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Abstract: The protocol and compatible interconnection of data and multimedia communication
equipment via 2.4 GHz, 60 GHz, and 300 GHz radio transmissions in a Wireless Personal Area
Network (WPAN) using low-power and multiple modulation formats to support scalable data rates
are defined in this standard. The Medium Access Control (MAC) sublayer protocol supports both
isochronous and asynchronous data types.

Keywords: ad hoc network, close proximity, fast setup, fixed point-to-point, IEEE 802.15.3™,
IEEE 802.15.3d™, IEEE 802.15.3e™, IEEE 802.15.3f™, mmWave, mobility, point-to-point, P2P,
radio frequency, 60 GHz, submillimeter wave, terahertz, 300 GHz, wireless
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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 IEEE Societies and subcommittees of IEEE Standards
Association (IEEE SA) Board of Governors. 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. IEEE Standards documents do not
guarantee safety, security, health, or environmental protection, or guarantee against interference with or
from other devices or networks. 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 their
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 balloting 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.
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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. Statements made
by volunteers may not represent the formal position of their employer(s) or affiliation(s).

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 subcommittees of the IEEE SA Board
of Governors 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.1 

Comments on standards should be submitted using the Contact Us form.2

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.

1 Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
2 Available at: https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html.
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Copyrights 

IEEE draft and approved standards are copyrighted by IEEE under U.S. 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, neither IEEE nor its licensors 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.

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.3 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.4 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.

3 Available at: https://ieeexplore.ieee.org/browse/standards/collection/ieee.
4 Available at: https://standards.ieee.org/standard/index.html.
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Patents

IEEE standards are developed in compliance with the IEEE SA Patent Policy.5

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

Technologies, application of technologies, and recommended procedures in various industries evolve over
time. The IEEE standards development process allows participants to review developments in industries,
technologies, and practices, and to determine what, if any, updates should be made to the IEEE standard.
During this evolution, the technologies and recommendations in IEEE standards may be implemented in
ways not foreseen during the standard's development. 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.

5 Available at: https://standards.ieee.org/about/sasb/patcom/materials.html.

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 01:19:29 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 802.15.3-2023

https://standards.ieee.org/about/sasb/patcom/materials.html
https://standards.ieee.org/about/sasb/patcom/materials.html
https://standards.ieee.org/about/sasb/patcom/patents.html
http://www.avadocuments.com/doc/ieee-802-15-3-2023
http://www.avadocuments.com/doc/ieee-802-15-3-2023


7
Copyright © 2024 IEEE. All rights reserved.

Participants

At the time this standard was completed, the IEEE 802.15 Wireless Specialty Networks Working Group had
the following membership:

IEEE 802.15 Working Group
Clinton Powell, Working Group Chair

Philip E. Beecher, Working Group Vice Chair
Ann Krieger, Working Group Vice Chair

James P. K. Gilb, Working Group Technical Editor
Benjamin A. Rolfe, Working Group Treasurer

Thomas Kürner, Task Group 802.15.3mb Chair
Iwao Hosako, Task Group 802.15.3mb Vice Chair

Monique B. Brown, Task Group 802.15.3mb Technical Editor
Koorosh Akhavan
Carlos Aldana
Ghiath Al-kadi
Thomas Almholt
Vamsi Amalladinne
Yasuharu Amezawa
Jean-Marie Andre
Kwok Shum Au
Ankur Bansal
David Barras
Tuncer Baykas
Friedbert Berens
Ido Bettesh
Bharat Bhatia
Harry Bims
Lennert Bober
Chris Calvert
Clint Chaplin 
Sangsung Choi
Junyoung Choi
Claudio da Silva
Boris Danev
Hendricus De Ruijter
Igor Dotlic
Rui Du
Ersen Ekrem
Kiyoshi Fukui
Masatoshi Fukunaga
Ming Gan
Chittabrata Ghosh
Tim Godfrey 
Robert Golshan
Kristian Granhaug
Bernhard Grosswindhager
Raphael Guimond
Jianlin Guo
Ziyang Guo
Taeyoung Ha
Hiroshi Harada
Jerome Henry
Marco Hernandez
Christopher Hett
Masayuki Hirata
Jay Holcomb

Chunyu Hu
Mengshi Hu
Tetsushi Ikegami
Yeong Min Jang
Jeng-Shiann Jiang
Jinjing Jiang
Seong-Soon Joo
Volker Jungnickel
Juha Juntunen
Aniruddh Kabbinale
Akifumi Kasamatsu
Yoshio Kashiwagi
Rani Keren
Stuart J. Kerry
Minsoo Kim
Patrick Kinney
Shoichi Kitazawa
Tero Kivinen
Takumi Kobayashi
Ryuji Kohno
Jonghoe Koo
Wolfgang Kuechler
Takashi Kuramochi
Mingyu Lee
Stefan Lemsitzer
Frank Leong
Huan-Bang Li
Sang-Kyu Lim
Wei Lin
Yong Liu
Chenchen Liu
Peng Liu
Xiliang Luo
Yongsen Ma
Vinayagam Mariappan
Stephen McCann
Apurva Mody 
Carl Murray
Frederic Nabki
Dries Neirynck
Jaroslaw Niewczas
Paul Nikolich 
Hyunseob Oh

Pooria Pakrooh
Clark Palmer
Glenn Parsons 
Riku Pirhonen
Bin Qian
Mohammad Rahmani
Enrico-Henrik Rantala
Oded Redlich
Joerg Robert
Hiroki Saito
Ruben E. Salazar Cardozo
Stephan Sand
Shigenobu Sasaki
Eren Sasoglu
Kamran Sayrafian
Jonathan Segev
Norihiko Sekine
Daoud Serang
Kunal Shah
Stephen Shellhammer 
Shimi Shilo
Youngwan So
Gary Stuebing
Don Sturek
Li Sun
Takafumi Suzuki
Kiyoshi Tada
Bin Tian
Lochan Verma
Billy Verso
Yi Wang
Dag Wisland
Kuan Wu
Tetsushi Yamamoto
Shang-Te Yang
Xun Yang
Zhenzhen Ye
Su Khiong Yong
Kangjin Yoon
Larry Zakaib
Sven Zeisberg
Mingda Zhou
Qiyue Zou

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 01:19:29 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 802.15.3-2023

http://www.avadocuments.com/doc/ieee-802-15-3-2023
http://www.avadocuments.com/doc/ieee-802-15-3-2023


8
Copyright © 2024 IEEE. All rights reserved.

Major contributions in the revision process were received from the following individuals:

The following members of the individual Standards Association balloting group voted on this standard.
Balloters may have voted for approval, disapproval, or abstention.

When the IEEE SA Standards Board approved this standard on 21 September 2023, it had the following
membership:

David J. Law, Chair
Ted Burse, Vice Chair

Gary Hoffman, Past Chair
Konstantinos Karachalios, Secretary

*Member Emeritus

Duschia Bodet
Christoph Herold
Josep Jornet

Akifumi Kasamatsu
Keitarou Kondou
Fumihiro Nishiyama

Hiroyo Ogawa
Vitaly Petrov
Norihiko Sekine

Saif Aldeen Saad Obayes 
AL-Kadhim

Amelia Andersdotter
Boon Chong Ang
Oscar Au
Philip E. Beecher
Steven Bezner
Harry Bims
Andreas Bluschke
Lennert Bober
Vern Brethour
Monique B. Brown
William Byrd
John Calvin
Paul Cardinal
Pin Chang
Suresh Channarasappa
Chan Chen
Zhiman Chen
C. Chou
Razvan Ciocan
Todor Cooklev
Avraham Freedman
Matthias Fritsche
James P. K. Gilb
David Goodall
Marco Hernandez
David Hess
Werner Hoelzl

Iwao Hosako
Doug Houseman
Raj Jain
Pranav Jha
Ming Jiang
Josep Miquel Jornet
Volker Jungnickel
Chintaka Kandapahala
Ruslan Karmanov
Piotr Karocki
Stuart J. Kerry
Nam Kim
Yongbum Kim
Shoichi Kitazawa
Keitarou Kondou
Vinod Kristem
Thomas Kürner
Hyeong Ho Lee
Joseph Levy
Jialing Li
Greg Luri
Jon Martens
Ronald Murias
Rajesh Murthy
N. Kishor Narang
Mfanasibili Nkonyane
Satoshi Oyama
Bansi Patel
Arumugam Paventhan
Howard Penrose

Vitaly Petrov
Clinton Powell
Venkatesha Prasad
R. K. Rannow
James Reilly
Maximilian Riegel
Benjamin A. Rolfe
Ruben E. Salazar Cardozo
John Sargent
Naotaka Sato
Cole Scott
Daniel Seidel
Diana Shi
Dorothy Stanley
Walter Struppler
Mark Sturza
Bo Sun
James Van De Ligt
Dmitri Varsanofiev
John Vergis
Peter Vouras
Alexandru Vulpe
Lisa Ward
Stephen Webb
Matthias Wendt
Scott Willy
Andreas Wolf
Yu Yuan
Qiyue Zou

Sara R. Biyabani
Doug Edwards
Ramy Ahmed Fathy
Guido R. Hiertz
Yousef Kimiagar
Joseph L. Koepfinger*
Thomas Koshy
John D. Kulick

Joseph S. Levy
Howard Li
Gui Lin
Johnny Daozhuang Lin
Xiaohui Liu
Kevin W. Lu
Daleep C. Mohla
Andrew Myles

Paul Nikolich
Annette D. Reilly
Robby Robson
Lei Wang
F. Keith Waters
Karl Weber
Philip B. Winston
Don Wright

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 01:19:29 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 802.15.3-2023

http://www.avadocuments.com/doc/ieee-802-15-3-2023
http://www.avadocuments.com/doc/ieee-802-15-3-2023


9
Copyright © 2024 IEEE. All rights reserved.

Introduction

IEEE Std 802.15.3 was originally developed to provide superior quality of service (QoS) over relatively
medium range wireless links.

The idea of a high-rate addition to the IEEE 802.15™ family of standards was first proposed in November
1999 at the IEEE Plenary meeting in Kaua’i, HI. The IEEE 802.15.3 task group began its official work at the
March 2000 IEEE Plenary meeting in Albuquerque, NM, creating a criteria document and evaluation
method. The down-selection of MAC and PHY proposals was completed at the November 2000 IEEE 802
Plenary meeting in Tampa, FL, and the writing of the draft began in December 2000. After working on the
draft for one year, the document was ready for the task group ballot process in December 2001. The draft
received final Working Group approval at the November 2002 IEEE Plenary meeting in Kaua’i, HI, and
began the sponsor ballot process following the meeting. The draft went through one sponsor ballot and two
recirculations before it was submitted to the IEEE Standards Association Standards Board (IEEE SASB) for
approval. The IEEE SASB approved IEEE 802.15.3 as an IEEE standard in June 2003.

IEEE Std 802.15.3-2003 defined an ad-hoc MAC that enabled simple and fast network formation, excellent
QoS, strong security with 128-bit AES encryption in CCM mode, and methods to coexist with other wireless
networks in the band. The PHY operated in the license exempt 2.4 GHz band with data rates of 11 Mb/s to
55 Mb/s at distances of greater than 70 m.

Interest in working on an amendment to fix and enhance IEEE Std 802.15.3 began at the September 2003
meeting in Singapore. A study group was formed at the November 2003 meeting in Albuquerque, which
completed a project authorization request that was approved in March 2004. Work progressed quickly, and
the first task group letter ballot was successfully completed in March 2005. After one recirculation, the draft
began sponsor ballot in August 2005. The ballot was successful, and after a recirculation ballot to validate
some minor changes, IEEE Std 802.15.3b was approved by the IEEE Standards Board on 6 December 2005,
just over two years after the study group started.

IEEE Std 802.15.3b™-2005 fixed mistakes and added enhancements that improve the efficiency of the base
standard. Some of the key changes/additions in this amendment are as follows:

— An improved definition of the medium access control (MAC) layer management entity (MLME)
service access point (SAP).

— A new acknowledgment (ACK) policy, implied-ACK, that allows polling and a more efficient use of
channel time.

— A method for relinquishing time in a channel time allocation (CTA) to allow another device (DEV)
time to transmit data.

— The ability to assign device identifiers (DEVIDs) to group addresses to allow multicast connections.
— Faster recovery of network operations when the piconet coordinator (PNC) abruptly disconnects

with the conditional handover and the next PNC processes.
— Multiple contention periods during a superframe.

In the July 2003 meeting in San Francisco, an interest group was formed to consider a millimeter wave
(mmWave PHY) for the existing standard. A study group was formally created in the March 2004 IEEE 802
plenary meeting in Orlando and developed a project authorization request that was approved in March 2005.
The first meeting as a task group was in May 2005 in Cairns, Australia, and the group worked steadily
developing channel models and evaluation documents. The PHY modes were selected in November 2007 at
the Atlanta meeting and draft progressed rapidly, entering Working Group letter ballot in June 2008. After
three Working Group recirculation ballots, sponsor ballot started in March 2009. A total of three sponsor

This introduction is not part of IEEE Std 802.15.3-2023, IEEE Standard for Wireless Multimedia Networks.
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recirculation ballots were held, leading to approval of IEEE Std 802.15.3c-2009 by the IEEE SA Standards
Board on 11 September 2009.

Some of the key features of IEEE Std 802.15.3c™-2009 and additions are as follows:

— Operation in the 60 GHz band.

— New data rates, with the highest greater than 5 Gb/s.

— Beam forming negotiation for the transmitter to increase the communication range.

— MAC packet aggregation and the acknowledgment of individual subpackets to reduce retransmission
overhead.

The PHY specifies three modes and one common mode. The three PHY modes are as follows:

— Single carrier (SC) mode optimized for low power and low complexity.

— High-speed interface (HSI) mode optimized for low-latency bidirectional data transfer.

— Audio/video (AV) mode optimized for the delivery of uncompressed, high-definition video and
audio.

Interest in developing a wireless communication system at THz frequencies started in 2008 with the
establishment of the THz Interest Group. In May 2014, Task Group 3d was formed, covering switched
point-to-point connections operating in frequencies from 60 GHz up to the lower THz bands. The
Application Requirements Document (ARD), Technical Requirements Documents (TRD), Channel
modeling document, and Evaluation Criteria Document for close proximity scenarios were reviewed in July
2014. Discussions began to separate the close proximity efforts at 60 GHz from the other activities at the
lower THz band in September 2014; a decision was made in November 2014 to split Task Group 3d into
two, one optimized for ranges under 10 centimeters (Task Group 3e) and another covering several meters or
more (Task Group 3d). 

To support the development of these new amendments, the base standard needed to be revised to create a
single document that incorporated the prior two amendments. A PAR was generated in July 2015 at the
IEEE Plenary meeting in Waikoloa Village, HI. The PAR was approved by the IEEE SASB in September
2015 and the initial draft was completed soon thereafter (by the same Technical Editor who worked on the
previous three documents). After two Working Group ballots, the sponsor ballot began in December 2015
and completed in February 2016 after two Sponsor ballot recirculations. IEEE Std 802.15.3-2016 was
approved by the IEEE SA Standards Board in May 2016.

The first meeting of Task Group 3e was held in March 2015 in Berlin, Germany, where the Project
Authorization Request (PAR) and Criteria for Standards Development (CSD) were approved. At the May
2015 meeting, the ARD and TRD were combined as a single Technical Guidance Document (TGD) and
proposals were reviewed in the July and September 2015 sessions, including the selection of two PHY
modes. The group entered Working Group letter ballot in January 2016. After two Working Group
recirculation ballots, sponsor ballot started in July 2016. A total of three sponsor recirculation ballots were
held, leading to approval of IEEE Std 802.15.3e-2017 by the IEEE SA Standards Board on 14 February
2017.

In November 2015, the required PAR change for Task Group 3d to limit the activities to the lower THz
frequency ranges was approved. During the March 2016 meeting, the supporting documents were approved
and the call for proposals was issued. Proposals were reviewed during the July and September 2016
meetings. The group entered Working Group letter ballot in January 2017. After one Working Group
recirculation ballot, the sponsor ballot started in March 2017. A total of two sponsor ballot recirculation
ballots were held, leading to approval of IEEE Std 802.15.3d-2017 by the IEEE SA Standards Board on
28 September 2017.
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IEEE Std 802.15.3e-2017 is an amendment to IEEE Std 802.15.3-2016 that defines an alternative physical
layer operating in the millimeter wave band along with the necessary MAC changes to support this PHY.
Some of the key features and additions are as follows:

— Operation in the 60 GHz band.
— New data rates, with the highest reaching 100 Gb/s.
— Limiting communication range to 10 centimeters or less.
— Use of a pairnet structure and Stack ACK mechanism to simplify and optimize the MAC.
— Selectable PHY modes (single carrier and OOK) to achieve either high-speed operation or system

simplicity.

IEEE Std 802.15.3d-2017 is an amendment to IEEE Std 802.15.3-2016 that defines an alternative physical
layer (PHY) at the lower THz frequency range, between 252 GHz and 325 GHz, for switched point-to-point
links, along with the necessary MAC changes to support this PHY. The amendment builds on the concept of
pairnet, introduced in IEEE Std 802.15.3e-2017, and inherits the corresponding MAC changes defined there.
Some of the key features and additions are as follows:

— Operation in the THz frequency band.
— Usage of eight different bandwidths between 2.16 GHz and 69.12 GHz.
— Designed for data rates of up to 100 Gb/s.
— Use of a pairnet structure supporting wireless links for intra-device communication (e.g.,

board-to-board communication), close proximity communication, wireless data centers, and
backhaul/fronthaul links.

— Selectable PHY modes (single carrier and on-off keying) to achieve either ultra high-speed operation
or system simplicity.

IEEE Std 802.15.3f-2017 is an amendment to IEEE Std 802.15.3-2016 that updates the channelization of the
millimeter wave PHY to use the expanded unlicensed millimeter wave spectrum up to 71 GHz. 

The PAR for a revision project was generated in November 2021 at the IEEE Plenary virtual meeting. The
PAR was approved by the IEEE SASB in December 2021 and the initial draft was completed in September
2022. Apart from several small fixes, the new draft also includes several new features for the THz PHY,
such as channel plans up to 450 GHz and two new modulation schemes. After three Working Group ballots,
the sponsor ballot began in March 2023 and was completed in July 2023 following two Sponsor ballot
recirculations. IEEE Std 802.15.3-2023 was approved by the IEEE-SA Standards Board in September 2023.
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IEEE Standard for High Data Rate Wireless Multi-media Networks 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, 

health, or environmental protection, or ensure against interference with or from other devices or 

networks. Implementers 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. 

This IEEE document is made available for use subject to important notices and legal disclaimers. 

These notices and disclaimers appear in all publications containing this document and may be 

found under the heading “Important Notice” or “Important Notices and Disclaimers Concerning 

IEEE Documents.” They can also be obtained on request from IEEE or viewed at 

http://standards.ieee.org/IPR/disclaimers.html. 

1. Overview 

1.1 Scope 

This standard defines physical layer (PHY) and medium access control (MAC) sublayer 

specifications for high data rate wireless connectivity (typically over 200 Mb/s Mbps) with fixed, 

portable, and moving devices. Data rates are high enough to satisfy a set of consumer multimedia 

industry needs, as well as to support emerging wireless switched point-to-point and high-rate close 

proximity point-to-point applications. 
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1.2 Purpose 

The purpose of this standard is to provide for low complexity, low cost, low power consumption, 

and high data rate wireless connectivity among devices that support a variety of applications such 

as a set of consumer multimedia industry needs, wireless switched point-to-point applications in 

data centers, wireless backhaul/fronthaul intra-device communications, and a wide variety of 

additional use cases such as rapid large multimedia data downloads and file exchanges between two 

devices in close proximity, including between mobile devices and stationary devices (kiosks, ticket 

gates, etc.), and/or wireless data storage devices. 

1.3 Word usage 

The word shall indicates mandatory requirements strictly to be followed in order to conform to the 

standard and from which no deviation is permitted (shall equals is required to).6, 7 

The word should indicates that among several possibilities one is recommended as particularly 

suitable, without mentioning or excluding others; or that a certain course of action is preferred but 

not necessarily required (should equals is recommended that). 

The word may is used to indicate a course of action permissible within the limits of the standard 

(may equals is permitted to). 

The word can is used for statements of possibility and capability, whether material, physical, or 

causal (can equals is able to). 

 

 

6 The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe 

unavoidable situations. 

7 The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact. 
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2. Normative references 

The following referenced documents are indispensable for the application of this document (i.e., 

they must be understood and used; therefore, each referenced document is cited in the text and its 

relationship to this document is explained). For dated references, only the edition cited applies. For 

undated references, the latest edition of the referenced document (including any amendments or 

corrigenda) applies. 

ANSI X3.66-1979: American National Standard for Advanced Data Communication Control 

Procedures (ADCCP). 8 1 

NIST FIPS Pub 197: Advanced Encryption Standard (AES), Federal Information Processing 

Standards Publication 197, US Department of Commerce/ NIST, May 9, 2023.9 N.I.S.T., November 26, 

2001.5 

IEEE Std 802®-2014, IEEE Standard for Local and Metropolitan Area Networks: Overview and 

Architecture.10, 11 2, 3 

ISO/IEC 646:1991, Information technology—ISO 7-bit coded character set for information 

interchange.12 4 

8 This document is available at https://nvlpubs.nist.gov/nistpubs/Legacy/FIPS/fipspub71-1980.pdf 

1 ANSI publications are available from the American National Standards Institute (http://www.ansi.org). 

9 5 NIST FIPS publications are available from the National Institute of for Standards and Technology (https http://www.nist.gov/). 

10 2 IEEE publications are available from The Institute of Electrical and Electronics Engineers (https http://standards.ieee.org/ 

11 3 The IEEE standards or products referred to in Clause 2 are trademarks owned by belonging to The Institute of Electrical and 

Electronics Engineers, Incorporated Inc. 

12 4 ISO/IEC/IEEE publications are available from the International Organization for Standardization (https ://www.iso.org/) and The 

Institute of Electrical and Electronics Engineers (https://standards.ieee.org/). ( http://www.iso.ch/) and the International 

Electrotechnical Commission (http://www.iec.ch/). ISO/IEC publications are also available in the United States from the American 

National Standards Institute (http://www.ansi.org). 
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NIST SP 800-38D, Recommendation for Block Cipher Modes of Operation: Galois/Counter Mode 

(GCM) and GMAC, Morris Dworkin, November 2007.13 

3. Definitions, acronyms, and abbreviations 

3.1 Definitions 

For the purposes of this document standard, the following terms and definitions apply. The IEEE 

Standards Dictionary Online should be consulted for terms not defined in this clause. 14 6 

ad hoc network: A network typically created in a spontaneous manner. The principal characteristic 

of an ad hoc network is its limited temporal and spatial extent. 

association: The service used to assign a device identifier to a device to enable communications in a 

piconet. 

channel time allocation (CTA): A contiguous period of time in the superframe allocated by the 

piconet coordinator for communication between specified source and destination. 

coexistence: The ability of one system to perform a task in a given shared environment where other 

systems have an ability to perform their tasks and may or may not be using the same set of rules. 

data authentication: Authentication of the sender of the data and provision of data integrity. 

data integrity: The assurance that the data has not been modified from its original form. 

dBm: Decibels relative to a milliwatt. 

device: An entity that implements an IEEE 802.15.3 conformant media access control and physical 

layer interface to the wireless medium. 

13 This document available at https://csrc.nist.gov/pubs/sp/800/38/d/final. 

14 6IEEE Standards Dictionary Online is available at: http://dictionary.ieee.org. An IEEE Account is required for access to the 

dictionary, and one can be created at no charge on the dictionary sign-in page. 

http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html. 
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device address: The EUI-48 associated with device in an IEEE 802.15.3 piconet. 

disassociation: The service that removes an existing association. 

frame: Format of aggregated bits that are transmitted together in time. 

guard interval: A time period placed at the front of a symbol for inter-symbol interference 

avoidance. 

integrity code: A data string generated using a symmetric key that is typically appended to data in 

order to provide data integrity and source authentication similar to a digital signature. 

interoperable: The ability of two systems to perform a given task using a single set of rules. 

medium access control command data unit (MCDU): The unit of data exchanged between two peer 

medium access control entities using the services of the physical layer to implement the medium 

access control management protocol. 

medium access control protocol data unit (MPDU): The unit of data exchanged between two peer 

medium access control entities using the services of the physical layer. 

medium access control service data unit (MSDU): Information that is delivered as a unit between 

medium access control service access points. 

pairnet: A network of at most two associated devices, one of which is capable of providing 

coordination. 

pairnet associated period (PAP): Phase during which the pairnet devices are associated. 

pairnet coordinator: An entity, which is a member of a pairnet, that has device functionality and 

also provides coordination and other services, e.g., quality of service, synchronization, association, 

via the wireless medium for associated devices. 

pairnet device: An entity that may only operate in a pairnet and that implements an IEEE 802.15.3 

conformant media access control and physical layer interface to the wireless medium. 
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pairnet setup period: Phase during which the pairnet beacon is active but pairnet devices are not yet 

associated. 

payload protection: The generic term for providing security services on the contents of a data 

message, including confidentiality, integrity, and authentication. 

piconet: A collection of one or more logically associated devices that share a single identifier with a 

common coordinator. 

piconet coordinator (PNC): An entity that has device functionality and also provides coordination 

and other services, e.g., quality of service, synchronization, association, via the wireless medium for 

associated devices. 

quality of service (QoS): A collective measure of the level of service (e.g., availability, latency, 

throughput, error rate) delivered between devices. 

secure frame: A command or data frame in which cryptographic techniques are applied to provide 

encryption or integrity. 

secure piconet: A piconet in which cryptographic techniques are implemented to provide security 

services. 

stack acknowledgment (Stk-ACK): An acknowledgment method where the device receiving data 

returns the frame number to jump back to and starts retransmission when the received frame(s) are 

corrupted. 

stream: A unidirectional, logical data connection between two devices that may or may not have 

quality of service requirements associated with it. 

superframe: The basic time division of an IEEE 802.15.3 piconet containing a beacon, the channel 

time allocation period, and optionally the contention access period. 

symmetric key: A secret key shared between two or more parties that may be used for encryption/ 

decryption or integrity protection/integrity verification. 
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wireless medium: The medium used to implement the transfer of protocol data units between peer 

physical layer entities of a wireless personal area network. 

3.2 Acronyms and abbreviations 

AAS asymmetric antenna system 

ACK acknowledgment 

AES advanced encryption standard 

AS application specific 

ATP association timeout period 

AV audio/visual 

AWGN additive white Gaussian noise 

BBIFS beam-forming beam-level interframe spacing 

BCRD bidirectional channel time allocation relinquish duration 

BcstID broadcast identifier 

BER bit error rate 

BIFS backoff interframe space 

Blk-ACK  block acknowledgment 

BPSK binary phase-shift keying 

BSID beacon source identifier 

BSIFS  beam-forming sector-level interframe spacing 

BST beam switching/steering and tracking 
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CAP contention access period 

CBC cipher block chaining 

CBC-MAC cipher block chaining-message authentication code 

CCA clear channel assessment 

CCM counter mode encryption and cipher block chaining message authentication 

code 

CES channel estimation sequence 

CID Company ID 

CMS common mode signaling 

CP contention period 

CRC cyclic redundancy check 

CSMA/CA carrier sense multiple access with collision avoidance 

CTA channel time allocation 

CTAP channel time allocation period 

CWB continued wake beacon 

DAMI dual alternate mark inversion 

DestID destination identifier 

DEV device 

DEVID device identifier 

Dly-ACK delayed acknowledgment 
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DME device management entity 

DQPSK differential quadrature phase-shift keying 

DSPS device synchronized power save 

EEP equal error protection 

EIRP equivalent isotropic radiated power 

EPD EtherType protocol discrimination 

EVM error vector magnitude 

FCS frame check sequence 

FCSL frame convergence sublayer 

FEC forward error correction 

FER frame error rate 

GCM Galois/counter mode 

HCS header check sequence 

HR high rate 

HRCP high-rate close proximity 

HRP high-rate physical layer 

HRPDU high-rate protocol data unit 

HRS high resolution 

HSI high-speed interface 

ID identifier 
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IE information element 

IFS interframe space 

Imm-ACK immediate acknowledgment 

Imp-ACK implied acknowledgment 

KO key originator 

LAN local area network 

LDPC low-density parity check 

LFSR linear feedback shift register 

LLC logical link control 

LLPS low-latency power save 

LQI link quality indication 

LRP low-rate physical layer 

LRPDU low-rate protocol data unit 

LSB least significant bit 

MAC medium access control 

MAN metropolitan area network 

MCDU MAC command data unit 

MCS modulation and coding scheme 

McstID multicast identifier 

MCTA management channel time allocation 
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MIFS minimum interframe space 

MIMO  multiple-input, multiple-output 

MLME MAC layer management entity 

mmWave millimeter wave 

MPDU MAC protocol data unit 

MPR mandatory PHY rate 

MR medium rate 

MSB most significant bit 

MSC message sequence chart 

MSDU MAC service data unit 

NAK negative acknowledgment 

NbrID neighbor identifier 

NLOS non-line-of-sight 

OFDM orthogonal frequency-division multiplexing 

OOK on-off keying 

OUI organizationally unique identifier 

PAL protocol adaptation layer 

PAN personal area network 

PAP pairnet associated period 

PCES pilot channel estimation sequence 
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PCTM pending channel time map 

PDU protocol data unit 

PET pattern estimation and tracking 

PHY physical layer 

PIB PAN information base 

PLME PHY layer management entity 

PN pseudo noise 

PNC piconet coordinator 

PNCID piconet coordinator identifier 

PNID piconet or pairnet identifier 

PPRE pilot preamble 

PPDU PHY protocol data unit 

PRBS pseudo-random binary bit sequence 

PRC pairnet coordinator 

PRCID pairnet coordinator identifier 

PRDEV pairnet DEV 

PRNG pseudo-random number generator 

PS power save 

PSD power spectral density 

PSP pairnet setup period 
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PSPS piconet synchronized power save 

PSRC power source 

PW pilot word 

QAM quadrature amplitude modulation 

QoS quality of service 

QPSK quadrature phase-shift keying 

QT quasi-omni training 

RF radio frequency 

RIFS retransmission interframe space 

RS Reed Solomon 

RSSI received signal strength indication 

RSSIR received signal strength indication relative to sensitivity 

RX receive or receiver 

SAP service access point 

SAS symmetric antenna system 

SC single carrier 

S-CAP sub-contention access period 

SDU service data unit 

SEC security 

SECID security identifier 
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SFC secure frame counter 

SFD start-of-frame delimiter 

SIFS short interframe space 

SINR signal-to-interference-plus-noise ratio 

SISO single-input, single-output 

SNR signal-to-noise ratio 

SPS synchronous power save 

SrcID source identifier 

SSB single side band 

ST sector training 

STP stream timeout period 

Stk-ACK stack acknowledgment 

TCM trellis coded modulation 

TDMA time division multiple access 

TPC transmit power control 

TSD transmit switched diversity 

TU time unit 

TX transmit or transmitter 

UEP unequal error protection 

UnassocID unassociated identifier 
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WAN wide area network 

WLAN wireless local area network 

WPAN wireless personal area network 

4. General description 

4.1 Format conventions 

4.1.1 Numbers 

Numbers are represented in decimal (nnn), binary (0bnnn), or hexadecimal (0xnnn) notation with 

the number of digits indicated. For example, 0b001 is a 3-digit binary number of value 1 and 0x001 is 

a 3-digit hexadecimal number of value 1. Numbers encoded in fields are either signed or unsigned 

integers unless explicitly defined otherwise. Other formats (e.g., a field containing a floating point 

number) are stated in the field definition where applicable. 

When represented in fields, numbers are expressed with least significant bit (LSB) leftmost and most 

significant bit (MSB) rightmost as shown in Figure 4-1 for an n-bit unsigned integer. (Note that this 

is the inverse of the number representations 0bnnn and 0xnnn and of common number 

representations used in mathematical notations.) For example, the number 0x47 would be 

represented in an 8-bit field as 1110 0010. 

… 

… 

 
(New) 

Figure 4-1—General number field format 
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