ettt sttt et st e bt satesbeesaeesaneen 603
27.3.12.7 SEZMENE PATSET...c...veeuririeeriieeieeiieeieeite st et e sttt et bee sttt e st e sabeeseeesaee s 604
27.3.12.8 BCC INLEIICAVEIS.......eeueriiriiieieieieiieiteeeitetenie ettt 604
27.3.12.9 Constellation MaPPING ......ccceeeeruerriereeieieneeie st e e enees 605
27.3.12.10 LDPC tON€ MAPPET ....eeveirmierieiiieeieeniieeieeiee sttt sttt st st eseee s s 608
27.3.12.11 SegMENt ACPATSET ......eeueeeieueeieeiietieiesteeeesteeteste et eeeete e eeseeeneesneeneas 610
27.3.12.12 Space-time block coOding.........cccereereriiiinieieieeeee e 611
27.3.12.13 Pilot SUDCAITIETS .....coverviriiriiniiieiieieieeieeereseeteteeee et 611
27.3.12.14 OFDM modulation..........ccceeveceeiririnineneieeeieeeecereeeneeseeteneeeeeenie e 616
27.3.12.15 Dual carrier modulation ...........cccceeveeirerenienienieieininenererereeeeeenee e 617
27.3.12.16 MidambIes .......coeeeruiriiriiiiieieiineneneeeeeeete et e 617
27.3.13 PacKet EXIENSION ..c.vevviriiiieieiieiieiieiesie ettt ettt sttt eae e saee 619
27.3.14 Non-HT duplicate tranSmiSSION .........cecuerueeuertierireieieeeieesieeeenteeeeesieeee e eeeeseeeeeseeens 623
27.3.15 Transmit requirements for PPDUs sent in response to a triggering frame................. 624
27.3.15.1 INtrodUCHION.......coiviriiriiieicececictc ettt 624
27.3.15.2 POWET PIre-COITECHION. .. .eteeuieiietieeiteete st eeeeteeeeesteeneeee e teeneeseeeneeseeeneas 624
27.3.15.3 Pre-correction accuracy reqUIirements ...........coeceeeueereeseeeeeseeeneeneeseenennens 625
27.3.16 SU-MIMO and DL MU-MIMO beamforming...........cccceeevereereereneenenieeieseeeeeneeenes 627
27.3.16.1  GENETAL....cuiiiiiiiicicicccercet ettt e 627
27.3.16.2 Beamforming feedback matrix V .........ccccooieiiiiiieninieeeeeecee e 627
27.3.16.3 CQIeedback .......cccoerieieiririiiiniieneccececteee e 628
27.3.17 HE sounding NDP ........cccooiiiiiiieieiee ettt e 628
27.3.18 HE TB feedback NDP.........ccccocoiiiiiiiiiiiniieenieriiteeeeeetetee e 629
27.3.19 Transmit SPeCIfICAtION. .....eeuietieuiirtieie ettt ettt et eee s 629
27.3.19.1 Transmit spectral MasK ........ccceeeiirieiirieieieeese e 629
27.3.19.2  Spectral flatness ........ceouereeieeiieiiet ettt 634
27.3.19.3 Transmit center frequency and symbol clock frequency tolerance ......... 635
27.3.19.4 Modulation @CCUTACY ......cuevueeeereeeiireteeesteetenteeeesteeeeneeeee e neeseeeneeeneeneas 635
27.3.20 Receiver SPECIfICAtION ... ...ovuieieiiieiieiteeiet ettt sttt 642
27.3.20.1  GENETAL....cuiiiiiiiieieicecteeet ettt e 642
27.3.20.2 Receiver minimum input SENSItIVILY ........ceverueeiereeieniieiene e 642
27.3.20.3 Adjacent channel rjeCtion........eeverurruierierieiieieieeee e 643
27.3.20.4 Nonadjacent channel rejection............cceceeieiirieiieiee e 644
27.3.20.5 Receiver maximum input level ............coccoooiiiiiiiinie e 644
27.3.20.6 CCA SCNSILIVITY ..cuvitieiieiieie ettt ettt ettt et see e saeeneas 644
27.3.21 HE transmit ProCEAUIE .......c..eouiruiiriieieieeieteee sttt sttt sttt et e e e eeeeene 647
27.3.22 HE 1eceive ProCeAUIE.......cocuieiiiiieiieiteeieteee ettt ettt sttt e e e e e 652
27.3.23 Channel NUMDEIING ........cc.eeieiiieiieieeie ettt sttt see e et e e eneeseeenes 658
Documents
22 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

27.3.23.1 GENETAL..cooiieeieiiee et 658

27.3.23.2 Channel allocation in the 6 GHz band.............ccccooveiiniiiiniiiiiieee, 659
27.3.24 Regulatory reQUITCINENLS ... ...ccueeeieeieeeeierieeieeie et eteeteeteeseeseeenee e seesaeeneentesneeeeeneenes 659
274 HE PLME ..ottt sttt ettt et st st ae ettt ettt st b e 659
27.4.1 PLME_SAP sublayer management primitives ...........ecceeeeereeiereeneenenienieseeneeeeeenns 659
2742 PHY MIB ..ottt ettt sttt st 664
27.4.3 TXTIME and PSDU _LENGTH calculation..........ccccceveeererinenienienieieincneeenennens 664
2744  HE PHY oottt sttt et s 668
27.5 Parameters fOr HE-IMUSS .....oouiiiiiieieeees ettt ettt st eee s 669
g B € 131 1<) ¢ 1 RS SSRR 669
27.5.2 HE-MCSs for 26-t0n€ RU .....ccocciiiiiiiiniiniiniinieiciciceeeenesee ettt 669
27.5.3 HE-MCSs for 52-t0n€ RU .....ccocciiiiiiiniiniiniinticcicteieencseeese et 674
27.5.4 HE-MCSs for 106-tone RU .........ccccueiirimiinirininienieieieteeeene e seeeeeeeeeeaens 679
27.5.5 HE-MCSs for 242-tone RU ......ccccocciiirimiinininienieteieieteceeeese et eeeenens 684
27.5.6  HE-MCSs for 484-tone RU ......c..ccccuririmiiniriniiieicieieteceeee et 689
27.5.7 HE-MCSs for 996-tone RU ......c..cccccveirimiiniriniiiiiiieieteeeene et seeeeeeeeeeaens 694
27.5.8 HE-MCSs for 2X996-t0n€ RU .....c.ccceeirimiinininiiiiicicininceeeese et 699
27.6 Parameters for HE-SIG-B-IMCSS........oooiiiiieiiierieeee ettt 704
Annex B (normative) Protocol Implementation Conformance Statement (PICS) proforma....................... 705
B.4 PICS proforma—IEEE Std 802.11-2020........cccccvimirinieieieieineneneeneenteneeeeieeie e 705
B.4.3  TUT CONfIGUIAtION. .....eouiiiiieeieieeiie ittt ettt sttt e e enes 705
B.4.4 MAC PIOtOCO] ..ottt e 706
B.4.4.1 MAC protocol capabilities .........cccceeruereierieriieneeeere e 706
B.4.4.2 MAC fTameS....ccueeieiieiieiieieeee ettt et 706
B.4.12 QoS base fUnCtionality .........ccceeoeieerieniieienieeieeeee e 707
B.4.33 High-efficiency (HE) features...........cocceeiieieiinieeeee e 707
B.4.33.1 HE MAC fRAtUIES....c.eeeeeieieeeteeesieeie sttt 707
B.4.33.2 HE PHY fRAtUIES .....ccevvirririiiiiirciceeiieiirteeeeiee et 709
Annex C (normative) ASN.1 encoding of the MAC and PHY MIB.........cccooiiiiiiiiiieeeeeeeeeeee 715
C.3 MIB detail ..ottt st ettt en s 715
Annex D (normative) Regulatory referenCes........ooouiiuiriiriieieieieee ettt 750
D.1 External regulatory referenCes .........oooveriruieriirieie ettt 750
Annex E (normative) Country elements and operating Classes ...........ccecereriereririeneeieseeiee e 751
E.1 Country information and operating Classes ...........cceveeeeriereniesieneee e 751
E.2 Band-specific operating réqUirements .............cceeeeeeruerierereesientieeeeeeeeeseeeseeseeeeeseeeeens 753
E.2.7 6 GHz band in the United States ..........cceooieririeiinieeeiee e 753
Annex G (normative) Frame eXchange SEqUENCES. .........coveruirieierieie ettt ettt sae e enens 755
L 0 B € 31 1< 1 RSP SRTR 755
G.4 HT, VHT, and S1G SEQUEINCES .......eeueruiriertieietieieetteie st eee st eeeseeestesseeeeseeeneeneeeneeneeens 755
G5 HE SEQUENCES ..couttiiiiiiiiiteete sttt ettt ettt s ae et st et st e bt esaeeenne 755
Documents
23 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&éwﬁ%&lﬁo%%& &ﬁ%@orﬁﬁrﬂ%%&%ﬁ%me UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

Annex T (informative) Overlapping BSS (OBSS) management............cccoeeerirrieriniieneneeeesieee e 757

O O U U3 (o Ta L U1 5 o OSSP 757
T.6  BSS color and Spatial TEUSE ......c.eeoieruirierieeieeieeie ettt eee e 757
Annex Z (informative) HE-SIG-B content eXamples ...........oooeieeoiiiieienieieeeeeee e 758
/28 R € <3 1<) 1 SRSt 758
282 > <111 ] (< SRRt 758
Y8 TN > 111 ] (<SPPSRt 760
Z.4  EXAMPIE 3 .ottt ettt et e eae et e e eaeeneeneeneens 761
Y/ T > V111 ] (< SRS ROUSTRPPt 762
Annex AA (informative) Multiple BSSID configuration eXamples...........ceccereeiererieneneeneniese e 763
AALT INIEOAUCTION. ...ttt ettt st sttt e e et e et eseentesaeenseeneensesneensenneens 763
AA.2 EXAMPLES ..ottt ettt ettt et sttt et e et et e ettt e eaeentesneeteeneentenneens 763
Documents
24 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um\gwﬁ%&lﬁo%%& &ﬁ%@orﬁﬁr{i%%&%ﬁ%me UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

Figures

Figure 9-11—Non-CMMG variant HT Control field format .........c..ccccocevineninenieiiniiiinncnceenc e 81
Figure 9-16—VHT Control Middle subfield of the VHT variant HT Control field format...........c.ccccccue.. 81
Figure 9-19a—A-Control subfield of the HE variant HT Control field format ............cccccoevecinincninenne. 82
Figure 9-19b—Control subfield fOrmat..........ccccoiiiriiiiiiiiiiiire et s 82
Figure 9-22a—Control Information subfield format in a TRS Control subfield..........c.ccoceveveiiniincnenennnn 83
Figure 9-22b—Control Information subfield format in an OM Control subfield ...........ccccocevecieiininnennenn 84
Figure 9-22c—Control Information subfield format in an HLA Control subfield..........ccccoceoecivinininennne 85
Figure 9-22d—MSI/Partial PPDU Parameters subfield format if the Unsolicited MFB subfield is 1.......... 88
Figure 9-22e—Control Information subfield format in a BSR Control subfield ............cccooevecininininennne. &9
Figure 9-22g—Control Information subfield format in a BQR Control subfield............ccccoeveciniinininennne. 91
Figure 9-22h—Control Information subfield format in a CAS Control subfield.........c.ccoceveveiinvinicnncnnnn 91
Figure 9-22f—Control Information subfield format in a UPH Control subfield ..........ccccooevecinininincnnnn. 91
Figure 9-36—BAR Control field fOrmat ...........cccooeriiiiiiiiiiiiiinreeeeeeeeeet e 97
Figure 9-42—BA Control field fOrmat...........cccoviiiriiiiiiiiiiicn ettt s 98
Figure 9-43—BA Information field format (Compressed BIOCKACK) .......ccevvieiiiiieiiniiiiieceeee e 99
Figure 9-47b—AID TID Info subfield format............ccccoeviiiioiiiiirininennseseee et 101
Figure 9-47c—Per AID TID Info subfield format if the AID11 subfield is not 2045..........ccccceeereninnnee 101
Figure 9-47a—BA Information field format (Multi-STA BIOCKACK)........ccvevveririerieieieeeee e 101
Figure 9-47d—Per AID TID Info subfield format if the AID11 subfield is 2045 ........ccccevevevvincncnennes 103
Figure 9-58—VHT NDP Announcement frame format ............cccocceeverenininenencnienenecenenceceese e 104
Figure 9-59—Sounding Dialog Token field format ............ccecveoiiiriniininininenecececeeecececee e 104
Figure 9-61b—STA Info field format in an HE NDP Announcement frame if the AID11 subfield

IS TIOE 2047 ...ttt 105
Figure 9-61c—Partial BW Info subfield format..........c.ccceoiiiiriiniiniiniininiiieccienccscse e 105
Figure 9-61a—HE NDP Announcement frame format..........c..ccooueivirenenieneneninenenceeeecececee e 105
Figure 9-61d—STA Info subfield format in an HE NDP Announcement frame if the AID11 subfield

IS 2047 .ttt 107
Figure 9-64a—Trigger frame fOImat.........ccceoiririiriiriiieieiee sttt 108
Figure 9-64b—Common Info field format ...........cocooiiiiiiiiiiiii s 108
Figure 9-64c—UL Spatial Reuse subfield format ............coccoeeieriieienieieicee e 111
Figure 9-64d—User Info field fOrmat ...........cccoviiiriiiieiieiee e 112
Figure 9-64e—SS Allocation subfield format.............ccoooieiirierinieieee e 114
Figure 9-64f—RA-RU Information subfield format ............cccoecueviiriierieeinieeceee e 114
Figure 9-64g—Trigger Dependent User Info subfield format in the Basic Trigger frame ............c.cccce....e. 115
Figure 9-64h—Trigger Dependent User Info subfield format in the BFRP Trigger frame...........cccc...... 116
Figure 9-64i—Trigger Dependent User Info subfield format in the MU-BAR Trigger frame.................... 116
Figure 9-64j—UL BW subfield and B7-B1 of RU Allocation subfield in MU-RTS Trigger frame.......... 117
Figure 9-64k—Trigger Dependent Common Info subfield format in the GCR MU-BAR Trigger frame.. 118
Figure 9-641—User Info field format in the NFRP Trigger frame.........ccoecveviireenieiierienieieceeieeee e 118
Figure 9-100—QoS Info ficld format when sent by an AP ..........ccoecvevieviiiiicieiiee e 131
Figure 9-142—TWT Information field format.............ccoerieiiiiiiiiiiiie e 133
Figure 9-144a—HE MIMO Control field format..........c.coveoieiiiniiininiieseseeeeeeecee e 134
Figure 9-337—BSSID Information field format ...........cccooeiieiiiiiiiie e 153
Figure 9-580—ADDBA Capabilities field format ...........ccceceeoieieiininiiniiiiineneeeeeeeeee e 158
Figure 9-616—Transmit Power Envelope element format.............cccoceviiinineneneneneneeececeeeseeeee 160
Figure 9-617—Transmit Power Information field format...........c..cocooiininiinininineecec e 160
Figure 9-617a—Maximum Transmit Power field format if the Maximum Transmit Power Interpretation

SUDTIEIA 18 0 O 2.ttt sttt ettt ettt ettt sne e 162
Figure 9-617b—Maximum Transmit Power field format if Maximum Transmit Power Interpretation

SUDTIEIA 1S 1 OF 3.ttt ettt ettt ettt snee 162
Figure 9-632—TBTT Information field format...........ccoiririiiiirieiiiiiese e 165

Documents
25 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

Figure 9-632a—BSS Parameters subfield format .............cccoooieiiiiriini e 166

Figure 9-686—TWT element fOrmat. ...........oocveoieiieiiiiiiieieeescee ettt e eee e 167
Figure 9-687—Control field fOrmat ...........cooiiieiiiiieee et 167
Figure 9-688—Request Type field format in Individual TWT Parameter Set field.............ccoceevniennnnenne 169
Figure 9-688a—Request Type field format in Broadcast TWT Parameter Set field............cccccooveennnnenne. 169
Figure 9-687a—Individual TWT Parameter Set field format ...........cccooceviiiiiiniiiiieeceeeee e 169
Figure 9-687b—Broadcast TWT Parameter Set field format.............coccoeieiinieiinieieeeeeeeeee e 169
Figure 9-689a—Broadcast TWT Info subfield format .............cccooiiiiiiiiiiieeeee e 174
Figure 9-788a—HE Capabilities element format .............ccocveiiriiiiriinieeeere e 175
Figure 9-788b—HE MAC Capabilities Information field format............ccocoeoiroiiiininiineeeee 176
Figure 9-788c—HE PHY Capabilities Information field format .............cocooieririininiinieeeeeeee 183
Figure 9-788d—Supported HE-MCS And NSS Set field format............ccoooeeiiiiiiiniiieeeeeeee 193
Figure 9-788e—Rx HE-MCS Map subfield, Tx HE-MCS Map subfield, and Basic HE-MCS

And NSS Set field fOrmat .........cccoiveririniereieeeeeerese ettt 194
Figure 9-788f—PPE Thresholds field format.............cccooieiirieiiiiee e 195
Figure 9-788g—PPE Thresholds Info field format ............ccocoeeoeiiieini e 195
Figure 9-788h—HE Operation element fOrmat ...........ccooieiirierinieie e 197
Figure 9-788i—HE Operation Parameters field format ............ccoocoeiiriiniiieiiiee e 197
Figure 9-788j—BSS Color Information field format .............ccocoiiriiriiiinie e 198
Figure 9-788k—6 GHz Operation Information field format.............coccooeiriiiininiiiieee e 199
Figure 9-7881—Control field fOrmat .............cooiiiiiiiieie e 199
Figure 9-788m—UORA Parameter Set element format.............cooeeiirieniiiene i 200
Figure 9-788n—OCW Range field format .............coooiiiiiiieeee e 200
Figure 9-7880—MU EDCA Parameter Set element format.............ccooeeeeeviiienenieninieseeeeeeee e 201
Figure 9-788p—MU AC Parameter Record field format...........coccoeoeiieiiniiiini e 201
Figure 9-788q—Spatial Reuse Parameter Set element format.............ccooveieiiiieninene e 201
Figure 9-788r—SR Control field fOrmat ............cooiiieiiiieieii e 202
Figure 9-788s—NDP Feedback Report Parameter Set element format .............ccooevieiiiiiiinieicieee 203
Figure 9-788t—BSS Color Change Announcement element format ............ocoeeevieieiinceninieseeeeeee 203
Figure 9-788u—New BSS Color Information field format.............ccoooieiiriiiiniiiiieee e 204
Figure 9-788v—Quiet Time Period element format.............cccoeiirieiinienieee e 204
Figure 9-788w—~Quiet Time Content subfield format in Quiet Time Period Setup subtype.........c.cc.c....... 205
Figure 9-788x—Quiet Time Content subfield format in Quiet Time Period Request subtype................... 205
Figure 9-788y—Quiet Time Content subfield format in Quiet Time Period Response subtype ................ 206
Figure 9-788z—ESS Report element format............oooueiieiiiieiinieese et 207
Figure 9-788aa—ESS Information field format..............ccooiriiiiiieiiiee e 207
Figure 9-788ab—OPS element fOIrmat ............cooieieiiiiiie et 208
Figure 9-788ac—TWT Constraint Parameters element format..............oocoecerienenieienenneneceeeeeeen 208
Figure 9-788ad—HE BSS Load element format.............coeoueiieiiiieieneeeeeee et 208
Figure 9-788ae—Multiple BSSID Configuration element format ...........cccoeceverrieninienieeseeee e 210
Figure 9-788af—Known BSSID element format .............cocoiieiiiiieiinieeeee e 210
Figure 9-788ag—BSSID Bitmap field format...........cccoiiriiiieiiieee e 211
Figure 9-788ah—Short SSID List element format............ccooveiiiirienieeriee e 211
Figure 9-788ai—HE 6 GHz Band Capabilities element format..............ccoocvrieririenenienieeseeee e 211
Figure 9-788aj—Capabilities Information field format.............ccocoeviiiiiiniiiii e 212
Figure 9-788ak—UL MU Power Capabilities element format ..............occovirierenieninieieeeceeee e 212
Figure 9-965—TWT Flow field format if the Negotiation Type subfield is 0 or 1 .......cccovvrieiinienrnnene. 218
Figure 9-965a—TWT Flow field format if the Negotiation Type subfield iS 2 ........cccoceveiririeiinienrene 219
Figure 9-965b—TWT Flow field format if the Negotiation Type subfield is 3........cccccoveieiiiieiiniire 219
Figure 9-970a—MU EDCA Control field format ............cccoiieiiiieiiiieecee e 223
Figure 10-1—Non-DMG non-CMMG non-S1G STA MAC architecture ..........ccoceeverereierenieneeeeeeeeene 234
Figure 10-14a—Example of HE MU PPDU transmission with immediate UL OFDMA

ACKNOWICAZMENL ...ttt ettt ettt s e et s et e e e nseeneenaeenean 240

Documents
26 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

Figure 10-14b—Example of UL MU transmission with immediate DL MU transmission containing
individually addressed BlockAck frames acknowledging frames received from respective

STAS ettt h et h ket b et b et b et bt b et b et b et s et e sttt 241
Figure 10-14c—Example of UL MU transmissions with immediate Multi-STA BlockAck frame

acknoOWledging MPDIUS ........coiiiiiii ettt ettt et s e saeeeas 241
Figure 10-14d—Example of UL MU transmissions with immediate DL non-HT duplicate PPDU

containing Multi-STA BlockACk frame ..........cccoeoieiriiinieeie e 242
Figure 10-37a—Example of a frame exchange with GCR MU-BAR Trigger frames............cccccceverernene. 272
Figure 11-3a—Example of Multiple BSSID element carrying Nontransmitted BSSID Profile

SUDCIEIMIGIIES ...ttt sttt ettt ettt a et sae bt s e e st et eueebesbesaenen 282
Figure 11-3b—Example of nontransmitted BSSID profile fragmented across multiple Multiple BSSID

CLETTIETIES ...ttt ettt ettt et a e ettt ettt eb et b e et n e ee 283
Figure 26-1—Example of MU-RTS/CTS/DL MU PPDU/Acknowledgment Response and NAV

SCELIIIE ..ottt ettt ettt et et et et et e a et e n ettt e et ea e e bt ea e et e en s et e enteeteeneeeae et e eneenteeneenteeneentenneens 316
Figure 26-2—Example of MU-RTS/CTS/Trigger/HE TB PPDU/Multi-STA BlockAck and NAV

L1410 RRSPSTRRP 317
Figure 26-3—Example of MU-RTS Trigger frame soliciting CTS frame responses on primary 40 MHz

CRANNET ...ttt ettt ettt s ettt ettt ebe et eb e et n b ee 319
Figure 26-4—Example of User Info field ordering and RU location mapping..........cccceeeeevereeeeenerecenennne. 347
Figure 26-5—Example of MU cascading SEQUENCE ........c.ceeerueruirrieriieieeeieienieeeeseeeeeseeeeeseeeneeaeeneeneeeseenes 358
Figure 26-6—Illustration of UORA ProCedure ..........cccerieiiirieiierieeieeeeeee ettt eee e 360
Figure 26-7—Example of HE non-TB SOUNAING.........ccoeiiiiiiiiieieiieeceee e 378
Figure 26-8—Example of HE TB SOUNAING .......ooviiiiiiiiiieieiieiee e 379
Figure 26-9—Example of individual TWT Operation ..........ccccecerueeierienenieieie e 387
Figure 26-10—Example of broadcast TWT operation with optional TBTT negotiation.............cceeuennee.e. 391
Figure 26-11—Illustration of the adjustment rule for OBSS PD and TX PWR.......cccccoiiiiiiieiiiiire 418
Figure 26-12—Example of OBSS PD SR OPEration ..........ccceoeeiieeieiiieienieiee et 421
Figure 26-13—PSRR PPDU SPatial TEUSE.......ccuereeriieiieiieiieie ettt ettt sttt e e 423
Figure 26-14—Example of power save operation with UORA and TWT .......cccooiiiiiiiiiiiiieeeee 436
Figure 26-15—Quiet time period OPETALION ...........cceeieitieierieeieteeie st ete et eeesteeeesteeeee e eeeseeeneesteeneeseeenes 462
Figure 27-1—PHY interaction on transmit for various PPDU formats............ccccooceviriinieninieiceee 493
Figure 27-2—PHY interaction on receive for various PPDU formats ............ccocoeveviiiinienenieeeee 494
Figure 27-3—PHY-CONFIG and CCA interaction with various PPDU formats ............ccccceeverinrennnnenne. 494
Figure 27-4—TIllustration of OFDM and OFDMA CONCEPLS ....uvevrruierireieriieierie e sieeieesieeee e eeee e e 497
Figure 27-5—RU locations in a 20 MHZ HE PPDU ........ccccoiiiiiieeeeeee e 502
Figure 27-6—RU locations in a 40 MHZ HE PPDU .........cccoiiiiiiieeee e 502
Figure 27-7—RU locations in an 80 MHz HE PPDU ..o 503
Figure 27-8—HE SU PPDU fOIMAL ......ccuteiiiiiiieiieieie ettt et see e s e e e enes 510
Figure 27-9—HE MU PPDU fOrmat ........cccoeiiiieiiiieieiiee ettt eee s 510
Figure 27-10—HE ER SU PPDU fOImMat .......cccoueoiriiiiiiiniiiiieinieinteeteseeteseeiese ettt 511
Figure 27-11—HE TB PPDU fOrmat .........cccoiiieiiiieieiiee ettt st s 511
Figure 27-12—Number of 20 MHz channels that need to be modulated for the pre-HE modulated

fields for each RU size and location in an HE TB PPDU.........ccccoccoivinininiiniiiciciienccceeenee 512
Figure 27-14—Transmitter block diagram for L-SIG, RL-SIG, and HE-SIG-A fields for an

HE SU PPDU and HE ER SU PPDU if Beam Change subfield iS 0.........ccceceeieniecininieenee. 514
Figure 27-13—Transmitter block diagram for L-SIG, RL-SIG, and HE-SIG-A fields for an

HE SU PPDU and HE ER SU PPDU if Beam Change subfield is 1........ccccecieienieciniiieenee. 514
Figure 27-15—Transmitter block diagram for L-SIG, RL-SIG, and HE-SIG-A fields of an

HE TB PPDU ...ttt ettt nenn 515
Figure 27-16—Transmitter block diagram for HE-SIG-B field...........coccoiiiiiiiiiiieeeeeee 515
Figure 27-17—Transmitter block diagram for UL transmission or DL non-MU-MIMO transmission

of a Data field with BCC encoding on a 26-, 52-, 106- or 242-tone RU..........ccccevoveviirnennnen. 516
Figure 27-18—Transmitter block diagram for UL transmission or DL non-MU-MIMO transmission

of a Data field with LDPC encoding on a 26-, 52-, 106-, 242-, 484- or 996-tone RU ................ 517

Documents
27 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

Figure 27-19—Transmitter block diagram for DL MU-MIMO transmission of a Data field with BCC

encoding on a 106- 0r 242-t0ne RU.........ccoiiiiiiiieeeee e e 518
Figure 27-20—Transmitter block diagram for DL MU-MIMO transmission of a Data field with LDPC

encoding on a 106-, 242-, 484- or 996-tone RU ..........ccooiiiiiiiiiiiieieee e 519
Figure 27-21—Transmitter block diagram for the Data field of an HE SU PPDU in 160 MHz with

DD ) O 1Tt a4 PRSP 520
Figure 27-22—Transmitter block diagram for the Data field of an HE SU PPDU in 80+80 MHz with

| DD ) O 1Tt a4 OSSR 521
Figure 27-23—Timing boundaries for HE PPDU fields if midamble is not present ............ccccceevvereenenne. 534
Figure 27-24—CRC CAlCULAtION ....eueiiiiiiieii ettt sttt et e e e enes 556
Figure 27-25—Data subcarrier constellation of HE-SIG-A symbols...........ccccevirriiiiniienieieceeeeeeee 558
Figure 27-26—HE-SIG-B content channel format...............coocoiiriiiiiiiniee e 560
Figure 27-27—Example of the mapping of 8-bit RU Allocation subfield and the position of User

field to user’s assignment for one 20 MHz channel ...............coocoiiiiiiiniiniieeee 569
Figure 27-28—HE-SIG-B content channel for a 20 MHZ PPDU ..........ccooiiiiiiiiiiieeeeeeee 573
Figure 27-29—HE-SIG-B content channel for a 40 MHZ PPDU .........ccccooiiiiiiiiieeeeeee e 573
Figure 27-30—HE-SIG-B content channels and their duplication in an 80 MHz PPDU ........................... 574
Figure 27-31—HE-SIG-B content channels and their duplication in a 160 MHz PPDU ........................... 574
Figure 27-32—Generation of HE-LTF symbols per frequency segment in an HE SU PPDU,

HE MU PPDU, and HE ER SU PPDU .....c..cccoiiiiiiiiriiniitneecncreceeeteeeteeeee e 591
Figure 27-33—Generation of HE-LTF symbols per frequency segment in an HE TB PPDU for

USET U ON RU Tooiiii e e e e e 592
Figure 27-34—Generation of 1x HE-LTF symbols per frequency segment............ccceeeveereneeneneenennnenne 592
Figure 27-35—Generation of 2x HE-LTF symbols per frequency segment............ccceeeviereneenieneeniennenne. 593
Figure 27-36—HE PPDU padding process in the last OFDM symbol (non-STBC) ifa=1...................... 595
Figure 27-37—Constellation bit encoding for 1024-QAM (1st quadrant)..........ccceveeeeriereneesienieeieeeene 605
Figure 27-38—Constellation bit encoding for 1024-QAM (2nd quadrant) ...........cccceevereereneerenieenieenene 606
Figure 27-39—Constellation bit encoding for 1024-QAM (3rd quadrant) ...........cceeeeveerieeeneesieneeieeeene 606
Figure 27-40—Constellation bit encoding for 1024-QAM (4th quadrant) .........ccceeeereiieieniecenieeee 607
Figure 27-41—HE PPDU with midamble ...........cccooiiiiiiiiiieieeee e 618
Figure 27-42—Midamble at the end of an HE PPDU ........ccocciiiiiiiiiiiiieeeee e 618

Figure 27-43—PE field duration of an HE SU PPDU or HE ER SU PPDU without midambles if
TXVECTOR parameter NOMINAL PACKET PADDING is 8 ps and TPE = TPE,nominal.. 620

Figure 27-44—PE field duration of an HE SU PPDU or HE ER SU PPDU without midambles if
TXVECTOR parameter NOMINAL PACKET PADDING is 16 ps and TPE = TPE,nominal 620

Figure 27-45—HE sounding NDP fOrmat ...........ccccooiiiiiiiiiieeee et 628
Figure 27-46—HE TB feedback NDP fOrmat ..........ccoooeiiiiiiiiiiee et 629
Figure 27-47—Example transmit spectral mask for a 20 MHz mask PPDU ............ccocoooiiiiiiiiniine 630
Figure 27-48—Example transmit spectral mask for a 40 MHz mask PPDU ............ccooooiiiiiiiiniere 631
Figure 27-49—Example transmit spectral mask for an 80 MHz mask PPDU ............ccocoiiiiiiiniennnnne. 631
Figure 27-50—Example transmit spectral mask for a 160 MHz mask PPDU ...........ccccoooiiiiiiiiiniiene. 632
Figure 27-51—Example transmit spectral mask for an 80+80 MHz mask PPDU................cccceiiniinnnenne 633
Figure 27-52—Example transmit spectral mask for the Nx20 MHz preamble punctured channel with
transmissions on both upper and lower subchannels............cccoeviriiiiiieniieeeeee e 633
Figure 27-53—Example transmit spectral mask for an 80 MHz HE PPDU with the highest 20 MHz
SUDChANNE] PUNCIUIEA .....ouiiiiiiieiii ettt et sttt eesaee e nnens 634
Figure 27-54—PHY transmit procedure for an HE SU PPDU ..........ccccooiiiiiiiiiinieeeeeeeeee e 648
Figure 27-55—PHY transmit procedure for an HE ER SU PPDU .......ccccoooiiiiiiiiiiieeee 648
Figure 27-56—PHY transmit procedure for an HE MU PPDU .........cccoooiiiiiiiiiiiiieeeeeeee e 649
Figure 27-57—PHY transmit procedure for an HE TB PPDU .........ccccooiiiiiiiiiini e 649
Figure 27-58—PHY transmit state machine for an HE PPDU without midambles..............cccccceeierrnne. 651
Figure 27-59—PHY receive procedure for an HE SU PPDU .........cccoooiiiiiiiiiiieeeeeee e 652
Figure 27-60—PHY receive procedure for an HE ER SU PPDU ........ccccoiiiiiiiiiiiieeeeeeeeeee 652
Documents
28 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

Figure 27-61—PHY receive procedure for an HE MU PPDU..........coccooiiiiiiiiiiieeeeeeeeee e 653

Figure 27-62—PHY receive procedure for an HE TB PPDU .........cccoooiiiiiiiiiiieeeeeeeee e 653
Figure 27-63—PHY receive state machine if midambles are not present..........cooceveeveereeiereeieneeenieneene 654
Figure AA-1—Example of partial list of profiles with a profile periodicity 0f 4 .........ccccovirieiinierienne 763
Figure AA-2—Example of partial list of profiles with a profile periodicity of 3 .........coccoiirieiiinierne 764
Figure AA-3—Example of a BSSID being deactivated ...........coccovueriiiieieiieeeeee e 764
Figure AA-4—Example of a BSSID being activated...........coccoeieieiieiirieee e 765
Figure AA-5—Example of DTIM period being changed for a particular BSSID............ccoocoiiiiininnnnnenne. 765
Documents
29 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um\gwﬁ%&lﬁo%%& éﬁ%@orﬁﬁr{i%%&%ﬁ%me UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

Tables

Table 8-2—PHY SAP inter-(Sub)layer Service PrimitiVes ........ccceeverueeieruereeriesriesieseessesseesesseensesseesesseenes 71
Table 8-3—PHY SAP service primitive PAramEters ........c.evveeverueeierteeeeeieeereeeeesseseessesseesessaessessesssesseesees 71
Table 8-5—The channel-list Parameter ENIICS. ........ccveierierieriereeiesteeieteeee st eterseseestesseesseeseeneesseeseensensens 73
Table 9-1—Valid type and Subtype COMDINALIONS ..........ccueruierieriieieriieieieie et seeeesee e beeeaeeeeseenee e snees 76
TaADIE 9-13——ACK POLICY ..vivienieeeieiiieiiete ettt et ettt e e et et e s et esse s st ensesseensesseenseeseansesseensesseensennens 78
Table 9-13a—Queue Size subfield encoding by a non-AP HE STA .......cocoiiiiiiieeeeee e 80
Table 9-13b—HT Control field fOTmMaLt ..........cccoiririiiiiriiieiece ettt 81
Table 9-22a—Control ID Subfield VAIUES........c..coerierieieiiiiiriees et 82
Table 9-24a—UL Target Receive Power subfield in TRS Control field .........c.ccceveniviiiiniinininincnineene 83
Table 9-24b—UL MU Disable and UL MU Data Disable subfields encoding............ccoecververirienenvennennenn 85
Table 9-24c—HLA Control SUDTIEIAS ......cc.couiririiriiniiiiicictetc ettt s 86
Table 9-24d—ACI Bitmap subfield encOding..........ccecvieieriieierieiereeiere et eneas 89
Table 9-24e—Delta TID subfield €NCOAING ......c.ecvvroieriieieieieeteie ettt see e ensesnees 89
Table 9-24f—Scaling Factor subfield encOding............occerieriirieierieie et 90
Table 9-25—Maximum data unit sizes (in octets) and durations (in microseconds) ...........cceecvevverveveernenen. 92
Table 9-27—BlockAckReq frame variant €nCOdING ..........ccvecveveirieririieniieieie et eie et seesreeneeseeas 97
Table 9-28—BlockAck frame variant @NCOAING.........ccuveieriieieriieiereeie st ete st ete st ete e eeeseeee e essesseensesneas 98
Table 9-28a—Fragment Number subfield encoding for the Compressed BlockAck variant........................ 99
Table 9-28b—Context of the Per AID TID Info subfield and presence of optional subfields if the

AID11 subfield i Ot 2045....c..ciiiiiieiiiereeteee ettt 101
Table 9-28c—Fragment Number subfield encoding for the Multi-STA BlockAck variant..........c..c.c...... 102
Table 9-29a—Feedback Type And Ng subfield and Codebook Size subfield encoding for HE TB

SOUTIAINIEZ ..ottt ettt ettt et ettt et e e et et e et e essesaeesseeseenseesse s eessenseensenseensesseensesseensesseensesseensensenns 106
Table 9-29b—Feedback Type And Ng subfield and Codebook Size subfield encoding for HE non-TB

SOUTIAINIEZ ..ottt ettt ettt et et e et et e estes e e et e essesaee st e eseasseesse s eessenseensenseeneesseensesseensesseensesseensansenns 106
Table 9-29c—Trigger Type subfield encOding ..........cccoiieiierieriirieieeieeeee et eee e 109
Table 9-29d—UL BW subfield €nCOAINg........cceevveriiiieiieieiieiest ettt seeens 109
Table 9-29¢—GI And HE-LTF Type subfield encoding...........ccccveeverieeienieiieneeiesieeieeee e 110
Table 9-29f—MU-MIMO HE-LTF Mode subfield encoding..........cccccceeeririenercieniiiieniieieseeieee e 110
Table 9-29g—Pre-FEC Padding Factor and PE Disambiguity subfields...........ccoccovveveriecienieienieiee 111
Table 9-29h—AID12 subfield @NCOAING .......c.ccuiviiriieieiieieieeiete ettt see e sseeneenseens 112
Table 9-29i—B7-B1 of the RU Allocation Subfield...........cccccueoiiirininininininienieieneeceeeceeeese e 113
Table 9-297—UL Target Receive Power subfield in Trigger frame..........coccoevenineneniiieiiennncnceeeen 115
Table 9-29k—Feedback Type subfield encOdiNg........c.ccveieriieiiriieierieieee e 119
Table 9-32—Beacon frame DOAY ........ccoecviriieieriieierieeee ettt et sae e sreessebeseesaesseens 120
Table 9-34—Association Request frame DoAY ..........occveriieierieiinieieci et 122
Table 9-35—Association Response frame Dody .........cccvecierieiirieciinieeceeece et 123
Table 9-36—Reassociation Request frame DoAY .........ccecveviiriieieniiiiinicieeceee e 124
Table 9-37—Reassociation Response frame Dody .........c.oecvevvieiiriinienieiieicere e 125
Table 9-38—Probe Request frame DOAY .......ccvevvivieiiiieieiieee ettt st ereens 126
Table 9-39—Probe Response frame DoAY ........cccoecieriiiiiniiiiiniicieieceee et s ees 127
Table 9-43—Action frame body and Action No Ack frame body .........cccoecveverieniiiecieiieeecee e 129
Table 9-45—DMG Beacon frame DoAY ........c.coeecviiiiiiiiieiiciciesie ettt esseereens 129
Table 9-46—Minimum and full set of optional elements.............ccoecverieeiiriicienieie e 129
Table 9-49—REASON COUES ......ooutruiriiriiitiitirieieieiet ettt ettt ettt e be bbbt et et et st ebeebesbeseennen 130
Table 9-50——StatUS COUCS .....eeurrutruirtiitiiteitirteet ettt ettt ettt e be b bt s bt e s ettt ebeebesbeseeenen 130
Table 9-51—CateZOTY VAIUES .....cocviieieiieiietieiieie ettt e et e st este et e beessesseeseesseesaesseeseessesssessenseessenseenes 130
Table 9-67—Band ID fIeld .........coeriiiiiiieeie ettt 131
Table 9-80—Subfield values of the Operating Mode field ..........ccoecverieciiriiiierieeceee e 132
Table 9-91a—HE MIMO Control field encoding ...........ccoecuevieiieriiiieniieieieeeeee et 134
Table 9-91c—Subcarrier indices scidx(0) and scidx(Ns — 1) for Ng =4 .......ccccvvviriievenierenieieeeeeeeeene 137

Documents
30 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&éwﬁ%&lﬁo%%& &ﬁ%@orﬁﬁrﬂ%%&%ﬁ%me UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

Table 9-91b—HE Compressed Beamforming Report information..............cceceveeiivinieninienieeeeeee 137

Table 9-91d—Subcarrier indices scidx(0) and scidx(Ns — 1) for Ng = 16......ccccerveririeiiniinieeeeeee 140
Table 9-91e—Subcarrier indices for compressed beamforming feedback matrix ...........ccocceeeecineecnnnne. 142
Table 9-91f—HE MU Exclusive Beamforming Report information .............ccoeeeeveveeienieneseeieseeeeene 144
Table 9-91g—HE CQI Report information ............coeeeeiieienieiesie ettt eee e 145
Table 9-92—EIeMEnt IDS ........ccccoirimiiniiriiieiiieteitees sttt ettt st sttt ettt eb e ebe e e nen 146
Table 9-91h—Average SNR of RU index k for space-time stream i subfield ...........ccccevieiiiieiinieiinne 146
Table 9-93—BSS membership selector value encoding ...........ceecerieririeiirieereeere e 147
Table 9-153—Extended Capabilities SlemMEeNt ...........ccveiuieierieierieieee et 149
Table 9-158—Direction subfield eNCOAING ........ccceruiriiiieieiieee et 151
Table 9-160—TS Info Ack Policy subfield encoding ..........ccceeueiuirierieiiriee e 152
Table 9-161—Setting of Schedule subfield...........ccoiiiiiiiiiiee e 152
Table 9-159—Access PoliCY SUDTICLA. ......cc.ooiiiiiieiee e 152
Table 9-173—Optional subelement IDs for Neighbor Report ..........ccccoeoeiiiiiiiiiiiieeeeeeeee 154
Table 9-193—Event Type field definitions for event requests and repoOrts...........ccoveeeeriereneereereeeeeeene 157
Table 9-265a—HE Fragmentation Operation subfield............cocoioieiiiieiiiiee e 158
Table 9-275a—Maximum Transmit Power Interpretation subfield encoding............cccceevevinieiiniennnnnnne. 160
Table 9-276—Meaning of Local Maximum Transmit Power Count subfield if the Maximum Transmit

Power Interpretation subfield 1S 0 OF 2.......coiiiiiiiieiieeee e 161
Table 9-277—Definition of Local Maximum Transmit Power Unit Interpretation subfield...................... 161
Table 9-277—Meaning of Maximum Transmit Power Count subfield if Maximum Transmit Power

Interpretation SUbTIEld S 1 OF 3....oiiiiiiiiiee et s 163
Table 9-281—TBTT Information field CONLENTS ........cccccuerieiiiiiiiiiirinireese et 164
Table 9-288—PHY Support Criterion Subfield ...........coiiriiiiriiieieeeeee e 167
Table 9-296a—Interpretation of Negotiation Type subfield and of Target Wake Time, TWT

Wake Interval Mantissa, and TWT Wake Interval Exponent subfields ...........ccccceveeieniecnnnne 168
Table 9-297—TWT Setup Command field Values ..........ccceiiriiiiriiieeee e 170
Table 9-297a—Broadcast TWT Recommendation field for a broadcast TWT element..........c.cccceceeuennenne. 172
Table 9-322a—Subfields of the HE MAC Capabilities Information field............ccocoeoeiiiiiiiniiiie 177
Table 9-322b—Subfields of the HE PHY Capabilities Information field.............ccoooveeeniiiinieiinieie 184
Table 9-322c—Subfields of the Supported HE-MCS And NSS Set field........cccoeoevieieiieiiiieieeee 193
Table 9-322d—Constellation INAEX........cceviririririniirieneeteeeteert ettt ettt ere e e e enes 196
Table 9-322e—RU allocation INAEX .........ccceriririerienierienieieieietetrttee ettt sttt ettt eae b b e e nes 196
Table 9-322f—Quiet Time Period Subtype field encoding..........ccoecverveinieneieeeeeee e 204
Table 9-3228——Statls COAGS .....ueeruiruieieiiieie ettt ettt ettt ettt e s et et e s et e eesaeeneesse et e seeneeaseeneenseeneeneeenes 206
Table 9-322h—Recommended BSS Transition RSSI Threshold Within ESS subfield encoding.............. 207
Table 9-374—TDLS Discovery Response frame Action field format............coccoeviviiieiiiiinieieee 213
Table 9-383—FILS Discovery frame fOrmat ............cccoiieiiiieiinieeeee e 213
Table 9-384—BSS Operating Channel Width.............ccooiriiiiiiiiie e 214
Table 9-386—PHY INdex SUDFICIA ......c.coiririiriniiiiiceccetc et e 214
Table 9-387—FILS Minimum Rate .........ccccociriririniiiiieicieieecenene ettt e 214
Table 9-414—Information for TDLS Setup Request Action field..........ccooveoirieiininiiiieeeeeee 215
Table 9-415—Information for TDLS Setup Response Action field..........ccoooerieieiinieiinecieeeee 216
Table 9-416—Information for TDLS Setup Confirm Action field .........cccocoeiiriiiiiiiiiieeeee 216
Table 9-436—Mesh Peering Open frame Action field format.............cocooiiiiiiniiniieeeee 217
Table 9-437—Mesh Peering Confirm frame Action field format .............ocooiriiiiiiiiee 217
Table 9-501—TWT Setup frame Action field format..........cccoeoeerieiiriiiii e 218
Table 9-526a—HE Action field VAIUES .......ccccoeriiriiriiiiiiiicieieen ettt 220
Table 9-526b—HE Compressed Beamforming/CQI frame Action field format.............ccoeceiveviniennnnnnne. 220
Table 9-526c—Quiet Time Period frame bBody .........coeeiieierieiiieee e 221
Table 9-526d—OPS frame Action field fOrmat ...........ccceoveviiiiiiiiiiniiniincccceeceeeeee e 221
Table 9-526f—HE BSS Color Change Announcement frame Action field format ...............ccoccoeieinnnne 222
Table 9-526g—MU EDCA Reset frame Action field format...........ccocoeeirieiiiiniiniieeeeeeee e 222

Documents
31 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

Table 9-526e—Protected HE Action field VAIUES .......c.ooouveiiiiiiiiiiiiiieeeeeeee et 222

Table 9-527— MPDU delimiter fields (NON-DMG).........ccceeriiiiiiiiieiiecieeie ettt et 224
Table 9-529—A-MPDU CONEXES .....ceeutrririrtintirrenientetenteteteeteeteeeteste sttt s bt seestesse s eneenseneeaeeneeseeresaeseennen 225
Table 9-530—A-MPDU contents in the non-HE data enabled immediate response context...................... 227
Table 9-531—A-MPDU contents in the data enabled no immediate response cONteXt ...........cceveeeeennenne. 227
Table 9-533—A-MPDU contents in the control response CONEXL........eevverurreereeriereeieieieieseeeeeeeeeesee e 227
Table 9-534a—A-MPDU contents in the HE non-ack-enabled single-TID immediate response context.. 228
Table 9-534b—A-MPDU contents in the HE ack-enabled single-TID immediate response context......... 230
Table 9-534c—A-MPDU contents in the HE non-ack-enabled multi-TID immediate response context... 231
Table 9-534d—A-MPDU contents in the HE ack-enabled multi-TID immediate response context.......... 232
Table 10-9—Modulation CIASSES .......c.ceerirrirririiiiieiiteeeir sttt ettt sttt st sae e aere b sae e nes 246
Table 10-10—NON-HT reference Tate.........cccoerieriiieiriririnirierteteteseeteeet ettt e se et e e ere e e nes 247
Table 10-11a—Conditions for including Control subfield variants .............cccccoeeeveriiienienireeeeceee 250
Table 10-19—Modulation classes eligible for TXOP termination...........ccoceeeveereererieenieseseeesee e 267
Table 10-20—Rate and modulation class of a final transmission in @ TXOP ........c.ccocevevinenevninincnenne. 267
Table 10-32a—TWT setup exchange command interpretation............eeeeeveeiererierenieseeese e 278
Table 18-1—TXVECTOR PATAMELEIS ......cc.eeeerieeuieriiriienieeierteetieieeteesteeseentesseeneesseeaeseeesesseensesseensessesseenes 310
Table 18-3—RXVECTOR PATQMELETS ......cc.eeueeieeeierieeiieiesiteneeetieie st eeeeteenee st eeesaeeseeseeeneesaeeneeseeseensesseenes 310
Table 26-1—Negotiated buffer size and Block Ack Bitmap subfield length.............coocoooiiiiiiiniinnnne 332
Table 26-2—Relation between TID Aggregation Limit field, Multi-TID Aggregation Tx Support

field, and solicited IMMEIAtE TESPONSE .......eevereirereeieiereeeite ettt ettt et nee s 348
Table 26-3—FEEDBACK STATUS deSCIIPION .....ecueetieiieiieiietieiiesie ettt st sie e eneeseeeneeseeenes 368
Table 26-4—Settings for BW, RU Start Index, and RU End Index fields in HE NDP Announcement

TTAINC ..ottt ettt ettt b e h e b b ettt b bt a e n e ee 382
Table 26-5—TWT setup exchange for unsolicited TWT and recommended broadcast TWT switch......... 388
Table 26-6—Broadcast TWT aNNOUNCEMENLS ......c..ccueeruirrireriiriinienienteteteteeeueeiesieseessessessensenseneeneeseesenses 393
Table 26-7—Broadcast TWT membership eXChanges ...........ccooeeieiieiierieienieeseee e 397
Table 26-8—Wake TBTT negotiation eXChanges ..........ccceecuereeiererieneeiieie et eeee et enee s 406
Table 26-9—Setting of VHT Channel Width and VHT NSS at an HE STA transmitting the OM

Control SUDFIEIA .....coveiuiiiiiieicceee ettt 409
Table 26-10—PPDU _BW determination ............ccceeieiereeiieneeierie et eteee ettt see e ee e eeesseeeeens 417
Table 26-11—Non-SRG OBSS PD Min and Non-SRG OBSS PD Max values for non-AP STAs............ 419
Table 26-12—SRG OBSS PD Min and SRG OBSS PD Max values for non-AP STAS ......c.ccccecevenenenne. 419
Table 26-13—PPE thresholds per PPET8 and PPET 16 .......cccoooiiiiiiei e 433
Table 26-14—Example of rate selection for HE PPDUS .........cccooiiiiiiiiirieeeee e 444
Table 26-15—6 GHz BSS channel Width...........cccocoiiiiiiiiiiiicccene e 453
Table 27-1—TXVECTOR and RXVECTOR parameters...........cccceeueereerierieneeeeneeeieseeeieseeeeeesieeseeneeeseenes 471
Table 27-2—TRIGVECTOR PAraQmELEIS ........ccceeuieriereieieiiieriesieeiesteeeeeteeee st eeseeeeeseeeeeseeeneesseeneenseeneenes 488
Table 27-3—Interpretation of FORMAT, NON_HT MODULATION, CH BANDWIDTH, and

CH_OFFSET PArameEters ........eeruueeieeriieeieenieeiiieesiteniteettesite st e sitesiteesbeesabesabeesiteeseesaeesbeesseesanens 490

Table 27-4— Interpretation of CH_ BANDWIDTH and INACTIVE_SUBCHANNELS parameters
when FORMAT is equal to NON_HT and NON_HT MODULATION is equal to

NON_HT DUP_ OFDM ...ttt sttt sttt sttt sttt ettt ebe st s 492
Table 27-5—Mapping of the HE PHY parameters for non-HT operation............cccoeceeverieneneeeneeninnnenne 495
Table 27-7—Data and pilot subcarrier indices for RUs in a 20 MHz HE PPDU and in a non-OFDMA
20 MHZ HE PPDU. ...ttt eaesn 499
Table 27-6—Maximum number of RUs for each channel width .........c..c.ccocovininiiininiiiiines 499
Table 27-8—Data and pilot subcarrier indices for RUs in a 40 MHz HE PPDU and in a non-OFDMA
40 MHZ HE PPDU ....oiiiiiiiiiiiiece ettt sttt 500
Table 27-9—Data and pilot subcarrier indices for RUs in an 80 MHz HE PPDU and in a non-OFDMA
80 MHZ HE PPDUL......cuiiiiiiiiiteeeeteee ettt ettt sttt ettt sttt 500
Table 27-10— Null SUDCAITIET INAICES. .....coervirririiriiriiteieteteteiteeettee ettt et ettt et ere b sae e enes 504
Table 27-11—HE PPDU fIeldS......ccotoiiiiriiirieirieise ettt ettt ettt 511
Documents
32 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

Table 27-12—Timing-related CONSTANES ..........cooieiiriieieiieiee ettt ettt enee e e eneeseeenes 529
Table 27-13—Subcarrier allocation related constants for the HE-modulated fields in a non-OFDMA

HE PPDU ..ottt ettt ettt ettt enn 530
Table 27-14—Subcarrier allocation related constants for RUs in an OFDMA HE PPDU ......................... 531
Table 27-15—Frequently US€d ParameEtersS . .......ccoeieruirierierieree sttt ettt e st see st ee e eneeeseeneeseeenes 531
Table 27-16—Number of modulated subcarriers and guard interval duration values for HE PPDU

1 T SRS 537
Table 27-17—CH_BANDWIDTH and for pre-HE modulated fields..........ccccooereriiieiiiiiieeeeee 538
Table 27-18—HE-SIG-A field of an HE SU PPDU and HE ER SU PPDU .......cccccccoviiniiniiniincinenne 545
Table 27-19—Interpretation of DCM, STBC, and GI+HE-LTF Size subfields ...........cccccooerieiiniennnnenne. 547
Table 27-20—HE-SIG-A field of an HE MU PPDU .........ccooiiiiiiiiiininiieeeieeeeeseee e 548
Table 27-21—HE-SIG-A field of an HE TB PPDU.......ccccooiiiriiiniiirieineeneene et 552
Table 27-22—Spatial Reuse field encoding for an HE SU PPDU, HE ER SU PPDU, and

HE MU PPDIU ..ottt ettt aenn 555
Table 27-23—Spatial Reuse field encoding for an HE TB PPDU..........cccoooiiiiiiiiinieeeeeeee e 555
Table 27-24—CommOn FIE1A.......ccuiiuiiii ettt sttt neeenes 561
Table 27-25—RUs associated with each RU Allocation subfield for each HE-SIG-B content channel

and PPDU bandWidth...........cocooiiiiiiiiieiee et 562
Table 27-26—RU Allocation SUDTIELA. .........ceouiiiieiiieee et 564
Table 27-27—User BIOCK fIeld.......cc.oiiiieieee et 567
Table 27-28—User field format for non-MU-MIMO allocation.............ccoeceeeererreerenienieeseeie e 569
Table 27-29—~User field format for MU-MIMO alloCation ...........cecueeiereieiererierie et 570
Table 27-30—Spatial Configuration subfield enCOdINg .........coecveruirierieririee e 571
Table 27-31—HE-LTF type and GI duration combinations for various HE PPDU formats ...................... 580
Table 27-32—HE-LTF subcarrier mapping for the HE TB feedback NDP..........ccoocoiiiiiiiiiiieee 590
Table 27-33—INSD,ShOIt VAIUES ......ccoiieiiiiiieiiiiie ettt e et e e et e e e e snaaeeeeessnaaeeeessnaeeeeeens 596
Table 27-34—SERVICE fIeld .......ccooueiiiiiriiinieinicrec ettt ettt 597
Table 27-35—BCC interleaver PAramEters ..........cceiueeiertieierieeiesteeee et eee st eeesteeeesteeeesseeneesseeneesseeneeseeenes 605
Table 27-36—LDPC tone mapping distance for each RU SiZ€ ........ccccceeoiriiiiiiiiiiieeieeeeeeee 608
Table 27-37—Pilot indices for a 26-tone RU ..........cccoeiiiiiiiiieeeee e e 611
Table 27-38—The 2 pilot values for a 26—tone RU ..........cccoooiiiiiiiiiiieiee e 612
Table 27-39—Pilot indices for 52-tone RU tranSmiSSION .........ccecueeeerurerieriiriereeiesieeee e eee e eeeens 612
Table 27-40—The 4 pilot values in a 52- and 106-tone RU ..........ccoccoiiiiiiiiiiiiiee e 612
Table 27-41—Pilot indices for 106-tone RU tranSmiSSION ...........cecuereeriererriereeriesieeeesieeee e eee e eee e 613
Table 27-42—Pilot indices for 242-tone RU tranSmiSSION ...........ccecvereereereriiereeiiesieeiesie e sie e eeeseeens 613
Table 27-43—The 8 pilot values in a 242-tone RU.........ccooiiiiiiiiiee e 614
Table 27-44—Pilot indices for 484-tone RU tranSmiSSION ...........ccecvereeriereriereeriesieeiesie e eee e 614
Table 27-45—Pilot indices for 996-tone RU tranSmiSSION ............cecuereereeririiereeriesiieiesie e eie e 614
Table 27-46—Nominal TPE VAIUES.......ccoeiiiiiieiieeieee ettt ene 619
Table 27-47—Transmit power and RSST measurement aCCUraCy ........ccoeveuerierierieeiereeieseeeee e 626
Table 27-48—Maximum transmit spectral flatness deviations ............ccocereriererierinieseee e 635
Table 27-49—Allowed relative constellation error versus constellation size and coding rate.................... 636
Table 27-50—iRU26,start for RUs other than a 26-tone RU ............coooouiiiiiiiiiiiiiiiieeeeeeeee e 640
Table 27-51—Receiver minimum input [evVel SENSItIVIEY ......c.eeouiririirieiere e 642
Table 27-52—Minimum required adjacent and nonadjacent channel rejection levels............cccccoevenenne. 643
Table 27-53—HE PHY MIB QttriDULES ......c.eeieiieieiieiieie ettt ese e e e e 659
Table 27-54—HE PHY CharacteriStiCs .......ceeuerieierieierie ettt ettt ettt see e e e seeenes 668
Table 27-55—HE-MCSs for 26-tone RU, NSS =1 ....cc.ccooiiriiriiieereeeeeeeee et 669
Table 27-56—HE-MCSs for 26-tone RU, NSS =2 .......cccoiiriiriiieeeeeeeeseeere e 670
Table 27-57—HE-MCSs for 26-tone RU, NSS =3 ..ottt 671
Table 27-58—HE-MCSs for 26-tone RU, NSS =4 ........coiiiriiiiieeeereeeeee et 671
Table 27-59—HE-MCSs for 26-tone RU, NSS =5 ..o 672
Table 27-60—HE-MCSs for 26-tone RU, NSS = 6 .......ccoeiiriiriiiiieereereeeeeetete e 672

Documents
33 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

Table 27-61—HE-MCSs for 26-tone RU, NSS = 7 ....ccocoiriiiiiicceceteene et 673

Table 27-62—HE-MCSs for 26-tone RU, NSS =8 .......c.coiiiriirriiieereeeeeeeee et 673
Table 27-63—HE-MCSs for 52-tone RU, NSS =1 ....ccccoiiiniiiiiieereeeeeseeeee et 674
Table 27-64—HE-MCSs for 52-tone RU, NSS =2 .......ccooiiriiriiiiieeeereeesetete et 675
Table 27-65—HE-MCSs for 52-tone RU, NSS =3 ...ttt 676
Table 27-66—HE-MCSs for 52-tone RU, NSS =4 .......cooiiiieeeeeeeseteeee e 676
Table 27-67—HE-MCSs for 52-tone RU, NSS =5 ...t 677
Table 27-68—HE-MCSs for 52-tone RU, NSS = 6 .......cccoeiiriiriiiiieereeeeeeeee et 677
Table 27-69—HE-MCSs for 52-tone RU, NSS =7 ....c..cooiiriiiiriieereeeeseeet ettt 678
Table 27-70—HE-MCSs for 52-tone RU, NSS =8 .......cooiiriiriiieeneeeeeeeee e 678
Table 27-71—HE-MCSs for 106-tone RU, NSS =1 .....c.coiiiniiriiiieereereereeeeere e 679
Table 27-72—HE-MCSs for 106-tone RU, NSS =2 .......cccoiiniiriiiiieereereeseeeeeere et 680
Table 27-73—HE-MCSs for 106-tone RU, NSS =3 ..o 681
Table 27-74—HE-MCSs for 106-tone RU, NSS =4 .......ccccoiniiiiiiiienereeeeeeee et 681
Table 27-75—HE-MCSs for 106-tone RU, NSS =5 .......coiiriiiiiereereeeeeeeseee e 682
Table 27-76—HE-MCSs for 106-tone RU, NSS =0 .......ccccceriirririiiiieneereeeceeeeseee e 682
Table 27-77—HE-MCSs for 106-tone RU, NSS =7 .....c.coeiiriiriirieereereeeeeieeete et 683
Table 27-78—HE-MCSs for 106-tone RU, NSS =8 .......ccciiriiriiiiireereeeeeeeeseee e 683
Table 27-79—HE-MCSs for 242-tone RU, NSS =1 .....c.coiiriiriiiiee et 684
Table 27-80—HE-MCSs for 242-tone RU, NSS =2 .......cciiriiriiiinee et 685
Table 27-82—HE-MCSs for 242-tone RU, NSS =4 .......ccoiiiiiiieeeeeeeeeesee e 686
Table 27-81—HE-MCSs for 242-tone RU, NSS =3 ..ot 686
Table 27-83—HE-MCSs for 242-tone RU, NSS =5 ..ot 687
Table 27-84—HE-MCSs for 242-tone RU, NSS =0 .....c.ccviriiiriiiiineeeeeseteee et 687
Table 27-85—HE-MCSs for 242-tone RU, NSS =7 .....c.coiiriiiriiiiineee ettt 688
Table 27-86—HE-MCSs for 242-tone RU, NSS =8 .......ccoiriiriieeeseeseeeee et 688
Table 27-87—HE-MCSs for 484-tone RU, NSS =1 .....c.coiiriiiiiiieene et 689
Table 27-88—HE-MCSs for 484-tone RU, NSS =2 .......ccoiriiriiieere ettt 690
Table 27-89—HE-MCSs for 484-tone RU, NSS =3 ..ot 691
Table 27-90—HE-MCSs for 484-tone RU, NSS =4 .......ccoiriiiieeeeeet et 691
Table 27-91—HE-MCSs for 484-tone RU, NSS =5 ..ot 692
Table 27-92—HE-MCSs for 484-tone RU, NSS =0 .......ccceiriirriiiiiineneseeneeseeeeeeese e 692
Table 27-93—HE-MCSs for 484-tone RU, NSS =7 .....c.coiiriiririinese ettt 693
Table 27-94—HE-MCSs for 484-tone RU, NSS =8 .......ccoiriiriiiineee et 693
Table 27-95—HE-MCSs for 996-tone RU, NSS =1 .....c.ccooiriiriiiiiinieeseenetseee et 694
Table 27-96—HE-MCSs for 996-tone RU, NSS =2 .......ccoiiniiriiiiiienenereneesee et 695
Table 27-97—HE-MCSs for 996-tone RU, NSS =3 .......cciiriiiiieere ettt 696
Table 27-98—HE-MCSs for 996-tone RU, NSS =4 .......ccooiniiiiiiinerne et 696
Table 27-99—HE-MCSs for 996-tone RU, NSS =5 ..ot 697
Table 27-100—HE-MCSs for 996-tone RU, NSS =6 .....ccccreiiriiiriiniiiriineene et 697
Table 27-101—HE-MCSs for 996-tone RU, NSS =7 .....cociiriiiiiiieineneereene et 698
Table 27-102—HE-MCSs for 996-tone RU, NSS =8 ........cciriiiriiriiineircereene e 698
Table 27-103—HE-MCSs for 2x996-tone RU, NSS =1 ....cccoeiriiriiiiineeneeeeeeeeseeeeeeeeieeene e 699
Table 27-104—HE-MCSs for 2x996-tone RU, NSS =2 . ....coeiriiriiiinieeneeeeeeeeseeeseeeeeieeene e 700
Table 27-105—HE-MCSs for 2x996-tone RU, NSS =3 . ..c.coiiiiiriiiienereeeeeeereeeeee e 701
Table 27-106—HE-MCSs for 2x996-tone RU, NSS =4 . ....ccociriiriiiineeneeeeeeeeseeeee e 701
Table 27-107—HE-MCSs for 2x996-tone RU, NSS =5 . ..ottt 702
Table 27-108—HE-MCSs for 2x996-tone RU, NSS = 6 ....c.cceciriririiniinieneeeesieeeeeieeeeeeieeeneeas 702
Table 27-109—HE-MCSs for 2x996-tone RU, NSS = 7 ....ccoiiriiiriririinieeneeneieeeeeseeieseeeeeieeeneeas 703
Table 27-110—HE-MCSs for 2x996-tone RU, NSS = 8 ......ccciriiririiiinierieereeeeeeeereeee e 703
Table 27-111—HE-SIG-B-MCSS.......ccosttrtiirieirieirieiret ettt ettt ettt s b et enes e sne e 704
Table G-1—Attributes applicable to frame exchange sequence definition...........ccooeeverierierieeneecenene 755
Table Z-1—Resource allocation signaling example ©..........coccoiiriiiirienieee e 758
Documents
34 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

Table Z-2—HE-SIG-B field content for eXample 1 .........ccccoooiiiiriiiieeeeee e 759

Table Z-3—Resource allocation signaling eXxample 2..........cccoiiiieiieienieee e 760
Table Z-4—HE-SIG-B field content for eXample 2 ..........cccoooiiiieieiieeeeee e 760
Table Z-5—Resource allocation signaling example 3..........cccoiiriiiiiiirieee e 761
Table Z-6—HE-SIG-B field content for eXample 3 ..........ccocoooiiiiiieiieeeeee e 761
Table Z-7—RU Allocation subfields for different dynamic splits of User fields for the example of

two MU-MIMO users in the lowest 484-tone RU of an 80 MHz or wider PPDU....................... 762

Documents
35 Document Sharing Hub

Authorized licensed use limited to: Tsinghua um\gwﬁ%&lﬁo%%& &ﬁ%@orﬁﬁr{i%%&%ﬁ%me UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

IEEE Standard for Information Technology—
Telecommunications and Information Exchange between Systems
Local and Metropolitan Area Networks—

Specific Requirements

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

Amendment 1:
Enhancements for High-Efficiency WLAN

NOTE—The editing instructions contained in this amendment define how to merge the material contained therein into
the existing base standard and its amendments to form the comprehensive standard.

The editing instructions are shown in bold italic. Four editing instructions are used: change, delete, insert, and replace.
Change is used to make corrections in existing text or tables. The editing instruction specifies the location of the change
and describes what is being changed by using strikethreugh (to remove old material) and underscore (to add new
material). Delete removes existing material. Insert adds new material without disturbing the existing material. Insertions
may require renumbering. If so, renumbering instructions are given in the editing instruction. Replace is used to make
changes in tables, figures, or equations by removing the existing figure or equation and replacing it with a new one.
Editorial instructions, change markings and this NOTE will not be carried over into future editions because the changes
will be incorporated into the base standard.

1. Overview

1.4 Word usage

Change the second paragraph in 1.4 as follows:

The construction “between x and y”, “x to y” or “x-y” represents an inclusive range (i.e., the range includes
both values x and y). The construction “Bx-By” represents bits x to y; it is not the subtraction of bit y from
bit x.
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IEEE Std 802.11ax-2021
IEEE Standard for Information Technology—Local and Metropolitan Area Networks—Specific Requirements—
Part 11: Wireless LAN MAC and PHY Specifications—
Amendment 1: Enhancements for High Efficiency WLAN

1.5 Terminology for mathematical, logical, and bit operations
Insert the following text into 1.5 after the description of “log2 (x)”:

log10 (x) is the logarithm of x to the base 10. For example, log10 (100) is 2.

2. Normative references
Insert the following reference into Clause 2 in alphanumeric order:

IETF RFC 8110, Opportunistic Wireless Encryption, Harkins, D., and W. Kumari, Mar. 2017.

3. Definitions, acronyms, and abbreviations

3.1 Definitions
Change the following definitions in 3.1 as shown:

aggregate medium access control (MAC) service data unit (A-MSDU): A structure that contains one or

more MSDUs and is transperted-within-a-single-(unfragmented) data-medium-aeeesseontreHMACIMAC
protecel-dataunits-(MPDUs) transmitted in one or more QoS Data frames with the same sequence number.

multi-user multiple input, multiple output (MU-MIMO): A technique by which multiple stations
(STAs), each with one or more antennas, either simultaneously transmit to a single STA or simultaneously
receive from a single STA independent data streams over the same-radiefrequenetes subcarriers.

non-high-throughput (non-HT): A modifier meaning reithernot high throughput (HT), notner very high
throughput (VHT), and not high efficiency (HE).

physical layer (PHY) protocol data unit (PPDU): The unit of data exchanged between twe—peerPHY
entities to provide the PHY data service.

Insert the following definitions into 3.1 in alphabetic order:

orthogonal frequency division multiple access (OFDMA): An orthogonal frequency division multiple
(OFDM)-based multiple access technique by which multiple stations (STAs) either simultaneously transmit
to a single STA or simultaneously receive from a single STA independent data streams over different groups
of subcarriers.

single input, single output (SISO): A technique by which a station (STA) transmits to or receives from a
single STA a single space-time stream.
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3.2 Definitions specific to IEEE 802.11
Change the following definitions in 3.2 as shown:

20 MHz mask physical layer (PHY) protocol data unit (PPDU): One of the following PPDUs:
a) A Clause 17 PPDU transmitted using the 20 MHz transmit spectral mask defined in Clause 17.
b) A Clause 18 orthogonal frequency division multiplexing (OFDM) PPDU transmitted using the
transmit spectral mask defined in Clause 18.

¢) A high-throughput (HT) PPDU with the TXVECTOR parameter CH BANDWIDTH equal to
HT CBW20 and the parameter CH_OFFSET equal to CH_OFF 20 transmitted using the 20 MHz
transmit spectral mask defined in Clause 19.

d)  Avery high throughput (VHT) PPDU with the TXVECTOR parameter CH BANDWIDTH equal to
CBW20 transmitted using the 20 MHz transmit spectral mask defined in Clause 21.

e) A Clause 17 PPDU transmitted by a VHT STA using the 20 MHz transmit spectral mask defined in
Clause 21.

f)  An HT PPDU with the TXVECTOR parameter CH BANDWIDTH equal to HT CBW20 and the
parameter CH_OFFSET equal to CH _OFF 20 transmitted by a VHT STA using the 20 MHz
transmit spectral mask defined in Clause 21.

g2) A high-efficiency (HE) PPDU with TXVECTOR parameter CH BANDWIDTH equal to CBW20
transmitted using the 20 MHz transmit spectral mask defined in Clause 27.

h) A Clause 17 PPDU transmitted by an HE STA using the 20 MHz transmit spectral mask defined in
Clause 27.

20 MHz physical layer (PHY) protocol data unit (PPDU): A Clause 15 PPDU, Clause 17 PPDU (when
using 20 MHz channel spacing), Clause 16 PPDU, Clause 18 orthogonal frequency division multiplexing
(OFDM) PPDU, Clause 19 20-MHz high-throughput (HT) PPDU with the TXVECTOR parameter
CH _BANDWIDTH equal to HT CBW20, er-Clause 21 20-MHz very high throughput (VHT) PPDU with
the TXVECTOR parameter CH BANDWIDTH equal to CBW20, or Clause 27 20-MHz high-efficiency
(HE) PPDU with the TXVECTOR parameter CH BANDWIDTH equal to CBW20.

40 MHz mask physical layer (PHY) protocol data unit (PPDU): One of the following PPDUs:
a) A 40 MHz high-throughput (HT) PPDU (TXVECTOR parameter CH BANDWIDTH equal to
HT CBW40) transmitted using the 40 MHz transmit spectral mask defined in Clause 19.

b) A 40 MHz non-HT duplicate PPDU (TXVECTOR parameter CH BANDWIDTH equal to
NON_HT CBW40) transmitted by a non-very high throughput (non-VHT) STA using the 40 MHz
transmit spectral mask defined in Clause 19.

¢) A40MHz non-HT duplicate PPDU (TXVECTOR parameter CH_ BANDWIDTH equal to CBW40)
transmitted by a very high throughput (VHT) STA using the 40 MHz transmit spectral mask defined
in Clause 21.

d) A 20 MHz HT PPDU with the TXVECTOR parameter CH BANDWIDTH equal to HT _CBW20
and the CH_OFFSET parameter equal to either CH_OFF 20U or CH_OFF 20L transmitted using
the 40 MHz transmit spectral mask defined in Clause 19.

e) A 20 MHz VHT PPDU with the TXVECTOR parameter CH_ BANDWIDTH equal to CBW20
transmitted using the 40 MHz transmit spectral mask defined in Clause 21.

f) A 40 MHz VHT PPDU with the TXVECTOR parameter CH BANDWIDTH equal to CBW40
transmitted using the 40 MHz transmit spectral mask defined in Clause 21.

g) A 40 MHz HT PPDU (TXVECTOR parameter CH BANDWIDTH equal to HT CBW40)
transmitted by a VHT STA using the 40 MHz transmit spectral mask defined in Clause 21.

h) A 20 MHz non-HT PPDU (TXVECTOR parameter CH BANDWIDTH equal to CBW20)
transmitted using the 40 MHz transmit spectral mask defined in Clause 19.
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i) A 20 MHz non-HT PPDU (TXVECTOR parameter CH BANDWIDTH equal to CBW20)
transmitted by a VHT STA using the 40 MHz transmit spectral mask defined in Clause 21.

1) A 40 MHz high-efficiency (HE) PPDU with TXVECTOR parameter CH BANDWIDTH equal to
CBW40 transmitted using the 40 MHz transmit spectral mask defined in Clause 27.

k) A40 MHz VHT PPDU (TXVECTOR parameter CH BANDWIDTH equal to CBW40) transmitted
by an HE STA using the 40 MHz transmit spectral mask defined in Clause 21.

A 40 MHz non-HT duplicate PPDU (TXVECTOR parameter CH BANDWIDTH equal to CBW40)
transmitted by an HE STA using the 40 MHz transmit spectral mask defined in Clause 19.

=

40 MHz physical layer (PHY) protocol data unit (PPDU): A 40 MHz high-throughput (HT) PPDU
(TXVECTOR parameter CH BANDWIDTH equal to HT CBW40), or a 40 MHz non-HT duplicate PPDU
(TXVECTOR parameter CH BANDWIDTH equal to NON_HT CBW40 or TXVECTOR parameter
CH_BANDWIDTH equal to CBW40), or a 40 MHz very high throughput (VHT) PPDU (TXVECTOR
parameter CH_ BANDWIDTH equal to CBW40), or a Clause 27 40-MHz high-efficiency (HE) PPDU with
the TXVECTOR parameter CH BANDWIDTH equal to CBW40.

80 MHz mask physmal layer (PHY) protocol data unit (PPDU) APPPU-thatistransmittedusingthe
ause 21-a re One of the following PPDUs:

a) An 80 MHz very hlgh throughput (VHT) PPDU (TXVECTOR parameter CH_ BANDWIDTH equal
to CBWS80) transmitted using the 80 MHz transmit spectral mask defined in Clause 21.

b) An 80 MHz non-high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter
CH_BANDWIDTH equal to CBW80) transmitted using the 80 MHz transmit spectral mask defined
in Clause 21.

¢) A 20 MHz non-HT, high-throughput (HT), or VHT PPDU (TXVECTOR parameter
CH_BANDWIDTH equal to CBW20) transmitted using the 80 MHz transmit spectral mask defined
in Clause 21.

d) A 40 MHz non-HT duplicate, HT, or VHT PPDU (TXVECTOR parameter CH BANDWIDTH
equal to CBW40) transmitted using the 80 MHz transmit spectral mask defined in Clause 21.

e) An 80 MHz high-efficiency (HE) PPDU (TXVECTOR parameter CH BANDWIDTH equal to
CBW&0) transmitted using the 80 MHz transmit spectral mask defined in Clause 27.

80 MHz physical layer (PHY) protocol data unit (PPDU): A Clause 21 80-MHz very high throughput
(VHT) PPDU (TXVECTOR parameter CH_ BANDWIDTH equal to CBWS80), or a Clause 21 80-MHz non-
high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter CH_ BANDWIDTH equal to CBW80),
or a Clause 27 80-MHz high-efficiency (HE) PPDU with the TXVECTOR parameter CH BANDWIDTH

equal to CBWS0.

80+80 MHz mask physrcal layer (PHY) protocol data unit (PPDU) A-PPDU-thatistransmittedusing
§ A re-One of the following PPDUs:

a) An 80+80 MHz very hlgh throughput (VHT) PPDU (TXVECTOR parameter CH_ BANDWIDTH

equal to CBW80+80) transmitted using the 80+80 MHz transmit spectral mask defined in
Clause 21.

b) An 80+80 MHz non-high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter
CH_BANDWIDTH equal to CBW80+80) transmitted using the 80+80 MHz transmit spectral mask
defined in Clause 21.

¢) An 80+80 MHz high-efficiency (HE) PPDU (TXVECTOR parameter CH BANDWIDTH equal to
CBW280+80) transmitted using the 80+80 MHz transmit spectral mask defined in Clause 27.

80+80 MHz physical layer (PHY) protocol data unit (PPDU): A Clause 21 80+80 MHz very high
throughput (VHT) PPDU (TXVECTOR parameter CH BANDWIDTH equal to CBW80+80), or a
Clause 21 80+80 MHz non-high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter
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CH_BANDWIDTH equal to CBW80+80), or a Clause 27 80+80 MHz high-efficiency (HE) PPDU with the
TXVECTOR parameter CH BANDWIDTH equal to CBW80+80.

160 MHz mask physical layer (PHY) protocol data unit (PPDU): A PPDU-that-is-transmitted-using-the
160-MHz transmit-speetral-mask-defined-in-Clause 21-and-thatis-ene One of the following PPDUs:

a) A 160 MHz very high throughput (VHT) PPDU (TXVECTOR parameter CH_ BANDWIDTH equal
to CBW160) transmitted using the 160 MHz transmit spectral mask defined in Clause 21.

b) A 160 MHz non-high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter
CH_BANDWIDTH equal to CBW160) transmitted using the 160 MHz transmit spectral mask
defined in Clause 21.

¢) A 20 MHz non-HT, high-throughput (HT), or VHT PPDU (TXVECTOR parameter
CH_BANDWIDTH equal to CBW20) transmitted using the 160 MHz transmit spectral mask
defined in Clause 21.

d) A 40 MHz non-HT duplicate, HT, or VHT PPDU (TXVECTOR parameter CH_ BANDWIDTH
equal to CBW40) transmitted using the 160 MHz transmit spectral mask defined in Clause 21.

e) An 80 MHz non-HT duplicate or VHT PPDU (TXVECTOR parameter CH_ BANDWIDTH equal to
CBW80) transmitted using the 160 MHz transmit spectral mask defined in Clause 21.

) A 160 MHz high-efficiency (HE) PPDU (TXVECTOR parameter CH BANDWIDTH equal to
CBW160) transmitted using the 160 MHz transmit spectral mask defined in Clause 27.

160 MHz physical layer (PHY) protocol data unit (PPDU): A Clause 21 160-MHz very high throughput
(VHT) PPDU (TXVECTOR parameter CH BANDWIDTH equal to CBW160), or a Clause 21 160-MHz
non-high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter CH BANDWIDTH equal to
CBW160), or a Clause 27 160-MHz high-efficiency (HE) PPDU with the TXVECTOR parameter
CH_BANDWIDTH equal to CBW160.

bandwidth signaling transmitter address (TA): A TA that is used by a very high throughput (VHT)
station (STA)_or a high-efficiency (HE) STA to indicate the presence of additional signaling related to the
bandwidth to be used in a subsequent transmission in an enhanced distributed channel access (EDCA)
transmission opportunity (TXOP). It is represented-by-the IEEE medium access control (MAC) individual
address of the transmitting VHF-STA but with the Individual/Group bit set to 1.

fragmentation: The process of partitioning a medium access control (MAC) service data unit (MSDU),
aggregate MAC service data unit (A-MSDU) or MAC management protocol data unit (MMPDU) into a
sequence of smaller MAC protocol data units (MPDUs) prior to transmission. The process of recombining a
set of fragment MPDUs into an MSDU, A-MSDU, or MMPDU is known as defragmentation. These
processes are described in 5.8.1.9 of ISO/IEC 7498-1:1994.

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

NOTE—The MMPDU occupies a position in the management plane similar to that of the MAC service data unit
(MSDU) in the data plane. An MSDU, A-MSDU, or MMPDU is transmitted in one or more MAC protocol data units
(MPDUs) (with the Type field set to Data, Data, or Management respectlvely) Ar-MSBU—eanbe-earriedin—an
aggregate- MAC-serviee-data—unit-(A-MSBU)—An A-MSDU is transmitted in one MPDU. An MSDU, A-MSDU, or
MMPDU can be carried (in an MPDU) in an aggregate MAC protocol data unit (A-MPDU)

multiple basic service set identifier (BSSID) set: A collection of eeeperating-access points (APs), such
that all APs use a common operating class, channel, receive antenna connector, and transmit antenna
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connector_and advertise information for multiple BSSIDs using Beacon or Probe Response frames sent by
the AP corresponding to the transmitted BSSID.

multi-user (MU) physical layer (PHY) protocol data unit (PPDU): A PPDU that carries one or more
PHY service data units (PSDUs) for one or more stations (STAs) using the downlink multi-user multiple
input, multiple output (DL-MU-MIMO) technique, orthogonal frequency division multiple access (DL
OFDMA) technique, or a combination of the two techniques, or that carries a PSDU for an AP and is in
high-efficiency (HE) MU PPDU format.

nontransmitted basic service set (BSS) identifier (BSSID): A BSSID corresponding to one of the basic
service sets (BSSs) when the multiple BSSID capability is supported that is not transmitted explicitly, but
that can be derived from the information encoded in Probe Response, Beacon and directional multi-gigabit
(DMG) Beacon frames and Neighbor reports.

individual target wake time (TWT): A specific time or set of times negotiated between two fer-individual

stations (STAs) at which the STAs are expected to be awake in order to exchange frames with each other
STFAs.

Insert the following definitions into 3.2 in alphanumeric order:

20 MHz-only non-access-point (non-AP) high-efficiency station (HE STA): A non-AP HE STA that, for
the frequency band in which it is operating, indicates in the Supported Channel Width Set subfield in the HE
PHY Capabilities Information field in the HE Capabilities element that it does not support operating with a
channel width greater than 20 MHz.

20 MHz operating non-access-point (non-AP) high-efficiency station (HE STA): A non-AP HE STA
that is operating in 20 MHz channel width mode, such as a 20 MHz-only non-AP HE STA or an HE STA
that has reduced its operating channel width to 20 MHz using operating mode indication (OMI).

80 MHz operating non-access-point (non-AP) high-efficiency station (HE STA): A non-AP HE STA
that is operating in 80 MHz channel width mode, such as a non-AP STA (excluding the 20 MHz-only non-
AP HE STA) which is not capable of 160 MHz operation or a non-AP STA that has reduced its operating
channel width to 80 MHz using operating mode indication (OMI).

ack-enabled single traffic identifier (TID) aggregate medium access control (MAC) protocol data unit
(A-MPDU) (ack-enabled single-TID A-MPDU): An A-MPDU that contains at least two A-MPDU
subframes, where the TIDs differ and where only one of the A-MPDU subframes includes a tagged MPDU
that solicits the acknowledgment context.

NOTE—A Management frame that solicits an acknowledgment in an ack-enabled single-TID A-MPDU is treated as if it
had a TID 15.

ack-enabled multi traffic identifier (TID) aggregate medium access control (MAC) protocol data unit
(A-MPDU) (ack-enabled multi-TID A-MPDU): An A-MPDU where at least one tagged MPDU that
solicits acknowledgment context is aggregated in the A-MPDU, and MPDUs from more than one TID that
solicit Ack acknowledgment or Block Ack acknowledgment context are aggregated in the A-MPDU.

NOTE—A Management frame that solicits an acknowledgment in an ack-enabled multi-TID A-MPDU is treated as if it
had a TID 15.

basic service set (BSS) color: An identifier for a BSS or for a set of BSSs belonging to a multiple basic
service set identifier (BSSID) set or a co-hosted BSSID set.
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broadcast resource unit (RU): A resource unit in a high-efficiency (HE) multi-user (MU) physical layer
(PHY) protocol data unit (PPDU) transmitted by an access point (AP) that is intended for either unassociated
STAs or more than one associated STA in the basic service set (BSS) or in any of the other BSSs in the
multiple BSSID set to which the AP’s BSS belongs.

broadcast target wake time (TWT): A specific time or set of times broadcast by an access point (AP) to
multiple non-AP stations (STAs) at which the non-AP STAs are expected to be awake in order to exchange
frames with the AP.

co-hosted basic service set identifier (BSSID) set: A collection of access points (APs) such that all APs
use a common operating class, channel, receive antenna connector, and transmit antenna connector, and
each AP advertises information for its BSSID using Beacon or Probe Response frames.

co-located access point (AP) set: A set of two or more APs in the same physical device.
NOTE 1—APs in the co-located set might be operating on the same or different channel.

NOTE 2—The APs that are part of a co-located AP set and that are operating on the same channel might form a co-
hosted basic service set identifier (BSSID) set or multiple BSSID set.

detected access point (AP): An AP might be detected by a station (STA) if the STA and the AP are on the
same channel and in range.

downlink (DL) high-efficiency (HE) multi-user (MU) physical layer (PHY) protocol data unit (PPDU)
(DL HE MU PPDU): An HE MU PPDU transmitted by an access point (AP). This PPDU carries one or
more PHY service data units (PSDUs) for one or more users.

enhanced multiple basic service set identifier (BSSID) advertisement (EMA) access point (AP): An AP
with dotl IMultiBSSIDImplemented set to true that supports enhancements related to the discovery of
nontransmitted BSSIDs.

extended range (ER) beacon: A Beacon frame transmitted in a high-efficiency (HE) ER single-user (SU)
physical layer (PHY) protocol data unit (PPDU) to form an ER basic service set (BSS).

high-efficiency (HE) basic service set (BSS): A BSS in which the transmitted Beacon frame includes an
HE Operation element.

high-efficiency (HE) beacon: A Beacon frame transmitted in a HE single-user (SU) physical layer (PHY)
protocol data unit (PPDU).

high-efficiency (HE) beamformee: An HE station (STA) that receives an HE physical layer (PHY)
protocol data unit (PPDU) that was transmitted using a beamforming steering matrix.

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

high-efficiency (HE) extended range (ER) single-user (SU) physical layer (PHY) protocol data unit
(PPDU) (HE ER SU PPDU): A PPDU transmitted with HE ER SU PPDU format. This PPDU carries a
single PHY service data unit (PSDU)).

high-efficiency (HE) masked HE-long training field (HE-LTF) sequence mode: An HE-LTF mode used
in an HE TB PPDU. The masked HE-LTF sequence mode does not have any pilot subcarriers in the HE-
LTF field and uses a masked HE-LTF sequence generated by multiplying an orthogonal code (distinct to
each spatial stream) over groups of subcarriers.
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high-efficiency (HE) modulation and coding scheme (HE-MCS): A specification of the HE physical
layer (PHY) parameters that consists of modulation order (BPSK, QPSK, 16-QAM, 64-QAM, 256-QAM,
1024-QAM) and forward error correction (FEC) coding rate (1/2, 2/3, 3/4, 5/6) and that is used in an HE
PHY protocol data unit (PPDU).

high-efficiency (HE) multi-user (MU) physical layer (PHY) protocol data unit (PPDU) (HE MU
PPDU): A PPDU transmitted with HE MU PPDU format.

high-efficiency (HE) no pilot HE-long training field (HE-LTF) mode: An HE-LTF mode used in an HE
triggered-based (TB) PPDU. The no pilot HE-LTF mode does not have any pilot subcarriers in the HE-LTF
field and does not use a masked HE-LTF sequence. See also: high-efficiency (HE) masked HE-long
training field (HE-LTF) sequence mode.

high-efficiency (HE) physical layer (PHY) protocol data unit (PPDU): A Clause 27 PPDU that is not a
Clause 21 PPDU.

high-efficiency (HE) single stream pilot: The same pilot sequence is applied to all spatial time streams for
a given resource allocation.

high-efficiency (HE) single stream pilot HE-long training field (HE-LTF) mode: An HE-LTF mode
used in an HE single-user (SU), HE extended range (ER) SU, HE multi-user (MU) and HE trigger-based
(TB) PPDU. The HE single stream pilot HE-LTF mode has single stream pilot subcarriers in the HE-LTF
field.

high-efficiency (HE) single-user (SU) physical layer (PHY) protocol data unit (PPDU) (HE SU PPDU):
A PPDU transmitted with HE SU PPDU format. This PPDU carries a single PHY service data unit (PSDU).

high-efficiency (HE) trigger-based (TB) physical layer (PHY) protocol data unit (PPDU) (HE TB
PPDU): A PPDU transmitted with HE TB PPDU format. This PPDU carries a single PHY service data unit
(PSDU).

individually addressed resource unit (RU): A resource unit in a high-efficiency (HE) multi-user (MU)
physical layer (PHY) protocol data unit (PPDU) transmitted by an access point (AP) or a tunneled direct link
setup (TDLS) peer station (STA) that is intended for a single associated non-AP STA or a TDLS peer STA,
respectively.

non-ack-enabled single traffic identifier (TID) aggregate medium access control (MAC) protocol data
unit (A-MPDU) (non-ack-enabled single-TID A-MPDU): A legacy A-MPDU with the exception that a
Trigger frame can be aggregated.

non-ack-enabled multi traffic identifier (TID) aggregate medium access control (MAC) protocol data
unit (A-MPDU) (non-ack-enabled multi-TID A-MPDU): An A-MPDU where tagged MPDUs are not
aggregated and the aggregated untagged MPDUs from at least two TIDs solicit block acknowledgment.

non-orthogonal frequency division multiple access (non-OFDMA) high-efficiency (HE) physical layer
(PHY) protocol data unit (PPDU) (non-OFDMA HE PPDU): A 20 MHz HE PPDU with a 242-tone
resource unit (RU), a 40 MHz HE PPDU with a 484-tone RU, an 80 MHz HE PPDU with a 996-tone RU, or
a 160 MHz or 80+80 MHz HE PPDU with a 2x996-tone RU.

non-spatial reuse group (non-SRG): An adjective indicating the quality of not being a member of a
particular spatial reuse group or the quality of not originating from a station (STA) that is a member of a
basic service set (BSS) that is part of a particular spatial reuse group.
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opportunistic power save (OPS) access point (AP): A high-efficiency (HE) AP that supports the OPS
mechanism.

opportunistic power save (OPS) mechanism: A power save mechanism to allow OPS non-access-point
(non-AP) stations (STAs) to opportunistically go to doze state or be unavailable for a defined period.

opportunistic power save (OPS) non-access-point (non-AP) station (STA): A non-AP high-efficiency
(HE) STA that supports the OPS mechanism.

opportunistic power save (OPS) period: A period during which an OPS non-access-point (non-AP) station
(STA) is allowed to go to doze state or be unavailable if it received an indication that it will not be scheduled
by its associated OPS access point (AP).

orthogonal frequency division multiple access (OFDMA) high-efficiency (HE) physical layer (PHY)
protocol data unit (PPDU) (OFDMA HE PPDU): A 20 MHz HE PPDU with resource units (RUs) smaller
than 242-tone, or a 40 MHz HE PPDU with RUs smaller than 484-tone, or an 80 MHz HE PPDU with RUs
smaller than 996-tone, or a 160 MHz or 80+80 MHz HE PPDU with RUs smaller than 2x996-tone.

overlapping basic service set (OBSS) packet detect (PD): A packet detection level used for spatial reuse
procedure.

parameterized spatial reuse (PSR) opportunity: A spatial reuse opportunity that is established based on
the value of a Spatial Reuse field in the HE-SIG-A field of a high-efficiency (HE) trigger-based (TB)
physical layer (PHY) protocol data unit (PPDU) and/or the UL Spatial Reuse subfield in the Common Info
field of a Trigger frame.

parameterized spatial reuse reception (PSRR) physical layer (PHY) protocol data unit (PPDU)
(PSRR PPDU): A PPDU that contains a Trigger frame that has a value in the UL Spatial Reuse subfield of
the Common Info field that is neither PSR_DISALLOW nor
PSR _AND NON SRG OBSS PD PROHIBITED.

parameterized spatial reuse transmission (PSRT) physical layer (PHY) protocol data unit (PPDU)
(PSRT PPDU): A PPDU that is transmitted during a parameterized spatial reuse (PSR) opportunity by an
HE STA when PSR conditions for PSR-based spatial reuse operation are satisfied and that has the SR PPDU
subfield of the CAS Control field equal to 1.

random access resource unit (RA-RU): A resource unit (RU) allocated in a Trigger frame to support the
uplink (UL) orthogonal frequency division multiple access (OFDMA) based random access (UORA)
procedure.

reported access point (AP): An AP that is described in an element such as a Neighbor Report element or a
Reduced Neighbor Report element.

reporting access point (AP): An AP that is transmitting an element, such as a Neighbor Report element or
a Reduced Neighbor Report element, describing a reported AP.

resource unit (RU): A group of 26, 52, 106, 242, 484, 996, or 2x996 subcarriers as an allocation of
subcarriers for transmission.

spatial reuse (SR): The transmission of a physical layer (PHY) protocol data unit (PPDU) on the medium
under certain conditions when a PPDU has been detected that would otherwise have prevented the
transmission.
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spatial reuse group (SRG): A group of basic service sets (BSSs) identified by their BSS colors or partial
basic service set identifiers (BSSIDs) for overlapping basic service set packet detect (OBSS PD) based
spatial reuse operation with SRG OBSS PD level.

station (STA) 6G: A STA that is operating on a channel that belongs to any operating class that has a value
of 5.950 for the entry in the “Channel starting frequency” column of Table E-4.

tagged media access control (MAC) protocol data unit (MPDU) (tagged MPDU): An MPDU carried in
an aggregate MPDU (A-MPDU) subframe that has the EOF/Tag field in the MPDU delimiter set to 1.

target beacon transmission time (TBTT) scheduled station (STA): A non-access-point (non-AP) STA
that has negotiated the TBTT of the first Beacon frame and the wake interval between subsequent Beacon
frames that it intends to receive.

target beacon transmission time (TBTT) scheduling access point (AP): An AP that has negotiated with a
non-AP station (STA) the TBTT of the first Beacon frame and the wake interval between subsequent
Beacon frames that the non-AP STA intends to receive.

target wake time (TWT) scheduled station (STA): A STA that follows the broadcast TWT schedules
provided in a broadcast TWT element.

target wake time (TWT) scheduling access point (AP): An AP that schedules broadcast TWTs and
provides these broadcast TWT schedules in a broadcast TWT element.

triggered uplink access (TUA): A mechanism by which one or more non-access-point (non-AP) stations
(STAs) simultaneously participate in an uplink (UL) transmission to an access point (AP) using resource
units (RUs) allocated in the preceding Trigger frame.

triggering frame: A Trigger frame or a frame carrying a TRS Control subfield.
triggering physical layer (PHY) protocol data unit (PPDU): A PPDU carrying a triggering frame.

untagged medium access control (MAC) protocol data unit (MPDU) (untagged MPDU): An MPDU
carried in an aggregate MPDU (A-MPDU) subframe that has the EOF/Tag field in the MPDU delimiter set
to 0.

uplink (UL) high-efficiency (HE) multi-user (MU) physical layer (PHY) protocol data unit (PPDU)
(UL HE MU PPDU): An HE MU PPDU transmitted by a non-access-point (non-AP) station (STA). This
PPDU carries a single PHY service data unit (PSDU).

NOTE—The UL HE MU PPDU has an HE-SIG-B field that contains additional information (e.g., the identifier of the
transmitter) that can be used by the recipient of the UL HE MU PPDU to determine the transmitter of the PPDU even in
cases where the Data field of the PPDU is not received. For example, this allows the originator of persistently failing
PPDUs to be identified.

uplink (UL) orthogonal frequency division multiple access (OFDMA)-based random access (UORA):
A random access mechanism for non-access-point (non-AP) high-efficiency (HE) stations (STAs) to
participate in uplink OFDMA transmissions in one or more designated random access resource units (RUs).

Documents

45 Document Sharing Hub
Authorized licensed use limited to: Tsinghua um&é%.”%&/ﬁc%%& &ﬁ%&MrVQEWMEQT% UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 802.11ax-2021


http://www.avadocuments.com/doc/ieee-802-11ax-2021
http://www.avadocuments.com/doc/ieee-802-11ax-2021

IEEE Std 802.11ax-2021

IEEE Standard for Information Technology—Local and Metropolitan Area Networks—Specific Requirements—

Part 11: Wireless LAN MAC and PHY Specifications—
Amendment 1: Enhancements for High Efficiency WLAN

3.4 Acronyms and abbreviations

Insert the following abbreviations into 3.4 in alphabetic order:

A-Control aggregated control
BQR bandwidth query report
BQRP bandwidth query report poll
BFRP beamforming report poll
BSR buffer status report
BSRP buffer status report poll
CAS command and status
CCDF complementary cumulative distribution function
CQI channel quality indication
DCM dual carrier modulation
DL downlink
DL MU downlink multi-user
HE high efficiency
MU-BAR multi-user block ack request
MUEDCATimer multi-user EDCA timer
MU-RTS multi-user request to send
NFRP NDP feedback report poll
OBO orthogonal frequency division multiple access (OFDMA) random access backoff
OCW orthogonal frequency division multiple access (OFDMA) contention window
OFDMA orthogonal frequency division multiple access
OM operating mode
OMI operating mode indication
PD packet detect
PPE physical layer (PHY) packet extension
PPET physical layer (PHY) packet extension threshold
PSR parameterized spatial reuse
QTP quiet time period
RA-RU random access resource unit
RDP reverse direction protocol
ROM receive operating mode
RPL received power level
RU resource unit
SF scaling factor
SR spatial reuse
SRG spatial reuse group
TB trigger-based
TOM transmit operating mode
TRS triggered response scheduling
TUA triggered uplink access
UL uplink
UL MU uplink multi-user
UORA uplink orthogonal frequency division multiple access (OFDMA) based random access
UPH uplink (UL) power headroom
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4. General description

4.3 Components of the IEEE Std 802.11 architecture

Insert the following subclause (4.3.15a) after 4.3.15:
4.3.15a High-efficiency (HE) STA
The IEEE 802.11 HE STA operates in frequency bands between 1 GHz and 7.125 GHz.

In the 5 GHz and 6 GHz bands, the following apply:

— An HE STA is also a VHT STA if operating in the 5 GHz band, except that a 20 MHz-only HE STA
does not support 40 MHz and 80 MHz channel widths

— An HE STA is also a STA that supports the OFDM PHY defined in Clause 17 if operating in
the 6 GHz band

—  Support for 20 MHz operating channel width is mandatory in an HE STA

—  Support for 40 MHz and 80 MHz operating channel width is mandatory in an HE STA that is not a
20 MHz-only non-AP HE STA

—  Support for 160 MHz and 80+80 MHz operating channel width is optional in an HE STA

In the 2.4 GHz band, the following apply:
— An HE STA is also an HT STA
—  Support for 20 MHz operating channel width is mandatory in an HE STA
—  Support for 40 MHz operating channel width is optional in an HE STA

The main PHY features in an HE STA that are not present in VHT STA or HT STA are the following:
— Mandatory support for DL and UL OFDMA

— Mandatory support for DL MU-MIMO by an HE AP that supports 4 or more spatial streams when
MU-MIMO is done on the entire PPDU bandwidth

— Mandatory support for DL MU-MIMO reception for a non-AP HE STA

— Mandatory support for the HE sounding protocol to support beamforming for a non-AP STA
beamformee and optional otherwise

— Optional support for HE-MCSs 10 and 11
— Optional support for UL MU-MIMO

— Optional support for preamble puncturing

NOTE—Preamble puncturing is a mechanism whereby OFDMA is used to avoid transmissions in certain subcarriers.

The main MAC features in an HE STA that are not present in VHT STA or HT STA are the following:

— Inan AP, mandatory support for the role of operating mode indication (OMI) responder and optional
support for the role of OMI initiator

— In an AP, mandatory support for individual target wake time (TWT) operation
— Inanon-AP STA, mandatory support for two NAV operation

— Inanon-AP STA, mandatory support for multiple BSSID operation

— In an AP, optional support for two NAV operation

— Inanon-AP STA, optional support for the roles of OMI initiator and responder
— Inanon-AP STA, optional support for individual TWT operation

— Optional support for dynamic fragmentation levels 1, 2, and 3
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— Optional support for broadcast TWT

—  Optional support for UL OFDMA-based random access (UORA)
— Optional support for spatial reuse operation

— Optional support for multi-TID A-MPDU operation

— Optional support for ER BSS

— Optional support for the NDP feedback report

An HE AP sends a Trigger frame to initiate UL MU operation using UL OFDMA or UL MU-MIMO
transmissions or a frame containing a TRS Control subfield to initiate UL OFDMA transmissions. The
frame initiating these transmissions in the uplink direction is a triggering frame. The triggering frame
identifies non-AP STAs participating in UL MU operation and assigns RUs and/or spatial streams to these
STAs. Multi-STA BlockAck frames can be used by the AP to acknowledge the frames transmitted by
multiple non-AP STAs. The scheduling of these Trigger frames can be set up between a non-AP STA and
the AP using TWT operation to save power and reduce collisions.

These features can reduce protocol overhead and increase aggregate network throughput (e.g., DL and UL
OFDMA, DL/UL MU-MIMO), enhance peak link throughput (e.g., HE-MCS 10, 11), enhance dense
network efficiency (e.g., spatial reuse), and/or enhance power conservation (e.g., TWT). These features can
improve the average throughput per STA in a BSS by a factor of four, compared to VHT.

4.3.19 Wireless network management
4.3.19.8 Event reporting
Change 4.3.19.8 as follows:

Event requests enable a STA to request a non-AP STA to send particular real-time event reports. The types
of events include transition, RSNA, WNM log, BSS color collision, BSS color in use, and peer-to-peer link
events. A transition event is transmitted after a non-AP STA successfully completes a BSS transition.
Transition events are used to diagnose transition performance problems. An RSNA event report describes
the type of Authentication used for the RSNA. RSNA events are used to diagnose security and
authentication performance problems. A WNM log event report enables a non-AP STA to transmit a set of
WNM log event messages to the requesting STA. WNM log event reports are used to access the contents of
a STA’s WNM log. A BSS color collision event report enables a non-AP HE STA to signal BSS color
collision to its associated AP. A BSS color in use event report enables a non-AP HE STA to signal a BSS
color in use by the non-AP HE STA to its associated AP. A peer-to-peer link event report enables a non-AP
STA to inform the requesting STA that a peer-to-peer link has been established. Peer-to-peer link event
reports are used to monitor the use of peer-to-peer links in the network.
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6. Layer management

6.3 MLME SAP interface

6.3.3 Scan

6.3.3.2 MLME-SCAN.request

6.3.3.2.2 Semantics of the service primitive

Change the primitive parameter list in 6.3.3.2.2 as follows:

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

Short SSID List
HE Capabilities,

HE 6 GHz Band Capabilities,

VendorSpecificInfo
)
Insert the following rows into the untitled table in 6.3.3.2.2 before the ""VendorSpecificInfo' row:
Name Type Valid range Description
Short SSID List A list of short As defined in 9.4.2.262 | One or more Short SSID fields that are
SSIDs optionally present if dot11ShortSSIDList
is true.
HE Capabilities AsdefinedinHE | Asdefined in 9.4.2.248 | Specifies the parameters in the HE
Capabilities Capabilities element that are supported
element by the STA. The parameter is present if
dot11HEOptionImplemented is true;
otherwise, it is not present.
HE 6 GHz Band AsdefinedinHE | Asdefined in 9.4.2.263 | Specifies the parameters in the HE
Capabilities 6 GHz Band 6 GHz Band Capabilities element that
Capabilities are supported by the STA. The parameter
element is present if
dotl1 THE6GOptionlmplemented is true;
otherwise, it is not present.
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