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Abstract: This amendment defines an alternative physical layer (PHY) for IEEE Std 802.15.3-2003.
Three PHY modes have been defined that enable data rates in excess of 5 Gb/s using the 60 GHz
band. A beam-forming protocol has been defined to improve the range of communicating devices.
Aggregation and block acknowledgment have been defined to improve the medium access control
(MAC) efficiency at the high data rates provided for by the PHY.

Keywords: 60 GHz, aggregation, beam forming, block acknowledgment, millimeter wave,
uncompressed video, wireless personal area network, WPAN
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote fairness
in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the
information or the soundness of any judgments contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

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

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market,
or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
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. Every IEEE Standard is subjected to review at least every five years for
revision or reaffirmation, or every ten years for stabilization. When a document is more than five years old and has not been
reaffirmed, or more than ten years old and has not been stabilized, 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 publishing and making this document available, the IEEE is not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a
competent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare
appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests.For this reason, IEEE and the members of its
societies and Standards Coordinating Committees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal consideration. A statement, written or oral, that is not
processed in accordance with the IEEE-SA Standards Board Operations Manual shall not be considered the official position
of IEEE or any of its committees and shall not be considered to be, nor be relied upon as, a formal interpretation of the
IEEE.At lectures, symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the formal position,
explanation, or interpretation of the IEEE. Comments for revision of IEEE Standards are welcome from any interested
party, regardless of membership affiliation with IEEE. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Recommendations to change the status of a
stabilized standard should include a rationale as to why a revision or withdrawal is required.

Comments and recommendations on standards, and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.
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Introduction

This introduction is not part of IEEE Std 802.15.3¢c-2009, IEEE Standard for Information technology
Telecommunications and information exchange between systems—Local and metropolitan area networks—Specific
requirements—Part 15.3: Wireless Medium Access Control (MAC) and Physical Layer (PHY) Specifications for High
Rate Wireless Personal Area Networks (WPANs)—Amendment 2: Millimeter-wave-based Alternative Physical Layer
Extension.

IEEE Std 802.15.3¢-2009 is an amendment to IEEE Std 802.15.3-2003 (reaffirmed in 2008) that defines an
alternative physical layer operating in the millimiter 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 greater than 5 Gb/s.

— Beamforming negotiation for the transmitter to increase the communication range.

— The ability to aggregate incoming data into single packets for improve MAC efficiency.
— Acknowledgment of invidual subpackets in a packet to reduce retransmission overhead.

The PHY specifices 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.

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

Also defined as a part of the alternate PHY is common-mode signaling, which is a PHY mode that allows
devices using different PHY modes to communicate.

Interest in developing a millimeter wave alternative PHY began in the July 2003 meeting in San Francisco
with the formation of an interest group. 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
recirculation ballots were held, leading to approval of IEEE Std 802.15.3¢-2009 by the IEEE-SA Standards
Board on 11 September 2009.

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply 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.

Documents

iv Copyright © 2009 IEEE. Al rights 19sariai "t Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 01:20:51 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 802.15.3¢c-2009


http://www.avadocuments.com/doc/ieee-802-15-3c-2009
http://www.avadocuments.com/doc/ieee-802-15-3c-2009

Copyrights

This document is copyrighted by the IEEE. It is made available 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 this document
available for use and adoption by public authorities and private users, the IEEE does not waive any rights in
copyright to this document.

Updating of IEEE documents

Users of IEEE standards 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. 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 the IEEE Standards Association website at http://
ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA website at http://standards.ieee.org.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http://
standards.icee.org/reading/icee/updates/errata/index.html. Users are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this amendment may require use of subject
matter covered by patent rights. By publication of this amendment, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. 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 amendment 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.
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Amendment 2: Millimeter-wave-based
Alternative Physical Layer Extension

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or
environmental protection in all circumstances. Implementers of the standard are responsible for
determining appropriate safety, security, environmental, and health practices or regulatory requirements.

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.

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

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

3.45 beacon: A broadcast frame sent by the piconet coordinator operating in either omni mode or quasi-
omni mode for piconet synchronization and management.

3.46 dBm: Decibels relative to a milliwatt.

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

4. Acronyms and abbreviations

Insert the following acronyms in alphabetical order:

AAS asymmetric antenna system

AV audio/visual

BBIFS beam-forming beam-level interframe spacing

BCRD bidirectional channel time allocation relinquish duration

BIk-ACK  block acknowledgment
BPSK binary phase-shift keying

BSIFS beam-forming sector-level interframe spacing
BST beam switching/steering and tracking
CE channel estimation

CES channel estimation sequence

CMS common mode signaling

DAMI dual alternate mark inversion

EEP equal error protection

EIRP equivalent isotropic radiated power
GI guard interval

GMSK Gaussian filtered minimum shift keying
HR high rate

HRP high-rate physical layer

HRPDU high-rate protocol data unit

HRS high resolution

HSI high-speed interface

LDPC low-density parity check

LFSR linear feedback shift register

LR low rate

LRP low-rate physical layer

LRPDU low-rate protocol data unit

MCS modulation and coding scheme

MPR mandatory PHY rate

MR medium rate

mmWave millimeter wave
MSK minimum shift keying
NLOS non line of sight
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OFDM
00K
PCES
PET
PRBS
PSD
QT
RS
SAS
SC
S-CAP
SINR
SSB
ST
SYNC
TSD
UEP

orthogonal frequency-division multiplexing
on-off keying

pilot channel estimation sequence
pattern estimation and tracking
pseudo-random bit stream

power spectral density

quasi-omni training

Reed Solomon

symmetric antenna system

single carrier

sub-contention access period

signal to interference plus noise ratio
single side band

sector training

synchronization

transmit switched diversity

unequal error protection

5. General description

5.3 Overview of MAC functionality

After 5.3.11, insert the following new subclauses:

5.3.12 Superfame structure using quasi-omni mode

IEEE

Std 802.15.3¢-2009

A mmWave WPAN operates in either omni mode or quasi-omni mode. The superframe structure for omni
mode is illustrated in Figure 2. The superframe structure for quasi-omni mode is illustrated in Figure 2a. In
quasi-omni mode, the same beacon frame is transmitted in different quasi-omni directions in a round-robin
way in order to allow devices (DEVs) located in different directional coverage to join the piconet, as
described in 8.6.6.

Copyright © 2009 IEEE. All rights reserved.
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Figure 2a—Piconet superframe structure in quasi-omni mode
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5.3.13 Frame aggregation

Frame aggregation, as described in 8.7a, is supported for the purpose of high throughput. With the high data
rate provided by the mmWave PHY, throughput increases if the payload length is increased. Two
aggregation methods are provided, one is suitable for normal data and A/V streaming and the other is
optimized for low-latency communications.

5.3.14 Beam forming

The beam forming procedure allows a DEV that is capable of beam forming to increase the antenna gain for
supporting high data rate transmission. The beam forming procedures are described in Clause 13.

5.3.15 Channel probing

Channel probing, as described in 8.9.7, is an optional capability that is used by a DEV to determine the best
MCS to use with the target DEV under current channel condition.

5.3.16 Unequal error protection (UEP)

For flexible error protection that accounts for data that has more emphasis on the msbs than the Isbs, e.g.,
video, UEP is provided as an option. Three types of UEP are defined, as described in 8.16, for use with the
three mmWave PHYs.

After 5.4, insert the following subclause as 5.5:

5.5 Characteristics of the mmWave PHY
5.5.1 mmWave PHY characteristics

The mmWave PHY, as described in Clause 12, is defined for the frequency band of 57.0-66.0 GHz, as
allocated by the regulatory agencies in Europe, Japan, Canada, and the United States as well as any other
areas where the regulatory bodies have allocated this band. While four channels are defined for the PHY,
regulatory requirements allow fewer in some regions.

A total of three PHY's are defined for the mmWave PHY. They are as follows:

a)  Single Carrier mode in mmWave PHY (SC PHY), as described in 12.2.
b) High Speed Interface mode in mmWave PHY (HSI PHY), as described in 12.3.
¢) Audio/Visual mode in mmWave PHY (AV PHY), as described in 12.4.

For DEVs that implement the mmWave PHY, at least one of the three PHYSs is required. In addition, to
promote coexistence and interoperability, a common mode signaling (CMS) is defined based on a low data
rate SC PHY mode, as described in 12.1.12.

The SC PHY supports a variety of modulation and coding schemes (MCSs) that support up to 5 Gb/s. The
SC PHY supports a wide range of modulations, /2 BPSK, n/2 QPSK, n/2 8-PSK, /2 16-QAM, pre-coded
MSK, pre-coded GMSK, on-off keying (OOK), and dual alternate mark inversion (DAMI). The coding
schemes included are Reed-Solomon (RS) coding with low-complexity implementation and low-density
parity check (LDPC) coding with high error-correcting capability. Code spreading using either linear
feedback shift register (LFSR) code or Golay sequence is also applied to increase robustness of the system.

The HSI PHY, as described in 12.3, is designed for NLOS operation and uses OFDM with an FEC based on

LDPC.
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The AV PHY, as described in 12.4, is designed for NLOS operation and the transport of uncompressed, high
definition video and audio. It uses OFDM modulation with convolutional inner code and a Reed Solomon
outer code. The AV mode supports omni-directional coverage via the low-rate PHY (LRP) for the purpose of
setting up high-throughput connections using the high-rate PHY (HRP).

Different PHYSs are a result of demands of different market segments, which were based on the development
of the usage models for this standard. For example one usage model is for kiosk applications. This usage
model requires 1.5 Gb/s at a 1 m range. The SC-PHY can provide such a data rate at that short range with
less complexity thus lower cost than an OFDM PHY. Another usage model required the streaming of
uncompressed video. Due to the nature of uncompressed video signals a special PHY, the AV PHY, was
selected to provide high throughput. A third usage model involves an ad-hoc system to connect computers
and devices around a conference table. In this usage model, all of the devices in the WPAN will have bi-
directional, NLOS high speed, low-latency communication, which is provided for by the HSI PHY.
Mandatory data rates of all those PHY's are selected according to specific usage models. In addition, higher
data rates are provided to give options to the implementors so that they can best address the different market
segments.

5.5.2 Piconets using mmWave PHY modes

When a mmWave PHY PNC capable DEV starts a piconet, the type of piconet it starts depends on the PHY
modes that are supported. For example, if the PNC capable DEV supports only the AV PHY mode, it would
start an AV piconet in which the beacon is sent with the AV PHY mode and the contention periods (CPs)
would use the AV PHY mode. The AV PNC would also send the sync frame to improve coexistence with
other piconets. DEVs that support only the AV PHY mode are able to find and join the piconet using the AV
PHY mode.

The same process is used for a mmWave PHY PNC capable DEV that supports only HSI PHY mode or SC
PHY mode, with the exception that an SC PHY mode PNC does not need to send a sync frame as its beacon
is sent in CMS mode already.

If a PNC capable DEV supports more than one mmWave PHY mode, then it is able to select the type of
piconet it starts, potentially starting more than one piconet, each with a different PHY mode, with the
additional piconets as dependent piconets. Alternatively, the multi-mode PNC is able to have a single
piconet in which DEVs use any MCS in a CTA that is supported by both of the DEVs.

The complete rules are described in 12.1.
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6. Layer management

6.3 MLME SAP interface

Insert the following row in Table 3 as shown. The other rows are not changed and are not shown.

Table 3—Summary of MLME primitives

Name Request Confirm Indication Response

MLME-TXDIV 6.3.18.1 6.3.18.2 — —

6.3.2 Scanning for piconets

Insert the following row to Table 3c in 6.3.2 as shown. All other rows are unchanged and are not shown.

Table 3c—Elements of PiconetDescription

Name Type Valid range Description
24 GHZ
. SC_MMWAVE, The PHY mode that is being used in the
ElYMode Enumeration HSI MMWAVE, | piconet that was found.
AV_MMWAVE

6.3.3 Starting a piconet

Insert the following row to Table 3e in 6.3.3 as shown. All other rows are unchanged and are not shown.

Table 3e—MLME-START primitive parameters

Name Type Valid range Description

2.4 GHZ
PHYMode | Enumeration SC_MMWAVE, The PHY that will be used for the beacons and the CP(s)
— | =™ | HSI. MMWAVE, | in the piconet that will be started.

AV_MMWAVE
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6.3.3.1 MLME-START.request

Change the primitive definition in 6.3.3.1 as follows:

MLME-START.request

(
BSIDLength,
BSID,
SECMode,

IEEE
Std 802.15.3¢-2009

MinDepSuperframePercent,
DesiredDepSuperframePercent,

PHYMode
)

Insert the following subclause after 6.3.17 from IEEE Std 802.15.3b as 6.3.18:

6.3.18 Transmit switched diversity

These primitives are used to exchange the transmit switched diversity capability between a source and a
destination, as described in 13.8. The parameters used for these primitives are defined in Table 3x.

Table 3x—MLME-TXDIV primitive parameters

Name Type Valid range Description
. Specifies the DEVID of the target DEV
TrgtID Integer Any Vah.d DEVID, as for exchanging transmit Switched Diver-
defined in 7.2.3 o .
sity information.
OrielD Integer Any valid DEVID, as The DEVID of the DEV that initiated the
& cee defined in 7.2.3 MLME request.
SupportedNumAntennas Integer 0-15 El}lze\;lumber of antennas supported by the
Timeout Integer 0-65535 The time in milliseconds allowed for the
primitive to complete.
TXDiversity ThresholdType | Enumeration LQI type, as defined Specifies the type of LQI measurement to
in7.4.11. use.
. . Any valid LQI value, Specifies the value of the threshold for
TXDiversityTheshold Integer as defined in 7.4.27. antenna switching.
Antennalndex Integer 0-15 Specifies antenna index to be used.
ResultCode Enumeration | SUCCESS, FAILURE | Indicates the result of the MLME request.
ReasonCode Enumeration NOT_SUPPORTED, Indicates the reason for a ResultCode of
OTHER FAILURE.
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6.3.18.1 MLME-TXDIV.request

This primitive is used to request to use transmit switched diversity. The semantics of this primitive are as
follows:

MLME-TXDIV.request (
TrgtID,
TXDiversityThresholdType,
TXDiversityTheshold,
Timeout

)

The primitive parameters are defined in Table 3x.
6.3.18.2 MLME-TXDIV.confirm

This primitive is used to report the result of the request for transmit switched diversity. The semantics of this
primitive are as follows:

MLME-TXDIV.confirm (
Antennalndex,
ResultCode,
ReasonCode

)

The primitive parameters are defined in Table 3x.

6.5 MAC management

6.5.1 MAC PIB PNC group

Change and insert the following rows in Table 33 as shown. The other rows are unchanged and are not
shown.

Table 33—MAC PIB PNC group parameters

Managed object Octets Definition Access
. The time at which the CAP starts when quasi-omni
MACPIB_CAPStartTime 2 beacons are used. Read only
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6.5.2 MAC PIB characteristics group

Insert the following new row in Table 34 as shown. The other rows are unchanged and are not shown.

Table 34—MAC PIB characteristics group parameters

Managed object Octets Definition Access

The CTA Relinquish Duration field value sent
in the CTA Relinquish Duration IE

NS

MACPIB_CTARelinquishDuration Read/write

6.6 MAC SAP

Insert the following new rows to Table 36 as shown. The other rows are unchanged and are not shown.

Table 35—MAC-ISOCH-DATA and MAC-ASYNC-DATA primitive parameters

Name Type Range Description

UncompressedVideo Boolean TRUE, FALSE Se_t to TRUE if the D?ta parameter con-

tains uncompressed video data.
UEPAllowed Boolean TRUE. FALSE Indlqates if UEP is allowed for the trans-
E— mission of the data.

Indicates if the Data parameter that was
ErrorsFreeData Boolean TRUE, FALSE received contains errors or is free from

EerTors.

TOP_FIELD If UncompressedVideo is TRUE, the

parameter indicates if the pixels belong to
the top or bottom field of an interlaced
image or that the image is not interlaced.

InterlacedFieldIndication | Enumeration | BOTTOM FIELD
NOT_INTERLACED

If UncompressedVideo is TRUE, the

VideoFrameNumber Integer As defined in 7.2.9.1.4 %q—g&aramet.er contains a se uentlal. numberin
of the video frames that are being

transferred.

If UncompressedVideo is TRUE, the
HPosition Integer As defined in 7.2.9.1.4 | parameter contains the horizontal position
of the first pixel in the MSDU.

If UncompressedVideo is TRUE, the
VPosition Integer As defined in 7.2.9.1.4 | parameter contains the vertical position of
the first pixel in the MSDU.

Insert the following paragraph to the end of 6.6:

The parameters InterlacedFieldIndication, VideoFrameNumber, HPosition, and VPosition are used by the
AV PHY in the Video Subheader field, as described in 7.2.9.1.4. These fields are sent in the MAC header
because it has lower error rate than the subframes carrying video data. For uncompressed video applications,
video data that is in error can still be displayed, but only if the position of the pixel data is known.
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6.6.4 MAC-ISOCH-DATA.request
Change the primitive definition as shown:

MAC-ISOCH-DATA request (
RequestID,
Streamindex,
TransmitTimeout,
MaxRetries,
SNAPHeaderPresent,
ACKRequested,
ConfirmRequested,
Length,
Data,
DataType,
UEPAllowed
InterlacedFieldIndication,
VideoFrameNumber,
HPosition
VPosition

)

6.6.5 MAC-ISOCH-DATA.indication
Change the primitive definition as shown:

MAC-ISOCH-DATA.indication (
TrgtID,
OriglD,
StreamIndex,
SNAPHeaderPresent,
Length,
Data,
DataType,
ErrorFreeData
InterlacedFieldIndication,
VideoFrameNumber,
HPosition
VPosition

)

Insert the following paragraph after the primitive definition in 6.6.5:

Data identified as video by the source DEV may be passed by the destination DEV to the higher layers even
if the data was received in error. The error status of the data passed up by this primitive is indicated in the
ErrorFreeData parameter.
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7. MAC frame format

7.2 General frame format
Change the second paragraph in 7.2 as shown:

The figures in this subclause are a representation of the MAC header and MAC frame body. The HCS is not
shown since this is calculated and verified by the PHY. The MAC frame shall be formatted as illustrated in
Figure 6. The maximum size of the MAC frame body, pMaxFrameBodySize, is a PHY dependent parameter
that includes the frame payload and FCS, but not the PHY preamble, PHY header, MAC header, MAC

subheader, or MAC Header validation. Fer-the2-4-GHzPHY,-this-parameter—is-definedinH-2-81—The

parameter pMaxFrameBodySize is defined in the following:

— 11.2.8.1 for the 2.4 GHz PHY
— 12.2.7.1 for the SC PHY mode
— 12.3.6.3 for the HSI PHY mode
— 12.4.1.3.1 for the AV PHY mode

7.2.1 Frame control

Replace Figure 9 with the following:

bits: b15 b14 b13 b12 b11 b10 b9 b8-b7 b6 | b5-b3 b2-b0
Reserved Blk- CTA Imp- Imp- More | Retry | ACK | SEC | Frame | Protocol
ACK | relinquish | ACK ACK data policy type version
NACK | request

Figure 9—Frame control field format
7.2.1.2 Frame type

Change Table 39 as follows. The other rows are kept unchanged.

Table 39—Valid frame type values (numeric values in this table are shown in binary)

Type value bS b4 b3 Frame type description Subclause
110 Sync frame 3.6
Ho-111 Reserved —

Change the title of 7.2.1.4 as follows:

7.2.1.4 ACK policy, ard-implied ACK (Imp-ACK) request and Blk-ACK

Change the first paragraph as shown:

The ACK Policy field, and-Imp-ACK Request fields, and Blk-ACK field are used to indicate the type of

acknowledgment procedure that the addressed recipient is required or allowed to perform. The use of the
ACK procedures is described in 8.8. The allowed values of the ACK Policy field, and-the Imp-ACK Request
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field, and the BIk-ACK field are defined in Table 40. The ACK policy of a frame is determined by the

combination of the ACK Policy field, and the Imp-ACK Request field, and Blk-ACK field.

Delete Table 40 and insert the following table in its place:

Table 40—Valid ACK policy field type values

BIk-ACK
field
b14

Imp-ACK
request field
b11

ACK policy field
b8 b7

ACK policy type

Description

0

0

00

No ACK

The recipient(s) does not acknowl-
edge the transmission, and the sender
treats the transmission as successful
without regard for the result, as
described 8.8.1

01

Immediate ACK
(Imm-ACK)

The addressed recipient returns an
Imm-ACK frame after successful
reception, as described in 8.8.2.

Delayed ACK
(Dly-ACK)

The addressed recipient keeps track of
the frames received with this policy
until requested to respond with a Dly-
ACK frame, as described in 8.8.3.

11

Dly-ACK request

The addressed recipient returns either
an Imm-ACK or a Dly-ACK frame
after successful reception, as
described in 8.8.3.

01

Imp-ACK

The addressed recipient returns an
Imm-ACK frame, a data frame, or a
command frame after successful
reception, as described in 8.8.4.

01

Blk-ACK

The addressed recipient returns a
frame with the MAC sub-header
including the Blk-ACK Bitmap field
after successful reception of the MAC
header, as described in 8.8.3b.

7.2.4 Fragmentation control

Change the second paragraph in 7.2.4 as shown:

The three octets that compose the Fragmentation Control field may be used for reporting PHY-dependent
receive status information to the transmitting DEV in Imm-ACK, ard Dly-ACK, and data frames with ACK
policy set to Blk-ACK. If the source DEV is not reporting PHY-dependent receive status information in an

Imm-ACK or Dly-ACK frame, it shall set the fragmentation field of the frame to all zeros, i.e., 0x000000.
All other values are PHY-dependent. The receive status for the 2.4 GHz PHY is defined in 11.7. The receive
status for the mmWave PHYs is defined in 12.1.8.3.

7.2.5 Stream index

Change the dashed list in 7.2.5 as shown:

The Stream Index field reserved values are as follows:

12
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0x00 reserved for asynchronous data

0xFB reserved for beam forming starting from sector level training

O0xFC reserved for beam forming staring from beam level training
0xFD reserved for MCTA traffic

OxFE reserved for unassigned streams
—  OxFF reserved for future use

7.2.6 MAC header validation
Change the paragraph in 7.2.6 as shown:

When the PHY receives a frame it validates the received frame’s MAC header before passing the MAC
header and its associated MAC frame body to the MAC. The protection mechanism used to validiate
validate the MAC header is PHY dependent. In addition, the bit order and the length of the protection
mechanism, pLengthHCS, are also PHY dependent. Ferthe 2-4-GHzPHY,-the The MAC header protection
mechanism is defined in the following:H-2-9-

— 11.2.9 for the 2.4 GHz PHY

— 12.2.3.2.2 for the SC PHY mode

— 12.3.3.4 for the HSI PHY mode

— 12.4.1.4 for the AV PHY mode
After 7.2.7, insert the following subclauses as 7.2.8 and 7.2.9:
7.2.8 SC and HSI aggregated frame format

Figure 10a illustrates the SC and HSI aggregated frame format.

MAC frame body MAC subheader

Figure 10a—SC and HSI aggregated frame format

The MAC frame body and MAC subheader for standard and low-latency aggregation are defined in 7.2.8.1
and 7.2.8.2.

7.2.8.1 Standard aggregation format
7.2.8.1.1 Non-secure standard aggregation format

To use standard aggregation, the Aggregation field and Low-latency Mode field in PHY header shall be set
as described in 12.2.3.2.1.

The MAC subheader for standard aggregation shall be formatted as illustrated in Figure 10b.

octet: 1 5 5 2

RX buffer size | Subheader 8 | ... | Subheader 1 | Blk-ACK bitmap

Figure 10b—MAC subheader format for standard aggregation
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The Blk-ACK Bitmap field shall be formatted as illustrated in Figure 10c.

bits:8 8

ACK orIsb ACK | ACK or msb ACK

Figure 10c—BIk-ACK bitmap field format

In EEP mode, the ACK or msb ACK field is a bitmap that indicates if a subframe was correctly received.
The bit position zero, which is the first bit from right in Figure 10c, corresponds to the first subframe of the
frame that is being ACKed. If a subframe was correctly received, then the bit for that subframe is set to one
and shall be set to zero otherwise. The ACK or Isb ACK field shall be set to the same value as the ACK or
msb ACK field.

To use UEP mode, the UEP field in PHY header shall be set as described in 12.2.3.2.1. In UEP mode, the
ACK or msb ACK field is a bitmap that indicates if the msbs of a subframe were correctly received. The bit
position zero, which is the first bit from right in Figure 10c, corresponds to the first subframe of the frame
that is being ACKed. If the msbs of the subframe were correctly received, then the bit for that subframe is set
to one and shall be set to zero otherwise. The ACK or Isb ACK field is a bitmap that indicates if the Isbs of a
subframe were correctly received. The bit position zero of the ACK or Isb ACK field corresponds to the first
subframe of the frame that is being ACKed. If the Isbs of the subframe were correctly received, then the bit
for that subframe is set to one and shall be set to zero otherwise.

The Subheader field shall be formatted as illustrated in Figure 10d.

bits: 1 1 7 9 1 2 11 1 1 1 5

=} = (=)
= 2 | g~ ~legles|e g s S
dé w 5 G 8 DE o= g‘a gﬁ g2 2 m% wn s
5 3 E EE QE Z2 = = S| 2881020
@ — & e 2} L2 £ SleL|l|lx o Eé
5] ) s 2 SE2|l#z| 238|222 |~ =9 8
R~ E = § nE |2 & & E

Figure 10d—Subheader field format

In UEP mode, the MCS Information field shall be set to the UEP MCS (as defined in 12.2.2.9 for SC PHY
and 12.3.2.1 for HSI PHY) that is used for the subframe.

In EEP mode, the MCS Information field shall be set to zero. All the subframes use the MCS indicated in the
PHY header.

The FCS Present field shall be set to one if the subframe uses an FCS and shall be set to zero otherwise. The
FCS is optional for subframes for the cases in which the upper layer will handle checking the data integrity.
If the FCS present field is set to zero, then the subframe is considered correctly received only if the PHY
header, MAC header, and MAC subheader were all correctly received.

The Retry field shall be set to one if the subframe is a retransmission and shall be set to zero otherwise.

The Resolution Indication field shall be set to zero if the resolution of the Subframe Length field is 1 octet
and shall be set to one if the resolution is 512 octets.

The Subframe Length field is used to determine the length of the subframe before coding, not including the
FCS. If the resolution of the Subframe Length field is 1 octet, then this field contains the length of the
subframe in octets. If the resolution of the Subframe Length field is 512 octets, then the length of the
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subframe in octets is 512 times the value of this field. If the Subframe length field is set to zero, the
corresponding subframe is not present in the aggregated data frame.

The Subframe Information field indicates if the subframe contains msb, Isb, or msb and Isb combined data.
Valid values for the Subframe Information field are as follows:

— 0 - The subframe contains only msb data
— 1 - The subframe contains only Isb data

— 2 — The subframe contains msb and Isb data
— 3> Reserved

The Skewed Constellation field shall be set to one if a skewed constellation is used in the subframe and shall
be set to zero otherwise.

The MSDU Number field indicates the MSDU number of the subframe. Each subframe that contains a
fragment from the same MSDU shall have the same MSDU number.

The Fragment Number field indicates the fragment sequence number of the subframe within the current
MSDU, if the subframe contains a MSDU fragment. This field shall be set to zero if the corresponding

subframe contains an unfragmented MSDU.

The Last Fragment bit shall be set to one if the subframe contains the last fragment of the MSDU and shall
be set to zero otherwise.

The RX Buffer Size field indicates the free buffer space at the target DEV as a multiple of the preferred
fragment size, as defined in 7.4.11.

The MAC frame body for standard aggregation shall be formatted as illustrated in Figure 10e.

octets: 4 or 8 variable 4o0r8 variable

FCS or combined FCS | Subframe payloadn | ... | FCS or combined FCS | Subframe payload 1

Figure 10e—MAC frame body format for standard aggregation

The maximum number of subframes that are aggregated in one frame shall be mMaxSubframeSize, as
defined in 8.15.

In EEP mode, the subframe contains the FCS field, as defined in 7.2.7.6. In UEP mode, the subframe
contains the Combined FCS field, as defined in Figure 10ag. The Subframe Payload field includes an LLC/
SNAP header as the first octets in the payload, as defined in A.1.

7.2.8.1.2 Secure standard aggregation format

The secure MAC subheader for standard aggregation shall be formatted as illustrated in Figure 10f.

octet: 1 5 5 2 5

RX buffer size | Subheader 8 | ... | Subheader 1 | Blk-ACK bitmap | Security header

Figure 10f—Secure MAC subheader format for standard aggregation

Documents

Copyright © 2009 IEEE. All rights reserved. Docunént Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 01:20:51 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 802.15.3¢c-2009


http://www.avadocuments.com/doc/ieee-802-15-3c-2009
http://www.avadocuments.com/doc/ieee-802-15-3c-2009

IEEE
Std 802.15.3¢-2009 LOCAL AND METROPOLITAN AREA NETWORKS—PART 15.3: WIRELESS MAC AND PHY

The Security header shall be formatted as illustrated in Figure 10g.

octets: 1 2 2

Subframe security | SFC | SECID

Figure 10g—Security header format

The SECID field is used to identify the key set that is used to encrypt and/or authenticate the data in the
frame, as defined in 7.2.7.2.

The SFC field contains a counter that is used to ensure the uniqueness of the nonce of a secure frame, as
defined in 7.2.7.3.

The Subframe Security field contains a bitmap that indicate if a subframe applies security or not. The bit
position zero, which is the first bit from right in Figure 10g, corresponds to the first subframe. The bit shall

be set to one if the subframe applies security and shall be set to zero otherwise.

The secure MAC frame body for standard aggregation shall be formatted as illustrated in Figure 10h.

octets: 4 or 8 8 variable | ... 4or8 8 variable
FCS or Integrity | Subframe | ... FCS or Integrity | Subframe
combined FCS code payload n combined FCS code payloadl

Figure 10h—Secure MAC frame body format for standard aggregation

The Integrity Code field is used to cryptographically protect the integrity of the header and payload as
defined in 7.2.7.5.

7.2.8.2 Low-latency aggregation formats
7.2.8.2.1 Non-secure low-latency aggregation format

To use low-latency aggregation mode, the Aggregation field and the Low-latency Mode field in PHY header
shall be set as described in 12.2.3.2.1.

The MAC subheader for low-latency aggregation shall be formatted as illustrated in Figure 10i.

octets: 64 2 2 1 1

BIk-ACK bitmap | MSDU response number | MSDU request number | RX buffer size | UEP

Figure 10i—MAC subheader field format for low-latency aggregation

The UEP field shall be formatted as illustrated in Figure 10j.

bits: 3 5

Reserved | UEP MCS
Figure 10j—UEP field format

In EEP mode, the UEP MCS field shall be set to zero and all subframes use the MCS indicated in the PHY

header.
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In UEP mode, the UEP MCS field indicates the MCS used for UEP mode for the subframes, as defined in
12.2.2.9.

The RX Buffer size field indicates the free buffer space at the destination DEV as a multiple of the preferred
fragment size, as defined in 7.4.11.

The MSDU Request Number field and the MSDU Response Number field shall be formatted as illustrated in
Figure 10k.

bits: 7 9

Reserved | MSDU sequence number

Figure 10k—MSDU request/response number field format
The MSDU Sequence Number field is used as the basis for the Blk-ACK bitmap.

The MSDU Request Number field indicates the most recent MSDU sequence number acknowledged at the
transmitter.

The MSDU Response Number field indicates the first MSDU sequence number of the transmitted Blk-ACK
bitmap-field. The MSDU Response Number field is used to generate the offset for the Blk-ACK bitmap
field. The MSDU Response Number field shall be a copy from the received MSDU Request Number, upon
reception of a valid MAC Subheader.

For EEP mode the Blk-ACK Bitmap field shall be formatted as illustrated in Figure 101.

bits: 256 1 1 1

Reserved Subframe ACK #256 | ... | Subframe ACK #2 | Subframe ACK #1
Figure 10lI—EEP mode Blk-ACK bitmap field format

The Subframe ACK field is an offset from the MSDU sequence number of the received MSDU Response
Number field. It shall be set to one if the corresponding subframe was correctly received and shall be set to
zero otherwise.

For UEP mode the Blk-ACK Bitmap field shall be formatted as illustrated in Figure 10m.

bit: 1 1 1 1 1 1
Subframe Isb Subframe msb Subframe Isb | Subframe msb | Subframe Isb | Subframe msb
ACK #256 ACK #256 ACK #2 ACK #2 ACK #1 ACK #1

Figure 10m—UEP mode Blk-ACK bitmap field format

The Subframe msb ACK field shall be set to one if the msbs of the corresponding subframe were correctly
received and shall be set to zero otherwise.

The Subframe Isb ACK field shall be set to one if the Isbs of the corresponding subframe were correctly
received and shall be set to zero otherwise.
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The MAC frame body for low-latency aggregation shall be formatted as illustrated in Figure 10n.

octets: 4 or 8 variable 3 4or8 variable 3
FCS or Subframe MSDU . FCS or Subframe MSDU
combined FCS | payloadn | subheader n combined FCS | payload 1 subheader 1

Figure 10n—MAC frame body format for low-latency aggregation

The maximum number of subframes that are be aggregated in one frame shall be mMaxSubframeSize, as
defined in 8.15.

The MSDU Subheader field shall be formatted as illustrated in Figure 100.

bits: 8 1 6 9

MSDU subheader HCS | Reserved | Subframe length | MSDU number

Figure 100—MSDU subheader format

The MSDU Number field indicates the sequence number of the MSDU that is aggregated in the subframe.
The MSDU number is unique in a window of 256 MSDUs, allowing retransmission of an out-of-order
MSDU over several frames.

Subframe Length field contains the length of each subframe in unit of four octets. This field may be set to
zero to allow idle transmission of data if data is not present at the FCSL. The HCS field shall be inverted in
the case of a zero length MSDU, so that the MSDU HCS check fails.

The MSDU subheader HCS is an 8 bit CRC defined as the ones-complement of the remainder of the division
of the 16 bits of the header by the polynomial x3+x2+x+1. A serial implementation is illustrated in
Figure 10p.

Output data

;I One’s complement }—»

Input data @ s @ D! @ D le

Figure 10p—HCS implementation example for MSDU subheader

In EEP mode, the subframe contains the FCS field, as defined in 7.2.7.6. In UEP mode, the subframe
contains the Combined FCS field, as defined in Figure 10ag.

7.2.8.2.2 Secure low-latency aggregation format

The Secure MAC subheader for low-latency aggregation shall be formatted as illustrated in Figure 10q.

octets: 32/64 2 2 1 1 2 2

BIk-ACK bitmap | MSDU response number | MSDU request number | RX buffer size | UEP | SFC | SECID

Figure 10g—Secure MAC subheader field format for low-latency aggregation
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The SECID field is used to identify the key set that is used to encrypt and/or authenticate the data in the
frame, as defined in 7.2.7.2.

The SFC field contains a counter that is used to ensure the uniqueness of the nonce of a secure frame, as
defined in 7.2.7.3.

The secure MAC frame body for low-latency aggregation shall be formatted as illustrated in Figure 10r.

octets: 4 or 8 8 variable 3 4or8 8 variable 3
FCS or Integrity | Subframe Secure FCS or Integrity | Subframe Secure
combined code payload 1 MSDU combined code payload 1 MSDU
FCS subheader n FCS subheader n

Figure 10r—Secure MAC frame body format for low-latency aggregation

The Secure MSDU Subheader field shall be formatted as illustrated in Figure 10s.

bits: 8 1 6 9

MSDU subheader HCS | Subframe security | Subframe length | MSDU number

Figure 10s—Secure MSDU subheader format

The Subframe Security bit shall be set to one if the subframe applies security and shall be set to zero
otherwise.

The Integrity Code field is used to cryptographically protect the integrity of the header and payload as
defined in 7.2.7.5.

7.2.9 AV aggregated frame format
The AV aggregated frame format is optimized to carry uncompressed audio and video in an efficient manner.
The AV aggregated frame format is used instead of the standard aggregation or low-latency aggregation

formats.

Figure 10t illustrates the AV aggregated MAC frame body format.

MAC frame body

Subframe 7 Subframe 6 Subframe 2 Subframe 1

Figure 10t—AV aggregated MAC frame body format

The collection of subframes in a single frame is referred to as the Frame Body field. The Frame Body field
of a MAC frame may have one to seven, inclusive, subframes of varying sizes.

7.2.9.1 Extended MAC header format

The Extended MAC header is used to describe the contents of an AV aggregated frame, which typically is
used to transport uncompressed audio and video.
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The HRP Extended MAC Header shall be formatted as illustrated in Figure 10u.

octets: 16 24 5 5 2 10

Reserved | Video header | Security header | MAC extension header | Extended control header| MAC header

Figure 10u—HRP Extended MAC header format

The LRP Extended MAC Header shall be formatted as illustrated in Figure 10v.

octets: 5 5 2 10

Security header | MAC extension header | Extended control header| MAC header

Figure 10v—LRP extended MAC header format

The MAC extension header, Security header, and Video header are present in LRP frames only if their
corresponding control bits are set in the Extended control header.

The Extended MAC header for HRP frames shall have the space for the MAC extension Header, Security
header, and Video header. Therefore, the HRP MAC header always has a fixed size.

7.2.9.1.1 Extended Control header

The Extended Control header field shall be formatted as illustrated in Figure 10w.

bits: 7 3 1 1 1 3

Video header
present

Reserved MAC extension | Frame class

header present

Frame type Security header

present

Figure 10w—Extended Control header

Valid values for the Frame Class field are given in Table 40a.

Table 40a—Frame class field values

Field value Frame class
0b000 Regular
0b0001 AV aggregated
0b010 Omni-ACK
0b011 Beacon
0b100-0b111 Reserved

Regular frames have a single payload field without MAC level aggregation while AV aggregated frames
have one or more subframes as a part of the frame.

The MAC Extension Header Present field shall be set to one if the MAC Extension Header is in the
Extended MAC Header field and shall be set to zero otherwise.
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The Security Header Present field shall be set to one if the Security header is in the Extended MAC Header
field and shall be set to zero otherwise.

The Video Header Present field shall be set to one if the Video Header is in the Extended MAC Header field
and shall be set to zero otherwise.

For HRP frames, the MAC Extension Header Present field, Security Header Present field and Video Header
Present field indicate the validity of the associated field. Because the HRP header is a fixed length, space for
these fields is always present in the Extended MAC Header field. If a header in the HRP MAC header is
present but not valid, it may be set to any value and shall be ignored upon reception. For LRP frames,
unused headers, as indicated by the appropriate header present bit, are not present in the MAC header.

The Frame Type field is only defined for regular frame class, it shall be set to zero in other frames. AV
aggregated frames use the Type field in the MAC Extension Header field while the Omni-ACK and Beacon
frames do not require the Frame Type field. Valid values for the Frame Type field are as follows:

— 0 - MAC commands
— 1 - Data

— 2 - Audio

—  3-7 - Reserved

7.2.9.1.2 MAC Extension header

The MAC Extension Header field is illustrated in Figure 10x.

bits: 8 4 4 4

ACK groups|Reserved | Type 7 |... |Type 1

Figure 10x—MAC extension header format

The Type field indicates the type of data that is contained in the subframe. Valid values for the Type field are
as follows:

—  0x0 — MAC commands
—  0x1 — Data

—  0x2 — Audio

— 0x3 - Video

—  0x4-0xF — Reserved

The ACK Groups field shall be formatted as illustrated in Figure 10y.

bits: 1 1 1 1

Isb FCS| Subframe 7 | ... | Subframe 1 | Subframe 1

Figure 10y—ACK groups field format

The bit for a subframe shall be set to one if the subframe is in the same ACK group as the previous (i.e.,
lower numbered subframe). Otherwise, it is the first subframe in an ACK group and its bit shall be set to
zero. The first bit, corresponding to subframe 1, shall always be set to zero as it is always the start an ACK
group. No more than 5 ACK groups shall be defined, therefore, the number of bits set to zero among the
subframe bits shall not exceed five.
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The Isb FCS field shall be set to one if the Isb FCS is part of the calculation to determine if a subframe was
correctly received, as defined in 8.1. It shall be set to zero if the Isb FCS is ignored in determining if a
subframe was correctly received. The setting of this field applies only to those subframes that are sent with a
UEP HRP mode. For all other subframes, the Isb FCS field shall be set to zero.

7.2.9.1.3 Security header

The Security header shall be formatted as illustrated in Figure 10z.

octets: 2 3

SFC  |Security control

Figure 10z—Security header format

The Security Control field shall be formatted as illustrated in Figure 10aa.

bits: 2 2 2 8

Subframe 1 security Subframe 7 security | Reserved | SECID

Figure 10aa—Security Control field format

The SECID field is used to identify the key set that is used to encrypt and/or authenticate the data in the
frame, as defined in 7.2.7.2.

The Subframe Security field indicates the type of security that is applied to a subframe. Valid values are as
follows:

— 0b00 — No security applied
— 0b01 — Encryption and integrity code
— 0bl10-0bl1 — Reserved

The SFC field is defined in 7.2.7.3. The SFC shall be incremented for each subframe in the frame, even if
security is not applied to the subframe.

7.2.9.1.4 Video header

The Video Header shall be formatted as illustrated in Figure 10ab.

octets: 4 5 5 5 5

Reserved | Video control 4 | Video control 3 | Video control 2 | Video control 1

Figure 10ab—Format of the Video header

Unless otherwise stated, the numbers for all of the fields begin with zero, e.g., the first video frame is
number zero, then number one, etc. One of the first video subframes in the first frame sent in a stream should
have the Video Frame Number field, the H-position field, and V-position field set to zero.

The Video Subheader is included as part of the MAC header because the error rate for the MAC header is
lower than that of the subframes.
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The Video Control field shall be formatted as illustrated in Figure 10ac.

bits: 4 3 1 16 16

Reserved | Video frame number [Interlaced field indication|H-position | V-position

Figure 10ac—Video control field format

The Interlaced Field Indication field shall be set to one if the video subframes carry pixels for the bottom
field. It shall be set to zero if the video subframes carry pixels for the top field or if the video subframes
carry pixels for non-interlaced video modes.

The Video Frame Number field contains a counter that keeps track of the video frame to which the pixels in
the subframe belong. The video frame number is calculated follows:

— For progressive video, the Video Frame Number field shall be incremented sequentially. After
reaching the max value of 0x7, the next value shall be zero. All frames belonging to the same video
frame have identical Video Frame Number values.

— For interlaced video, the Video Frame Number field shall be incremented in a step of two. Thus, each
video frame has two frame numbers. All frames belonging to the first field have even Video Frame
Numbers and all frames belonging to the second field have odd Video Frame Numbers. For
example, for the first uncompressed video frame, the frames belonging to the first field have a Video
Frame Number set to zero, and the frames belonging to the second field have a Video Frame
Number set to one. Therefore, the same video frame has two Video Frame Numbers.

The H-position field contains the horizontal position of the first pixel in the subframe where zero is on the
left side of the screen.

The V-position field contains the vertical position of the first pixel in the subframe where zero corresponds
to the top of the screen. For interlaced formats, the V-position of the lines range from 0-539 independent of
status as even or odd frame number.

7.2.9.2 Subframe format

The subframes with Type Video in the MAC frame shall be formatted as illustrated in Figure 10ad.

octets: 8 variable

Combined FCS |Subframe payload

Figure 10ad—Subframe format

Subframes other than those with Type Video shall be formatted as illustrated in Figure 10ae.

octets: 4 variable

FCS  |Subframe payload

Figure 10ae—LRP data subframe format

The Subframe Payload field includes an LLC/SNAP header as the first octets in the payload, as defined in
A.1, followed by the data to be transmitted. If the subframe has an integrity code, as indicated by the
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Subframe Security field, then Subframe Payload field shall be formatted as illustrated in Figure 10af, where
the Payload Data field includes an LLC SNAP header as the first octets in the payload, as defined in A.1.

octets: 8 variable

Integrity code| Payload data

Figure 10af—Subframe payload with integrity code
The Integrity Code field is defined in 7.2.7.5.

The Combined FCS field shall be formatted as illustrated in Figure 10ag.

bits:4| 4 4 4 4 4 4 4 4 4
msb | Isb | msb | ... Isb | msb | Isb | msb | ... Isb | msb | Isb
FCS 4|FCS 4|FCS 3 FCS 2|FCS 1|FCS 1|FCS 8 FCS 6|FCS 5|FCS 5

Figure 10ag—Combined FCS field format

The Isb FCS field contains the FCS, as defined in 7.2.7.6, calculated over the four Isbs of each octet in the
Subframe Payload field. The Isb FCS field occupies the Isbs of the Combined FCS field.

The msb FCS field contains the FCS, as defined in 7.2.7.6, calculated over the four msbs of each, if present,
and Subframe Payload field. The msb FCS field occupies the msbs of the Combined FCS field.

The FCS field contains the FCS, as defined in 7.2.7.6, calculated over Subframe Payload field.
Subframes with frame type other than data do not support aggregation or fragmentation.
Subframes with frame type data support the aggregation of MSDUs or the fragmentation of MSDUs in their

payloads. The format of a Subframe Payload field for a subframe with Frame Type data is illustrated in
Figure 10ah.

octets: variable variable variable

Sub-payload N ...| Sub-payload 2 Sub-payload 1

Figure 10ah—Subframe payload field with aggregation

Each sub-payload field shall be formatted as shown in Figure 10ai.

bits: variable 1 1 10 20

MSDU First fragment | Last fragment | Sequence number | Length

Figure 10ai—Sub-payload field format
The Length field indicate the length of the MSDU field in octets.

The Sequence Number field is incremented for each fragment, regardless if it is of the same or different

MSDU.
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The fragment fields shall be set as indicated in Table 40b

Table 40b—Fragment field settings

Fragment type Last fragment field First fragment field
First fragment 0 1
Last fragment 1 0
Middle fragment 0 0
Complete MSDU 1 1

The MSDU field for subframes with frame type data shall be formatted as defined in 7.3.5.

7.2.9.3 AV aggregated
The AV aggregated frame shall be formatted as illustrated in Figure 10aj. The AV aggregated frame shall not
be used for LRP frames.
octets: variable variable variable 66
Subframe N Subframe 2 Subframe 1 Extended MAC header

Figure 10aj—AV aggregated frame format
The AV aggregated frame has one to seven, inclusive, subframes. The subframe format is defined in 7.2.9.2.
7.2.9.4 Regular

The HRP regular frame shall be formatted as illustrated in Figure 10ak.

variable octets: 66

Subframe Extended MAC header

Figure 10ak—HRP regular frame format

The LRP regular frame shall be formatted as illustrated in Figure 10al.

variable octets: variable

Subframe Extended MAC header

Figure 10al—LRP regular frame format
The subframe format is defined in 7.2.9.2.
7.2.9.5 Directional ACK

The Directional ACK frame format is defined in 12.4.3.8. The Directional ACK frame is used to
acknowledge HRP frames and beam formed LRP frames. The ACK policy for a directional ACK shall be
Imm-ACK. The directional ACK shall be only used with the AV PHY HRP frames

After 7.3.5, insert the following subclause as 7.3.6:
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7.3.6 Sync frame

The Sync frame shall be formatted as illustrated in Figure 23a.

octets: 4 4 4 4 10

FCS CTA block-n [...| CTA block-1 |Synchronization parameters MAC header

Figure 23a—Sync frame format

The Synchronization Parameters field shall be formatted as illustrated in Figure 23b.

octets: 2 2

Frame start time| Superframe duration

Figure 23b—Synchronization parameters field format
The Superframe Duration field indicates the duration of the current superframe, as described in 7.3.1.1.

The Frame Start Time field indicates the time stamp for the Sync frame, which is the start time of the
preamble of a Sync frame, measured from the start of the superframe.

The CTA Block field shall be formatted as illustrated in Figure 23c.

octets: 2 2

CTA duration | CTA location

Figure 23c—CTA block field format

The CTA Location field indicates the start time of the allocation, measured from the start of the superframe,
as described in 7.3.1.1.

The CTA Duration field specifies the duration of the CTA, as described in 7.3.1.1.

7.4 Information elements

Change and insert the following rows in Table 48 as shown. The other rows are not changed and are not

shown.
Table 48—Information elements
Element ID Element Subclause Present in
hex value beacon

0x14 Synchronization 7.4.22 As needed

0x15 Transmit switched diversity 7.4.23 As needed

0x16 UEP specific 7.4.24 As needed

0x17 IES 7.4.25 As needed

0x18 CTA relinquish duration 7.4.26 As needed
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Table 48—Information elements (continued)

IEEE
Std 802.15.3¢-2009

Elig?ffgfuleD Element Subclause Pll‘)ees:cnotnin
0x19 Feedback 7.4.27 As needed
O0x1A Mappin 7.4.28 As needed
0x1B BST clustering 7.4.29 As needed
0x1C Pattern estimation and tracking (PET) clustering 7.4.30 As needed
0x1D Beam PET 7431 As needed
0x1E HRS beam PET 7.4.32 As needed
0x1F PET amplitude 7.4.33 As needed
0x20 PET phase 7.4.34 As needed
0x21 Sync frame frequency 7.4.35 As needed
0x22 Directional peer 7.4.36 As needed
0x4423-0xFF | Reserved

7.4.6 Piconet parameter change

Change Table 49 as shown. The other rows are not changed and are not shown.

Table 49—Description of field contents for change type values

Change type | Interpretation Field to decode Description of field contents

4 CHANNEL New channel index | The channel index of the PHY channel that the piconet
will begin using the beacon that has the beacon number
equal to the Change Beacon Number field. The mapping
of the channel number is PHY dependent. For the 2.4
GHz PHY the mapping is defined in 11.2.3. For the SC
PHY and HSTPHY the mapping is defined in 12.1.5. For

the AV PHY the mapping is defined in 12.4.1.1.

7.4.11 Capability
After Figure 38, insert the following paragraphs and Figure 38a:

For the mmWave PHYs, the Capability IE shall be formatted as illustrated in Figure 38a.

octets: 13 1 1

Overall capabilities | Length | Element ID

Figure 38a—Capability information element format for mmWave PHYs

After Figure 39, insert the following paragraphs and Figure 39a:
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For the mmWave PHYs, the overall Capabilities field shall be formatted as illustrated in Figure 39a.

After Figure 42, insert the following paragraphs and Figure 42a:

octets: 3

6

4

Beam forming capabilities

DEV capabilities

PNC capabilities

Figure 39a—Overall capabilities field format for mmWave PHYs

For the mmWave PHYs, the DEV Capabilities field shall be formatted as illustrated in Figure 42a.

bits: b7 b6 b5 b4 b3 b2 b1 b0
Supported MCSs
bits: b15 b14 b13 b12 b1l b10 b9 b8
Imp-ACK Dly-ACK Listen to Listen to Always Preferred fragment size
Multicast Source AWAKE
bits: b23 b22 b21 b20 b19 b18 b17 b16
Blk-ACK DAMI OOK AV HSI SC capable STP CTA
capable capable capable capable relinquish
bits: b31 b30 b29 b28 b27 b26 b25 b24
TSD HRP TX HRP RX UEP type UEP capable
support capable capable
bits: b39 b38 b37 b36 b35 b34 b33 b32
PCES Pilot word Supported aggregation Supported IFS
capability capability
bits: b47 b46 b45 b44 b43 b42 b41 b40
Reserved Sync frame
capable

Figure 42a—DEYV capabilities field format for mmWave PHYs

Change the fourteenth and fifteenth paragraphs as shown:

The Supported Data Rates or Supported MCSs field is a PHY dependent mapping that indicates the data
rates that the DEV is capable of using. For the 2.4 GHz PHY, this field is the Supported Data Rates field, it
shall be formatted as illustrated in Figure 42, and the mapping of a field value to a set of data rates is defined
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in Table 89. For the mmWave PHYs, this field is the Supported MCSs field, it shall be formatted as
illustrated in Figure 42a, and the mapping of a field value to a set of MCSs is defined in 12.1.8.1.

The Preferred Fragment Size field is a PHY dependent mapping that indicates the maximum MAC frame
size preferred to be received by the DEV when fragmentation is used. For the 2.4 GHz PHY, this field shall
be formatted as illustrated in Figure 42 and the mapping of a field of value to a preferred fragment size is

defined in Table 90. For the mmWave PHYs, this field shall be formatted as illustrated in Figure 42a and the
mapping of a field value to a preferred fragment size is defined in 12.1.8.2.

After the last paragraph, insert the following paragraphs, tables, and figures.

For the mmWave PHYSs, the SC Capable field shall be set to one if the DEV supports the SC PHY, as defined
in 12.2. It shall be set to zero otherwise.

The HSI Capable field shall be set to one if the DEV supports the HSI PHY, as defined in 12.3, and shall be
set to zero otherwise.

The AV Capable field shall be set to one if the DEV supports the AV PHY, as defined in 12.4, and shall be
set to zero otherwise.

The OOK Capable field shall be set to one if the DEV supports the OOK mode, as defined in Annex D2, and
shall be set to zero otherwise.

The DAMI Capable field shall be set to one if the DEV supports the DAMI mode, as defined in Annex D2,
and shall be set to zero otherwise.

The Blk-ACK field shall be set to one if the DEV is capable of performing Blk-ACK as defined in 8.8.3b.
Otherwise the field shall be set to zero.

The UEP Capable field indicates if the DEV supports UEP in the PHY. The valid values of the UEP Capable
field are given in Table 49a.

Table 49a—UEP capable field values

Value UEP support
0 No UEP
1 SC UEP
2 HSI UEP
3 AV UEP

The UEP Type field indicates the type of UEP that is supported based on the value of the UEP capable field.
The valid values of the UEP Type field are given in Table 49b.

The HRP RX Capable field shall be set to one if the DEV supports HRP RX for the AV PHY, as defined in
12.4, and shall be set to zero otherwise.

The HRP TX Capable field shall be set to one if the DEV supports HRP TX for the AV PHY, as defined in
12.4, and shall be set to zero otherwise.
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Table 49b—UEP type field values

Value PHY UEP type of mmWave PHYs

0 No UEP support

1 UEP type 1 using different FECs (SC PHY)

2 UEP type 2 using different MCSs (SC PHY)

3 UEP type 3 using different MCSs (All PHY's)

4 UEP type 3 using skewed constellation (All PHY's)

5 UEP type 3 using different MCSs and skewed constellation
(SC and HSI PHY’s)

6 All UEP types (SC PHY)

7 Reserved

The TSD Support field shall be set to one if the DEV is capable of transmit switched diversity (TSD) as
defined in 13.8, it shall be set to zero otherwise.

The Supported IFS field indicates the minimum value of the IFS supported by a DEV. The valid values of
the field are given in Table 49c.

Table 49c—Supported IFS encoding

Field value | SIFS and MIFS duration
0 0.2 us
1 0.4 us
2 0.6 us
3 0.8 us
4 1.0 us
5 2.0 us
6 2.5 us
7-15 Reserved

The minimum allowed IFS for either SIFS or MIFS may also be constrained by the PHY mode in use. A
source DEV may use the shortest SIFS or MIFS supported by the destination DEV. The SIFS and MIFS used
may be different.

The Supported Aggregation field indicates the type of aggregation that is supported by the DEV. The valid
values for the Supported Aggregation field are as follows:

0 — No aggregation support

1 — Standard aggregation support

2 — Low-latency aggregation support

3 — Standard and low-latency aggregation support
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The Pilot Word Capability field shall be set to one if the DEV supports a pilot word of length 8. It shall be
set to zero otherwise.

The PCES Capability field shall be set to one if the DEV supports the use of PCES and shall be set to zero
otherwise.

The Sync Frame Capable field shall be set to one if the DEV supports Sync frame transmission, as defined in
8.17, and shall be set to zero otherwise.

The Beam Forming Capabilities field shall be formatted as illustrated in Figure 42b.

bits:6 2 2 1 3 4 4 2
Reserved | Number RX | Number TX | PET | Antenna Number Number LQI type
quasi-omni quasi-omni type RX sectors | TX sectors

directions directions

Figure 42b—Beam forming capabilities field format

The LQI Type field indicate the type of LQI used in beam forming procedure. Valid values of the LQI type
fields are

0 — RSSIr

1 - SNR
2— SINR
3—> Reserved

The Number TX Sectors field indicates the number of TX sectors supported by the DEV.
The Number RX Sectors field indicates the number of RX sectors supported by the DEV.

The Antenna Type field indicate the supported antenna type of the DEV. Valid values of the Antenna Type
field are as follows:

0 — No beam forming capability
1 — Beam forming antenna capable
2—7 — Reserved

The PET field shall be set to one if the DEV supports pattern estimation and tracking and shall be set to zero
otherwise.

The Number TX Quasi-omni Directions field indicates the number of TX quasi-omni directions supported
by the DEV.

The Number of RX Quasi-omni Directions field indicates the number of RX quasi-omni directions
supported by the DEV.

Insert the following subclauses as 7.4.22 through 7.4.35:
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7.4.22 Synchronization

The Synchronization IE shall be formatted as illustrated in Figure 48e. The Synchronization IE shall be
supported by DEVs that support the SC PHY or HSI PHY.

octets: 5 5 1 4 1 1

Regular S-CAP info | Association S-CAP info | Section indications | Quasi-omni | Length | Element ID
beacon info

Figure 48e—Synchronization information element format

The Quasi-omni Beacon Info field shall be formatted as illustrated in Figure 48f.

bits: 6 4 3 3 16
Reserved | PNC directional antenna Number Beacon | Beacon offset
capabilities beacon frames index time

Figure 48f—Quasi-omni beacon info field format

The Beacon Offset Time field contains the time in microseconds that is the start of this beacon frame
delayed from the start of the superframe.

The Beacon Index field indicates the index of the current beacon frame.

The Number Beacon Frames field indicates the number of beacon frames that will be sent as part of the
quasi-omni beacon.

The PNC Directional Antenna Capabilities field shall be formatted as illustrated in Figure 48g.

bits: 1 1 1 1

BST support | Sectors only | PNC beam forming capable | Antenna symmetry

Figure 48g—PNC directional capabilities field format

The Antenna Symmetry field shall be set to one if the PNC has a symmetric antenna system (SAS) and shall
be set to zero otherwise, i.e., the PNC has an asymmetric antenna system (AAS).

The PNC Beam Forming Capable bit shall be set to one if the PNC is capable of beam forming and shall be
set to zero otherwise.

The Sectors Only field shall be set to one if the PNC supports only sectorized antenna and shall be set to zero
otherwise.

The BST Support field shall be set to one if the PNC supports beam switching/steering and tracking, as
described in Clause 13, and shall be set to zero otherwise.
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The Section Indication field shall be formatted as illustrated in Figure 48h.

bits: 4 1 1 1 1

Reserved | Regular S-CAP | Association S-CAP | Sector training | PNC quasi-omni
present present present tracking present

Figure 48h—Section indication field format

The PNC Quasi-Omni Tracking Present field shall be set to one if the PNC quasi-omni tracking section
exists in the beacon and shall be set to zero otherwise.

The Sector Training Present field shall be set to one if the sector training section exists in the beacon and
shall be set to zero otherwise.

The Association S-CAP Present field shall be set to one if association S-CAP sections exist in the CAP and
shall be set to zero otherwise.

The Regular S-CAP Present field shall be set to one if regular S-CAP sections exist in the CAP and shall be
set to zero otherwise.

The Association S-CAP info field shall be formatted as illustrated in Figure 48i.

bits: 2 2 2 2 16 16
Reserved | First PNC quasi-omni Number association Total number S-CAP Association
RX index S-CAPs in superframe | association S-CAPs | duration | S-CAP start time

Figure 48i—Association S-CAP info field format

The Association S-CAP Start Time field specifies the start time offset of the association S-CAPs from the
start of the superframe in microseconds.

The S-CAP Duration field specifies the duration of the association S-CAP, as described in 8.6.6.2, in
microseconds.

The Total Number of Association S-CAPs is the same as the total number of PNC quasi-omni RX directions.

The Number of Association S-CAPs in Superframe field specifies the number of association S-CAPs in the
current superframe.

The First PNC Quasi-Omni RX Index field specifies the PNC’s quasi-omni RX index that will be used in the
first association S-CAP in the current superframe.

The Regular S-CAP info field shall be formatted as illustrated in Figure 48;.

bits: 2 2 2 2 16 16
Reserved | First PNC quasi-omni Number regular Total number S-CAP Regular S-CAP
RX index S-CAPs in superframe regular S-CAPs duration start time

Figure 48j—Regular S-CAP info field format

The Regular S-CAP Start Time field specifies the start time offset of the regular S-CAP from the start of the
superframe in microseconds.
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The S-CAP Duration field specifies the duration of the regular S-CAPs in microseconds.
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The Total Number of Regular S-CAPs field is set to be the same as the total number of PNC quasi-omni RX

directions.

The Number of Regular S-CAPs field in Superframe field specifies the number of regular S-CAPs in the

current superframe.

The First PNC Quasi-Omni RX Index field specifies the PNC’s quasi-omni RX index that will be used in the

first regular S-CAP in the current superframe.

7.4.23 Transmit switched diversity

The Transmit Switched Diversity IE is used for information exchange in TSD procedure as described 13.8.

The Transmit Switched Diversity IE shall be formatted as illustrated in Figure 48k.

octets: 1 1 1 1 1 1
Transmit direction | TSD feedback Number of Mode | Length | Element ID
index period transmit directions

Figure 48k—Transmit switched diversity information element format

The Mode field is encoded as indicated in Table 49d.

Table 49d—Mode field encoding

Field value Mode Description

0 Announce Announce TSD IE sent from PNC to DEV

1 Request to switch DEV requests PNC to switch to the next transmit
direction

2 Request to stay DEV requests PNC to stay at the current transmit
direction

3 Response In response of a request

4-255 Reserved

The Number Of Transmit Directions field indicates the number of TX directions supported by the PNC.

The TSD Feedback Period field indicates the time interval between the TSD IEs sent from the DEV to the

PNC for feedback.

The Transmit Direction Index field indicates the index of the transmit direction of the PNC. A field value of
zero indicates that the PNC shall select one of the transmit directions that was not used previously.
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