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Abstract: In this amendment to IEEE Std 802.15.4™-2011, outdoor low-data-rate, wireless, television white space
(TVWS) network requirements are addressed. Alternate physical layers (PHYs) are defined as well as only the
medium access control (MAC) modifications needed to support their implementation.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product.
Volunteers are not necessarily members of the Institute 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 does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

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

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

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF 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 development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.

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, or 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 his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and
Standards Coordinating Committees are not able to provide an instant response to comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

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 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.

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, IEEE does not waive any rights in copyright to the
documents.
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Photocopies

Subject to payment of the appropriate fee, 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. 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 ten years. When a document is more than ten 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 the IEEE-SA Website at
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE-SA Website at
http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

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 http:/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.
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Introduction

This introduction is not part of IEEE Std 802.15.4m-2014, IEEE Standard for Local and metropolitan area
networks—Part 15.4: Low-Rate Wireless Personal Area Networks (LR-WPANs)—Amendment 6: TV White Space
Between 54 MHz and 862 MHz Physical Layer.

This amendment specifies alternate physical layers (PHYs) in addition to those of IEEE Std 802.15.4-2011.
In addition to the new PHYs, the amendment also defines the medium access control (MAC) modifications
needed to support their implementation.

The alternate PHY's support principally outdoor, low-data-rate, wireless, TV white space (TVWS) network
applications under multiple regulatory domains. The TVWS PHYSs are as follows:

—  Frequency Shift Keying (TVWS-FSK) PHY
—  Orthogonal Frequency Division Multiplexing (TVWS-OFDM) PHY
— Narrow Band Orthogonal Frequency Division Multiplexing (TVWS-NB-OFDM) PHY

The TVWS PHY s support multiple data rates in bands ranging from 54 MHz to 862 MHz.
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Local and metropolitan area networks—

Part 15.4: Low-Rate Wireless Personal Area
Networks (LR-WPANS)

Amendment 6: TV White Space Between 54 MHz and
862 MHz Physical Layer

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, health,
or environmental protection, or ensure against interference with or from other devices or networks.
Implementers of IEEE Standards documents are responsible for determining and complying with all
appropriate safety, security, environmental, health, and interference protection practices and all
applicable laws and regulations.

This IEEE document is made available for use subject to important notices and legal disclaimers. These
notices and disclaimers appear in all publications containing this document and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.”
They can also be obtained on request from IEEE or viewed at http:/standards.iece.org/IPR/
disclaimers. html.

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

The editing instructions are shown in bold italic. Four editing instructions are used: change, delete, insert, and replace.
Change is used to make corrections in existing text or tables. The editing instruction specifies the location of the change
and describes what is being changed by using strikethreugh (to remove old material) and underscore (to add new
material). Delete removes existing material. Insert adds new material without disturbing the existing material. Insertions
may require renumbering. If so, renumbering instructions are given in the editing instruction. Replace is used to make
changes in 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 standard.!

INotes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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Std 802.15.4m-2014 LOCAL AND METROPOLITAN AREA NETWORKS—PART 15.4:

2. Normative references

Insert the following new references alphabetically into Clause 2:
IEEE Std 802®, IEEE Standards for Local and Metropolitan Area Networks: Overview and Architecture. >3

IETF RFC 6225, Dynamic Host Configuration Protocol Options for Coordinate-Based Location
Configuration Information, Internet Engineering Task Force.#

2IEEE publications are available from The Institute of Electrical and Electronics Engineers (http:/standards.ieee.org/).
3The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
“IETF RFCs are available from the Internet Engineering Task Force (http://www.ietf.org/).
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3. Definitions, acronyms, and abbreviations

3.1 Definitions
Insert the following new definitions alphabetically into 3.1:

dependent device: A device that operates without direct Internet access to a database and depends on
another device for channel availability information.

independent device: A device that has direct access to the television white space (TVWS) database via the
Internet.

super personal area network (PAN) coordinator: The PAN coordinator of a television white space
(TVWS) multichannel cluster tree PAN (TMCTP), which has access to the TVWS geolocation database and
provides synchronization services for the TMCTP.

television white space (TVWS) channel: Spectrum unit allocation as defined by the television bands
channel availability database.

television white space (TVWS) multichannel cluster tree personal area network (PAN) (TMCTP): A
PAN operating in a TVWS band employing a super PAN coordinator to form a multichannel cluster tree

topology.

television white space (TVWS) multichannel cluster tree personal area network (PAN) (TMCTP)
child (TMCTP-child) PAN coordinator: A logical child device that is responsible for maintaining
synchronization with its TMCTP-parent device in the TMCTP while it operates as the coordinator of a PAN.

television white space (TVWS) multichannel cluster tree personal area network (PAN) (TMCTP)
parent (TMCTP-parent) PAN coordinator: A logical parent device that is responsible for providing

synchronization services to its TMCTP-child devices in the TMCTP while it operates as the coordinator of a
PAN.

3.2 Acronyms and abbreviations

Insert the following new abbreviations alphabetically into 3.2:

BOP beacon only period

DA device announcement

DBS dedicated beacon slot

GDB geolocation database

SPC super PAN coordinator

TMCTP TVWS multichannel cluster tree PAN

TVWS television white space

TVWSPS television white space power saving
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4. General description

4.2 Components of the IEEE 802.15.4 WPAN
Insert the following new paragraph at the end of 4.2:

A TVWS multichannel cluster tree PAN (TMCTP) includes at least one FFD, which operates as both the
PAN coordinator and the super PAN coordinator (SPC). The SPC communicates with other PAN
coordinators on their dedicated channels during the beacon only period (BOP), as described in 5.1.1.1.3.

4.3 Network topologies
4.3.2 Peer-to-peer network formation
Insert the following new paragraph (including Figure 2a) at the end of 4.3.2:

A TMCTP is a form of cluster tree network where the SPC is the overall PAN coordinator providing
synchronization services to other PAN coordinators in the cluster. The SPC also has access to the
geolocation database (GDB) server to provide TVWS channel availability information to other PAN
coordinators. Each PAN coordinator may use a different channel allocated by the SPC. An example is
shown in Figure 2a. In the TMCTP, collisions between clusters can be reduced because each cluster uses its
own channel; in addition, the coverage area is increased through the TMCTP parent-child structure. Each
TMCTP-parent PAN coordinator, including the SPC, communicates with its TMCTP-child PAN
coordinators during the CAP or CFP of the TMCTP-parent PAN coordinator superframe and receives
beacon frames of its TMCTP-child PAN coordinators on a dedicated channel during the dedicated beacon
slots (DBS) assigned to them in the BOP, as shown with an asterisk (*) in Figure 2a.

PANID 1

TVWS WPAN Channel 1,
2% 3k 4 O

VWS WPAN Channel

@ : Super PAN Coordinator (FFD)
O : PAN Coordinator§FFD)

O : Device (FFD or RFD)
TVWS WPAN Channel 3

Figure 2a—Example of TVWS multichannel cluster tree PAN
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4.5 Functional overview

4.5.1 Superframe structure

Insert the following new subclause (4.5.1.5, including Figure 5ba) after 4.5.1.4:

4.5.1.5 Superframe extension for TVWS multichannel cluster tree PAN (TMCTP)

TVWS allows the optional use of a superframe structure in a TMCTP that is extended by the addition of a
BOP to the active portion of the superframe. The format of the TMCTP superframe is defined by the SPC
which sends an enhanced beacon containing a TMCTP Specification IE, as in 5.2.4.35. The TMCTP
superframe is bounded by network beacons sent by the SPC. The active portion of the TMCTP superframe is
composed of a beacon, a CAP, a CFP, and a BOP. An example of a TMCTP superframe including a BOP is
illustrated in Figure Sba. The BOP is composed of one or more DBSs. A DBS is used to communicate
beacons between a TMCTP-parent PAN coordinator and one of its TMCTP-child PAN coordinator(s). More
information on the TMCTP superframe structure can be found in 5.1.1.8.

Conlention Contention Beacon
ACCESS free ouly
period period perled

time

Figure 5ba—TMCTP superframe extension

4.5.2 Data transfer model

4.5.2.3 Peer-to-peer data transfers

Insert the following text as the second paragraph of 4.5.2.3:

For effective peer-to-peer data transfer (unicast), a MAC-layer destination address is needed at a source
device. A device announcement (DA) as described in 5.1.6.7 can be used for exchanging 16-bit short or 64-
bit extended addresses among devices within radio communication range.

4.5.5 Power consumption considerations

Insert the following new subclause (4.5.5.3) after 4.5.5.2:

4.5.5.3 TVWS low-energy mechanisms

Energy efficiency is an important feature in most of the applications in IEEE 802.15.4 systems. In the
TVWS band, besides meeting the application demands on low energy consumption, devices are also

required to be able to meet TVWS regulatory requirements.

For TVWS, a low energy mechanism that is capable of reducing energy consumption and at the same time
holds the characteristics to be compliant to regulatory requirements is specified.
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Insert the following new subclause (4.5.7) after 4.5.6:
4.5.7 Overview of TVWS operation
This clause provides an overview of operation of IEEE 802.15.4 devices in TVWS bands.

TVWS operation defined in this standard differs from that with the use of other license exempt and licensed
band, in that there is an additional requirement to determine which TVWS frequency allocations are
available for use at a given time and geographic location. Devices have access to TVWS channel availability
information, such as via the Internet to a database, for determination of available TVWS spectrum. Access
of a TVWS channel based on sensing alone is not assumed for TVWS, but is not excluded either.

An independent device is a device that has access to the TVWS database via the Internet. A dependent
device is one that has no connection to the database and so must depend upon another device to acquire
channel availability information.

Because relevant regulations may vary from region to region, this standard provides methods that may be
used to meet the requirements of regional regulations without any specific direction on how those
requirements may be met.
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5. MAC protocol

5.1 MAC functional description

5.1.1 Channel access

5.1.1.1 Superframe structure

Insert the following new paragraph after the first paragraph of 5.1.1.1:

When operating as a TMCTP, the superframe includes the beacon only period as described in 5.1.1.1.3, and
the structure of the superframe is described in 5.1.1.8.

Insert the following new subclause (5.1.1.1.3) after 5.1.1.1.2:
5.1.1.1.3 Beacon only period (BOP)

When present, the BOP shall follow the CAP and CFP, if the CFP is present. When there is no CFP, the
BOP shall follow the CAP. The CAP and CFP comprise the first 16 slots of the superframe as described in
5.1.1.8, and the BOP shall commence on the slot boundary immediately following. The BOP shall complete
before the end of the active portion of the superframe. The BOP duration depends on the number of DBSs
one of which is allocated to each TMCTP-child PAN coordinator. All DBSs shall be located within the BOP
and occupy contiguous slots. The BOP, therefore, grows or shrinks depending on the total length of all of the
combined DBSs. Multiple base slots in the BOP can be allocated to a DBS according to the length of the
beacon to be sent by the TMCTP-child coordinator which will occupy the DBS.

CSMA is not used for beacon transmissions in the BOP. A TMCTP-child PAN coordinator transmitting in
the BOP shall ensure that its beacon transmission is complete within one IFS period before the end of its
DBS. The IFS period is described in 5.1.1.3.

Change the first paragraph of 5.1.1.3 as indicated:
5.1.1.3 Interframe spacing (IFS)

The MAC sublayer needs a finite amount of time to process data received by the PHY. To allow for this, two
successive frames transmitted from a device shall be separated by at least an IFS period; if the first
transmission requires an acknowledgment, the separation between the acknowledgment frame and the
second transmission shall be at least an-the IFS period or aTurnaroundTime, whichever is greater. The
length of the IFS period is dependent on the size of the frame that has just been transmitted. Frames (i.e.,
MPDUs) of up to aMaxSIFSFrameSize shall be followed by a short interframe space (SIFS) period of a
duration of at least macSIFSPeriod. Frames (i.e., MPDUs) with lengths greater than aMaxSIFSFrameSize
shall be followed by a long interframe spacing (LIFS) period of a duration of at least macLIFSPeriod. These
concepts are illustrated in Figure 10.
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Replace Figure 10 with the following figure:

Acknowledged transmission

Long frame ACK Short frame ACK

tack tack

max(LIFS,aTurnaroundTime) max(SIFS,aTurnaroundTime)

Unacknowledged transmission

Long frame Short frame

LIFS SIFS

Figure 10—IFS

5.1.1.7 LE functional description

Insert the following list item at the end of the dashed list in 5.1.1.7:

macTvwsPsEnabled

Insert the following new subclause (5.1.1.8, including Figure 11i) after 5.1.1.7.4:

5.1.1.8 Superframe use for TMCTP operation

The TMCTP superframe is an extension of the basic superframe defined in 5.1.1.1. The active portion of the
TMCTP superframe is composed of four parts, which is illustrated in Figure Sba.

— The beacon, as described in 5.2.2.1, which is used to set the timing allocations and to communicate
management information for the PAN.

— The CAP, as described in 5.1.1.1.1, which is used to communicate command frames and/or data.

—  The CFP, as described in 5.1.1.1.2, which is composed of GTSs. No transmissions within the CFP
shall use a CSMA-CA mechanism to access the channel.

— The BOP, as described in 5.1.1.1.3, which is composed of one or more DBSs. A DBS is used to
communicate beacons between a TMCTP-parent PAN coordinator (including the SPC) and one of
its TMCTP-child PAN coordinator(s) in a TMCTP.

The SD and BI of the TMCTP superframe are the same as described in 5.1.1.1. The MAC PIB attribute

macTmctpExtendedOrder describes the extended length of the active portion of the superframe. The value of
macTmctpExtendedOrder and the extended duration, ED, are related as follows:

ED = aBaseSuperframeDuration x 2" TmeipExtendedOrder

= aBaseSlotDuration x aNumSuperframeSlots x 2T metpExtendedOrder

for

0 <macTmctpExtendedOrder < (macBeaconOrder — macSuperframeOrder) < macBeaconOrder < 14
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The ED of each TMCTP superframe shall be divided into aNumSuperframeSlots x 2mecTmeipExtendedOrder
equally spaced slots of duration aBaseSlotDuration in a BOP. The BOP consists of multiple DBSs. Each
DBS is composed of one or more base slots, which are aBaseSlotDuration in length. The total duration of
the active portion of each TMCTP superframe consists of the base superframe duration, SD, and the
extended duration for the BOP, ED:

ESD =SD +ED

An example of a TMCTP superframe structure is shown in Figure 111, according to various values of the
macBeaconOrder (BO), the macSuperframeOrder (SO), and the macTmctpExtendedOrder (EO).

Beacon

.
il
e

Beacon
)

CAP CFP BOP i

0’1’2’3’4’5’6’7‘8’9’1011’12‘1314‘15 04 | 5-7| 811 |12-15

superframe duration (SD) extended duration (ED)

extended superframe duration (ESD)

beacon interval (BI)

EO=2, 50=1, EO=0
I |
SO | ED
ESD
BI

EO=3, sc|>=2, EO=1 I |
SD [ ED
ESD

] Superframe Duration (SD = CAP and/or CFP)
[ 1 Extended Duration (ED = BOP)

|:|:| Extended Superframe Duration (ESD = CAP and/or CFP and BOP)

Figure 11i—An example of the TMCTP superframe structure

5.1.6 Transmission, reception, and acknowledgment

5.1.6.2 Reception and rejection

Change the fourth list item after the sixth paragraph of 5.1.6.2 as indicated:

If a short destination address is included in the frame, it shall match either macShortAddress or the
broadcast address. Otherwise, if an extended destination address is included in the frame, it shall
match either macExtendedAddress_or, if macGroupRxMode is set to TRUE, an EUI-64 group
address, as defined in IEEE Std 802.
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5.1.6.4 Use of acknowledgments and retransmissions
Change 5.1.6.4 as indicated:

A data or MAC command frame shall be sent with the AR field set appropriately for the frame. A beacon or
acknowledgment frame shall always be sent with the AR field set to indicate no acknowledgment requested.
Similarly, any frame that is broadcast or has a group address as the extended destination address, as defined

in IEEE Std 802, shall be sent with its AR field set to indicate no acknowledgment requested.

5.1.6.4.2 Acknowledgment
Change the third paragraph of 5.1.6.4.2 as indicated:

The transmission of an acknowledgment frame in a nonbeacon-enabled PAN or in the CFP shall commence
t,c after the reception of the last symbol of the data or MAC command frame. The transmission of an
acknowledgment frame in the CAP shall commence either ¢, after the reception of the last symbol of the
data or MAC command frame or at a backoff period boundary. In the latter case, the transmission of an
acknowledgment frame shall commence between ¢, and (¢, + aUnitBackoffPeriod) after the reception of
the last symbol of the data or MAC command frame. The value of ¢, is 1 ms for the SUN PHYs, and
LECIM PHYs. and TVWS PHYs. The value of ¢, is equal to macSIFSPeriod for all other PHYs.

Insert the following sentence at the end of the last paragraph (“When in TSCH mode, ... to
macTsAckWait.”) of 5.1.6.4.2:

For TVWS RDEVs, the enhanced acknowledgment frame shall include the Timestamp Difference IE as
defined in 5.2.4.34.2 if the RNG field of the PHR is set to 1 in the frame being acknowledged.

Insert the following new subclause (5.1.6.7, including Figure 29a) after 5.1.6.6:
5.1.6.7 Device announcement

To facilitate data transfer effectively between two or more peer devices, a device announces its address and
its neighbors’ addresses to its neighbor devices by broadcasting beacons with a Device Announcement IE
(DA IE) (5.2.4.36).

A device shall broadcast a beacon frame with a DA IE upon receiving a MLME-DA.request primitive
(6.2.24.1) from the next higher layer. It may also broadcast beacons with a DA IE at other times. After
transmitting a beacon with the DA IE requested by an MLME-DA .request, the device shall send an MLME-
DA .confirm, as described in 6.2.24.2, to the next higher layer.

Upon receiving a beacon frame with a DA IE, a device shall indicate the address of the transmitting device
and the addresses list in the DA IE to its next higher layer using the MLME-DA.indication primitive
(6.2.24.3). A device may check whether or not its address is known at the transmitting device by tracking the
received beacon frames with a DA IE. If not, the device may broadcast a beacon with a DA IE to announce
its address at the appropriate time.
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The message sequence chart for a broadcast beacon with a DA IE to announce the address of a device and its
neighbors’ addresses is illustrated in Figure 29a.

. . Neighbor
DeVICe next Device MLME nghbor device next
higher layer device MLME .

higher layer
[ [
MLME-DA .request
Beacon with DA IE
MLME-DA .indication
MLME-DA .confirm
I I I I

Figure 29a—Message sequence chart for broadcast beacon with DA IE upon receiving
MLME-DA.request primitive

5.1.8 Ranging

5.1.8.4 The ranging exchange

Change the fourth paragraph of 5.1.8.4 as indicated:

For the UWB PHY, in Hs-all of these timestamp reports, the timestamp itself shall consist of the 12 octets
defined for the timestamp report in 14.7.1, 14.7.2, and 14.7.3. Use of nonzero timestamp reports is limited to

RDEVs. Only devices that have phyRanging set to TRUE shall return a nonzero timestamp report to a next
higher layer.

Insert the following new paragraph at the end of 5.1.8.4:

For TVWS RDEVs, the Timestamp IE and the Timestamp Difference IE are provided for exchanging timing
information between TVWS RDEVs to support the ranging feature.

Insert the following new subclauses (5.1.14 and 5.1.15, including Figure 34x to Figure 34aa) after
5.1.13:

5.1.14 Starting and maintaining TVWS multichannel cluster tree PANs (TMCTP)
This subclause specifies the procedures for TMCTP formation.

Figure 34x shows an example with a suggested message sequence for TMCTP formation between the SPC,
which is the TMCTP-parent PAN coordinator, and a TMCTP-child PAN Coordinator. The example is
explained as follows:

In step A, the SPC obtains the list of available TVWS channels from the GDB through the Internet. The
protocol used to access the GDB over the Internet is outside the scope of this standard. Alternatively, the
SPC may obtain the list of available TVWS channels from another device. The SPC maps the TVWS
channels to corresponding PHY channels, selects one of the available PHY channels, and transmits its
beacon through that channel. The TMCTP-child PAN coordinator completes the scan procedure over all
PHY channels.
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SPC SPC MLME TMCTP-child PAN TMCTR-Ch”d PAN
next higher layer Coordinator MLME Coordinator next
higher layer
f f f f
A G eOGngir;:;s; ?\f/WS ch::riglzetlo Set to SPC's channel through scan
PHY channelsl;nd select a PHY channel CIEIEES R el
Beacorl MLME- BEACON

NOTIFY.indicatior}

_ MLME- DBS.request

B < DBS request

| MLME DBS.indication

MLME- DBS.responsg

Beacon

Data request

DBS response

MLME COMM- .
STATUS.indication (SUCCESS) MLME DBS.confirm

Beacon

Set to the channel allocated toTMCTP child
PAN Coordinator at the DBS allocated

‘ { Set to its ownllocated channel
D to TMCTP child PAN Coordinator

at its own DBS

| Beacon

E Set to the channel of SPC after the DBS
allocated to TMCTEhild PAN coordinator

Figure 34x—Example message sequence chart between SPC
and TMCTP-child PAN coordinator

In Step B, the SPC transmits an enhanced beacon containing a TMCTP Extended Superframe Specification
IE as described in 5.2.4.35. Upon successful reception of the beacon from the SPC, the TMCTP-child PAN
coordinator may request a DBS allocation or a DBS deallocation by sending a DBS request frame, as
described in 5.3.14, to the SPC. Upon receiving the DBS request, the SPC will allocate or deallocate a DBS
slot and a channel and generate a DBS response frame, as described in 5.3.15, to report the slot and the
channel allocated or deallocated. The SPC can generate the DBS response frame for the deallocation without
the request of the TMCTP-child PAN coordinator.
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In Step C, the SPC indicates pending data for the TMCTP-child PAN coordinator in its beacon. The
TMCTP-child PAN coordinator sends the data request command frame. Upon receiving the data request, the
SPC replies with the DBS response generated in Step B. The SPC then sends its own beacon frame.

In Step D, the SPC switches to the channel allocated to the TMCTP-child PAN coordinator and listens for
the beacon frame from the TMCTP-child PAN coordinator. If the SPC does not receive a beacon frame from
the TMCTP-child PAN coordinator within three Bls, the SPC switches to the SPC channel and sends a DBS
response frame to the TMCTP-child PAN coordinator in next superframe of the SPC.

In Step E, upon receiving the beacon frame during the slot allocated to the TMCTP-child PAN coordinator
on the channel allocated to the TMCTP-child PAN coordinator, the SPC switches to its own dedicated
channel.

During the CAP of the SPC, each TMCTP-child PAN coordinator sends a DBS request to the SPC and
receives a DBS response from the SPC. The SPC switches to the channel allocated to the TMCTP-child
PAN coordinator before the DBS slot time allocated to the TMCTP-child PAN coordinator. Each TMCTP-
child PAN coordinator forms an independent PAN by transmitting its beacon during the allocated DBS slot.

Figure 34y provides another example for TMCTP formation between two PAN coordinators, where one is
the TMCTP-parent PAN coordinator and the other is a TMCTP-child PAN Coordinator.

In Step A, the TMCTP-child PAN coordinator performs a scan procedure and waits for the beacon of the
TMCTP-parent PAN coordinator.

In Step B, the TMCTP-parent PAN coordinator sends an enhanced beacon containing a TMCTP
Specification IE, as in 5.2.4.35. Upon successful reception of the beacon from the TMCTP-parent PAN
coordinator, the TMCTP-child PAN coordinator requests a channel and a slot by using the DBS request sent
to the TMCTP-parent PAN coordinator. Upon receiving the DBS request, the TMCTP-parent PAN
coordinator either directly generates the DBS response frame reporting the slot and the channel allocated or
deallocated, or sends the DBS Request Command Frame to the SPC and then receives the DBS Response
Command Frame from the SPC. The TMCTP-parent PAN coordinator may generate the DBS response
frame for the deallocation without a request of the TMCTP-child PAN coordinator.

In Step C, the TMCTP-parent PAN coordinator sends a beacon. The TMCTP-parent PAN coordinator
switches to the channel allocated to the TMCTP-child PAN coordinator and receives the beacon frame from
the TMCTP-child PAN coordinator.

In Step D, upon receiving the beacon frame during the slot allocated to the TMCTP-child PAN coordinator
on the channel allocated to the TMCTP-child PAN coordinator, the TMCTP-parent PAN coordinator
switches to its own dedicated channel.

During CAP of the TMCTP-parent PAN coordinator, which has a relay capability or a channel allocation
capability, each TMCTP-child PAN coordinator sends a DBS request to the TMCTP-parent PAN
coordinator and receives the DBS response from the TMCTP-parent PAN coordinator. The TMCTP-parent
PAN coordinator switches to the channel allocated to the TMCTP-child PAN coordinator during the DBS
slot allocated to each TMCTP-child PAN coordinator. Each TMCTP-child PAN coordinator manages its
own WPAN by transmitting a beacon during the allocated DBS slot time.

Figure 34z shows an example of the multichannel allocation for the network topology as presented in
Figure 2a. In this case, the SPC operates on the dedicated channel, which is Channel 1 in this figure, and
switches to the dedicated channels of TMCTP-child PAN coordinators 2, 3, and 4 during their DBSs.
Similarly TMCTP-child PAN coordinator 4 operates on the dedicated channel, which is Channel 4, and
switches to the dedicated channel of TMCTP-child PAN coordinator 5 during its DBS to communicate with
TMCTP-child PAN coordinator 5.
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TMCTP—pgrent TMCTP—pqrent TMCTP-child PAN TNUE—chlld PAN
PAN coordinator PAN coordinator . Coordinator next
. Coordinator MLME .
next higher layer MLME higher layer
f f
Set to TMCTP-parent PAN Coordinator's
A channel
Beacon MLVE BEACON
NOTIFY.indicatiol
_ MLME DBSrequest
_ DBS request
B MLME- DBS.indication
TMCTP-parent DBS request to SPC or
generate the DBS response frame
MLME- DBS.responsd
Beacon
Data request
DBS responsg
MLME COMM
c STATUS indication (SUCCESS) MLVE DBS confim)
Beacon
Set to the channel of TMCTR-child PAN Set to its own allocated channel
coordinator at the DBS allocated at its own DBS
to TMCTR child PAN coordinator
Beacon
Set to the channel of TMCTP-parent PAN
D coordinator after the DBS allocated
to TMCTP child PAN coordinator

Figure 34y—Example message sequence chart between TMCTP PAN coordinators
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CFpP BOP Inactive channel 1
DB channel 2
DB channel 3
DBSI channel 4

Super PAN Coordinator 1

CFP channel 1
Active (Bcn, CAP, or CFP) [ Inactive |channel 2

PAN Coordinator 2

CFP channel 1

PAN Coordinator 3
oordinator Active (Bcn, CAP, or CFP) | Inactive |channel 3

CFP channel 1
ctive (Ben, CAP, or CFP) BOP Inactive |channe| 4
DBSI channel 5

PAN Coordinator 4

Active (Bcn, CAP, or CFP) channel 4
Inactive Active | Inactive channel 5

PAN Coordinator 5 |

Figure 34z—Example TMCTP BOP allocation

5.1.15 TVWS power saving (TVWSPS)

This subclause defines a scalable and symmetrical power saving model for a wide range of LR-WPAN
applications operating in TVWS. The TVWS power saving mechanism 1is activated when
macTvwsPsEnabled is set to TRUE. The power saving mechanism is indicated by the MLME-BEACON-
NOTIFY .indication primitive as described in 6.2.4.1 and MCPS-DATA.indication primitive as described in
6.3.

A TVWS device may be either an initiating device or a responding device. A responding device switches on
its receiver during periodic listening periods macTvwsPsListeninglnterval apart, each with listening duration
macTvwsPsListeningDuration. In between listening periods, the responding device may be in sleep mode
with the receiver disabled. To poll the responding device, an initiating device transmits frames containing a
TVWS Power Saving (TVWSPS) IE (see 5.2.4.30) followed by a channel listening period (sufficiently long
to receive an ACK frame from the responding device) at macTvwsPsPollinglnterval, for total duration
macTvwsPsPollingDuration or until receiving an acknowledgment frame, whichever occurs first. The total
duration of the frame containing the TVWSPS IE and the channel listening period following the frame
transmission may be shorter than macTvwsPsPollingInterval.

To increase the likelihood of detection, the value of macTvwsPsPollingInterval should be less than or equal
to macTvwsPsListeningDuration, and the value of macTvwsPsPollingDuration should be more than or
equal to macTvwsPsListeninglnterval. The TVWSPS IE may be included in an enhanced beacon, data, or
multi-purpose frame.

An initiating or responding device indicates the Rendezvous Time as the starting of the data transaction (e.g.
ad-hoc listening period), as set by macTvwsPsRendezvousTime, and the Data Transaction Duration as the
expected duration to complete the data transaction, as set by macTvwsPsTransDuration.

Upon receiving a frame with a TVWSPS IE, the responding device shall enable an ad hoc listening period to
receive the data from the initiating device at the Rendezvous Time indicated in the received TVWS IE, or
transmits the data requested by the initiating device at the indicated Rendezvous Time.
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Two cases of the TVWSPS protocol are illustrated in Figure 34aa. In the first example, initiating device 1
has pending data to transmit to the responding device. In the second example, initiating device 2 is
requesting data from the responding device.

mac i'vwsPsRendezvou‘:s Time
-——

mac TvwsPsPollingDura tion
1 4

mac Tvw3PsPollipginterval
l—P

_— . . ‘Data frame
Initiating device 1:
Pending data to transmit : Time
Frames with TVWSPS IE | & :
foIIowe'zd by. channel ad TvwsPsRendezvous fime Periodic
listening -4—» listening period
//‘r . : Data frame
Responding x x
) o [$]
device: < <
‘- - : A . Ad-hoc
mac TvwsPsListeningDuration : . listening period
H mac TvwsPsListeninginterval e :=
. mac TvwsPsRendezvous Time
\ A
Initiating device 2: v
Requesting data .
Frames with TVWSPS IE . Afj_h°° )
followed by channel : listening period

g
.

listening

‘I

mac TvwsPsRendezvous Time

Figure 34aa—TVWS power saving mechanism

5.2 MAC frame formats

5.2.1 General MAC frame format

5.2.1.9 FCS field

Change the end of the first paragraph of 5.2.1.9 as indicated:

Only-dDevices compliant with one or more of the SUN and TVWS PHYs shall implement the 4-octet FCS;
for Fer-these devices, the default FCS length shall be 4 octets.
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5.2.2 Format of individual frame types
5.2.2.1 Beacon frame format
5.2.2.1.1a Information elements field

Insert the following new row into Table 3b:

Table 3b—EBR IEs per enabled attribute

Attribute
Request PIB attribute 1E type IEs to include
Identifier

5 macDAenabled Header Device Announcement (5.2.4.36)

5.2.4 Information element
5.2.4.2 Header information elements

Insert the following new row into Table 4b:

Table 4b—Element IDs, Header IEs

Element ID Content length Name Description

0x19 variable DA Defined in 5.2.4.36

5.2.4.5 MLME information elements

Insert the following new rows into Table 4d, and change the reserved row as indicated:

Table 4d—Sub-ID allocation for short format

Sub-ID Content Name Description
value length p
0x2a 13 TVWSPS IE Description of parameters for TVWS power saving
mechanism, as defined in 5.2.4.30
0x2b 9 TVWS PHY Operating Description of a specific TVWS PHY operating
Mode Description IE mode, as defined in 5.2.4.31
0x2c variable TVWS Device Capabilities | Description of TVWS PHY-specific device
IE capabilities, as defined in 5.2.4.32
0x2d 1 TVWS Device Category IE | Description of the device regulatory category, as
defined in 5.2.4.33.1
0x2e variable TVWS Device Description of the device assigned identification, as
Identification IE defined in 5.2.4.33.2
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Table 4d—Sub-ID allocation for short format (continued)

Sub-ID Content Name Description
value length P
0x2f variable TVWS Device Location IE | Description of location of device, as defined in
5.2.4.333
0x30 variable TVWS Channel Information | Description of the query request and response
Query Request/Response IE | protocol for channel information, as defined in
524334
0x31 variable TVWS Channel Information | Description of channel information source for
Source Description IE channel enabling, as defined in 5.2.4.33.5
0x32 variable Channel Timing Description of the information for management in
Management [E timing schedule for channel, as defined in 5.2.4.33.6
0x33 4 Timestamp IE TX timestamp information as described in
5.2.4.34.1
0x34 4 Timestamp Difference IE Timing difference for ranging support, as described
in5.2.4342
0x35 variable TMCTP Specification IE Description of information for TMCTP protocols, as
defined in 5.2.4.35
0x36-0x3f — Reserved —

Insert the following new subclauses (5.2.4.30 to 5.2.4.36, including Figure 48aae to Figure 48aaw and
Table 47 to Table 4an) after 5.2.4.29.2:

5.2.4.30 TVWS Power Saving (TVWSPS) IE

The TVWSPS IE is used by a device to initiate a TVWSPS transaction. The content of the IE shall be
formatted as shown in Figure 48aae.

Octets: 1 4 3 3 2
Periodic Listening Periodic Listening Rendezvous Data Transaction
PS Control . . .
Interval Duration Time Duration

Figure 48aae—TVWSPS IE
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The PS Control field indicates the types of operation intended by the source device. A value of 0 indicates
the announcement of a responding device’s Periodic Listening Interval and Periodic Listening Duration and
that only the Periodic Listening Interval field and Periodic Listening Duration field are valid. A value of 1
indicates that an initiating device has pending data to be transmitted to the responding device. When value 1
is set, only the Rendezvous Time field and Data Transaction Duration field are valid. A value of 2 indicates
that an initiating device is requesting data from the responding device. When value 2 is set, only the
Rendezvous Time field and Data Transaction Duration field are valid. All other values are reserved.

The Periodic Listening Interval field is the time between the start of a periodic listening period and the start
of the subsequent periodic listening period (see 5.1.15) in milliseconds, with a range as given in Table 52.
When generated, this field shall be set to the value of macTvwsPsListeninglnterval.

The Periodic Listening Duration field is the time between the start and the end of a periodic listening period,
in milliseconds, with a range given in Table 52. When generated, this field shall be set to the value of
macTvwsPsListeningDuration.

The Rendezvous Time field is the time in milliseconds between the end of the acknowledgment frame sent
by a responding device or received by an initiating device and the start of the data transaction between the
two devices. When generated, the value of this field is set to macPSRendezvousTime, with a valid range
given in Table 52.

The Data Transaction Duration field is the time needed to complete the transaction between the initiating
and responding devices. When generated, this field is set to the value of macTvwsPsTransDuration, with a
valid range given in Table 52. A value of 0 indicates that the field shall be ignored.

5.2.4.31 TVWS PHY Operating Mode Description IE

The TVWS PHY Operating Mode Description IE is used with the PHY Parameter Change IE (5.2.4.23) to
signal dynamically a change in operating channel, band or other PHY operating parameters when the
resulting change will be to a configuration defined by the operating TVWS PHY. The TVWS PHY
Operating Mode Description IE is an MLME IE as defined in 5.2.4.5. The content field shall be formatted as
shown in Figure 48aaf.

Octets: 9

TVWS PHY Operating Mode Description

Figure 48aaf—TVWS PHY Operating Mode Description IE
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The TVWS PHY Operating Mode Description field shall be encoded as shown in Table 4z. The specific

LOCAL AND METROPOLITAN AREA NETWORKS—PART 15.4:

parameters are encoded depending on the PHY type indicated.

Table 4z—TVWS PHY Operating Mode Description field

Bit number

Description

0:7

Band ID. The band ID described in Table 4ab.

8:15

PHY Channel ID. The channel identification for the 802.15.4 TVWS PHY channel as

defined in 8.1.2.9.

16:17

PHY Type Selector:

0=TVWS-FSK PHY (20.1)
1 = TVWS-OFDM PHY (20.2)s
2 = TVWS-NB-OFDM PHY (20.3)

3 = Reserved

18:31 for TVWS-FSK Operating Parameters:

when PHY Type Selector is set to 0

18

FEC
0 = not enabled
1 = enabled

19:20

FEC Scheme

0 = the first FEC scheme as defined in 20.1.2.2

1 = the second FEC scheme as defined in 20.1.2.2

2 = the third FEC scheme defined as defined in 20.1.2.2

NOTE: This field is reserved if FEC is not enabled.

21

Interleaving
0 = not enabled
1 = enabled

NOTE: This field is reserved if FEC is not enabled or the FEC
Scheme field value is not 1.

22

Spreading
0 = not enabled
1 = enabled

23

Data Whitening
0 = not enabled
1 = enabled

24-26

TVWS-FSK Mode as in Table 201

27

Modulation index option:

When TVWS-FSK Mode field value =1, 2 or 3:

0 = modulation index is 0.5

1 = modulation index is 1.0

When TVWS-FSK Mode field value =4 or 5, reserved.

28

SFD Length
0= 16-bit SFD
1 =24-bit SFD

29:31

Reserved

20
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Table 4z—TVWS PHY Operating Mode Description field (continued)

Bit number Description

18:31 for TVWS-OFDM Operating Parameters: when PHY Type selector is set to 1

18:19 Modulation
’ 0=BPSK, 1 =QPSK, 2 = 16-QAM, 3 =Reserved
MCS Mode
20:22 0-5 as given in Table 205
6-7 Reserved
23:31 Reserved

18:31 for NB-OFDM Operating Parameters: when PHY Type selector is set to 2

MCS Mode
18:21 0-8 as given in Table 214
9-15 Reserved

Channel aggregation

22 0 = not enabled
1 = enabled
23:31 Reserved

TVWS Available Frequency Range as described in

3271 Figure 48aaq; only present when Band ID field value is <=5

5.2.4.32 TVWS Device Capabilities IE

The TVWS Device Capabilities IE declares the TVWS capabilities supported by a device. The presence of
this IE in a transmitted frame indicates that the device supports operation of a TVWS PHY defined in this
standard. The IE content shall be as shown in Figure 48aag.

Octets: 1 3 3 variable

TVWS PHY Type Supported Bands TVWS Supported PHY Features TVWS Supported Channels

Figure 48aag—TVWS Device Capabilities IE

The TVWS PHY Type field indicates the PHY type being described in the IE. This field shall be set to one
of the non-reserved values shown in Table 4aa.

Table 4aa—TVWS PHY Type field

Value Description
0 TVWS-FSK
1 TVWS-OFDM
2 TVWS-NB-OFDM
3-255 Reserved
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The Supported Bands field is a bitmap indicating the bands supported by the device. A value of one
indicates that the band is supported, and zero indicates the band is not supported. The supported bands shall
be encoded as shown in Table 4ab. The device shall indicate only those bands that are implemented and
defined for the indicated PHY type. The use of the bands defined in Table 4ab facilitates communication to
be maintained when a band becomes unavailable, using the same PHY/MAC capabilities.

Table 4ab—Supported Bands field

Bit number Band ID
0 TVWS Band USA
1 TVWS Band UK
2 TVWS Band Japan
3 TVWS Band Canada
4 TVWS Band Korea
5 TVWS Band EU
6 450470 MHz
7 470-510 MHz
8 779-787 MHz
9 863-870 MHz
10 896-901 MHz
11 901-902 MHz
12 902-928 MHz
13 917-923.5 MHz
14 928-960 MHz
15 920-928 MHz
16 950-958 MHz
17 2400-2483.5 MHz
18-23 Reserved
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