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(PHY), of combined fixed and mobile point-to-multipoint broadband wireless access (BWA)
systems providing multiple services is specified by this amendment. The MAC is structured to
support multiple PHY specifications, including WirelessMAN-SC, WirelessMAN-OFDM, and
WirelessMAN-OFDMA PHY specifications, each suited to a particular operational environment.

Keywords: amendment, broadband wireless access, BWA, cellular layer, fixed broadband wireless
access, IEEE 802.16™, IEEE 802.16t™, IMT-2000, MAN, management information base, MIB,
microwave, mobile broadband, mobile broadband wireless access, OFDM, OFDMA, radio,
standard, WAS, wireless access systems, WirelessMAN®, wireless metropolitan area network

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 02:22:23 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 802.16t-2025

http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
http://www.avadocuments.com/doc/ieee-802-16t-2025
http://www.avadocuments.com/doc/ieee-802-16t-2025


3
Copyright © 2025 IEEE. All rights reserved.

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.
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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.

Use by artificial intelligence systems

In no event shall material in any IEEE Standards documents be used for the purpose of creating, training,
enhancing, developing, maintaining, or contributing to any artificial intelligence systems without the
express, written consent of IEEE SA in advance. “Artificial intelligence” refers to any software, application,
or other system that uses artificial intelligence, machine learning, or similar technologies, to analyze, train,
process, or generate content. Requests for consent can be submitted using the Contact Us form.

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 An IEEE Account is
needed to access the application.

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

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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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 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

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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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.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.
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Participants

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

Clint Powell, Chair
Philip E. Beecher, Vice Chair

Ann Krieger, Vice Chair
James P. K. Gilb, Technical Editor

Thomas Almholt, Secretary

This amendment was developed by the IEEE 802.16 Working Group on Broadband Wireless Access,
which develops the WirelessMAN® Standard for Wireless Metropolitan Area Networks. The following
members of the 802.16t Working Group Letter Ballot in which this amendment was prepared and finalized
for IEEE ballot:

Timothy Godfrey, Chair
Harry Bims, Vice Chair

Vishal Kalkundrikar, Technical Editor

Koorosh Akhavan
Ghiath Al-kadi
Carlos Aldana
Thomas Almholt
Yasuharu Amezawa
Jean-Marie Andre
Daisuke Anzai
Kwok Shum Au
Ankur Bansal
David Barras
Philip E. Beecher
Friedbert Berens
Ido Bettesh
Monique Brown
Chris Calvert
Radhakrishna Canchi
Clint Chaplin
Run Chen
Rojan Chitrakar
Jinsoo Choi
Sangsung Choi
Pablo Corbalan Pelegrin
Hendricus De Ruijter
Guido Dolmans
Igor Dotlic
Ersen Ekrem
Ming Gan
James Gilb
Robert Golshan
Kristian Granhaug
Bernhard Grosswindhager
Josef GrubeRaphael Guimond
Jianlin Guo
Taeyoung Ha
Hiroshi Harada

James Hartman
Christopher Hett
Masayuki Hirata
Iwao Hosako
Lei Huang
Tetsushi Ikegami
Seong Soon Joo
Yeong Min Jang
Jinjing Jiang
Volker Jungnickel
Juha Juntunen
Takumi Kobayashi
Aniruddh Kabbinale
Akifumi Kasamatsu
Rani Keren
Stuart Kerry
Shoichi Kitazawa
Tero Kivinen
Ryuji Kohno
Alexander Krebs
Ann Krieger
Vinod Kristen
Wolfgang Kuechler
Thomas Kuerner
Chenchen Liu
Hong Won Lee
Jaegook Lee
Mingyu Lee
Stefan Lemsitzer
Frank Leong
Huan-Bang Li
Sang-Kyu Lim
Yong Liu
Xiliang Luo
Li Ma

Zhepeng Ma
Mickael Maman
Apurva Mody
Robert Mueller
Carl Murray
Frederic Nabki
Yukimasa Nagai
Dries Neirynck
Jaroslaw Niewczas
Paul Nikolich
Pooria Pakrooh
Clark Palmer
Glenn Parsons
Srivathsa Masthi 

Parthasarathi
Tushar Patel
Riku Pirhonen
Bin Qian
Mohammad Rahmani
Joerg Robert
Benjamin Rolfe
Menashe Shahar
Stephan Sand
Shigenobu Sasaki
Kamran Sayrafian
Reinhold Schmidt
Norihiko Sekine
Stephen Shellhammer
Youngwan So
Gary Stuebing
Don Sturek
Takenori Sumi
Li-Hsiang Sun
Takafumi Suzuki
Bin Tian

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 02:22:23 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 802.16t-2025

http://www.avadocuments.com/doc/ieee-802-16t-2025
http://www.avadocuments.com/doc/ieee-802-16t-2025


8
Copyright © 2025 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. 

When the IEEE-SA Standards Board approved this standard on 28 May 2025, it had the following
membership:

Lei Wang, Chair
Jon Walter Rosdahl, Vice Chair

David J. Law, Past Chair
Alpesh Shah, Secretary

Lochan Verma
Billy Verso
Yi-Hsiu Wang
Dag Wisland

Libra Xiao
Zhenzhen Ye
Shang-Te Yang
Xun Yang
Su Khiong Yong

Zhongxing Yu
Larry Zakaib
Sven Zeisberg
Xiaolong Zhang

Thomas Almholt
Boon Chong Ang
Butch Anton
Stefan Aust
Philip E. Beecher
Harry Bims
Vern Brethour
William Byrd
Paul Cardinal
Aniruddha Chandra
Xiandong Dong
Marc Emmelmann
P. Flynn
Avraham Freedman
Matthias Fritsche
Shubhanker Garg
Tim Godfrey
Fabrizio Granelli
Marco Hernandez
Werner Hoelzl

Oliver Holland
Raj Jain
SangKwon Jeong
Pranav Jha
Vishal Kalkundrikar
Piotr Karocki
Stuart Kerry
Yongbum Kim
Shoichi Kitazawa
Tero Kivinen
Hyeong Ho Lee
Daozhuang Lin
Weili Liu
Yongsen Ma
Roger Marks
Ronald Murias
Paul Nikolich
Pooria Pakrooh
Bansi Patel
Howard Penrose

Cam Posani
Clinton Powell
Maximilian Riegel
Ruben E Salazar Cardozo
Reinhard Schrage
Jhony Sembiring
Diana Shi
Dorothy Stanley
Walter Struppler
Mark Sturza
John Vergis
Billy Verso
Xiaohui Wang
Yi-Hsiu Wang
Stephen Webb
Matthias Wendt
Scott Willy
Andreas Wolf
Yu Yuan
Oren Yuen

Edward Au
Ted Burse
Xiaofeng (Alfred) Chen
Doug Edwards 
Nehad El-Sherif
J. Travis Griffith 
Deborah R. Hagar

Guido R. Hiertz 
Ronald W. Hotchkiss 
Tyler L. Jaynes 
Thomas Koshy 
Howard Li
Xiaohui Liu
Kevin W. Lu 
Hiroshi Mano

Daleep C. Mohla
Annette D. Reilly
Robby Robson
Daniel Sabin
F. Keith Waters
Sha Wei
Luyang (Eric) Zhang

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 02:22:23 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 802.16t-2025

http://www.avadocuments.com/doc/ieee-802-16t-2025
http://www.avadocuments.com/doc/ieee-802-16t-2025


9
Copyright © 2025 IEEE. All rights reserved.

Introduction

This standard IEEE Std 802.16-2017 specifies the air interface, including the medium access control layer
(MAC) and physical layer (PHY), of combined fixed and mobile point-to-multipoint broadband wireless
access (BWA) systems providing multiple services. The MAC is structured to support the WirelessMAN-
SC, WirelessMAN-OFDM, and WirelessMAN-OFDMA PHY specifications, each suited to a particular
operational environment. The standard enables rapid worldwide deployment of innovative, cost-effective,
and interoperable multi-vendor broadband wireless access products, facilitates competition in broadband
access by providing alternatives to wireline broadband access, encourages consistent worldwide spectrum
allocation, and accelerates the commercialization of broadband wireless access systems.

IEEE Std 802.16t-2025 is an amendment to IEEE Std 802.16-2017.

This introduction is not part of IEEE Std 802.16t-2025, IEEE Standard for Air Interface for Broadband Wireless
Access Systems—Amendment 1: Fixed and Mobile Wireless Access in Narrowband Channels.
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2. Normative references

Insert the following entries in alphabetical order

RFC 9147, The Datagram Transport Layer Security (DTLS) Protocol Version 1.3.

Delete the following from the list of reference:

IETF RFC 2104, HMAC: Keyed-Hashing for Message Authentication, Krawczyk, H., Bellare, M., and
Canetti, R., Feb. 1997.
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3 Definitions

Insert the following definitions in alphabetical order:

air interface resource (AIR): A two-dimensional entity with a frequency and a time range. Can be
expressed in terms of slots.

air interface resource manager (AIRM): A central entity managing Air Interface Resources.

band: Frequency range that is partitioned into subchannels.

carrier sense multiple access with collision avoidance (CSMA/CA): The DPP mode of IEEE 802.16t™
operation uses Non-Persistent CSMA, which means that when a transmitting DPP SS has a frame to send
and it senses a busy channel, it waits for a random period of time without sensing the channel in the
interim and repeats the CSMA algorithm again. Other common variants of CSMA are 1-Persistent CSMA
and P-Persistent CSMA.

control area: All base stations within this area are controlled by one AIRM.

CTS deferral: A period after clear to stand (CTS) reception during which a non-intended receiver will not
access the channel. 

direct peer-to-peer (DPP): A direct link between two SSs with no Base Station used nor required for oper-
ation.

DPP Association: One to one relationship between two DPP SSs established by successful pairing and
mutual Authentication.

DPP channel: A continuous frequency range or an aggregation of multiple non-adjacent frequency ranges
used for communication between DPP SSs. 

DPP link: An association between two DPP SSs.

DPP PDU: A protocol data unit (PDU) used in DPP communication.

DPP SS: Each of the SSs of the same DPP link. 

DPP sub-channel: A partition of DPP channel in the frequency domain.

DPP sub-channel group: An aggregation of one or more adjacent or non-adjacent DPP sub-channels. A
DPP link operates over one subchannel group.

half duplex (HD): Communication in both directions is not done at the same time.

link adaptation (LA): A process by which a DPP SS is notified by its peer SS, what MCS it can use for
transmission.

link adaptation (LA) hold timer: A timer that starts/restarts once a measurement report is received and
resets once maximum duration time is reached which is configured in terms of seconds between 1 to 60 sec-
onds.

maximum channel occupancy (MAX CO): A configuration parameter defining the maximum duration of
the burst in terms of the number of slots.
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maximum latency: A configurable parameter, which defines the time before an SDU expires.

maximum random backoff count (MAX RBC): A configuration parameter used to declare the transmission
failure once the random backoff count exceeds the configured value.

minimum inter burst gap: A minimum duration between consecutive transmission of a DPP SS in which it
is not allowed to transmit.

nominal CINR: A configurable parameter in each DPP SS. It defines the nominal range (minimum and
maximum) of CINR for each MCS for optimal demodulation by the DPP SS. The upper limit for each MCS
coincides with the lower limit for the next higher MCS, except for the highest MCS, in which case the upper
limit is infinity.

non-intended receiver: Any DPP SS other than the intended DPP SS receiver as identified by the
destination MAC address in the burst. 

operational state time limit: A configurable parameter that sets the time duration after which the SS will
leave Operational state and return to the Association state if its peer DPP SS does not respond/transmit any
burst. It is specified in terms of seconds.

paired DPP channel: Two distinct DPP channels are used, one for each direction.

paired DPP subchannel group: Two distinct subchannel groups are used, one for each direction. 

random back-off duration: A duration in which a DPP SS avoids channel access following an access
attempt in which the channel was busy. The back off is random so that if multiple DPP SSs are trying to
access the channel at the same time, the probability of collision next time is minimized.

receive MCS: The MCS used by the DPP SS for reception.

relay wait time: A configurable parameter in each Relay Station that specifies the amount of time the relay-
station is to wait for an acknowledgment before relaying a burst or PDU for which an acknowledgment was
required but not received when the Relay Option value in the burst’s Control Message is set to two.

repetition factor: The number of PHY layer repetition used for a given MCS.

robust MCS: The highest MCS that can reliably be decoded by the intended receiver. The value is chosen
by the system installer. It is a fixed value, but is dependent on the system parameters (link margin, etc).

RSSI threshold: A configurable parameter in a DPP SS. The measured RSSI is compared with the
configurable RSSI Threshold parameter for use by the CSMA mechanism to determine whether or not the
channel is in use.

slot: The minimal duration usage within a subchannel.

transmit MCS: The MCS used by the DPP SS for transmission.

unpaired DPP channel: the same DPP channel is used for communication in both directions.

unpaired DPP sub-channel group: The same subchannel group is used for both directions of
communication between two BS or SS. 
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4 Abbreviations and acronyms

Insert the following definitions in alphabetical order:

AIRM air interface resource manager
CTS clear to send
DTLS Datagram Transport Layer Security
NB-UGS Narrowband Unsolicited Grant Service
OTA over the air
PKM privacy key management
RTS request to send
RX receive, receiving, reception
SBC subscriber basic capability
SPS semi-persistent scheduler
TLS transport layer security
TX transmit, transmitting, transmission
TTL time-to-live
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6. MAC common part sublayer

6.3 Data/Control plane

6.3.2 MAC PDU formats

6.3.2.3 MAC management messages

6.3.2.3.9 Privacy key management (PKM) messages (PKM-REQ/PKM-RSP)

Change the last row in Table 6-69 as follows:

Insert new  6.3.2.3.9.33 after 6.3.2.3.9.32 as follows:

6.3.2.3.9.33  PKMv3 TLS-transfer message

When an MS has a TLS payload received from a TLS method for transmission to the BS or when a BS has a
TLS payload received from a TLS method for transmission to the MS, it encapsulates it in a PKMv3 TLS-
Transfer message. In the case of reauthentication, the HMAC Digest and Key Sequence Number attributes
shall be included.

Attributes are shown in Table 6-101a.

Insert the following subclauses after 6.3.36:

6.3.37 NB-MAC sublayer

6.3.37.1 Overview

The modifications are designed to reduce overhead, improve frequency utilization, and reduce latency when
operating in narrow channels. In addition, the MAC sublayer modifications are designed to support resource
allocations by an AIRM.

Table 6-69—PKM message codes

Code PKM message Type PKM message Type

44-255 Reserved PKMv3 TLS Transfer Message PKM-RSP

45-255 Reserved —

Table 6-101a—PKMv3 TLS-Transfer message attributes

Attribute Content

TLS Payload Contains the TLSv1.3 authentication data, not interpreted in the MAC

Key Sequence Number AK sequence number

HMAC Digest Message digest calculated using AK
19
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6.3.37.2 Channel utilization improvement changes

6.3.37.2.1  Minimizing MAC and PHY layer overhead

The throughput of the MAC sublayer at a channel bandwidth greater than or equal to 1.25 MHz is relatively
high compared to smaller channel bandwidths. At this channel bandwidth and greater, the MAC sublayer
may sustain highly dynamic, on demand, bandwidth allocation schemes with little impact on end user
throughput and latency. The MAC sublayer also supports smaller channel bandwidths down to 5 kHz, while
maintaining the original MAC scheduling modes (BE, NRTPS, RTPS, ERTPS & NB-UGS). Notably, the DL
& UL MAP messages are still transmitted in every frame along with the preamble and FCH which limits the
minimal frame duration. The NB-MAC is designed to increase throughput or capacity (more subscriber
stations) along with improvement in latency. As such, more drastic changes are needed, including the
addition of new, less dynamic scheduling modes, the reduction in the volume of allocation messages and the
decoupling of allocation messages from the frame.

DL and UL bandwidth allocation messages are a significant contributor to overhead when reducing the
channel bandwidth below 100kHz. For the NB-MAC, this overhead is reduced maintaining bandwidth
allocation messages only for bursty applications. The transmission of the bandwidth allocation messages is
configurable: every frame if need arises, less to save bandwidth. In addition, the introduction of new less
dynamic scheduling modes, e.g., Semi-Persistent Service (SPS) scheduling mode further reduces overhead.

With NB-MAC, the MAC and PHY layer overhead is configurable, based on the application requirements.
For example, the rate of preamble and the rate of all MAC messages (e.g., closed loop power control, link
adaptation) is optimized depending on whether the subscriber stations are mobile or fixed and if mobile,
depending on their mobility speed. 

6.3.37.2.2 Support of low latency applications

In a non-congested network, the latency is determined by the frame duration and the scheduling mode. With
NB-MAC, the frame duration is configurable, and minimized for low latency applications, subject to the
length of time-sensitive SDUs. The per-frame MAC and PHY overhead is reduced by decoupling the
preamble and the bandwidth allocation messages from the frame duration. Once decoupled, the MAC
sublayer overhead does not depend on frame duration. The frame duration is now configured such that it
may carry a full time sensitive SDU. Note that fragmentation may be used to transmit a SDU using frames
shorter than the SDU length, but the latency shall then be determined by the number of frames required to
carry the entire SDU. 

Latency reduction is also supported by the use of an a priori bandwidth allocation scheme, i.e., narrowband
unsolicited grant (NB-UGS), semi-persistent service (SPS) and bulk allocation service (BAS) scheduling
modes.The BS scheduler in Stand Alone scheduling mode and the subscriber station scheduler shall use
BAS allocations to serve new SDUs in the UL direction. The BS in secondary scheduling mode, shall also
use BAS allocations in the DL direction to serve SDUs in the DL direction.

DL-MAP and UL-MAP messages are not used. Regular DL and UL traffic shall employ NB-UGS and SPS
scheduling modes. In addition, optional BAS mode may be used to allocate bandwidth to the basic
subscriber station service flow (SF) in the UL and DL directions, even before the low latency SDU is
received. The BS/SS scheduler shall use BAS allocations to serve new SDUs in the DL/UL direction based
on their priority. Ad hoc allocation messages shall be used for low latency bursty applications whenever bulk
allocations are not available.
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6.3.37.2.3 Allocation messages reduction

Reduction of allocation message overhead for low-rate regular traffic applications and for the use of bulk
allocations requires more flexible bandwidth allocation messages compared to the DL-MAP and UL-MAP
messages. New allocation messages shall have the ability to specify allocations of the future frames. 

6.3.37.2.4 Support of AIRM by the BS MAC sublayer 

The BS MAC sublayer may operate in either stand-alone scheduling mode MAC or secondary scheduling
mode. While operating in secondary scheduler MAC mode, the BS shall support procedures required to send
bandwidth requests and receive allocations from the AIRM. These procedures include:

— Send to the AIRM instantaneous, semi-persistent and bulk bandwidth requests. 
— Bandwidth requests shall cover both uplink and downlink directions. 
— An instantaneous bandwidth allocation shall cover the time to live (TTL) of the request. The SPS

bandwidth request shall specify the periodicity, the size per allocation and the validity of the request. 

The AIRM may also send unsolicited SPS and BAS allocations to the BSs. When the BS operates in
secondary scheduling mode, the AIRM is responsible for the allocation of bandwidth in a way that avoids
intra system interference. Separation between interfering sectors may be done in either frequency or time or
both. A super-frame structure with a configurable number of frames shall be available to support flexible
separation in time. The super frame structure shall be synchronized between the AIRM and all BSs within
the control area.

6.3.37.3 Frame formats

6.3.37.3.1 Frame structure

A Frame may start with Preamble or Data burst depending on the allocations. Fixed duration data frames are
necessary for time division duplexing purposes. A frame is subdivided into DL and UL subframes. The data
in both DL and UL subframes is further subdivided into slots (8.6.6.1).

The frame duration is configurable. The default slot profile structure for DL and UL frames is shown in
Figure 8-155. Considering a minimum of three slots in DL and three slots in UL for non-fragmentable
connectivity maintenance messages, with default slot profile structure, CP factor 1/8, FFT Size 64, and
coverage distance of 25 km, the minimum supported frame duration values for each NB subchannel
bandwidth is given in Table 6-325.

Slots shall not be scheduled across frame boundaries.The DL/UL ratio may only be set within the limits of
having non-zero integer number of slots in both the UL and DL frame. Bandwidth allocation shall employ
allocation messages (ALLOC-MSG) instead of MAPs. The allocation messages are decoupled from frames

Table 6-325—Minimum frame duration for each NB subchannel bandwidth

Δf, kHz Frame 
Duration, ms

DL+UL slots 
Per Frame

Samples Per 
Frame

5 100 8 32000

6.25 62.5 6 25000

12.5 50 10 40000

25 20 8 32000

50 10 8 32000
21
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and are transmitted when needed. Figure 6-207a shows frame with Preambles, ALLOC-MSGs and data
Bursts, Figure 6-207b shows ALLOC-MSGs and data Bursts, and Figure 6-207c shows frame with data
Bursts only.

Figure 6-207a—Example frame with preamble, allocation message and data burst

Figure 6-207b—Example frame with allocation message and data burst
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Figure 6-207c—Example frame with data bursts

6.3.37.4 Timelines

6.3.37.4.1 Super frame structure

Time is divided into super-frames which are divided into frames. The number of frames in a super-frame is

configurable while the super frame length is always one second. Figure 6-207d is an example of a super-
frame consisting of 10 frames where the duration of a frame is 100 ms. 

Figure 6-207d—Example super frame structure
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6.3.37.4.2 Interval and period

These terms are applicable to SPS allocations that are characterized by fixed size allocations and fixed
intervals between successive allocations. An interval is the time duration between two successive
allocations. The interval is specified with an integer number of frames where the slot offset within the frame
where the allocation starts is the same. There are fixed size allocations at every interval. Period is the time
for which the allocations are valid. A period may be infinite or finite. The finite validity period may be
indicated in the number of intervals for which it is valid, i.e., finite period may be defined as an integer
multiple of an interval. For example, allocation with interval of two frames and validity period of
10 intervals, spans over 20 frames. The location of the allocation within the frame, i.e., the slot offset, is
considered from the beginning of the frame.

6.3.37.4.3 Frame duration and super-frame duration

The longer the frame, the longer the latency. Support of low frame duration is needed to support low latency
requirements. The frame duration for such an application shall be configured such that a complete PDU may
be encapsulated in one frame. The objectives of the super-frame are:

— Provide an additional dimension of separation between sectors for the scheduler to avoid intra
system interference.

— Extend the allocation window many frames into the future. 

6.3.37.4.4 Synchronization

6.3.37.4.4.1 Between BS and subscriber stations

All subscriber stations are synchronized with the BS using preamble or GNSS. As required by this standard,
the BS indicates the frame number in the allocation messages transmitted to subscriber stations. Subscriber
stations use the frame number to synchronize with the frame number of the BS. The frame number is an
unsigned 16-bit integer, and shall rollover to zero after 65535.

6.3.37.4.4.2 Between AIRM and BSs in the control area

All BSs and AIRMS shall be synchronized using GNSS, The BSs shall synchronize the beginning of the
frame with a 1 PPS pulse from a GNSS receiver. The number of frames per second shall be an integer
number. AIRM starts the super-frame when it boots up. The super frame length shall be one second and its
beginning is synchronized with the beginning of a frame. The index to a frame within the superframe is
referred to as the Frame Offset. All new BSs shall use the synchronization (Sync) message information to
synchronize with AIRM. 

AIRM may send the Sync message indicating the start of the super-frame in any of the upcoming 1 PPS
signals which aligns with start of super-frame. Sync message shall also carry the number of frames per
super-frame information. Please refer to Figure 6-207e for super-frame synchronization using Sync message
along with 1 PPS signal.
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Figure 6-207e—Superframe synchronization

In case of secondary scheduler MAC mode, the BS shall request bandwidth for each SDU, but the BS may
also send a request for multiple SDUs with the same attributes (same direction, same priority, etc.). The
scheduler shall allocate resources to requests considering the respective service flow’s priority and
maximum latency. There may be an upper limit on the resource allocated per subscriber station. This is to
avoid starvation of other waiting subscriber stations.

Figure 6-207f—Instantaneous allocation along with SPS

Figure 6-207f shows:

— Allocation message in frame 6 indicating instantaneous allocation in Frame 7 with an offset of one
frame (Frame Offset O = 1).

— The allocations may be applied to DL or UL subframes.

6.3.37.4.5 Delivery of Allocation Message

In case of NB-UGS and SPS allocations where the allocations are repeated, the BS shall request
acknowledgment of the allocation message from the subscriber station.

The following measures shall be taken to guarantee the delivery of an allocation message.

— The allocation message shall be transmitted in Robust MCS.

1 2 3 4 5 6 7 ---- ---- N 1 2 3 4 5 6 7 ---- ---- N

1 
PPS

1 
PPS

1 
PPS

1 sec 1 sec

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 N-2 N-1 N

Frames

5 6 7 8 9 10 11 12

ALLOC MSG Frame Offset O >= 0

SPS2SPS1 Instantaneous Alloc
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— Subscriber station shall acknowledge the reception of allocation message by sending ACK message
(ALLOC-CTRL-MSG, see Table 6-326) with control code set to Acknowledge.

— In case of uplink allocations, BS shall start the allocation after sending the allocation message. BS
shall monitor the allocation usage. The SS may start using the allocation after receiving allocation
message.

— In case of downlink allocations, the BS shall start allocation only after receiving ACK message from
the SS.

— BS shall resend the allocation message for uplink/downlink allocations if BS does not receive ACK
within the timeout period. In case of uplink allocations, a transmission in the allocation shall be con-
sidered as an alternative to ACK by the BS.

The state sequence for uplink allocation message is shown in Figure 6-207g.

Figure 6-207g—Uplink NB-UGS/SPS allocation state machine, BS side

The state sequence for downlink allocation message is shown in Figure 6-207h.

Figure 6-207h—Downlink NB-UGS/SPS allocation state machine, BS side

6.3.37.4.6 BS Scheduler

The BS scheduler shall schedule future frames as follows:

Allocation Message 
Sent

Pending for 
confirmation Confirmed

ACK timeout / No transmission in allocation

Valid transmission from the remote in the allocation

ACK received
Monitor transmissions in 

allocation

Monitor transmissions in 
allocation

Allocation Message 
Sent Wait For ACK Confirmed

ACK timeout

ACK receivedAllocation not started
Start transmissions in 

allocation
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— Instantaneous allocations within a time spanning one super-frame.
— NB-UGS/SPS occurring across superframes within the validity period.
— Bulk allocations within an interval that spans one superframe may be one-time or repetitive with

validity period.

The scheduler maintains information of scheduled allocations. When scheduling a request, the scheduler
must use this information to determine the resource availability in the future frames and accordingly allocate
the resources.

The scheduler performs scheduling on a “subchannel group” basis. A subchannel group is described in detail
in  8.6.1. The allocations are communicated to the subscriber stations by allocation messages (ALLOC-
MSG). Allocation messages are sent over each subchannel group for allocations to subscriber stations
present in that subchannel group.

In case of secondary scheduler MAC mode, the BS shall request aggregate request in slots considering
SDUs waiting in the transmission queue in downlink and aggregate request received from subscriber
stations in uplink. The BS scheduler may request a consolidated request combining the aggregate requests
with the same attributes (same direction, same priority, etc.). The BS scheduler determines the available
resources on any subchannel group based on the downlink and uplink allocations granted by the AIRM for
that subchannel group. In this mode, the BS shall have mixed operations, scheduling the already granted
slots as primary and requesting more resources from the AIRM if congested as secondary.

In case of standalone MAC mode, the BS scheduler calculates the resource available on any subchannel
group based on the number of subchannels in the group.

6.3.37.5 Allocation messages

6.3.37.5.1 Overview

Allocation messages shall be transmitted when needed on Robust MCS (configured minimum DIUC).
Depending on the traffic needs, an allocation message may have DL allocations only, UL allocations only or
both DL and UL allocations. Resource allocations shall be of three types, instantaneous, semi persistent and
bulk. An allocation message shall indicate the future frame number, slot offset within the frame where the
allocations starts and the number of slots within the allocations. 

6.3.37.5.2 Allocation message (ALLOC-MSG) format

Allocation messages define bulk instantaneous and semi-persistent allocations in DL and UL. Allocation
messages may have DL allocations only, UL allocations only or both DL and UL allocations. An Allocation
message is divided into two parts, header and allocation information. The header is of six bytes and shall be
transmitted on downlink Robust MCS of the BS. 

The allocation information length is in bytes, and it shall be transmitted on the downlink Robust MCS or on
the lowest common downlink DIUC/UIUC code of the subscriber stations being allocated in the message. If
the allocation information has uplink ranging allocation then it shall be transmitted on the downlink Robust
MCS (to be decoded by all subscriber stations) and if the allocation information had uplink/downlink data
allocations then it shall be transmitted on the lowest common downlink DIUC/UIUC code of the subscriber
stations being allocated in the message (to be decoded by concerned subscriber stations). Table 6-326
describes the Allocation Message format.
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Table 6-326—Allocation message format

Syntax Size (bit) Notes

Allocation_Message() { --- ---

Header Burst 1 { 6-byte header

Header Type 1 1: Allocation message header 
0: GMAC header
This field is used to distinguish between 
GMAC header and Allocation message

BS EIRP 7 Signed integer from -64 to 64 (in dBm)

Frame Number 16 The frame number is the absolute frame 
number used by subscriber stations for frame 
number synchronization

FEC Code 4 FEC Code of Allocation Information Burst 
(covers the Allocation Message after Header 
Burst 1 to the end, including HCS2)

Allocation Information length 8 Total length of Allocation Information burst 
including HCS2 (in bytes)

Reserved 4

HCS1 8 CRC for Header Burst 1

}

Allocation Information Burst 2 { ---

while (Allocation Information Burst 2 
remains) {

Allocation_IE variable Refer to Table 6-330 Allocation IE format.
DL Allocation IEs are listed first followed by 
UL Allocation IEs

}

HCS2 8 CRC for Allocation Information Burst 2

}

}
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6.3.37.5.2.1 Allocation_IE

6.3.37.5.2.1.1 DIUC

A 4-bit DIUC shall be used to define the data burst and other IEs. Table 6-327 shows the DIUC values.

6.3.37.5.2.1.2 UIUC

A 4-bit UIUC shall be used to define the data burst and other IEs. Table 6-329 shows the UIUC values.

Table 6-327—DIUC values

DIUC value Usage

0 - 6 Refer to Table 6-328

7 Extended-2 DIUC IE

8 Extended DIUC

9 - 15 Reserved

Table 6-328— DIUC/UIUC Burst Profiles  

Different Burst Profiles DIUC/UIUC 

QPSK 1/2 0

QPSK 3/4 1

16 QAM 1/2 2

16 QAM 3/4 3

64 QAM 3/4 4

64 QAM 5/6 5

256 QAM 7/8 6

Table 6-329—UIUC values

UIUC value Usage

0 - 6 Refer to Table 6-328

7 Subchannel Group Relocation IE

8 Power Control IE

9 CDMA BR/PR

10 Extended UIUC 2 IE

11 CDMA Initial ranging/Handover ranging
29
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6.3.37.5.3 Allocation control message (ALLOC-CTRL-MSG) format

Refer to Table 6-331.

12 PAPR reduction allocation, safety zone, 
Sounding Zone

13 CDMA Allocation IE

14 Extended UIUC

15 Reserved

Table 6-330—Allocation IE format

Syntax Size (bit) Notes

Allocation_IE () { --- ---

Direction 1 0: Downlink 
1: Uplink

DIUC/UIUC 4 FEC code for DIUC or UIUC, based on 
Direction

Repetition 3 Values 0 to 7. Repetition factor is 2^value.

CID 8 Basic CID

If(DIUC/UIUC == 0/1/2/3/4/5/6) {

{

Allocation Type 1 0: Instantaneous/Bulk
1: SPS

Frame Offset 3 Start frame offset (used for UL Allocations 
and SPS for DL-UL)

if ((Allocation Type == Instantaneous/Bulk) 
{

Allocation Bitmap 8 Indicates the presence/absence of allocation 
within the frames of the super frame. One 
bit is assigned to each frame in the super 
frame.
1: present
0: absent.

for each (active frame) { Active frames are the sum of allocated 
frames within the super frame (sum of all 
ones in the allocation bitmap)

Slot Offset 10 Slot offset within the frame

 Slots 10 Allotted slots

 }

Table 6-329—UIUC values  (continued)

UIUC value Usage
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 }

else if (Allocation Type == SPS) {

Slot Offset 10 Slot offset within the frame

 Slots 10 Allotted slots

 Interval 4 Number of frames in the interval. Ranges 
from 1 to 15 frames

 } 

}  else  { DIUC/UIUC is not set to MCS , other 
allocation IEs

If (Direction==0) { Downlink

 If(DIUC == 7) {

Extended-2 DIUC dependent IE } variable Refer to 8.4.5.3.2 

else if (DIUC == 8) {

Extended DIUC dependent IE } variable Refer to 8.4.5.3.2.1

} else {

if (UIUC == 7) { Refer to Table 6-337

SubchannelGroup Relocation IE }

else if (UIUC == 8) {

Power Correction} 8 In a step of 0.25 dB

else if (UIUC == 9) BR/periodic ranging over one symbol

else if (UIUC == 10) {

Extended UIUC 2 dependent IE } variable Refer to 8.4.5.4.34.2

else if (UIUC == 11) Initial ranging/Handover Ranging over two
symbols

else if (UIUC == 12) { 

PAPR_Reduction_and_Safety_Zone__IE } 8

else if (UIUC == 13) {

CDMA_Allocation_IE() } 20

 else if (UIUC == 14) {

Extended UIUC-dependent IE } variable Refer to 8.4.5.4.34.1

 }

 } 

}

Table 6-330—Allocation IE format  (continued)

Syntax Size (bit) Notes
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