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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 IEEE standard is translated, only the English version published by IEEE is the approved IEEE standard.

https://standards.ieee.org/ipr/disclaimers.html
https://standards.ieee.org/ipr/disclaimers.html
https://standards.ieee.org/ipr/disclaimers.html
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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.

https://development.standards.ieee.org/myproject-web/public/view.html#landing
https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html
https://www.copyright.com/
https://www.copyright.com/
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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.

https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html
https://standards.ieee.org/standard/index.html
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/about/sasb/patcom/materials.html
https://standards.ieee.org/about/sasb/patcom/patents.html


6
Copyright © 2021 IEEE. All rights reserved.

Participants

At the time this amendment was sent to the IEEE SA Board for approval, the IEEE 802.11 Working Group
had the following officers:

Dorothy Stanley, Chair
Jon W. Rosdahl, 1st Vice Chair
Robert Stacey, 2nd Vice Chair
Stephen McCann, Secretary

Osama Aboul-Magd, IEEE 802.11ax Task Group Chair
Ron Porat, IEEE 802.11ax Task Group 1st Vice Chair

Alfred Asterjadhi, IEEE 802.11ax Task Group 2nd Vice Chair
Yasuhiko Inoue, IEEE 802.11ax Task Group Secretary

Robert Stacey, IEEE 802.11ax Task Group Technical Editor 

Tomoko Adachi
Jinsoo Ahn
Woojin Ahn
Kosuke Aio
Carlos H. Aldana
Yaron Alpert
Song-Haur An
Carol Ansley
Lee R. Armstrong
Yusuke Asai
Kwok Shum S. Au
Vijay Auluck
Geert A. Awater
Shahrnaz Azizi
Robert Baeten
Eugene Baik
Stephane Baron
Anuj Batra
Friedbert Berens
Christian Berger
Nehru Bhandaru
John Buffington
George Calcev
Rui Cao
Laurent Cariou
William Carney
Ricky Chair
Clint F. Chaplin
Jiamin Chen
Xiaogang Chen
George Cherian
Dmitry Cherniavsky
Rojan Chitrakar
Hangyu Cho
Jinsoo Choi
Liwen Chu
Jinyoung Chun
Dana Ciochina
Sean Coffey
Carlos Cordeiro
Claudio da Silva
Subir Das
Rolf J. de Vegt
Pierre Debergh
Donald E. Eastlake

Peter Ecclesine
Richard Edgar
Marc Emmelmann
Vinko Erceg
Andrew Estrada
Ping Fang
Yonggang Fang
Xiang Feng
Norman Finn
Matthew J. Fischer
Michael Fischer
Shunsuke Fujio
Sho Furuichi
Ming Gan
Eduard Garcia Villegas
Chittabrata Ghosh
James P. Gilb
Tim Godfrey
Niranjan Grandhe
Michael Grigat
Qiang Guo
Yuchen Guo
Robert Hall
Xiao Han
Thomas Handte
Christopher J. Hansen
Chris Hartman
Victor Hayes
Allen D. Heberling
Ahmadreza Hedayat
Robert F. Heile
Guido R. Hiertz
Duncan Ho
Hanseul Hong
Koji Horisaki
Chunyu Hu
Lei Huang
Po-Kai Huang
Zhiyong Huang
Sung Hyun H. Hwang
Timothy Jeffries
Jia Jia
Jinjing Jiang
Liang Jin
Allan Jones

Vincent Knowles Jones
Volker Jungnickel
Christophe Jurczak
Carl W. Kain
Naveen K. Kakani
Dzevdan Kapetanovic
Assaf Y. Kasher
Oren Kedem
Richard H. Kennedy
Stuart J. Kerry
Evgeny Khorov
Jeongki Kim
Jin Min Kim
Sang Gook Kim
Suhwook Kim
Yongho Kim
Youhan Kim
Jarkko Kneckt
Geonjung Ko
Fumihide Kojima
Bruce P. Kraemer
Manish Kumar
Rajesh Kumar
Massinissa Lalam
Zhou Lan
Leonardo Lanante
James Lansford
Jae Seung S. Lee
Sungeun Lee
Suzanne Leicht
James Lepp
Joseph Levy
Dejian Li
Guoqing Li
Huan-Bang Li
Qiang Li
Yanchun Li
Yunbo Li
Dong Guk Lim
Yingpei Lin
Erik Lindskog
Der-Zheng Liu
Jianhan Liu
Yong Liu
Peter Loc



7
Copyright © 2021 IEEE. All rights reserved.

Artyom Lomayev
Hui-Ling Lou
Kaiying Lv
Lily Lv
Jing Ma
Narendar Madhavan
Jouni K. Malinen
Alexander Maltsev
Hiroshi Mano
Roger Marks
Simone Merlin
Apurva Mody
Bibhu Mohanty
Hitoshi Morioka
Yuichi Morioka
Hiroyuki Motozuka
Robert Mueller
Yutaka Murakami
Andrew Myles
Patrice Nezou
Paul Nikolich
Yujin Noh
John Notor
Minseok Oh
Oghenekome Oteri
Kazuyuki Ozaki
Stephen Palm
Eunsung Park
Minyoung Park
Sung-jin Park
Glenn Parsons
Abhishek Patil
Hakan Persson
James E. Petranovich
Albert Petrick
Rethnakaran Pulikkoonattu
Dengyu Qiao
Demir Rakanovic
Enrico-Henrik Rantala
Maximilian Riegel

Mark Rison
Zhigang Rong
Kiseon Ryu
Bahareh Sadeghi
Takenori Sakamoto
Kazuyuki Sakoda
Sam Sambasivan
Hemanth Sampath
Naotaka Sato
Sigurd Schelstraete
Andy Scott
Yongho Seok
Stephen J. Shellhammer
Ian Sherlock
Shimi Shilo
Graham K. Smith
Ju-Hyung Son
Sudhir Srinivasa
Adrian P. Stephens
Noel Stott
Jung Hoon H. Suh
Takenori Sumi
Bo Sun
Chen Sun
Li-Hsiang Sun
Sheng Sun
Yanjun Sun
Dennis Sundman
Mineo Takai
Sagar Tamhane
Yusuke Tanaka
Kentaro Taniguchi
Wu Tao
Bin Tian
Fei Tong
Solomon B. Trainin
Yoshio Urabe
Richard D. Van Nee
Allert Van Zelst
Lorenzo Vangelista

Jerome Vanthournout
Prabodh Varshney
Ganesh Venkatesan
Lochan Verma
Sameer Vermani
Pascal Viger
George A. Vlantis
Chao Chun Wang
Haiming Wang
Huizhao Wang
James June J. Wang
Lei Wang
Xiaofei Wang
Xuehuan Wang
Lisa Ward
Julian Webber
Menzo M. Wentink
Leif Wilhelmsson
Eric Wong
Tianyu Wu
Yan Xin
Qi Xue
Rui Yang
Xun Yang
Yunsong Yang
Kazuto Yano
James Yee
Peter Yee
Su Khiong K. Yong
Christopher Young
Heejung Yu
Jian Yu
Mao Yu
SunWoong Yun
Alan Zeleznikar
Hongyuan Zhang
Xingxin Zhang
Yan Zhang
Xiayu Zheng
Lan Zhuo



8
Copyright © 2021 IEEE. All rights reserved.

The following members of the individual balloting committee voted on this amendment. Balloters may have
voted for approval, disapproval, or abstention.

Osama Aboul-Magd
Tomoko Adachi
Robert Aiello
Kosuke Aio
Thomas Alexander
Nobumitsu Amachi
Carol Ansley
Butch Anton
Alfred Asterjadhi
Kwok Shum Au
Madhusudan Banavara
Harry Bims
Nancy Bravin
Jason Brent
Vern Brethour
Demetrio Bucaneg
William Byrd
Paul Cardinal
William Carney
Juan Carreon
Pin Chang
Cheng Chen
George Cherian
Rojan Chitrakar
Paul Chiuchiolo
Charles Cook
Diana Cortes
Michael Cowan
Steven Crowley
Claudio Da Silva
Hendricus De Ruijter
Antonio De La Oliva Delgado
Peter Ecclesine
Richard Edgar
Alecsander Eitan
Marc Emmelmann
Yonggang Fang
Xiang Feng
Matthew Fischer
Michael Fischer
Avraham Freedman
Sho Furuichi
Devon Gayle
Mariana Goldhamer
David Goodall
Scott Griffiths
Randall Groves
Michael Gundlach
Mark Hamilton
Christopher Hansen
Timothy Harrington
Robert Heile
Marco Hernandez
Lili Hervieu
Guido Hiertz

Ryuichi Hirata
Werner Hoelzl
Oliver Holland
Glenn Hu
Yasuhiko Inoue
Atsushi Ito
Raj Jain
SangKwon Jeong
Joe Natharoj Juisai
Lokesh Kabra
Srinivas Kandala
Piotr Karocki
Ruediger Kays
Stuart Kerry
Evgeny Khorov
Yongbum Kim
Youhan Kim
Ryota Kimura
Patrick Kinney
Shoichi Kitazawa
Jarkko Kneckt
Jan Kruys
Yasushi Kudoh
Thomas Kurihara
Massinissa Lalam
Hyeong Ho Lee
Kang Lee
Wookbong Lee
Frank Leong
James Lepp
Joseph Levy
Yong Liu
kaiying Lu
Javier Luiso
John Mackay
Valerie Maguire
Jouni Malinen
Jeffery Masters
Stephen McCann
Brett McClellan
Michael Montemurro
Jose Morales
Ronald Murias
Rick Murphy
Andrew Myles
Paul Neveux
Nick S. A. Nikjoo
Paul Nikolich
Robert O’Hara
Satoshi Obara
Bansi Patel
Abhishek Patil
Arumugam Paventhan
Albert Petrick
Brian Petry
David Piehler

Walter Pienciak
Clinton Powell
Venkatesha Prasad
Emily Qi
Demir Rakanovic
R. K. Rannow
Ranga Reddy
Alon Regev
Maximilian Riegel
Mark Rison
Robert Robinson
Benjamin Rolfe
Jon W. Rosdahl
Kazuyuki Sakoda
Naotaka Sato
Sigurd Schelstraete
Andy Scott
Yongho Seok
Kunal Shah
Ian Sherlock
Di Dieter Smely
Graham Smith
Robert Stacey
Dorothy Stanley
Thomas Starai
Noel Stott
Walter Struppler
Mark Sturza
Bo Sun
Li-Hsiang Sun
Yusuke Tanaka
Payam Torab Jahromi
Solomon Trainin
Mark-Rene Uchida
Allert Van Zelst
Prabodh Varshney
John Vergis
Lochan Verma
George Vlantis
Lei Wang
Xiaofei Wang
Lisa Ward
Hung-Yu Wei
Matthias Wendt
Menzo Wentink
Leif Wilhelmsson
Scott Willy
Andreas Wolf
Peter Wu
Tianyu Wu
Rui Yang
Yunsong Yang
James Yee
Yu Yuan
Oren Yuen



9
Copyright © 2021 IEEE. All rights reserved.

When the IEEE SA Standards Board approved this amendment on 9 February 2021, it had the following
membership:

Gary Hoffman, Chair
Vacant Position, Vice Chair
John D. Kulick, Past Chair

Konstantinos Karachalios, Secretary

*Member Emeritus

Ted Burse
Doug Edwards
J. Travis Griffith
Grace Gu
Guido R. Hiertz
Joseph L. Koepfinger*
David J. Law

Howard Li
Dong Liu
Kevin Lu
Paul Nikolich
Damir Novosel
Jon W. Rosdahl

Dorothy V. Stanley
Mehmet Ulema
Lei Wang
Sha Wei
Philip B. Winston
Daidi Zhong
Jingyi Zhou



10
Copyright © 2021 IEEE. All rights reserved.

Introduction

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. 

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.
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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 strikethrough (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.




