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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are)
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take partdn the work.
In the field of information technology, ISO and IEC have established a joint technical*committee,
ISO/IEC JTC 1.

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 andinterests 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 contained in its standards.

The main task of ISO/IEC JTC 1 is to prepare International Standards. Draft International Standards
adopted by the joint technical committee are circulated(to‘\national bodies for voting. Publication as an
International Standard requires approval by at least 7596)0f the national bodies casting a vote.

Attention is called to the possibility that implementation of this standard may require the use of subject
matter covered by patent rights. By publication\of this standard, no position is taken with respect to the)
existence or validity of any patent rightsiin“connection therewith. ISO/IEEE is not responsible for
identifying essential patents or patent claims for which a license may be required, for conducting inquiries
into the legal validity or scope of patents-or patent claims or determining whether any licensing terms or
conditions provided in connection with’ submission of a Letter of Assurance or a Patent Statement and
Licensing Declaration Form, 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 ISO or the IEEE Standards Association.

ISO/IEC/IEEE 8802-22:2015/Amd 2 was prepared by the LAN/MAN of the IEEE Computer Society (as
IEEE 802.22b-2015). It was adopted by Joint Technical Committee ISO/IEC JTC 1, Information|
technology, Subcommittee SC 6, Telecommunications and information exchange between systems, in
parallel with-its*approval by the ISO/IEC national bodies, under the “fast-track procedure” defined
in the Partner Standards Development Organization cooperation agreement between ISO and IEEE.
IEEE is _responsible for the maintenance of this document with participation and input from ISO/IEC
national*bodies.
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Abstract: Alternate physical layer (PHY) and necessary medium access control layer (MAC)
enhancements to IEEE Std 802.22-2011 are specified in this amendment for operation in very high
frequency/ultra-high frequency (VHF/UHF) television broadcast bands between 54 MHz and
862 MHz to support enhanced broadband services and monitoring applications. The amendment
supports aggregate data rates greater than the maximum data rate supported by the
IEEE Std 802 22-2011. This amendment defines new classes of IFFE 802 22™ devices to address
these applications and supports more than 512 devices in a network. This amendment also
specifies techniques to enhance communications among the devices and makes necessary
amendments to the cognitive, security, and parameters and connection management clauses. This
amendment supports mechanisms to enable coexistence with other IEEE 802® systems in the
same band.

Keywords: broadband wireless access network, enhanced broadband services, high~capacity,
high throughput, IEEE 802.22™ |EEE 802.22b™, monitoring applications, WRAN stahdard
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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-useyare
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-eonsensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of any ofthe information or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the matefiaMContained 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,&fféctiveness, 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, purcliase, 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, anypgrson 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.

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.

1ii Copyright © 2015 |IEEE. Al rights reserved
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied on 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~ortadvice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in thie'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 premotion of engineering practices and methods. By making these documents available for use and
adoptiofi by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.

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.

Copyright © 2015 IEEE. All rights reserved. v
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Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 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 Websit¢ |at http://
ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For mere thformation
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 encouragedsto” 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/aboutfSsasb/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 reasonablg“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.yalidity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided,ifi_connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reagonable or non-discriminatory. Users of this standard are expressly advised that
determinationof 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.

\% Copyright © 2015 IEEE. All rights reserved
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Introduction

This introduction is not part of IEEE Std 802.22b™-2015, IEEE Standard for Information Technology—
Telecommunications and information exchange between systems—Wireless Regional Area Networks (WRAN)—
Specific requirements—Part 22: Cognitive Wireless RAN Medijum Access Control (MAC) and Phvsical T.aver

(PHY) Specifications: Policies and Procedures for Operation in the TV Bands—Amendment 2: Enhancement for
Broadband Services and Monitoring Applications.

This amendment specifies alternate physical layer (PHY) and necessary medium access control layér
(MAC) enhancements to IEEE Std 802.22-2011 for operation in very high frequency/ultra high frequency
(VHF/UHF) television broadcast bands between 54 MHz and 862 MHz to support enhanced broadband
services and monitoring applications. PHY specifications (i.e., Operation Mode 1 and Operation Mode 2) in
Clause 9 and Clause 9a are designed to meet the needs required by channel models. A mplti-channel
operation (7.24), high modulation and coding (9.2 and 9a.2), and multiple-input, multiple{output (MIMO)
(9.15 and 9a.15) provide higher throughput (compared to the IEEE Std 802.22-20t1),’which may be
achieved by individual use or combinational use. Point-to-multipoint connections and ‘r€lay connections are
specified in Clause 7.

Copyright © 2015 IEEE. All rights reserved. viii
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ill not be carried over into future editions because the changes will be incorporated into the base standard.!

Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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1. Overview

1.3 Reference application

The Advanced Wireless Regional Area Networks (A-WRANS) for which this standard has been developed
are expected to support enhanced broadband services and monitoring applications such as real-time and/or
near real-time monitoring, emergency broadband services, remote medical services, etc. The A-WRAN
provides all essential functionalities of PHY, MAC, security, and cognitive radio technologies defined inthe
IEEE 802.22 WRAN and supports an additional PHY mode and additional functionalities of multi-hop(relay
operations, multiple channel operations, multiple-input-multiple-output (MIMO) operations, and ‘advanced
security to extend regional area broadband services to the regional monitoring applications andthelénhanced
broadband services.

Figure la illustrates an A-WRAN. An advanced base station (A-BS) complying with ‘¢this"standard shall be
able to provide broadband services for the customer premise equipments (CPEs) stich as an advanced CPE
(A-CPE) and a subscriber CPE (S-CPE) through direct or multi-hop relay <onhectivity. An advanced
customer premise equipment (A-CPE) can provide multi-hop relay conneCtiyity for the S-CPEs, which
allows for enhancing connection reliability between the A-BS and S-GPEs and reducing the network
management overhead of the A-BS as well as could extend the service'¢coveérage of A-WRAN.

Figure 1la—An A-WRAN with an A-BS, A-CPEs, and S-CPEs

3. Definitions

3.x access zone (AZ): A communication zone between an A-BS and A-CPE or between an A-BS and S-
CPE in a frame.

3.x advanced base station (A-BS): A generalized equipment set providing connectivity, management and
control of the customer premise equipment (CPE) such as the advanced customer premise equipment (A-
CPE) and the subscriber CPE (S-CPE). The functionalities attributed to the A-BS, in the context of this
standard, may be implemented by a device or a collection of devices. Anything that is not an A-BS shall be
either of S-CPE or A-CPE.
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3.x advanced customer premise equipment (A-CPE): A generalized equipment set providing direct or
relay connectivity between an A-BS and S-CPEs. A-CPE operates one of two modes: centralized scheduling
mode and distributed scheduling mode.

3.x Advanced Wireless Regional Area Network (A-WRAN): The A-WRAN provides all essential
functionalities of PHY, MAC, secnrity, and cognitive radio technologies defined in the TEEE 802 22 WRAN

and supports additional functionalities of an additional PHY mode, multi-hop relay operations, multiple
channel operations, multiple-input-multiple-output (MIMO) operations, and advanced security to extend
regional area broadband services to the regional monitoring applications and the enhanced broadband
services.

3.x centralized relay zone (CRZ): A communication zone between a centralized scheduling A-CPE_ and S-
CPE in a frame.

3.x centralized scheduling A-CPE: A generalized equipment set providing relay connectivity between an
A-BS and S-CPEs.

3.x centralized scheduling mode: A mode where an A-CPE operates as a centralizéd’scheduling A-CPE.

3.x distributed relay zone (DRZ): A communication zone between a distributed scheduling A-CPE and S-
CPE in a frame.

3.x distributed scheduling A-CPE: A generalized equipment sef/providing relay connectivity between an
A-BS and S-CPEs, and providing connectivity, management and\¢ontrol of the subscriber CPEs (S-CPEs)
within a local network.

3.x distributed scheduling mode: A mode where an A-€PE operates as a distributed scheduling A-CPE.

3.x group resource allocation (GRA): The group.is'composed of one A-CPE and many S-CPEs. The A-BS
allocates the resources on a group basis, and manages the backup and candidate channels on a group basis.

3.x local cell: A cell is formed by a distributed scheduling A-CPE and zero or more S-CPEs associated with
and under control of the distributed schieduling A-CPE. The coverage area of this local cell extends up to the
point where the signal received from the distributed scheduling A-CPE is sufficient to allow S-CPEs to
associate and maintain communi@ation with the A-BS on relay connection.

3.x multiple channel: Réfers to more than one specific physical radio frequency (RF) channel in the TV
broadcast frequency bands, which may be 6 MHz, 7 MHz, or 8 MHz wide depending on the relevant
regulatory domains:

3.x multiple-input, multiple-output (MIMO): A system employing at least two transmit (Tx) antennas and
at least twp receive (Rx) antennas to improve the system capacity, coverage, or throughput.

3.x<PHY Operation Mode 1 (PHY-OM1): A physical layer mode supporting the system defined in
Clause 9 of IEEE Std 802.22b-2015.

3.x PHY Operation Mode 2 (PHY-OM2): A physical layer mode supporting the system defined in
Clause 9a of IEEE Std 802.22b-2015.

3.x receive/transmit transition gap (RTG): A gap between the last sample of the upstream (US) subframe
and the first sample of the subsequent downstream (DS) subframe at the antenna port of the BS in a time
division duplex (TDD) transceiver. This gap allows time for the BS to switch from receive (Rx) to transmit
(Tx) mode. During this gap, the BS is not transmitting modulated data but simply allowing the BS
transmitter carrier to ramp up and the Tx/Rx antenna switch to actuate.
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3.x relay receive/transmit transition gap (RRTG): A gap between the last sample of the downstream (DS)
access zone and the first sample of the subsequent DS relay zone at the antenna port of the A-CPE in a time
division duplex (TDD) transceiver. This gap allows time for the A-CPE to switch from receive (Rx) to
transmit (Tx) mode. During this gap, the A-CPE is not transmitting modulated data but simply allowing the
A-CPE transmitter carrier to ramp up and the Tx/Rx antenna switch to actuate.

3.x relay transmit/receive transition gap (RTTG): A gap between the last sample of the upstream (US)
access zone and the first sample of the subsequent US relay zone at the antenna port of the A-CPE in a time
division duplex (TDD) transceiver. This gap allows time for the A-CPE to switch from transmit (Tx) to
receive (Rx) mode. During this gap, the A-CPE is not transmitting modulated data but simply allowing the
A-CPE transmitter carrier to ramp down and the Tx/Rx antenna switch to actuate, and the A-CPE recgiver
section to activate.

3.x relay zone (RZ): A communication zone between any A-CPE and an S-CPE or A-BS. A‘reldy zone is
operated as one of the following two relay zones: centralized relay zone (CRZ) and distributed relay zone
(DRZ).

3.x subscriber customer premise equipment (S-CPE): A generalized equipment set providing
connectivity between a A-BS and a subscriber premise, or between an A-CPE and a subscriber premise. S-
CPE is used for any CPE that is not an A-CPE.

3.x transmit/receive transition gap (TTG): A gap between the last.'Sample of the downstream (DS)
subframe and the first sample of the subsequent upstream (US) subframe at the antenna port of the BS in a
time division duplex (TDD) transceiver. This gap allows time fotr‘the BS to switch from transmit (Tx) to
receive (Rx) mode. During this gap, the BS is not transmitting modulated data but simply allowing the BS
transmitter carrier to ramp down and the Tx/Rx antenna Switch to actuate, and the BS receiver section to
activate.

3.x urgent coexistence situation (UCS): A sitiation where a WRAN detects incumbents in the current
operating channel.

4. Abbreviations and acronyms

A-BS advanced.base station

A-CPE adyanced customer premise equipment
AZ dccess zone

A-WRAN advanced wireless regional area network
CRZ centralized relay zone

CAM channel allocation manager

CHU channel transceiver unit

DL downlink

DRZ distributed relay zone

DTT downstream transit test

Ex-FCH extended frame control header

GRA group resource allocation

e tocatcctupdate

MD-TCM multidimensional trellis coded modulation
MIMO multiple-input, multiple-output

OSIC ordered successive interference cancellation
OSTBC orthogonal space-time block codes
PHY-OM1 Physical Layer Operation Mode 1
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PHY-OM2 Physical Layer Operation Mode 2
QP quiet period

RRTG relay receive/transmit transition gap
RTTG relay transmit/receive transition gap
S-CPE subscriber CPE

STC space time coding

UL uplink

ZF zero-forcing

7. MAC Common Part sublayer

This clause describes the MAC layer used by the IEEE 802.22 WRAN point-to-multipoint medium access
control standard_and the TEEE 802.22b advanced WRAN (A-WRAN) multi-hop relay“medium access
control standard. The MAC provides tools for protection of TV bands incumbent-setvices as well as for
coexistence. The A-WRAN MAC provides all functionalities of the WRAN MAC and additionally supports
multi-hop relay operations, multiple channel operations, multiple-input-multiple-eutput (MIMO) operations,
etc. Fhe MAC—is-Both WRAN and A-WRAN MACs are connection-oriented and provides flexibility in
terms of QoS support. Fhe-MAC+regulates The WRAN MAC and the AXWRAN MAC regulate downstream
medium access by TDM, while-and the upstream is managed by using’a DAMA/OFDMA system. In the
WRAN MAC, the BS manages all the activities within its [EEE&02:22 cell, and the associated CPEs are
under the control of the BS. The A-WRAN MAC provides. point-to-multipoint connections and relay
connections between the advanced base station (A-BS) and.the.CPEs within an A-BS’s cell. The multi-hop
relaying is facilitated by an advanced CPE (A-CPE). An A~CPE shall operate one of two modes (centralized

scheduling mode and distributed scheduling mode) depernding on capability or network situations. The A-
CPE that operates in the centralized scheduling niede (called a centralized scheduling A-CPE) provides
relay connections for the subscriber CPEs (S-CREs) under the management of the A-BS. The A-CPE that
operates in the distributed scheduling mode (ealled a distributed scheduling A-CPE) may configure a local
cell and has similar capabilities to that of A<BS, in that it manages S-CPEs within the local cell. The A-BS
manages the A-WRAN cell’s CPEs». and local cells. A higher throughput compared to the

IEEE Std 802.22™-2011 may be achieved by individual use or combinational use of multi-channel
operation (7.24), high modulation and coding (9.2, 9a.2), or MIMO (9.15. 9a.15).

7.1 General

JONDQY
In an A-WRAN cell consisting of CPEs (e.g., A-CPEs and S-CPEs), all A-CPEs and multiple S-CPEs are
managed by a single A-BS, and other S-CPEs are managed by distributed scheduling A-CPEs. The
downstieai’is TDM where the A-BS transmits and the CPEs receive. The upstream transmissions, where
the CREs transmit and the A-BS receives, are shared by the CPEs on a demand basis, according to a DAMA/
OEDMA scheme. Within a local cell consisting of a distributed scheduling A-CPE and S-CPEs, multiple S-
CPEs are managed by the distributed scheduling A-CPE. The downstream within a local cell is TDM where
the distributed scheduling A-CPE transmits and the S-CPEs receive. The upstream transmissions within a
local cell, where the S-CPEs transmit and the distributed scheduling A-CPE receives, are shared by the S-
CPEs on a demand basis, according to a DAMA/OFDMA scheme.

5
Copyright © 2015 IEEE. All rights reserved.

© IEEE 2015 - All rights reserved



https://iecnorm.com/api/?name=eca699ef3cd9bf3eefed1ae4a91bfbc0

ISO/IEC/IEEE 8802-22:2015/Amd 2:2017(E)

IEEE Std 802.22b-2015
IEEE Standard for Wireless Regional Area Networks
Part 22: Cognitive WRAN MAC and PHY Specifications: Policies and Procedures for Operation in the TV Bands
Amendment 2: Enhancement for Broadband Services and Monitoring Applications

Fhe-Both WRAN MAC and A-WRAN MAC implements a combination of access schemes that efficiently
control contention between CPEs within a cell and overlapping cells sharing the same channel while at the

The use of polling simplifies the access operation and attempts to allow applications to receive service on a
deterministic basis if it is required.

Fhe-Both WRAN MAC and A-WRAN MAC is-are connection-oriented, and as such, connections are a.key
component that require active maintenance and hence can be dynamically created, deleted, and changed as
the need arises. A connection defines both the mapping between convergence processes at CPEg~and BS or
A-BS and the related service flow (one connection per service flow). For the purposes of mapping to
services on CPEs and associating varying levels of QoS, all data communications are instantiated in the
context of a connection, and this provides a mechanism for upstream and downstream Qo0S-management. In
particular, the QoS parameters are integral to the bandwidth allocation process as)the CPE requests
upstream bandwidth on a per connection basis (implicitly identifying the servicesflow). The BS, A-BS, or
the distributed scheduling A-CPE., in turn, grants bandwidth to a CPE as an aggregate of grants in response
to per-connection requests from the CPE.

An A-WRAN may support multiple connections between A-BS\and” A-CPE(s) or S-CPE(s), or between A-
CPE and S-CPE(s), by using multiple channels (7.24). Whenumultiple channels are available and used for
the connections between A-BS and A-CPE(s) or S-CPE(s),-or between A-CPE and S-CPE(s), a frame is
assigned to the connection on the different channel inte multiple channels. The frame format on each
channel shall follow the frame format described in %4, 7.4a, and 7.4b.

7.2 Addressing and connections

Each A-BS and CPE in an AsWRAN shall have a 48-bits universal MAC address, as defined in
IEEE Std 802®. This address uniquely defines the A-BS and CPE from within the set of all possible
vendors and equipment typ€s. It is used as part of the authentication process by which the A-BS and CPE
each verifies the identity_of the other at the time of network association. The A-BS MAC address is
broadcast by the -A:BS on superframe control header (SCH) on PHY Operation Mode 1 (Clause 9) or
frame control headert (FCH) on PHY Operation Mode 2 (Clause 9a) and is present in every CBP burst.
Each A-WRAN .device regularly broadcasts a CBP burst containing its Device ID and Serial Number.
This is donevas part of the device’s self-identification process that helps identify potential interference
sources to inCumbent services and for coexistence purposes.

o

L13LIN

Connections are identified by two items, a 913-bit station ID (SID) and a 3-bit flow ID (FID). The SID
uniquely identifies a station that is under the control of the BS, the A-BS, or the distributed scheduling A-
CPE. A SID can be for a unicast station, when referencing a single CPE, or for a multicast station, when
referencing a multicast group (of CPEs). A FID identifies a particular traffic flow assigned to a CPE. The
tuple of SID and FID (SID | FID) forms a connection identifier (CID) that identifies a connection for the
CPE. The SID is signaled in the DS/US-MAP allocation, and the FID is signaled in the generic MAC
header (GMH) of a MAC PDU. This allows for a total of up to 542-8192 stations, each with a maximum of
eight flows that can be supported within each downstream and upstream channel.
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At CPE initialization, three flows shall be dedicated for management connections (see 12.2) for the purpose
of carrying MAC management messages and data between a CPE and the BS/A-BS or the distributed
scheduling A-CPE. The three flows reflect the fact that there are inherently three different levels of QoS for
traffic sent on management connections between a CPE and the BS/A-BS or the distributed scheduling A-
CPE. The basic flow is used by the BS/A-BS MAC or the distributed scheduling A-CPE MAC and CPE

MAC to exchange short, time-urgent MAC management messages: whereas, the primary management flow

is used by the BS/A-BS or the distributed scheduling A-CPE MAC and CPE MAC to exchange longer, more
delay-tolerant MAC management messages (Table 19 specifies which MAC management messages are
transferred on which type of connections). Finally, the secondary management flow is used by the BS/A-BS
or the distributed scheduling A-CPE and CPE to transfer more delay-tolerant, standards-based (e.g., DHCP,
TFTP, and SNMP) messages that are carried in IP datagrams. The secondary management flow may(be
packed and/or fragmented, similarly to the primary management except that no ARQ should be used.for the
latter since it is more time critical.

Many higher-layer sessions may operate over the same wireless connection. For example, many users
within a company may be communicating with Transmission Control Protocol A(TCP)/IP to different
destinations, but since they all operate within the same overall service parameters, all of their traffic is
pooled for request/grant purposes. A service flow is a unidirectional flow,0f traffic (BS/A-BS to CPE, or
CPE to BS/A-BS, distributed scheduling A-CPE to CPE. or CPE to distfibuted scheduling A-CPE) that
defines the mapping of higher-layer application service parameters \(e.g., QoS) to a FID assigned to a
particular CPE’s unicast SID or multicast group (multicast SID).

7.3 General superframe structure

The A-WRAN supports two PHY operation medés: PHY Operation Mode 1 (PHY-OM1, Clause 9) and
PHY Operation Mode 2 (PHY-OM2, Clause 9a).

The WRAN system and the A-WRANUsystem on PHY-OMI1 shall support the following superframe
structure.

The A-WRAN on PHY-OM2.does not support the following superframe structure.

The TEEE-802:22 WRAN system and the A-WRAN system on PHY-OM1 includes two operational modes:
a normal modg and a self-coexistence mode. In normal mode, one WRAN/A-WRAN cell occupies one or
more channels'and operates on all the frames in a superframe. In self-coexistence mode, multiple WRAN
and/or A=WRAN cells share the same channel, and each coexisting WRAN and/or A-WRAN cell operates
on ong,of several different frames exclusively.

-

Ve

7.4 General frame structure_(on PHY-OM1)

The WRAN system and the A-WRAN system on PHY-OMI1 described in Clause 9 shall support the
following frame structure.
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7.4a General frame structure (on PHY-OM2)

The A-WRAN on PHY-OM2 described in Clause 9a shall support the following frame structure.

The A-WRAN on PHY-OM2 includes two operational modes: a normal mode and a self-coexistence mode.
In normal mode, one A-WRAN cell occupies one or more channels and operates on all the frames. In self-
coexistence mode, multiple A-WRAN cells share the same channel, and each coexisting WRAN celt
operates on one or several different frames exclusively.

The A-WRAN on PHY-OM2 shall transmit the Frame Control Header (FCH) (7.5.2a, Table 2a) at the
beginning of every frame on the operating channel in both normal mode and self-coexistence mode. An A-
WRAN runs in normal mode by default and transits to self-coexistence mode when the A-WRAN can detect
and decode an FCH or a CBP from an adjacent A-WRAN cell on its operating channel.

7.4a.1 General frame structure for normal mode

The A-WRAN frame structure depicted in Figure 12 shall be used and the figst frame shall be constituted of
the following:

— A PHY frame preamble (Clause 9a)
— A Frame Control header (FCH) (7.5.2a)

—  The rest of the first frame including its frame header-and/data payload

At the beginning of every frame, the A-BS shall transmit,the frame preamble and the FCH on the operating
channel using the modulation/coding specified in 9a22 and Table 23 1e, respectively. In order to associate
with an A-BS, a CPE must receive the FCH to establish communication with the A-BS. During each MAC
frame, the A-BS shall manage the upstream and-downstream operations, which may include ordinary data
communication, measurement activities, coexistence procedures, and so on.

7.4a.2 General frame structure for'self-coexistence mode

The A-WRAN frame structure:ifiZself-coexistence mode is shown in Figure 13a. The self-coexistence mode
is for the scenario when multiple A-BSs with overlapping coverage have to share the same channel. The
frequency reuse factor cariot be maintained as one due to the mutual interference of these A-BSs. In this
case, the A-BSs shall ghare the channel on a per-frame basis, i.e., each A-BS is allocated the frames on a
non-interference basis> The negotiation process of frame allocation can be found in 7.20.

In self-coexistence mode, the A-BS and CPEs in an A-WRAN cell shall transmit only during the active
frames allocated to that A-WRAN cell. They can transmit during other frames only when a self-coexistence
window\(SCW) has been scheduled. During the frames not allocated to the present cell, the A-BS and CPEs
may..monitor the channel for any transmission from neighboring A-WRAN cells to improve self-
cogxistence.

7.4a.3 Frame format

The top-down time division duplex (TDD) frame structure employed in the MAC is illustrated in Figure 12.
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Figure 13a—General frame structure on PHY-OM2 for self-coexistence mode

As illustrated in Figure 13b, a frame comprises two parts: a downstream (DS) subframe and an upstream (US)
subframe. A portion of the US subframe may be allocated as a window to facilitaté” self-coexistence. This
SCW may be scheduled by the A-BS at the end of the US subframe when necessary to allow transmission of
opportunistic coexistence beacon protocol bursts. The SCW includes the fiecessary time buffers to absorb
the difference in propagation delay between nearby and distant A-BSs<and CPEs operating on the same
channel. The boundary between the DS and US subframes shall b¢ adaptive to adjust to the DS and US
relative capacity. The US subframe may contain scheduled US PHY PDUs, each transmitted from different
CPE:s for their US traffic. It may also include contention interyals scheduled for the following:

—  CPE association (initial ranging)

—  CPE link synchronization, power control, and,geolocation (periodic ranging)
— Bandwidth request

—  Urgent coexistence situation (UCS) natification

—  Quiet period (QP) resource adjustrment
The definitions of the fields/messages\are given in 7.6 and 7.7.

The PHY PDUs may be transmitted across several subchannels as shown in Figure 13b, which depicts how
a frame may be transmitted (in time and frequency) by the PHY.

Figure 13b shows an.éxample of the two-dimensional (2D) (time/frequency) structure of the MAC frame
that shall consist (ofyan integer number of fixed-size OFDM slots. Each slot shall consist of 4 OFDM
symbols by one subchannel (i.e., | OFDM slot for DS =4 symbols x 1 subchannel) for DS and shall consist
of 7 OFDMusymbols by subchannel (i.e., I OFDM slot for US= 7 symbols x 1 subchannel) for US
(9a.1.3.).NA subchannel consists of 16 subcarriers. In Figure 13b, the MAC packets are assumed to be
structuréd’in a linear TDM manner (see Figure 12), and the PHY packets are arranged in a 2D time/
frequency domain (symbol in the horizontal direction, logical subchannels in the vertical direction). For the
FCH, DS/US-MAP, DCD, UCD, and DS payload, the MAC information is first laid vertically by
Subchannels and then stepped horizontally in the time direction. This vertical layering allows early
scheduling of DS bursts assigned to distant CPEs to compensate for propagation delays and to avoid
potential interference at the CPE if overlapping A-WRAN cells with different DS/US capacity split.
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Figure 13b—Example of a time/frequency structure of a MAC frame for PHY-OM2

The MAC data elements, starting from the FCH-and including the first broadcast burst, shall be entered
into the portion between the second OFDM symiboland fifth OFDM symbol, which is based on the number
of symbols defined in a tile (9a.1.3.1), as shown in Figure 13b, in the increasing order of logical subchannels
until all logical subchannels are occupied«Then, the subsequent data elements, if they have not all been
mapped, shall be placed in the same_6tder on the following OFDM symbols. The balance of the last
OFDM symbols shall be padded withzeros. The modulation and coding schemes for the padding zeros are
defined by the DIUC for the last DS burst in the DS-MAP. Note that the DS-MAP indicates the length of
the contiguous DS MAC elements; not their absolute position in the DS subframe.

The MAC data elements, that are contained in US bursts shall be mapped to the US subframe in a different
order as shown in Figure 13b. They are first mapped horizontally, 7 OFDM symbols by 7 OFDM
symbols, in the same logical subchannel. Once a logical subchannel has been filled to the end of the
US subframe, the balance of the MAC data elements shall be mapped to the next logical subchannel, in an
increasing sibchannel order. This process continues until all of the subchannels and symbols allocated to
the burst-are filled. If the quantity of MAC data elements is insufficient to fill an US burst so that an
integer nember of OFDMA slots is occupied once encoded, zero padding shall be inserted at the end.

Alternatively, the horizontal laying of the MAC data elements may fill one subchannel with at least 7
OFDM symbols at a time and continue on the following subchannels. However, when all logical
subchannels have been filled, the next MAC data elements shall be placed in the first available logical
subchannel in the following burst. The width of the last vertical burst will be between 7 and 13 symbols

depending on the total mumber of symbols in the US subirame.
The long US packet structure, where a logical subchannel is completely filled before moving to the next

subchannel, is used to maximize the allowed power per subcarrier for a given CPE EIRP limit, i.e., this
horizontal laying reduces the EIRP required by the CPE for its US burst by minimizing the number of
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subchannels needed. In the US, the shorter burst alternative shown in Figure 13b is used to reduce latency
by allowing advance of the US burst in the US subframe to give the base station time to react before the
start of the next frame, at the cost of reduced transmit power and efficiency (e.g., video game near real-time
versus transmission efficiency).

The format of the FCH MAC burst is described in 7.52a The FCH is modulated nsing the data mode

selected (e.g., Mode 2) (Table 231e). Binary convolutional coding (BCC; 9a.7.2.1) shall also be applied to
the FCH burst. The FCH specifies the burst profile and the length of either the DS-MAP, if transmitted, or
the US-MAP. If neither the DS-MAP nor the US-MAP is transmitted, the value shall be set to zero. The
DS-MAP message, if transmitted, shall be the first MAC PDU in the burst following the FCH. A US-MAP
message, if transmitted, shall immediately follow either the DS-MAP message, if transmitted, or the FCH_If
DCD and UCD messages are transmitted in the frame, they shall immediately follow the DS-MAP and US-
MAP messages. The symbols containing these broadcast MAC control messages shall be modutated using
data mode 2 as described in Table 23 1e with the mandatory BCC mode (see 9a.7.2.1).

In the US direction, if a CPE does not have any data to transmit in its US allocation, it shall’ transmit an US
PHY burst containing a generic MAC header (see 7.6.1.1) with its basic FID, together with a Bandwidth
Request subheader (see 7.6.1.2.1). This would allow the A-BS to reclaim this\ CPE’s allocation in the
following frames and use the resource for some other purpose.

The A-BS may schedule up to five types of contention windows (see 7.13)

— The Initial Ranging window is used for initializing the agsoeiation.

—  The periodic ranging window is used for regularly adjusting the timing and power at the CPE.
—  The BW request window is used by CPEs to requestJS bandwidth allocation from the A-BS.
—  The UCS notification window is used by CPEs tgreport a UCS with incumbents.

— The SCW is employed by CBP packets forsignaling information to adjacent and overlapping A-
WRAN cells for self-coexistence, signdling the device identification for resolving interference
situations with incumbents when requested by local regulation, and carrying out terrestrial
geolocation between CPEs of the sah¢ A-WRAN cell.

However, CBP burst transmissions,for terrestrial geolocation shall have lower priority than any other
coexistence transmission on the CBR burst.

The SCW shall be scheduled atthe end of the frame as depicted in Figure 13b. The CBP packets (9a.5) are
transmitted by selected CREs or the A-BS and carry information, among other things, about the A-WRAN
cell as a whole and the~device that transmits it as well as information to support the self-coexistence
mechanism (see 7,20);

A CBP packetishall be transmitted by each CPE associated to an A-BS as specified by the parameter “T34”
in Table 272)for periodic identification of its device ID and serial number and the associated base station ID
as may berequired by local regulations (see Annex A).

Wihenever a CPE is neither receiving nor sending data to its A-BS (idle state), it shall be capable of decoding
CBP packets transmitted by nearby CPEs belonging to other A-WRAN cells, on the same channel (N), or
on adjacent channels (N+1), or on alternate channels (N+2 and beyond). This capability shall also be

avallable at CPE m1t1al1zat10n In addition, A-BS frame synchromzatlon is based on the absolute local
SNC e erenced to UUTC ag C?P!‘1FP{" m723 l—lpnr-p

mult1ple co- located or nearby A BS cells can efﬁc1ently communicate with each other and align the1r
SCW for CBP exchange as well as their quiet periods for sensing incumbents.
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7.4b General frame structure for a relay network

The A-WRAN system on both PHY-OMI1 and PHY-OM2 shall support the following frame structure for
relay.

A gpnprn] frame structure has two different maodes for relav: a centralized scheduling mode and a distributed
=

scheduling mode.

For centralized scheduling mode, a centralized scheduling A-CPE relays frames including control frames or
data frames received from (to) the A-BS to (from) the S-CPE, which will enhance connection reliability
between the A-BS and S-CPEs. Moreover, a centralized scheduling A-CPE may relay network managendent
information received from an A-BS such as the preamble, FCH, MAPs, etc., to S-CPEs to assist the mgtwork
management of the A-BS

For distributed scheduling mode, a distributed scheduling A-CPE configures a local cell-containing more
than one S-CPE within an A-WRAN cell and manages the S-CPEs locally by produciig and transmitting
network management information (such as a local frame preamble, distributed relay zone (DRZ)-FCH
(7.5.2b), MAPs, etc.), which allows for reducing the network management overhead.of the A-BS as well as
could extend the service coverage of A-WRAN.

7.4b.1 General frame structure for a centralized scheduling made

Each of the DS and US subframes for a centralized scheduling mode“may include two zones: access zone
(AZ) and centralized relay zone (CRZ) as shown in Figure 13¢) ' Edch AZ in the DS and US subframes is
used for transmission between an A-BS and CPEs (i.e., centralized scheduling A-CPEs or S-CPEs), and
each CRZ in the DS and US subframes is used for transmission between a centralized scheduling A-CPE
and S-CPEs.

10m:

Frame 0 Frame 1 Frame 15
== Symbol§——— ————————— TTeee.
128 4]5 [ 6]7 B0 10] mm—m—mm——mme [ K5| XA XB[ X2 X1 X | X1 Xop| X3 X4 X85| o6 XT| 38| X89] | === mmmmmmmm—mm—mm—mm oo | Y-6]Y-5|Y=4] Y-3|Y-2[ Y-1] Y
1\ X Relay
3 " Ranging/BW request/UCS Ranging/BW request/UCS
& ™ notification notification
\.J
:
)
D: [
<
= \
o = 3
) %] n
| A ‘ 2 A
3 \ 2 S
= N g H
15} 3 =
g o D,
g ©
%) 122}
(
)
g g
& =
4 4 QO
2
AccessZone Centralized Rels Access Zane Centralized Relay Zone
- -
(AZ) Zone (CRZ) (AZ) (CRZ)
DS subfram i US subframe

Figure 13c—Example of a time/frequency structure of a MAC frame for a centralized

scheduling mode on PHY-OM2
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For centralized scheduling mode, both the AZs and CRZs in the DS and US subframes are managed by an
A-BS. The AZ of the DS subframe shall appear earlier than other zones of the AZ of the US subframe or the
CRZs of the DS and US subframes. Except for the AZ of the DS, the order of the AZ of the US subframe,
the CRZ of the DS subframe, and the CRZ of the US subframe in the frame may be changed during the
operations.

7.4b.2 General frame structure for a distributed scheduling mode

Each of the DS and US subframes for a distributed scheduling mode may include two zones: access zone
(AZ) and distributed relay zone (DRZ) as shown in Figure 13d. Each AZ in the DS and US subframes is
used for transmission between an A-BS and CPE:s (i.e., distributed scheduling A-CPEs or S-CPEs), and gach
DRZ in the DS and US subframe is used for transmission between a distributed scheduling A-CPE_and S-
CPEs.

Both the AZs and DRZs in the DS and US subframes are scheduled by an A-BS. For distributed scheduling
mode, the AZs in the DS and US subframes are managed by an A-BS, and the DRZir-the DS and US
subframes are controlled by a distributed scheduling A-CPE, which is capable0of configuring and
maintaining a local cell within an A-WRAN cell. The AZ of the DS subframe shall appear earlier than other
zones of the AZ of the US subframe or the DRZs of the DS and US subframes, Except for the AZ of the DS,
the order of the AZ of the US subframe, the DRZ of the DS subframe, and.th¢ DRZ of the US subframe in
the frame may be changed during the operations.
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Figure 13d—Example of a time/frequency structure of a MAC frame for a distributed
scheduling mode on PHY-OM2

For the A-WRAN on either PHY operation mode, the subchannels of the DRZs in the DS and US subframes
can be grouped by up to three segments with the fixed number of subchannels as shown in Figure 13e. The

segment bandwidth is scalable up to the occupied subchannel as shown in Figure 13f. For PHY-OMI and
PHY-OM2, each segment includes the number of subchannels defined in Table Al. For the DS of PH-OM2,
the number of tiles per occupied channel bandwidth is not divided by 3. Thus segments 1, 2, and 3 have a
different number of tiles, i.e., 72, 68, and 68 tiles, respectively. Figure 13f shows all the combinations of
three segment bandwidths and three start positions. As shown in Figure 13g, the number of segment
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bandwidth modes is 3, 2, and 1 for the first, second, and third start positions, respectively. The configuration
of the segmentation scheme can be identified by local frame preamble as defined in 9.4.1.5 and 9a.4.1.1. The
segmentation can be scheduled by the A-BS, and each segment is assigned to the different distributed
scheduling A-CPEs. This segmentation is used to increase network capacity.
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Table A1—Segment bandwidth

PHY-OM1 PHY-OM2
DS Us DS Us
(subchannels)y | (subchannels) giles) diles)
Size of Segment 1 10 20 72 70
Size of Segment 2 10 20 68 70
Size of Segment 3 10 20 68 70

Start Position of Segment

0 1 2

< 1 Segment

o

3

R

T

@ 2 Segments NA
1=

[

£

i

o 3 Segments NA NA

v

Figure 13g—Combination 0fysegment start position and segment bandwidth

7.4b.3 Detail of zones
7.4b.3.1 Access zone (AZ)

At the beginningrofievery superframe in AZ on PHY-OMI, the A-BS shall transmit the superframe
preamble and the 'SCH on the operating channel using the modulation/coding specified in 9.4.1.2 and
Table 202, respectively. At the beginning of every frame in AZ on PHY-OM2, on the other hand, the A-BS
shall tran§mit' the frame preamble and the FCH on the operating channel using the modulation/coding
specified in 9a.2 and Table 23 1e, respectively. In order to associate with an A-BS, a CPE must receive the
SCH.or FCH to establish communication with the A-BS.

An AZ in the US subframe may contain scheduled US PHY PDUs, each transmitted from different CPEs for
their US traffic. It may also include contention intervals scheduled for the following:

CRE-association{Gnitialranaina)
AN

o/
—  CPE link synchronization, power control, and geolocation (periodic ranging)
Bandwidth request
UCS notification

—  Quiet period resource adjustment
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The 2D (time/frequency) structure of the MAC frame shall consist of an integer number of fixed-size
OFDM slots. For PHY-OMI1, each slot shall consist of one OFDM symbol by one subchannel (i.e.,
1 OFDM slot = 1 symbol x 1 subchannel) for both DS and US. For PHY-OM2, on the other hand, each slot
shall consist of 4 OFDM symbols by one subchannel (i.e., 1 OFDM slot for DS = 4 symbols x 1
subchannel) for DS and shall consist of 7 OFDM symbols by subchannel (i.e., 1 OFDM slot for US =7
symbols x subchannel) for US (9a. 1.3 1) For the FCH, DS/TUS-MAP, DCD, UUCD_and DS payload in an

AZ, the MAC information is first laid vertically by subchannels and then stepped horizontally in the time
direction. This vertical layering allows early scheduling of DS bursts assigned to distant CPEs to
compensate for propagation delays and to avoid potential interference at the CPE if overlapping
A-WRAN cells with different DS/US capacity split.

In an AZ, the MAC data elements, starting from the SCH/FCH and including the first broadcast busrstyshall
be mapped to the DS subframe in the manner described in 7.4 for PHY-OM1 and 7.4a.3 for PHY=OM2.

In an AZ, the MAC data elements that are contained in US bursts shall be mapped to the US subframe in the
manner described in 7.4 for PHY-OM1 and 7.4a.3 for PHY-OM2.

7.4b.3.2 Centralized relay zone (CRZ)

During a CRZ in the DS subframe, the centralized scheduling A-CPE transmits the MAC frames, which may
be transferred from the A-BS during an AZ in the DS subframe, to £h¢é\8-CPE on the scheduled slots
determined by the A-BS.

A CRZ in the US subframe may contain scheduled US PHY PDUs,€ach transmitted from different S-CPEs
for their US traffic, which forwards the centralized scheduling A-CPE. It may also include contention
intervals scheduled for the following:

—  CPE relay association (7.15.2.3.3)

—  CPE link synchronization, relay power gontrol, and geolocation (7.15.2.4.3)
— Relay bandwidth request

— Relay UCS notification

—  Quiet period resource adjustniént

The 2D (time/frequency) strucire of the MAC frame in a CRZ is the same manner as that in an AZ
(7.4b.3.1).

If a CRZ appeared in the-DS subframe, the CRZ shall be followed by the DS AZ in the MAC frame. The
MAC data bursts in-the CRZ shall be entered into the first subchannel within the portion, calculated by CRZ
Start Offset and Length in CRZDS-MAP IE (7.7.2.1.2.4), in the increasing order of logical subchannels until
all logical subchannels are occupied in the portion. Then, the subsequent data elements, if they have not all
been mapped, shall be placed in the same order on the following OFDM symbols. The balance of the last
OFDM symbols within the portion shall be padded with zeros. The modulation and coding schemes for the
padding zeros are defined by the DIUC for the last DS burst in CRZDS-MAP IE.

If’a CRZ appeared in the US subframe, the MAC data elements that are contained in relay US bursts shall
be mapped to the CRZ in the US subframe in the same manner as US subframe mapping in AZ (7.4b.3.1).

[he A-BS may schedule up to-four te;pes of contention-windows (epp i ]'l) mthe CRZ.

—  The relay initial ranging window is used for initializing the relay association.

—  The relay periodic ranging window is used for regularly adjusting the timing and power at the CPE.

16
Copyright © 2015 IEEE. All rights reserved.

© IEEE 2015 - All rights reserved


https://iecnorm.com/api/?name=eca699ef3cd9bf3eefed1ae4a91bfbc0

ISO/IEC/IEEE 8802-22:2015/Amd 2:2017(E)

IEEE Std 802.22b-2015
IEEE Standard for Wireless Regional Area Networks
Part 22: Cognitive WRAN MAC and PHY Specifications: Policies and Procedures for Operation in the TV Bands
Amendment 2: Enhancement for Broadband Services and Monitoring Applications

—  The relay BW request window is used by CPEs to request relay US bandwidth allocation from the
A-BS.

—  The relay UCS notification window is used by CPEs to report a UCS with incumbents.

7.4b.3.3 Distributed relay zone (DRZ)

For local cell operations within an A-WRAN, the A-BS will schedule a DRZ for a distributed scheduling A-
CPE, which is capable of managing a local cell. During a DRZ, the distributed scheduling A-CPE shall
transmit the local frame preamble (9.4.1.5, 9a.4.1.1) and the DRZ-FCH (7.5.2b) on the operating channel
using the modulation/coding specified in 9.2 and Table 202 for PHY-OM1 and 9a.2 and Table 231e for
PHY-OM2. In order to associate with the distributed scheduling A-CPE, an S-CPE must receive the DRZ-
FCH to establish communication with the distributed scheduling A-CPE. During each DRZ in thetDS and
US subframes, the distributed scheduling A-CPE shall manage the US and DS operations within)its local
cell, which may include ordinary data communication, measurement activities, coexistence procedures, and
SO on.

A DRZ in the US subframe may contain scheduled US PHY PDUs, each transmitted from different CPEs
for their US traffic to the distributed scheduling A-CPE. It may also include conténtion intervals scheduled
for the following:

—  CPE local association (7.15.2.3.2)

—  CPE local link synchronization, power control, and geolocation(7.15.2.4.2)
—  Local bandwidth request

—  Local UCS notification

—  Quiet period resource adjustment

The 2D (time/frequency) structure of the MACMrame in a DRZ is the same manner as that in an AZ
(7.4b.3.1).

If a DRZ appeared in the DS subframe, thesDRZ shall be followed by the DS AZ in the MAC frame. The
MAC data elements that are contained i?DS bursts shall be mapped to the DRZ in the DS subframe in the
same manner as the AZ in DS subframe mapping.

If a DRZ appeared in the US subframe, the MAC data elements that are contained in US bursts shall be
mapped to the DRZ in the US subframe in the same manner as the AZ in US subframe mapping
(7.4b.3.1).

The format of the ORZ-FCH MAC burst is described in 7.5.2b. The DRZ-FCH is modulated using the data
mode selected. BCC (9.7.2.1 for PHY-OMI1, 9a.7.2.1 for PHY-OM?2) shall also be applied to the DRZ-FCH
burst. The DRZ~FCH specifies the burst profile and the length of either the DS-MAP, if transmitted, or the
US-MAP.\If)neither the DS-MAP nor the US-MAP is transmitted, the value shall be set to zero. The DS-
MAP message, if transmitted, shall be the first MAC PDU in the burst following the DRZ-FCH. A US-MAP
message, if transmitted, shall immediately follow either the DS-MAP message, if transmitted, or the DRZ-
FECH: If DCD and UCD messages are transmitted in the frame, they shall immediately follow the DS-MAP
and US-MAP messages. The symbols containing these broadcast MAC control messages shall be modulated
using data mode 5 as described in Table 202 for PHY-OM1 or data mode 3 as described in Table 23 1e for
PHY-OM2 with the mandatory BCC mode (see 9.7.2.1).

The distributed scheduling A-CPE may schedule up to four types of contention windows (see 7.13):

—  The local Initial Ranging window is used for initializing the association.

—  The local periodic ranging window is used for regularly adjusting the timing and power at the CPE.
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—  The local BW request window is used by CPEs to request local US bandwidth allocation from the
distributed scheduling A-CPE.

—  The local UCS notification window is used by CPEs to report a UCS with incumbents.

7.4b.3.4 Application of PHY Operation Mode to Zone Type

When the A-BS is operating in PHY-OMI1, the DS AZ and DS CRZ shall be operated by PHY-OM1. A-
CPEs shall use PHY-OM1 to communicate with the A-BS in the DS AZ and DS CRZ.

When the A-BS is operating in PHY-OM2, the DS AZ and DS CRZ shall be operated by PHY-OM2..A-
CPEs shall use PHY-OM2 to communicate with the A-BS in the DS AZ and DS CRZ.

The A-CPEs operating in the DS DRZ, may be operated by either PHY-OM1 or PHY-OM2, indépendent of
what PHY operation mode the A-BS employs in the DS.

The A-BS may switch between PHY operation modes. Switching between PHY operation modes shall be
done only on a frame-by-frame basis. The A-BS and A-CPE indicate the PHY operation mode by selecting
one of several different local frame preamble types (9.4.1.5, 9a.4.1.1).

The corresponding US portion of a zone shall use the same PHY operatiofi,adde as the DS portion of the
zone.

WRAN CPE:s (called Legacy CPEs) shall operate only in AZs, CRZs,or DRZs that are configured for PHY -
OMI. To support Legacy CPEs, which can process only the Frame-Preamble defined in 9.4.1, the A-BS and
distributed A-CPE shall transmit only the Frame Preamble defined in 9.4.1 in the AZ/DRZ.

7.5 Control header

7.5.1 Superframe Control header

Table-1—Superframe Control header format

Syntax Size Notes

MAC version 8 bits IEEE 802.22 MAC version to which the message
originator conforms.

0x01: IEEE Std 802.22

0x02: IEEE Std 802.22b

0x03—0xFF: Reserved

Padding bits 5648 bits | Padding bits to fill the rest of the 360 bits of the SCH
symbol. All bits shall be set to 0.

7.5.2 Frame Control header

The format of the FCH for PHY-OM1 is shown in Table 2.
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7.5.2a Frame control header for PHY-OM2

7.5.2a.1 General

The format of the FCH for PHY-OM2 is shown in Table 2a. Since FCH decoding is critical, the FCH shall
be encoded using the modulation specified by the PHY-OM2 as described in Table 231e. The FCH contains
the length of either the DS-MAP or US-MAP that immediately follows the FCH (note that Length = 0
indicates the absence of any burst in the frame). When the DS-MAP is specified, the US-MAP length
information shall be contained in the first DS-MAP information element. When the US-MAP length_is
indicated in the FCH, there shall be no DS burst in the current frame. DCD and UCD messages, ifipfesent,
are carried by the next DS bursts specified by the DS-MAP. Location and profile of the data~bursts are
specified in the rest of the DS-MAP and US-MAP management messages. A HCS field occupics the last
byte of the FCH.

Table 2a—Frame control header format for PHY-OM?2

Syntax Size Note

Frame Control Header Format () {

A-BS ID 48 bits MAC address that uniquely identifies the BS transmitting
the FCH.

Length of the frame 6 bits Indicates-the length of the frame in number of OFDM
symbals from the start of the frame including all
preambles.

Length of the MAP message 10 bits Specifies the length of the MAP information element

following the FCH in OFDM slots. A length of 0 (zero)
indicates the absence of any burst in the frame.

Frame Number 8 bits Positive integer that represents the frame number (modulo
256). This field shall be incremented by 1.

CP 2 bits Cyclic Prefix Factor

Specifies the size of the cyclic prefix used by the PHY in
the frame transmissions in this frame. Predetermined
values are as follows:

00: 1/4 Tppr

01: 1/ 8 TFFT

11: 1/32 TFFT

Self-coexistence Capability 4 bits 0000: no self-coexistence capability supported
Indicator 0001: only Spectrum Etiquette

0010: Spectrum Etiquette and Frame Contention
0011-1111: Reserved

Extended FCH 2 bits 00: No Extended FCH
01: Extended FCH appears following this FCH
10-11: Reserved
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Table 2a—Frame control header format for PHY-OM2 (continued)

Syntax Size Note

MAC version 8 bits IEEE 802.22 MAC version to which the message
originator conforms

0x01: IEEE Std 802.22
0x02: IEEE Std 802.22b
0x03—-0xFF: Reserved

HCS 8 bits Header Check Sequence

7.5.2a.2 Extended frame control header (Ex-FCH)

The Ex-FCH specification is shown in Table 2b. The Ex-FCH decoding is the same as.ECH. The Ex-FCH
provides information about the A-WRAN cell in order to protect incumbents, Support self-coexistence
mechanisms, and support the intra-frame and inter-frame mechanisms for management of quiet periods for
sensing.

Table 2b—Extended frame control header format

Syntax Size Notes

Extended FCH_Format() {

Length 8 bits Length of Extended FCH
Current Intra-frame Quiet Period 8 bits Specified in number of frames, it indicates the spacing
Cycle Length between the frames for which the intra-frame quiet period

specification is valid. For example, if this field is set to 1,
the Quiet Period Cycle repeats every frame; if it is set to 2,
the Quiet Period Cycle repeats every 2 frames; etc. If this
field is set to 0, no intra-frame quiet period is scheduled, or
the current intra-frame quiet period is canceled.

Current Intra-frame Quiet Period 8 bits Valid only if Current Intra-frame Quiet Period Cycle
Cycle Offset Length > 0. Specified in number of frames, it indicates the
offset from this Extended FCH transmission to the
beginning of the first frame in the Current Intra-frame
Quiet Period Cycle Length.

Current Intrasframe Quiet Period 16 bits Valid only if Current Intra-frame Quiet Period Cycle
Cycle Fram¢ Bitmap Length > 0. Valid for each frame identified by the Current
Intra-frame Quiet Period Cycle Length. Each bit in the
bitmap corresponds to one frame within the frame. If the
bit is set to 0, no intra-frame quiet period shall be
scheduled in the corresponding frame. If the bit is set to 1,
an intra-frame quiet period shall be scheduled within the
corresponding frame for the duration specified by the
Current Intra-frame Quiet period Duration.

Current Intra-frame Quiet Periad R hits Valid only if Current Intra-frame Quiet Periaod Cycle

Duration Length > 0. If this field is set to a value different from 0
(zero), it indicates the number of symbols starting from the
end of the frame during which no transmission shall take
place.
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Table 2b—Extended frame control header format (continued)

Syntax

Size

Notes

Claimed Intra-frame Quiet Period
Cycle Length

8 bits

Specified in number of frames, it indicates the spacing
between the frames for which the intra-frame guiet period

specification claimed by an A-BS would be valid. For
example, if this field is set to 1, the Quiet Period Cycle
would repeat every frame; if it is set to 2, the Quiet Period
Cycle would repeat every 2 frames; etc. If this field is set to
0, no intra-frame quiet period is claimed by the A-BS.

Claimed Intra-frame Quiet Period
Cycle Offset

8 bits

Valid only if Claimed Intra-frame Quiet Period Cycle
Length > 0. Specified in number of frames, it indicates’the
offset from this Extended FCH transmission to thé time
where the Claimed Quiet Period Cycle resulting frem the
inter-BS negotiation (see 7.21.2) shall become the Current
Intra-frame Quiet Period Cycle.

Claimed Intra-frame Quiet Period
Cycle Frame Bitmap

16 bits

Valid only if Claimed Intra-frame Quiet-Period Cycle
Length > 0. Valid for each frameg identified by the Claimed
Intra-frame Quiet Period Cycle'Length. Each bit in the
bitmap corresponds to one,fiame within each specified
frame. If the bit is set to,0sM0 Intra-frame quiet period will
be scheduled in the corrésponding frame. If the bit is set to
1, an intra-frame quiet\period will be scheduled within the
corresponding framte-for the duration specified by Claimed
Intra-frame Quietvperiod Duration.

Claimed Intra-frame Quiet Period
Duration

8 bits

Valid only-fClaimed Intra-frame Quiet Period Cycle
Length >\07 If this field is set to a value different from 0
(zer@)y it indicates the number of symbols starting from the
€nd of the frame during which no transmission will take
place.

Synchronization Counter for Intra-
frame Quiet Period Rate

8 bits

Valid only if Claimed Intra-frame Quiet Period Cycle
Length > 0. This field is used for synchronizing the
Claimed Intra-frame Quiet Period rate among overlapping
A-BSs in order to allow dynamic reduction of the Intra-
frame Quiet Period rate. This Quiet Period rate is defined
as the number of frames with quiet periods identified by the
Cycle Frame Bitmap in the frames designated by the Cycle
Length, divided by this Quiet Period Cycle Length (see
7.21.2).

Synchronization Coutek for Intra-
frame Quiet Period Duration

8 bits

Valid only if Claimed Intra-frame Quiet Period Duration >
0. This field is used for synchronizing the Claimed Intra-
frame Quiet Period Durations among overlapping A-BSs in
order to allow dynamic reduction of the Intra-frame Quiet
Period Duration (see 7.21.1).

Inter-frame Quiet Period Duration

4 bits

Duration of Quiet Period

Indicates the duration of the next scheduled quiet period in
number of frames. If this field is set to a value different
from 0 (zero), it indicates the number of frames that shall
be used to perform in-band inter-frame sensing.

Inter-frame Quiet Period Offset

12 bits

Time to Quiet Period
Indicates the time span hetween the transmission of thig

information and the next scheduled quiet period for in-band
inter-frame sensing. The 8 leftmost bits (MSB) indicate the
frame number and the 4 rightmost bits (LSB) indicate the
frame number when the next scheduled quiet.

© IEEE 2015 - All rights reserved
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Table 2b—Extended frame control header format (continued)

Syntax Size Notes

SCW Cycle Length 8 bits Specified in number of frames. If this field is set to 0, then
no SCW cyvcle is scheduled. This field has to be 1 or larger

to be effective. To limit the number of possibilities, the
field shall be one of five following choices {1, 2, 4, 8, 16}.
For example, if this field is set to 1, SCW Cycle repeats
every frame; if it is set to 2, SCW Cycle repeats every 2
frames; etc.

SCW Cycle Offset 8 bits Specified in number of frames, it indicates the offset from
this Extended FCH transmission to the frame where\theé
SCW cycle starts or repeats (i.e., the frame contaifis SCWs
and is specified by the SCW Cycle Frame Bitmap): For
example, if this field is set to 0, the SCW cy¢le starts from
the current frame.

SCW Cycle Frame Bitmap 32 bits Valid for a unit of frame, each 2-bitin the bitmap
corresponds to one frame within theframe. If the 2-bit is
set to 00, there is no SCW scheduled for this frame. If the
2-bit is set to 11, a reservatiénbased SCW (reserved by the
current WRAN) is scheduflgdiin the corresponding frame. If
the 2-bit is set to 10, areServation-based SCW has been
scheduled by a dirgct-n¢ighbor WRAN cell in the
corresponding framte-and needs to be avoided by other
WRAN cells reeeiving this Extended FCH. If the 2-bit is
set to 01, alcontention-based SCW (that could be shared
with othé”WRANS) is scheduled by the current WRAN
cell iricthe corresponding frame. The number of
resefvation-based SCWs cannot exceed 2 per WRAN cell
petr SCW Cycle. At least one contention-based SCW shall
be scheduled in one SCW Cycle (code 01). The A-BSs
shall start scheduling their contention-based SCWs from
the last frame of the frame, going backward for multiple
contention-based SCWs. This bitmap applies only to the
frames scheduled by the SCW Cycle.

NOTE—Quiet period (QP) scheduling should be done
prior to the SCW scheduling so that SCWs avoid frames
already reserved for QP. If SCW conflicts with QP, QP
overrides the SCW.

Current DS/US Split 6 bits Effective start time (in OFDM symbols from the start of the
frame including all preambles) of the first symbol of the
US allocation when an A-BS-to-A-BS interference
situation has been identified by direct reception of this
parameter by an A-BS from a Extended FCH or a CBP
burst transmitted by another A-BS. The Allocation Start
Time as provided in the US-MAP (see Table 34) shall be
equal to this value if A-BS-to-A-BS interference has been
identified. This value shall be set to zero if no MA-BS-to-
A-BS interference has been identified (i.e., A-BS has not
received this parameter from another A-BS). In this case,
the Allocation Start Time in the US-MAP (see Table 34)
can be defined independently on a frame-by-frame basis by
the respective A-BSs based on their traffic requirement.
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Table 2b—Extended frame control header format (continued)

Syntax Size Notes

Claimed US/DS Split 6 bits Specified by each A-BS for A-BS-to-A-BS interference
(l.e.. when Extended FCH and/or CBP burst can be

received by an A-BS directly from another A-BS)
indicating the required DS/US split based in the traffic
requirement of the transmitting A-BS and the negotiation
process between the A-BSs (see 7.20.3). This value shall
be set to zero if no A-BS-to-A-BS interference has been
identified.

DS/US Change Offset 12 bits Indicates the time span between the transmission of this
information and the next scheduled change of the DS/US
split where the “Claimed DS/US split” value will/become
the “Current DS/US split” value. The 8 leftmost bits
(MSB) indicate the frame number and they4.rightmost bits
(LSB) indicate the frame number when the’next DS/US
split change shall take place. The value of this parameter is
determined by the negotiation precess between concerned
A-BSs (see 7.20.3). This value shall be set to zero if no A-
BS-to-A-BS interference hasdbeen identified.

Incumbent detection reporting 32 bits When the BS is informed by the database service that it can
inhibit timer continue operatingson'the current channel even though its
CPEs are repetitively’reporting an incumbent detection
situation (i.e.,'0n N or N+1), the A-BS can use this
parameter t0 1nhibit such reporting by the CPEs for a
specifiedperiod of time. This will avoid the CPEs flooding
the US subframe with unnecessary incumbent detection
reports.

Bit 0—4: Signal type (see Table 237)

Bit 5-31: Inhibit Period (number of frames)

HCS 8 bits Header Check Sequence

7.5.2b Distributed relay zon€(DRZ) Frame Control header (DRZ-FCH)

The DRZ-FCH is used in #DRZ for a distributed scheduling mode. The format of the DRZ-FCH is shown in
Table 2c. The DRZ-FCH-shall have the same encoding as the FCH in each mode of PHY-OM1 or PHY-
OM2. The DRZ-EEH contains the length of either the DS-MAP or US-MAP that immediately follows the
DRZ-FCH (note that Length = 0 indicates the absence of any burst in the frame). When the DS-MAP is
specified, the WS-MAP length information shall be contained in the first DS-MAP information element.
When the(US*MAP length is indicated in the DRZ-FCH, there shall be no DS burst in the current frame.
DCD and UCD messages, if present, are carried by the next DS bursts specified by the DS-MAP. Location
and«profile of the data bursts are specified in the rest of the DS-MAP and US-MAP management messages.
ACHES field occupies the last byte of the DRZ-FCH.
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Table 2c—DRZ Frame Control header (DRZ-FCH) format

Syntax Size Notes

DRZ
Frame Control Header Format() {

Distributed Scheduling A-CPE ID 48 bits MAC address that uniquely identifies the distributed
scheduling A-CPE transmitting the DRZ-FCH.

Length of the MAP message 10 bits Specifies the length of the MAP
information element following the FCH in OFDM slots.
A length of 0 (zero) indicates the absence of any burst in

the frame.

Frame Number 8 bits This field is same at the frame number indicated in FCH
(Table 2)

CP 2 bits Cyclic Prefix Factor

Specifies the size of the cyclic prefix used by the PHY in
the frame transmissions in this frame.)Predetermined
values are

00: 1/4 Tppr

01: 1/8 TFFT

10: 1/16 Tgpy

11: 1/32 TFFT

MAC version 8 bits This field is same’as the MAC version indicated in the
FCH.

HCS 8 bits Header«Check Sequence.

§

7.6 MAC PDU formats
7.6.1 MAC headers

7.6.1.1 Generic MAC header

Table 4—Encoding of the Type field

Typetbit Values

4 Bandwidth Request subheader

Indicates whether this is a bandwidth request frame, and hence contains a special
payload related to bandwidth allocation (see Table 5)

1: present

0: absent

3 ARQ feedback payload
1: present

Q: absent
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Table 4—Encoding of the Type field (continued)

Type bit Values

2 Extended Subheader types
Indicates whether the presen

ibheader is

extendedpresent
1: Extended
0: not Extended. Applicable to connections where ARQ is not enabled

1 Fragmentation/Packing subheader
1: present
0: absent

0 In the upstream: Grant Management subheader
1: present
0: absent

7.6.1.2 MAC subheaders and special payloads

Five types of subheaders may be present. These subheaders can be categerized into two types: subheaders
attached to each PDU (per-PDU) and subheaders attached to\.edch packed SDU (per-SDU). The
Fragmentation/Packing subheader is considered to be per-PDU wheun the “Purpose bit” in Table 6 is set to 0
(e.g., set to Fragmentation). The other per-PDU subheaders @-€--are the Bandwidth Request, Eragmentation/
PaekingExtended, Grant Management, and ARQ FeedbaekZ The per-PDU subheaders may be inserted in
MAC PDUs immediately following the generic MAG, header. If indicated, the Bandwidth Request
subheader shall always follow the Generic MAC h¢adet. In the upstream, if both the Grant Management
subheader and Fragmentation/Packing subheaden *(set to Fragmentation) are indicated, the Grant
Management subheader shall come first. If both¢he Grant Management subheader and Bandwidth Request
subheader are indicated, the Grant Management subheader shall come first._If Extended Subheader and
Bandwidth Request subheader are both present, the Extended Subheader comes first.

For the upstream, the following, order for per-PDU subheaders, when multiple subheaders are present in the
same MAC PDU, shall be'followed: Grant Management, Extended, Bandwidth Request, Fragmentation/
Packing (set to Fragméntation), and ARQ Feedback Payload. For the DS, the following order of per-PDU
subheaders shall be.followed: Extended, Fragmentation/Packing (set to Fragmentation), and ARQ Feedback
Payload.

e\

The, only per-SDU subheader is the Fragmentation/Packing subheader set to packing. There can be more
than-one Fragmentation/Packing subheader in a MAC PDU, all configured for packing. There can only be
one Fragmentation/Packing subheader in the MAC PDU if configured for fragmentation. The
Fragmentation/Packing subheader may be inserted before each MAC SDU if so indicated by setting Bit 1 in
the Type field of the generic MAC Header and by setting the “Purpose bit” in Table 6 to 1.
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7.6.1.2.5 Extended subheader types

7.6.1.251 General

Two types of Extended Subheaders are defined to be used by A-CPEs. The Extended Bandwidth Request
Subheader is used by an A-CPE to request bandwidth to service CPEs in its relay zone. The Channel
Aggregation Subheader is used during channel aggregation operation. Each Extended Subheader is defined
by a Extended Subheader Type field that identifies the Extended Subheader and its functionality. Only.fwo
types (0x00 for Extended Bandwidth Request and 0x01 for Channel Aggregation) are defined; all‘other
types (0x02—0xFF) are reserved.

7.6.1.2.5.2 Extended Bandwidth Request subheader
Extended Bandwidth Request subheaders are transmitted by the centralized scheduling!A-CPE to the A-BS

to request additional bandwidth for a CRZ connection. They shall be sent in a PRUby itself or in a PDU
with other subheaders and/or data. (See Table 7a.)

Table 7a—Extended Bandwidth Request sulihieader format

Syntax Size Notes

Extended BW_
Request_Subheader Format() {

Extended Subheader Type 8 bits 0x00 = Extended BW Request Subheader

Request Node 13 bits SID of Centralized scheduling A-CPE

Number of BR CPEs ; n 8 bits The number of CPEs, which require bandwidth
request

For(i=1;i<n;i++){ Variable

BW Request Type 2 bits 00: CDMA bandwidth request

01: Bandwidth request subheader
10-11: Reserved

SID 13 bits SID of CPE, which require bandwidth request

Type 1 bit Indicates the type of the bandwidth request adjustment
0: incremental
1: aggregate

BR 20 bits The number of bytes of US bandwidth requested by
the CPE. The request shall not include any PHY
overhead.

CRZ bandwidth ranging code 8 bits CRZ bandwidth ranging codes when BW Request

Type is set to 0
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7.6.1.2.5.3 Channel Aggregation subheader

The format of Channel Aggregation subheader is shown in Table 7b. This Channel Aggregation subheader
is used to manage the aggregation data sequence during the multi-channel operation. The channel
aggregation header with fixed-length size of 3 bytes shall be added to each PDU after the generic MAC

header

Table 7Tb—Channel Aggregation subheader format

Syntax Size Notes
Channel Aggregation Subheader
Format() {
Extended Subheader Type 8 bits 0x01 = Channel Aggregation Extended Subheader
Aggregation ID 16 bits Indicates the sequence management 1D of the

transmitted data during multi-channel operation. The
value of Aggregation ID is from™0 to 8191. The
Aggregation ID shall be incremented by one after each
transmission and shallb&reset to 0 after the maximum
value (8191).

7.6.1.3 CBP MAC PDU format

As discussed in 7.20.1, the coexistence beacon™AC PDU described in Table 8 (for PHY-OM]1) and Table
8a (for PHY-OM?) is utilized by the CBP packets.

Table:8—CBP_MAC_PDU format_(PHY-OM1)

Table 8a—CBP_MAC_PDU format (PHY-OM2)

Syntax Size Notes

CBP MAC PDU Format() {

Length 8 bits The length of bytes of the CBP MAC PDU including
the MAC header and the CRC.
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Table 8a—CBP_MAC_PDU format (PHY-OM2) (continued)

Syntax Size Notes

FCH and Extended FCH Index 4 bits FCH and Extended FCH Data included in the
CBP MAC PDU contains the sum of the following

elements (see Table Al and Table 2a):

0000: 8 first parameters of the FCH for PHY-OM?2
(Table A1) =11 bytes

1000: 10 parameters related to intra-frame QP of the
Extended FCH (Table 2a) = 12 bytes

0100: 2 parameters related to inter-frame QP of the
Extended FCH (Table 2a) = 2 bytes

0010: 3 parameters on SCW scheduling of the
Extended FCH (Table 2a) = 6 bytes

0001: 3 parameters on DS/US Split of the Extended
FCH (Table 2a) = 3 bytes

Note that this last 3-parameter segment'ean be

included only in CBP bursts transmitteéd by A-BSs.

FCH and Extended FCH Data Variable | Data extracted from the FCH-and’Extended FCH
(integer transmitted by A-BS sourcing/this CBP. This data

numberof | includes the A-BS ID. ©fily the useful information

bytes contained in the FCHdnd Extended FCH should be
replicated here. ThiSifdicates that the FCH and
Extended FCH should be built with IEs only present
when neededTable Al and Table 2a should be
modified aceordingly.

Frame Number 8 bits The frame number in which the CBP burst was
transmitted.
HCS 8 bits Header Check Sequence.
IEs Variable CBP information elements (see 7.6.1.3.1).
(integer
number of
bytes
}

7.6.1.3.1 CBP informatien elements

0

If an A-BS is-generating a CBP packet to be forwarded by a distributed A-CPE or an S-CPE attached to a
distributed.S-CPE, it may optionally add a CBP Local Cell ID IE to the CBP MAC PDU. The purpose of the
CBP Loeal Cell ID IE is to provide the identity of the local cell maintained by a distributed A-CPE. The
CBPMAC PDU header (which would contain contents of transmission types indicated in 7.20.4) would
coftain the MAC Address of the A-BS that serves the distributed A-CPE. When the CBP Local Cell ID IE is
added to a CBP MAC PDU, the transmissions indicated in 7.20.4 would contain the MAC Address of the A-
BS in the CBP MAC PDU header.
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Table 9—CBP IEs

Eterrentib Nanre
0x00 Backup_and_Candidate_Channel List IE
0x01 FC_REQ_IE
0x02 FC_RSP_IE
0x03 FC_ACK_IE
0x04 FC_REL_IE
0x05 CBP_Identificate IE
0x06 Signature IE
0x07 CERT-REQ IE
0x08 CERT-RSP_IE
0x09 CBP_Local Cell ID_IE

7.6.1.3.1.7 CBP Protection IEs

7.6.1.3.1.7.4 CBP Local Cell ID IE

The CBP Local Cell ID IE shown in Table 18a-may be added to CBP MAC PDUs that are to be forwarded
by a distributed scheduling A-CPE or S-CPES attached to the distributed scheduling A-CPE. This IE allows
the recipient of the CBP MAC PDU containing this IE to distinguish the presence of a local cell from that of
CBP MAC PDUs emitted by the A-BS-and S-CPEs operating within the serving cell.

Table 18a—CBP Local Cell ID IE

Syntax Size Description

CBP_Local¢Cell ID IE format (){

Element ID 8 bits 0x09 (see Table 9)

Lacal Cell MAC ID 48 bits IEEE 48-bit MAC address of the distributed A-CPE
that manages the local cell
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7.7 Management messages

Table 19—Management messages

Type Message Description Reference Class of connection
41 LCU-REQ Local Cell Update Request 7.7.25.1 Primary Management
42 LCU-RSP Local Cell Update Response 7.7.25.2 Primary Management
43 Container Container 7.7.26 Primary Management
44 Container ACK | Container acknowledgment 7.7.26.2 Primary Management
45 DTT-REQ Downstream Transit Test Request 7.7.27.1 Primaty~Management
46 DTT-RSP Downstream Transit Test Response 7.7.27.2 Primary Management
47 DTT-RPT Downstream Transit Test Report 7.7.27.3 Primary Management
48 DTT-CFM Downstream Transit Test 7.7.294 Primary Management

Confirmation
49 Relay-SCHE Relay Schedule 7.7.28 Primary Management
50 CAM-ADD Add new operating channel 7.7.29.2 Primary Management
51 CAM-STP Stop operating channel 7.7.29.3 Primary Management
52 CAM-STP- Stop operating channel 7.7.29.4 Primary Management
ACK acknowledgment
53 CAM-SWH Switch operating channel 7.7.29.5 Primary Management
54 CAM-SWH- Switch operatiig ¢hannel 7.7.29.6 Primary Management
ACK acknowledgment
55 GRA-CFG Group Resource Allocation 7.7.30.1 Primary Management
Configuration
56 GRA-UPD Group Resource Allocation Update 7.7.30.2 Primary Management
57 RNG-RPT Ranging Report 7.7.31 Primary Management

7.7.1 Downstream Channel Descriptor (DCD)

et

The format of a DCD message is shown in Table 20. This message shall be transmitted by the BS/A-
BS or the distributed scheduling A-CPE at a periodic interval (Table 273) to define the characteristics of a
downstream physical channel.
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Table 20 — DCD message format

re) -~ Qo Ao
gyntax STZT IVOTT

DCD_Message Format() {

Management Message Type =0 8 bits
Configuration Change Count 8 bits Incremented by one (modulo 256) by the BS/A-BS or.
the distributed scheduling A-CPE whenever any of*
the values of this channel descriptor change. If\the
value of this count in a subsequent DCD remains'the
same, the CPE can quickly decide that the remaining
fields have not changed and may be able tordisregard
the remainder of the message. This value'is also
referenced from the DS-MAP messages (see
Table 25).
DCD Channel Information Variable | Table 21
Elements (IEs) in integer
number of
bytes
Begin PHY Specific Section {
Number of downstream burst 67 bits Numbef 0f burst profiles described in the current DCD
profiles: n message:” [ts maximum size corresponds to the

maxigium number of DIUC burst profiles contained in
Table 27 and Table 27a.

Reserved 21 bit All bits shall be set to zero.

for (i=1;i<n;i++) { “n” is defined as the “Number of downstream burst
profiles” to be described in the current DCD message.

Downstream_Burst_Profile Variable PHY specific (Table 23).

-~
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7.7.1.1 DCD Channel information elements

Table 21 — DCD channel information elements

Element ID Length

Name (1 byte) (bits)

Description

Downstream_Burst Profile 1 Variable | Value reserved for the burst profile (see Table 23)

EIRPy 2 8 Signed in units of dBm in 0.5 dB steps with a‘range
from —64 dBm (encoded 0x00) to +63.5 dBm
(encoded OxXFF). Values outside this range shall be
assigned the closest extreme.

TTG 3 8 0x00-0xFF: range of TTG in 275(is increments.
Default set to 0x4D to allow for 240 ps for 30 km
propagation.

RSSk 55 nom 4 8 Initial ranging nominal sigtal strength per subcarrier
o to be received at the’BS/by a 0 dBi antenna gain, i.e.,
corrected for the¢gain’of the BS receive antenna in
the direction of\th¢’ CPE and for 0 coupling and
cable loss (see)7.14.2.8.1). Signed in units of dBm in
0.5 dB stepsranging from —104 dBm (encoded 0x00)
to +2375,dBm (encoded 0xFF). Values outside this
range shall be assigned the closest extreme.

Channel Action 5 3 Action to be taken by all CPEs in a cell.
000: None

001: Switch

010-111: Reserved

Action Mode 6 1 This is valid only for channel switch (Action = 001).
Indicates a restriction on transmission until the
specified Channel Action is performed. The BS shall
set the Action Mode field to either 0 or 1 on
transmission. A value of 1 means that the CPE to
which the frame containing this element is addressed
shall transmit no further frames until the scheduled
Channel Action is performed. An Action Mode set
to 0 does not impose any requirement on the receiving
CPE.

Action Superframe 7 8 The superframe number (modulo 256) at which
Number Channel Action shall be performed.

Action Franie Number 8 48 Integer value greater than or equal to zero that
indicates the starting frame number, within the Action
Superframe Number, at which the Channel Action
shall be performed by all CPEs.

Number of Backup 9 4 Number of backup channels in the backup and
channels candidate channel list IE (see Table 22).

Backup and Candidate 10 Variable See Table 22 for specification.

Chnanncr I1st.
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Table 21 — DCD channel information elements (continued)

Element ID Length

Name (1 byte) (bits)

Description

MAC version 11 8 IEEE 802.22 MAC version to which the message

originator conforms.
0x01: IEEE Std 802.22
0x02: IEEE Std 802.22b
0x03—0xFF: Reserved

loo

0x00-0xFF: range of Relay RTG in 2.75 us

increments. Default set to 0x4D to allow for 210 s
for 30 km propagation.

Relay-RTG (RRTG) 12

EIRP, o 13 8 Signed in units of dBm in 0.5 dB steps with'a range
from —64 dBm (encoded 0x00) to +6315” dBm
(encoded OxFF). Values outside thiswrange shall be
assigned the closest extreme.

RSSngA.cPEJmm 14

loo

Initial ranging nominal signalStrength per subcarrier
to be received at the BS By a 0 dBi antenna gain, i.e.

corrected for the gain/of the BS receive antenna in
the direction of the{CPE and for 0 coupling and
cable loss (see %J4.2.8.1). Signed in units of dBm in
0.5 dB steps ranging from —104 dBm (encoded 0x00)
to +23.5 dBm.(encoded OxFF). Values outside this

range shall‘b€ assigned the closest extreme.

Table 22—Backup.and Candidate channel list

Syntax Size Note
Backup_and candidate channel list [E
_Format() {

Element ID = 10 8 bits

Length 8 bits

Number of Channels in the list 8 bits

For (i =0; i< Number of Channels List of backup channels in order of priority to be used

in thelist; i++) { by CPEs in case of loss of communication with the BS
due to incumbents. This list may also include
candidate channels, in which case they will follow the
backup channels in the list, and will also be included
in order of priority. The number of backup channels in
the list is indicated in DCD Element ID 9 (see
Table 21). The list shall be a disjoint set with the
current operating channel.

Channel Number [i] 8 bits

Group Flag 1 bit Flag to indicate whether the backup and candidate
channels are used globally within a cell or locally
within a group
0: Used globally within a cell
1: Used locally within a group
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Table 22—Backup and Candidate channel list (continued)

Syntax Size Note
If (Group Flag=1){
GID [1 10 bits Group ID at which the backup and candidate channels

are used locally within a group

7.7.2 Downstream MAP (DS-MAP)

Table 25 — DS-MAP message format

Syntax Size Note
DS-MAP_ Message Format () {
Management Message Type = 1 8 bits
DCD Count 8 bits Matches the value of the configuration
change count of the DCD, which describes
the downstream burst profiles that apply to
this map.
If (transmitted by BS, A-BS, or distributed
scheduling A-CPE) {
Begin PHY Specific Section {
Number of [Es: n 12 bits Number of [Es in the downstream map
for (i=1;1 < nxit++) {
DS-MAR. IE() Variable | PHY specific (7.7.2.1)
h
¥
i
I (!byte _boundary)
Padding bits 0-7 bits Padding to octet alignment—All bits shall be
set to 0.
¥
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7.7.2.1 DS-MAP IE

Table 26—DS-MAP information elements

Syntax Size Description
DS-MAP IE() {
DIUC 6 bits 7.7.2.1.1
If(DIUC ==12)
Extended DIUC value 6 bits

i
If (DIUC == 62)

Variable 7.7.2.1.2
DS-MAP Extended DIUC IE

else {

SID 913 bits Station ID of CPE 'or multicast group

}

Length 12 bits Number of OFDM slots linerly allocated to the DS
burst specified by this IE

Boosting 3 bits 111: +9 dB

110: +6 dB

101: +3 dB

100: 0 dB, normal (not boosted)
011: -3dB

010: -6 dB

001: -9 dB

000: —12 dB

7.7.2.1.1 DIUC.allocations

Table 27 illustrates the various DIUC values used in the MAC. Table 27a illustrates the various Extended
DIUC values used in the MAC.
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Table 27—DIUC values

Aa & APal

DTOT

I
osage

0-1211 Reserved

12 Extended DIUC values (Table 27a)

62 ExtendedDFJC DS-MAP Extended DIUC IE (Table 28)

Table 27a—Extended DIUC values

DIUC Usage

0 Convolutional Code FEC rate = 1/2 256-QAM

1 Convolutional Code FEC rate = 2/3 256-QAM

2 Convolutional Code FEC rate = 3/4 256-QAM

3 Convolutional Code FEC rate = 5/6 256-QAM

4 Convolutional Code FEC rate &V//8 256-QAM

5 Convolutional Code FECrate = 10/11 for two 2D symbols 4D-TCM 48QAM
6 Convolutional Code FEC rate = 14/15 for two 2D symbols 4D-TCM 192QAM
7 CTC FEC rate = 1/2 256-QAM

8 CTC FEC rate = 2/3 256-QAM

9 CTC FEC rate = 3/4 256-QAM

10 CTC FEC rate = 5/6 256-QAM

11 CTC FEC rate =7/8 256-QAM

12 CTIC FEC rate = 10/11 for two 2D symbols 4D-TCM 48QAM
13 CTC FEC rate = 14/15 for two 2D symbols 4D-TCM 192QAM
14 LDPC FEC rate = 1/2 256-QAM

IS LDPC FEC rate =2/3 256-QAM

16 LDPC FEC rate = 3/4 256-QAM

17 LDPC FEC rate = 5/6 256-QAM

18 LDPC FEC rate =7/8 256-QAM

19 LDPC FEC rate = 10/11 for two 2D symbols 4D-TCM 48QAM
20 LDPC FEC rate = 14/15 for two 2D symbols 4D-TCM 192QAM
21 SBTC FEC rate = 1/2 256-QAM
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Table 27a—Extended DIUC values (continued)

DIUC Usage

22 SBTC FEC rate =2/3 256-QAM

23 SBTC FEC rate = 3/4 256-QAM

24 SBTC FEC rate = 5/6 256-QAM

25 SBTC FEC rate =7/8 256-QAM

26 SBTC FEC rate = 10/11 for two 2D symbols 4D-TCM 48QAM

27 SBTC FEC rate = 14/15 for two 2D symbols 4D-TCM 192QAM
28-63 Reserved

7.7.2.1.2 DS-MAP Extended DIUC IE

Table 28 — DS-MAP Extended DIUC IE general format

Syntax Size Note

BS—Extended (-
DS-MAP Extended DIUC IE() {

Extended DIUC_IE Type 68 bits Table 28a
Length 8 bits Length of this IE in bits.
Unspecitied Data Variable

Table 28a — Extended DIUC IE Type code assignment

Extended DIUC Usage
0x00 DS-MAP Dummy Extended IE
0x01 DS Multi-Zone Configuration IE
0x02 AZDS-MAP IE
0x03 CRZDS-MAP IE
0x05-0xFF Reserved
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7.7.2.1.2.1 DS-MAP Dummy Extended IE

Table 29—DS-MAP Dummy Extended |IE format

Syntax Size Notes

Dummy_IE() {

Extended-DIUC 6 bits 09x00 DIUC values as defined in Table 27

if (DIUC == 12) {

Extended DIUC Value 6 bits See Table 27a

L

Length 8 bits Length of this IE in bitsbytes

Unspecified Data Variable
H

|/

7.7.2.1.2.2 DS Multi-Zone Configuration IE

A CPE shall be able to decode the DS Multi-Zone,Configuration IE shown in Table 29a. An A-BS shall
transmit this IE for multi-hop relay operations.

Table 29a—DS Multi-Zone Configuration IE format

Syntax Size Notes

DS Multi-Zone Configuration \[E() {

Multi-Zone Configuratiofnf

Number of zones 8 bits Number of zones including access and relay zones.
Number of zones (0) is not available of DS. Number
of zone (1) shall be access zone.

For (i =13, Number of zones; i++){

ZaoneNndex 8 bits Increase the index from 0 to Number of Zones—1

Zone Mode 2 bits 0: access zone
1: centralized relay zone
2: distributed relay zone

Start Position of Segment 2 bits 00: 0
01:1

10: 2
11: If ‘Zone Mode’ is set to Access or Centralized
Relay Zone
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Table 29a—DS Multi-Zone Configuration IE format (continued)

Syntax Size Notes

Segment Bandwidth 2 bits 00: one segment from start position

01: two segments from start position

10: three segments from start position
11: If ‘Zone Mode’ is set to Access or Centralized

Relay Zone

PHY Mode 1 bit 0: PHY-OM1
1: PHY-OM2

H

H

for (Zone index = 0; Zone index <

Number of zones; Zone index++){

OFDMA symbol offset 7 bits The zone starts at the OFDMA Gymbol offset, counted
after the preamble of the fram¢

Zone duration 5 bits The zone ends after the zgne duration starting from the
OFDMA symbol offsef,The unit of duration is an
OFDMA symbol

if (Zone mode == 2) { Distributeéd\Relay Zone (DRZ) mode

SID 13 bits SIDvofdistributed scheduling A-CPE

H

}
}

7.7.2.1.2.3 Access Zone DS-MAPYE (AZ DS-MAP IE)

Encodings of AZ DS-MAP IE for the downstream from the A-BS are provided in Table 29b.

Table 29b—AZDS-MAP IE format

Syntax Size Notes

AZDS-MAP_IE(){

Zone Index 8 bits See Table 29a

DIUC 6 bits 7.7.2.1.1

if (DIUC == 12)

Extended DIUC Value 6 bits See Table 27a
SID 13 bits Station ID of CPE or centralized scheduling A-CPE.
Length 12 bits Number of OFDM slots linearly allocated to the DS

burst specified by this IE.
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Table 29b—AZDS-MAP IE format (continued)

Syntax Size Notes

Boosting 3 bits 111: +9 dB
110: +6 dB

101: +3 dB

100: 0 dB, normal (not boosted)
011: -3dB

010: -6 dB

001: -9 dB

000: —12 dB

Relay Mode 1 bit 0: No relay
1: Relay mode on

CRZ DS-MAP Index 16 bits For relaying through the centralized schéduling A-
CPE, it indicates the matched CRZDS-MAP IE.
Increase the index from 0 to 6553%

7.7.2.1.2.4 Centralized Relay Zone DS-MAP |IE (CRZ DS-MAP |E)

Encodings of CRZ DS-MAP IE for the relay DS from the centralized/scheduling A-CPE to the S-CPE are
provided in Table 29c.

Table 29c—CRZDS-MAP IE format

Syntax Size Notes

CRZDS-MAP_IE(){

Zone Index 8 bits See Table 29a
CRZ DS-MAP Index 16 bits See Table 29b
DIUC 6 bits 7.7.2.1.1

if (DIUC == 12)

Extended DIUC Valug 6 bits See Table 27a

SID 13 bits Station ID of CPE or multicast group.

CRZ StartOffset 12 bits Number of OFDMA slots counted after the centralized
relay zone mode start

Length 12 bits Number of OFDM slots linearly allocated to the
CRZDS burst specified by this IE.

Boosting 3 bits 111: +9 dB
110: +6 dB
101: +3 dB
100: 0 dB, normal (not boosted)

0IT: -3 dB
010: -6 dB
001: -9 dB
000: -12 dB
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7.7.2.1.2.5 Distributed Relay Zone DS-MAP Group Resource Allocation IE
(DRZ DS-MAP GRA IE)

The format of the DRZ DS-MAP GRA IE is shown in Table 29d.

Table 29d—DRZ DS-MAP GRA IE format

Syntax Size Notes

DRZDS-MAP GRA_IE() {

Resource Allocation Bitmap Variable | Indicates whether the resources are allocated to the
(1 bit x device in a group.

numberof | The number of devices in the group is determined by

devicesin | the Device Bitmap Size in GRA Configiration

the group) | Message.

0: not allocated in the frame

1: allocated in the frame

Resource Starting Index 11 bits Indicates the starting index"ef resource in the unit of
OFDMA slot. In the DS subframe, the index starts
right after the frame pré€amble from 0. In the US
subframe, the index,starts from the ranging/BW
request/UCS notification contention windows (not
including SEW9AT it exists.

Resource Size Bitmap Variable Indicatés the resource allocation size for the device in
(3 bits x the unit,of OFDMA slot.

numberof | 000N\

devicesin | 0O 2

the group)_ 4 010: 4

011: 8

100: 16

101: 32

110: 64

111: 128

Group DIUC Flag 1 bit Indicates whether the DIUC is fixed within group.
0: not fixed within group
1: fixed within group

Group Boosting Flag 1 bit Indicates whether the Boosting is fixed within group.
0: not fixed within group
1: fixed within group

If (Group DIUC Flag = 0) {

Group DIUC Bitmap Variable Specifies the DIUC of each device in a group
(6 bits x
number of
devices in
the group)
}
Else{
DITC G DITS Same DITC TS Used by attdevice ra group

if (DIUC == 12)

Extended DIUC Value 6 bits See Table 27a
}
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Table 29d—DRZ DS-MAP GRA IE format (continued)

Syntax Size Notes
If (Group Boosting Flag = 0) {
Group Boosting Bitmap Variable Specifies the Boosting of each device in a group
(3 bits x
number of
devices in
the group)
H
Else{
Boosting 3 bits Same Boosting is used by all device in a.group
}
}

7.7.3 Upstream Channel Descriptor (UCD)

The format of a UCD message is shown in Table 30. Thisymessage shall be transmitted by the BS/A-
BS or the distributed scheduling A-CPE at a periodic interval(Table 272) to define the characteristics of an
upstream physical channel.

Table 30=UCD message format

Syntax Size Notes

UCD_Message Format() {

Management Message Type = 2 8 bits

Configuration,Change Count 8 bits Incremented by one (modulo 256) by the BS
whenever any of the values of this channel
descriptor change. If the value of this count in a
subsequent UCD remains the same, the CPE can
quickly decide that the remaining fields have not
changed and may be able to disregard the remainder
of the message. This value is also referenced from the
US-MAP messages (see Table 34).

BW Request Backoff Start 4 bits Initial backoft window size in units of BW Request
opportunity or DRZ BW Request (see Table 31) used
by CPEs to contend to send BW requests to the BS or
to send DRZ BW request to the distributed scheduling

NIl ) )

d £ X1 Lo
T T O PTeSSCa S P oW oT v argCSToT T Taftge

0-15. Refer in the note to 6.16 on Contention
Resolution. Include a subsection that will describe the
size and the content of the BW Request US burst and
refer to it in the note.
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Table 30—UCD message format (continued)

Syntax Size Notes

BW Request Backoft End 4 bits Final backoft window size in units of BW Request
opportunity or DRZ BW Request (see Table 39) to

contend to send BW requests to the BS or to send
DRZ BW request to the distributed scheduling
A-CPE, expressed as a power of 2. Values of n range
0-15. All declared opportunities for BW request in
subsequent frames are concatenated in this potentially
large number.

UCS Notification Backoff Start 4 bits Initial backoff window size in units of UCS
notification opportunity or DRZ UCS notification
opportunity (see Table 31) used by CPEs to contend
to send UCS notifications to the BS or to send DRZ
UCS notifications to the distributed secheduling A-
CPE. This is expressed as a powép-0f 2. Values of n
range 0-15.

UCS Notification Backoff End 4 bits Final backoff window size in units of UCS notification
opportunity or DRZ UCSmotification opportunity (see
Table 31) used by CREs to contend to send UCS
notifications to the\BS or to send DRZ UCS
notifications tothe distributed scheduling A-CPE.
This is expréssed as a power of 2. Values of n range
0-15. All'declared opportunities for UCS
Notifications in subsequent frames are
concatenated in this potentially large number.

Information elements (IEs) for the Variable See¢7.7.3.1.
overall channel

Begin PHY Specific Section {

Number of upstream burst profiles: 67 bits Number of upstream burst profiles described in the

n current UCD message. Its maximum size corresponds
to the maximum number of UIUC burst profiles
contained in Table 36.

Reserved 1 bit All bits shall be set to zero.
for (i=1;i<n; HH { n = number of upstream burst profiles
Upstream Burst_Profile Variable | PHY specific (Table 32)
¥
¥
}
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Table 31—UCD channel information elements

Name

Element ID
(1 byte)

Length
(bytes)

Description

Upstream_Burst Profile

1

Variable

Value reserved for the burst profile (see Table 32)

Contention-based
reservation timeout

2

1

Number of US-MAPs to receive before contention=
based reservation is attempted again for the same
connection

Bandwidth request
opportunity size

Size (in OFDM slots) of PHY bursts{mapped
horizontally in one subchannel at-a time as in the case
of normal upstream data, that.a CRE may use to
format and transmit a bandwidth request message
in a contention request opportunity. The value
includes all PHY overliead as well as allowance for
the BW Request MAE stbheader that the message
will hold (see Table 5).

UCS Notification request
opportunity size

Size (in OEDM klots) of PHY bursts, mapped
horizontally_in one subchannel at a time as in the case
of noymal\ upstream data, that a CPE may use to
trapsmit’a UCS notification. The value includes all
PHY~0overhead for the GMH containing the UCS flag
{See Table 3).

CRZ Bandwidth request
opportunity size

Size (in OFDM slots) of PHY bursts, mapped
horizontally in one subchannel at a time as for normal

upstream data, that a CPE may use to format and

transmit a bandwidth request message in a
contention request opportunity. The value includes all

PHY overhead as well as allowance for the BW
Request MAC subheader that the message will hold

(see Table 5).

CRZ UCS Notification
request opportunity size

1N

Size (in OFDM slots) of PHY bursts, mapped
horizontally in one subchannel at a time as for normal

upstream data, that a CPE may use to transmit a
UCS notification. The value includes all PHY
overhead for the GMH containing the UCS flag (see
Table 3).

Initial rangingicodes

150

Number of initial ranging CDMA codes. Possible
values are 0-255.

Periodic ranging codes

151

Number of periodic ranging CDM codes. Possible
values are 0-255.

Bandwidth request codes

152

Number of bandwidth request CDMA codes. Possible
values are 0-255.

UCS notification codes

153

Number of UCS notification CDMA codes. Possible

Valucs arc U—=255.

Copyright © 2015 IEEE. All rights reserved.

© IEEE 2015 - All rights reserved



https://iecnorm.com/api/?name=eca699ef3cd9bf3eefed1ae4a91bfbc0

ISO/IEC/IEEE 8802-22:2015/Amd 2:2017(E)

IEEE Std 802.22b-2015
IEEE Standard for Wireless Regional Area Networks
Part 22: Cognitive WRAN MAC and PHY Specifications: Policies and Procedures for Operation in the TV Bands
Amendment 2: Enhancement for Broadband Services and Monitoring Applications

Table 31—UCD channel information elements (continued)

Element ID Length .
Name ( byte) (bytes) Description
Start of CDMA codes 154 1 Indicates the starting number, S. of the group of codes
group used for this upstream. All the ranging codes used on
this upstream will be between S and (S+N+M+L+I)
mod 256). Where:
N is the number of initial-ranging codes
M is the number of periodic-ranging codes
L is the number of bandwidth-request codes
I is the number of UCS notification codes
The range of values is 0 < S <255.
CRZ initial ranging codes 155 1 Number of CRZ initial ranging CDMA codgs.
Possible values are 0-255.
CRZ periodic ranging 156 1 Number of CRZ periodic ranging®CDMA codes.
codes Possible values are 0-255.
CRZ UCS notification 157 1 Number of CRZ UCS notification CDMA codes.
codes Possible values are 0-255.
CRZ bandwidth request 158 1 Number of CRZ Wandwidth request CDMA codes.
code Possible values'are*0-255.

7.7.4 Upstream MAP (US-MAP)

Table 34—UStMAP message format

Syntax Size Notes

US-MAP_ Message Format() {

Management Message Type=3 8 bits

UCD Count 8 bits Matches the value of the Configuration Change
Count of the UCD, which describes the upstream
burst profiles that apply to this map.

Allocation Start Time 6 bits Effective start time (in OFDM symbols from the

start of the frame including all preambles) of the
upstream allocation defined by the US-MAP.

If¢ransmitted by BS or A-BS or
distributed scheduling A-CPE) {

Begin PHY Specific Section {

Number of IEs: n 12 bits Number of IEs in the upstream map

for (i=1;1<n;i++) {

US-MAP_IE() Variable PHY specific (7.7.4.1) Define upstream bandwidth
allocations. Each US-MAP message shall contain at
least one IE that marks the end of the last allocated
burst. (UIUC=63 as defined in Table 36.)
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Table 34—US-MAP message format

Syntax Size Notes
}
}
i
If(!byte _boundary)
Padding bits 0-7 bits Padding to octet alignment—All bits shall be set to O,

7.7.4.1 US-MAP IE

Table 35—US-MAP information elements

Syntax

Size

Description

US-MAP IE ()

SID

913 bits

Station’ID of the CPE

UIuC

6 bits

777.4.1.1 (see Table 36)

If (UIUC > 0) && (UIUC < 1)) {

CBP Frame Number

4 bits

Frame number where the active or passive CBP
action is to take place. If the identified frame falls in
the next superframe (e.g., current frame is 9 and the
CBP Frame Number is 4), the CPE shall make sure
that an SCW is still scheduled for this frame as
indicated by the upcoming SCH. If not, the CBP
action shall be cancelled.

If (UIUC ==0) {

Active SCW mode (CPE to transmit a CBP burst as
requested by the BS).

Timing advange

16 bits

Signed number in TU corresponding to the advance
of the transmission of the CBP burst at the CPE. As
the CPE starts to transmit the CBP burst as its fourth
symbol before the end of the frame, zero advance
corresponds to this signal being received by the BS
at the beginning of its fourth symbol before the end of
the frame when the CPE is co-located with the BS (see
Table 44).

EIRP Density Level

8 bits

EIRP per transmitted subcarrier (see 9.9.4.2). Signed
in units of 0.5dB, ranging from —104 dBm (encoded
0x00) to +23.5 dBm (encoded 0xFF).

}

If (UIUC == 1) {

Passive SCW mode (CPE to receive and demodulate
the CBP burst and send content to the BS).
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Table 35—US-MAP information elements (continued)

Syntax Size Description

Channel Number 8 bits Channel number in which the CPE shall listen to the
medium for a coexistence beacon

Synchronization mode 1 bit 0: The CPE will capture the CBP burst using its
current synchronization (i.e., locked to its BS) for
geolocation purposes.

1: The CPE will resynchronize on the received CBP
burst using the preamble symbol and optionally pilot
carriers to decode the payload for self-coexistence

purposes.
}else if (UIUC > 2) && (UIUC < 3)

{

Number of Subchannels 4 bits Number of subchannels reserved forthe BW Request/

UCS Notification opportunistic.window.

} else if (UIUC > 4) && (UTUC < 6)
{

Number of Subchannels 4 bits Number of subchanfelsAeserved for the CDMA
Ranging/BW Request/UCS notification opportunistic
window. Note that'in case where UIUC=8 and any
UIUC in théaange 4 to 6 are allocated to a frame, the
largest pumber of subchannel specified shall prevail.
Note-alsothat when the CDMA ranging burst is to be
used for terrestrially-based geolocation (see 10.5.2),
the.number of subchannels shall be at least 6.

Number of symbols 5 bits Number of symbols in the US ranging channel
reserved for the opportunistic windows carrying either
CDMA Periodic Ranging/BW Request/UCS
notification as specified by the respective UIUC.
These shall be placed in the ranging channel following
the initial ranging window if scheduled and
consecutively (see Figure 157).

}else if (UIUC ==17) {

CDMA _Allocation, IE () 20 bits | See 7.7.4.1.2

} else if (UIUC==8) { The first 5 symbols of the upstream subframe shall be
reserved for the opportunistic initial ranging burst.

Number 6f Subchannels 4 bits Number of subchannels reserved for the initial
ranging burst. Note that in the case where UIUC=8
and any UIUC in the range 4 to 6 are allocated to a
frame, the largest number of claimed subchannels
specified shall prevail.

4 else if (UIUC ==9) { US-MAP EIRP Control IE
US-MAP EIRP Control IE Variable | See 7.7.4.1.3.
}else if (UIUC ==12) { Extended UIUC values
Extended UIUC value 6 bits

telse if (UIUC == 62){

YUS—ExtendedHEO Variable See 7.7.4.1.4.
US-MAP Extended UIUC IE
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Table 35—US-MAP information elements (continued)

Syntax Size Description

} else {

Burst_Type 1 bit This value specifies the burst type for the burst
specified by this US-MAP IE.

0: Bursts are mapped in the time axis over the full
width of the upstream subframe before incrementing
in the frequency axis.

1: Bursts are mapped in the time axis over segments of
7 symbols before incrementing in the frequency axis
and then retracing to the lowest unused subchannelin
the next 7 symbol segment. The width of the last
segment is to be between 7 and 13 symbols dépending
on the width of the upstream subframe,

Duration 12 bits Number of OFDM slots linearly allotated to the US
burst specified by this IE. (Up te 60*by 30 slots can be
allocated to a US burst.)

MDP 1 bit Measurement Data Preférred

Used by the BS to indicatt to the CPE that this
upstream allocatiohds,fo be preferably used by the
CPE for the spetific purpose of reporting back any
measurement data. The measurement data to be
reported is\irheOnnection to the specified Transaction
ID.

In cdseythie CPE does not have anything to report, it
can use¢ this allocation for any other data. This is
pseful, for example, after a quiet period.

0: Measurement data not required (default)

1: Measurement data preferred

MRT 1. bit Measurement Report Type

In case MDP == 1, this field indicates which type of
report the BS wants the CPE to send back.

0: Detailed (see 7.7.18.3.1.1 through 7.7.18.3.1.8)

1: Consolidated (see 7.7.18.3.1.9)

CMRP 1 bit Channel Management Response Preferred

Used by the BS to indicate to the CPE that this
upstream allocation is to be used for confirming the
receipt of the channel management command with the
Transaction ID specified.

0: Channel management response not required
(default)

1: Channel management response required
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7.7.4.1.1 UIUC allocations

Table 36—UIUC values

UIUuC Usage

10~4211 Reserved

12 Extended UIUC value (Table 36a)
62 Extended HHJC-US-MAP Extended UIUC IE (Table 39)

Table 36a—Extended UIUC values

UIuC Usage

0 Convolutional Code FEC rate = 1/2 256-QAM

1 Convolutional Code FEC rate =2/3 256-QAM

2 Convolutional Code FEC rate = 3/4 256-QAM

3 Convolutional Code FEC rate =5/6 256-QAM

4 Convolutional Code EECuate = 7/8 256-QAM

5 Convolutional Code EEC rate = 10/11 for two 2D symbols | 4D-TCM 48QAM
6 Convolutional Code FEC rate = 14/15 for two 2D symbols | 4D-TCM 192QAM
7 CTC FEC rate = 1/2 256-QAM

8 CTC FEC rate =2/3 256-QAM

9 CTC FEC rate = 3/4 256-QAM

10 CTE FEC rate = 5/6 256-QAM

11 JTC FEC rate =7/8 256-QAM

12 CTC FEC rate = 10/11 for two 2D symbols | 4D-TCM 48QAM
13 CTC FEC rate = 14/15 for two 2D symbols | 4D-TCM 192QAM
14 LDPC FEC rate = 1/2 256-QAM

15 LDPC FEC rate =2/3 256-QAM

16 LDPC FEC rate = 3/4 256-QAM

17 LDPC FEC rate = 5/6 256-QAM

18 LDPC FEC rate = 7/8 256-QAM

19 LDPC FEC rate = 10/11 for two 2D symbols | 4D-TCM 48QAM
20 LDPC FEC rate = 14/15 for two 2D symbols | 4D-TCM 192QAM
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Table 36a—Extended UIUC values (continued)

uIucC Usage

21 SBTC FEC rate = 1/2 256-QAM

22 SBTC FEC rate =2/3 256-QAM

23 SBTC FEC rate = 3/4 256-QAM

24 SBTC FEC rate = 5/6 256-QAM

25 SBTC FEC rate =7/8 256-QAM

26 SBTC FEC rate = 10/11 for two 2D symbols | 4D-TCM 48QAM

27 SBTC FEC rate = 14/15 for two 2D symbols | 4D-TCM 192QAM
28-63 Reserved

7.7.4.1.4 US-MAP Extended UIUC IE

Table 39 — US-MAP Extended UIUC.IE‘general format

Syntax Size Note

US—Extended1EQ
US-MAP Extended UIUC IE (){

Extended UIUC IE Type 3 lfits Type of Extended UIUC IE as specified in Table 39a
Length 8 bits Length of this IE in bits.
Unspecified Data Variable
}
E\J

Table 39a — Extended UIUC IE Type code assignment

Extended UIUC Usage
0x00 US-MAP Dummy Extended IE
0x01 US Multi-Zone Configuration IE
0x02 AZUS-MAP IE
0x03 CRZUS-MAP IE
0x04 DRZUS-MAP GRA IE
0x05-0xFF Reserved
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7.7.4.1.4.1 US-MAP Dummy Extended IE

Table 40—US-MAP Dummy Extended |IE format

Syntax Size Notes

Dummy IE () {

Extended UIUC 6 bits 9x00UIUC values as defined in Table 36.

If (UIUC == 12) {

Extended UIUC Value 6 bits See Table 36a.

}

Length 8 bits Length of IE data in bitsbytes.

Unspecified Data Variable
H

Nz

7.7.4.1.4.2 US Multi-Zone Configuration IE

A CPE shall be able to decode the US Multi-Zone,Configuration IE shown in Table 40a. An A-BS shall
transmit this IE for multi-hop relay operations.

Table 40a—US Multi-Zone Configuration IE format

Syntax Size Notes

US Multi-Zone Configuration \[E() {

Multi-Zone configuration’{

Number of zones 8 bits Number of zones including access and relay zones.
Number of zones (0) is not available of DS. Number
of zone (1) shall be access zone.

For (i =13,h< Number of zones; i++){

ZaoneNndex 8 bits Increase the index from 0 to Number of Zones-1

Zone Mode 2 bits 0: access zone
1: centralized relay zone
2: distributed relay zone

Start Position of Segment 4 bits 00: 0
01:1

10: 2
11: If ‘Zone Mode’ is set to Access or Centralized
Relay Zone
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Table 40a—US Multi-Zone Configuration IE format (continued)

Syntax Size Notes

Segment Bandwidth 2 bits 00: one segment from start position
01: two segments from start position
10: three segments from start position
11: If ‘Zone Mode’ is set to Access or Centralized

Relay Zone

PHY Mode 1 bit 0: PHY-OM1
1: PHY-OM2

H

H

for (Zone index = 0; Zone index <

Number of zones; Zone index++){

OFDMA symbol offset 7 bits The zone starts at the OFDMA Gymbol offset, counted
after the preamble of the fram¢

Zone duration 5 bits The zone ends after the zgne duration starting from the
OFDMA symbol offsef,The unit of duration is an
OFDMA symbol

if (Zone mode ==2) { Distributed Relay Zone (DRZ) mode

SID 13 bits SID of distributed scheduling R-CPE

H

H

§

7.7.4.1.4.3 Access Zone US-MAP IE(AZUS-MAP IE)

Encodings of AZ US-MAP IE for.the US to the A-BS are provided in Table 40b.

Table 40b—AZ US-MAP IE format

Syntax Size Notes

AZ US-MAPRMIE() {

ZongTndex 8 bits See Table 40a

ERZUS-MAP Index 16 bits For relaying through the centralized scheduling A-
CPE, it indicates the matched CRZUS-MAP IE.
Increase the index from 0 to 65535

SID 13 bits Station ID of the CPE or centralized scheduling A-
CPE.

ulucC 6 bits 7.7.4.1.1 (see Table 36).

If (UIUC == 12)

Extended UIUC Value 6 bits See 7.7.4.1.1.
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Table 40b—AZ US-MAP |E format (continued)

Syntax Size Notes
If (UIUC > 0) && (UIUC <1)) { Frame number where the active or passive CBP
L lace
CBP Frame Number 4 bits Active SCW mode (CPE to transmit a CBP burst as

requested by the BS).

If(UTUC==0) {

Timing advance 16 bits Signed number in TU corresponding to the advance
of the transmission of the CBP burst at the CPE. As
the CPE starts to transmit the CBP burst as its-fourth
symbol before the end of the frame, zero advanCe
corresponds to this signal being received by the BS
at the beginning of its fourth symbol béforé the end of
the frame when the CPE is co-locatedtwith the BS (see
Table 44).

EIRP Density Level 8 bits EIRP per transmitted subcafrier (see 9.9.4.2). Signed
in units of 0.5 dB, ranging from —104 dBm (encoded
0x00) to +23.5 dBmenceded OxFF).

}
If(UIUC==1) { Passive SCW-n1ode (CPE to receive and demodulate
the CBP_burst and send content to the BS).
Channel Number 8 bits Channe]l number in which the CPE shall listen to the
niedium for a coexistence beacon.
Synchronization mode 1 bit 0: The CPE will capture the CBP burst using its
current synchronization (i.e., locked to its BS) for
geolocation purposes.

1: The CPE will resynchronize on the received CBP
burst using the preamble symbol and optionally
pilot carriers to decode the payload for self-
coexistence purposes.

4 else if (UTUC > 2) && (UTUC <3)) {

Number of Subchannels 4 bits Number of subchannels reserved for the BW Request/
UCS Notification opportunistic window.

Number of Symbols 5 bits Number of symbols reserved for the BW Request/
UCS/Notification opportunistic window.

4 else if (URJC > 4) && (UTUC <6)) {

Number of Subchannels 4 bits Number of subchannels reserved for the CDMA
Periodic Ranging/BW Request/UCS notification
opportunistic window. Note that in case where
UIUC=8 and any UIUC in the range 4 to 6 are
allocated to a frame, the largest number of subchannel
specified shall prevail. Note also that when the CDMA
ranging burst is to be used for terrestrially-based
geolocation (see 10.5.2), the number of subchannels
shall be at least 6.

Number of symbols 5 bits Number of symbols CDMA Periodic Ranging/BW
Request/UCS notification as specified by the
respective UIUC. These shall be placed in the ranging
channel following the initial ranging window if
scheduled and consecutively (see Figure 157).
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Table 40b—AZ US-MAP |E format (continued)

Syntax Size Notes

}else if (UIUC == 7) {

CDMA _ Allocation_IE () 20 bits See 7.7.4.1.2.

} else if (UIUC == 38) {

Number of Subchannels 4 bits Number of subchannels reserved for the initial
ranging burst. Note that in case where UIUC=8 and
any UIUC in the range 4 to 6 are allocated to a frame;
the largest number of claimed subchannels specified
shall prevail.

Number of Symbols 5 bits Number of symbols reserved for the initjal rarging
burst.

} else if (UTUC == 9) {

US-MAP EIRP Control IE Variable | See 7.7.4.1.3.
} else {
Burst_Type 1 bit This value specifiesthe burst type for the burst

specified by this US-MAP IE.

0: Bursts aregzmapped in the time axis over the full
width ofithe’US subframe before incrementing in
the ffequency axis.

1: Burstsare mapped in the time axis over segments of
7'symbols before incrementing in the frequency
axis and then retracing to the lowest unused
subchannel in the next 7 symbol segment. The
width of the last segment is to be between 7 and 13
symbols depending on the width of the US

subframe.

Duration 12 bits Number of OFDM slots linearly allocated to the US
burst specified by this IE. (Up to 60 by 30 slots can be
allocated to a US burst.)

MDP 1 bit Measurement Data Preferred

Used by the BS to indicate to the CPE that this US
allocation is to be preferably used by the CPE for
the specific purpose of reporting back any
measurement data. The measurement data to be
reported is in connection to the specified Transaction
ID.

In case the CPE does not have anything to report, it
can use this allocation for any other data. This is
useful, for example, after a quiet period.

0: Measurement data not required (default)

1: Measurement data preferred

MRT 1 bit Measurement Report Type

In case MDP == 1, this field indicates which type of
report the BS wants the CPE to send back.

0: Detailed (see 7.7.18.3.1.1 through 7.7.18.3.1.8)
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Table 40b—AZ US-MAP |E format (continued)

Syntax Size Notes

CMRP 1 bit Channel Management Response Preferred
Used by the BS to indicate to the CPE that this US

allocation is to be used for confirming or not the

receipt of the channel management command with the

Transaction ID specified.

0: Channel management response not required
(default)

1: Channel management response required

7.7.4.1.4.4 Centralized Relay Zone US-MAP IE (CRZ US-MAP IE)

Encodings of CRZ US-MA IE for the relay US to the centralized schedilihg A-CPE from the S-CPE are
provided in Table 40c.

Table 40c—CRZUS-MAP\E format

Syntax Size Notes

CRZ US-MAP_IE() {

Zone Index 8bits See Table 40a

CRZ US-MAP Index 16 bits See Table 40a

SID 13 bits Station ID of the CPE.

ulucC 6 bits 7.7.4.1.1 (see Table 36).

If (UIUC == 12)

Extended UIUC Valge 6 bits See 7.7.4.1.1.

If (UIUC > 0) &&' (UTUC < 1)) { Frame number where the active or passive CBP

action is to take place.

CBP Frame Number 4 bits Active SCW mode (CPE to transmit a CBP burst as
requested by the BS).

fRUTUC==0) {

Timing advance 16 bits Signed number in TU corresponding to the advance
of the transmission of the CBP burst at the CPE. As
the CPE starts to transmit the CBP burst as its fourth
symbol before the end of the frame, zero advance

COITCSPONAS 10 WIS Signal beiNg Teceived by Uie BS
at the beginning of its fourth symbol before the end of
the frame when the CPE is co-located with the BS (see
Table 44).
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Table 40c—CRZUS-MAP IE format (continued)

Syntax

Size

Notes

EIRP Density Level

8 bits

EIRP per transmitted subcarrier (see 9.9.4.2). Signed
in units of 0.5 dB, ranging from —104 dBm (encoded

0x00) to +23.5 dBm (encoded OxFF).

}

If(UIUC==1) {

Passive SCW mode (CPE to receive and demodulate
the CBP burst and send content to the BS).

Channel Number

8 bits

Channel number in which the CPE shall listen to~the
medium for a coexistence beacon.

Synchronization mode

1 bit

0: The CPE will capture the CBP burst using'its
current synchronization (i.e., lockedtg its BS) for
geolocation purposes.

1: The CPE will resynchronize on the¢ received CBP
burst using the preamble symbol and optionally
pilot carriers to decode thie'payload for self-
coexistence purposes

} else if (UIUC > 2) && (UTUC < 3)) {

Number of Subchannels

4 bits

Number of subChannels reserved for the Relay BW
Request/UGS/Natification opportunistic window.

Number of Symbols

5 bits

Number of symbols reserved for the Relay BW
Request/UCS/Notification opportunistic window.

} else if (UIUC > 4) && (UTUC < 6) ) {

Number of Subchannels

4 bits

Number of subchannels reserved for the Relay CDMA
Periodic Ranging/BW Request/UCS notification
opportunistic window. Note that in case where
UIUC=8 and any UIUC in the range 4 to 6 are
allocated to a frame, the largest number of subchannel
specified shall prevail. Note also that when the CDMA
ranging burst is to be used for terrestrially-based
geolocation (see 10.5.2), the number of subchannels
shall be at least 6.

Number of symbols

5 bits

Number of symbols Relay CDMA Periodic Ranging/
BW Request/UCS notification as specified by the
respective UIUC. These shall be placed in the ranging
channel following the initial ranging window if
scheduled and consecutively (see Figure 157).

}else ifAUIUC ==17) {

CDMA) Allocation_IE ()

20 bits

See 7.7.4.1.2.

1else if (UIUC == 8) {

Number of Subchannels

4 bits

Number of subchannels reserved for the Relay initial
ranging burst. Note that in case where UIUC=8 and
any UIUC in the range 4 to 6 are allocated to a frame,
the largest number of claimed subchannels specified

shall prevail.

Number of Symbols

5 bits

Number of symbols reserved for the Relay initial
ranging burst.

L else if (UIUC == 9) {
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Table 40c—CRZUS-MAP IE format (continued)

Syntax Size Notes

US-MAP EIRP Control IE Variable See 7.7.4.1.3.

} else {

Burst Type 1 bit This value specifies the burst type for the burst specified

by this US-MAP IE.

0: Bursts are mapped in the time axis over the full
width of the US subframe before incrementing in
the frequency axis.

1: Bursts are mapped in the time axis over segments-of
7 symbols before incrementing in the frequéncy
axis and then retracing to the lowest unused
subchannel in the next 7 symbol segmeént. The
width of the last segment is to be between 7 and 13
symbols depending on the widtlnof.the US
subframe.

Duration 12 bits Number of OFDM slots lirigaily allocated to the US
burst specified by this IE (Up to 60 by 30 slots can be
allocated to a US burst)

MDP 1 bit Measurement DatasPfeferred

Used by the BS to indicate to the CPE that this US
allocation,is\do’ be preferably used by the CPE for
the specific ‘purpose of reporting back any
meagurenient data. The measurement data to be
reported is in connection to the specified Transaction
JE55

It case the CPE does not have anything to report, it
can use this allocation for any other data. This is
useful, for example, after a quiet period.

0: Measurement data not required (default)

1: Measurement data preferred

MRT 1 bit Measurement Report Type

In case MDP == 1, this field indicates which type of
report the BS wants the CPE to send back.

0: Detailed (see 7.7.18.3.1.1 through 7.7.18.3.1.8)

1: Consolidated (see 7.7.18.3.1.9)

CMRP 1 bit Channel Management Response Preferred

Used by the BS to indicate to the CPE that this US

allocation is to be used for confirming or not the

receipt of the channel management command with the

Transaction ID specified.

0: Channel management response not required
(default)

1: Channel management response required

7.7.4.1.4.5 Distributed Relay Zone US-MAP Group Resource Allocation IE
(DRZUS-MAP GRA IE)

The format of the DRZ US-MAP GRA IE is shown in Table 40d.
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Table 40d—DRZUS-MAP GRA information element

Syntax Size Notes
DRZUS-MAP_GRA IE() {
Resource Allocation Bitmap Variable Indicates whether the resources are allocated to the
(1 bit x device in a group.
numberof | The number of devices in the group is determined by
devicesin | the Device Bitmap Size in GRA Configuration
the group) | Message.
0: not allocated in the frame
1: allocated in the frame
Resource Starting Index 11 bits Indicates the starting index of resource in the ginit of
OFDMA slot. In the DS subframe, the index starts
right after the frame preamble from 0. In'the US
subframe, the index 0 starts from theranging/BW
request/UCS notification contentignwindows (not
including SCW) if it exists.
Resource Size Bitmap Variable Indicates the resource allocation size for the device in
(3 bits x the unit of OFDMA slot!
numberof | 000: 1
devicesin | 001:2
the group) | 010: 4
011: 8
100: 16
101: 32
110: 04
101:N928
Group UIUC Flag 1 bit Indicates whether the UIUC is fixed within group.
0: not fixed within group
1: fixed within group
Group Burst Type Flag Ibit Indicates whether the Burst Type is fixed within
group.
0: not fixed within group
1: fixed within group
Group MDP Flag 1 bit Indicates whether the MDP is fixed within group.
0: not fixed within group
1: fixed within group
Group MRT Flag 1 bit Indicates whether the MRT is fixed within group.
0: not fixed within group
1: fixed within group
Group CMRPFlag 1 bit Indicates whether the CMRP is fixed within group.
0: not fixed within group
1: fixed within group
If(Group UIUC Flag =0) {
Group UIUC Bitmap Variable Specifies the UIUC of each device in a group
(6 bits x
number of
devices in
The group)
}
Else {
UluC 6 bits Same UIUC is used by all device in a group
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Table 40d—DRZUS-MAP GRA information element (continued)

Syntax Size Notes
If (UTUC == 12)
Extended UIUC Value 6 bits See 7.7.4.1.1.
H
If (Group Burst_Type Flag = 0) {
Group Burst Type Bitmap Variable | Specifies the Burst Type of each device in a group
(1 bit x
number of
devices in
the group)
H
Else{
Burst Type 1 bit Same Burst Type is used by.all device in a group
H
If (Group MDP Flag = 0) {
Group MDP Bitmap Variable Specifies thie AMDP of each device in a group
(1 bit x
number of
devices in
the group)
H
Else{
MDP 1 bit Same MDP is used by all device in a group
H
If (Group MRT Flag =0) {
Group MRT Bitmap Variable Specifies the MRT of each device in a group
(1 bit x
number of
devices in
the group)
H
Else{
MRT 1 bit Same MRT is used by all device in a group
b
If (Group CMRP Flag = 0) {
Group CMRP Bitmap Variable | Specifies the CMRP of each device in a group
(1 hit
number of
devices in
the group)
H
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Table 40d—DRZUS-MAP GRA information element (continued)

Syntax Size Notes
Else{
CMRP 1 bit Same CMRP is used by all device in a group
}
}

7.7.7 REG-REQ/RSP
7.7.7.3 REG-REQ/RSP information elements
7.7.7.3.4 CPE capability

7.7.7.3.4.12 Permanent Station ID

Table 61—Permanent Station ID infetmation element

Length
Element ID (bytes) Value Scope
15 2 Permanent-S1D (Bit 0660-000b-bbbb-bbbb REG-REQ/RSP
000b bbbb.bbbb bbbb)

7.7.7.3.4.13 CPE Operational Capahility

Tahle 62—CPE Operational Capability information element

Length

Element ID (bytes)

Value Scope

16 1 0x00: Fixed_(no relay) REG-REQ/RSP
0x01: Portable_(no relay)

0x02; Centralized scheduling A-CPE (fixed only)
0x03: Distributed scheduling A-CPE (fixed)

0x04: Distributed scheduling A-CPE (portable
0x05: Fixed Multi-channel Bulk Transmission
0x06: Fixed Multi-channel Transmit Diversity
0x07: Portable Multi-channel Bulk Transmission
0Ox0R: Partable Multi-channel Transmit Diversity

0x09-0xFF: Reserved
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7.7.7.3.6 Local SID Group

The format of a Local SID IE is shown in Table 63a. This IE shall be transmitted by the A-BS to the
distributed scheduling A-CPE at registration. Instead of the A-BS. the distributed scheduling A-CPE

allocates a Local SID to the S-CPE at initialization.

Table 63a—Local SID Group Information element

Syntax Size Notes Scope
Local SID Group IE(){ REG-RSP
Element ID = 18 8 bits
Number of SIDs 13 bits Total number of SIDs assigned for a distributed
scheduling A-CPE
SIDs 13 bits gtart SID; A group of SIDs will be allocatedftom
ID.

7.7.8.9 Service Flow encodings

7.7.8.9.19 Per-RS QoS
The format of a Per-RS QoS IE is shown in Table 101a.

Table 101la—=Per-RS QoS information elements

Name Element ID Length Value Scope

Per-RS QoS 21 Variable Compound DSA-REQ/RSP
DSC-REQ/RSP

Per-RS QoS value 1s shown in Table 101b as following.

Table 101b—Per-RS QoS value

Length
Name (1 byte) Value
RS Basic CID 2 RS Basic CID
Maximum Latency for the RS 4 Milliseconds

The value of Maximum Latency for the A-CPE specifies the maximum interval between the reception of an
MAC PDU at the A-CPE’s air interface that is receiving the MAC PDU and the air interface that is
forwarding the MAC PDU.
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7.7.11 CPE Basic Capability Request/Response (CBC-REQ/RSP)
7.7.11.3 CBC-REQ/RSP information elements

7.7.11.3.2 Physical parameters supported

7.7.11.3.2.2 PHY-specific parameters

7.7.11.3.2.2.1 CPE Demodulator

Table 109—CPE Demodulator information element

Length
Element ID (bytes) Value Scope

3 12 For a particular mode being represented, see the CBC-REQ,

corresponding index in Table 27 (DIUC valugs) CBC-RSP

bit 0-bit 7: Supported modulation (see Table 109a)

bit 8-bit 15: Supported coding rates (seeTable 109b)

"1l \"
Table 109a—Supported modulation
b0 b1 b2 b3 b4 b5 b6 b7
QPSK 16-QAM 64-QAM 256-QAM MD-TCM Reserved
Table 109b—Supported coding rates

b8 b9 b10 b11 b12 b13 b14 b15
12 2/3 3/4 5/6 7/8 10/11 14/15 Reserved
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7.7.11.3.2.2.3 Centralized Scheduling A-CPE Demodulator

The format of a Centralized Scheduling A-CPE Demodulator IE is shown in Table 110a. This field indicates

the different demodulator options supported by a centralized scheduling A-CPE for the DS reception

Table 110a—Centralized Scheduling A-CPE Demodulator

Length
Element ID (bytes) Value Scope
3.1 2 For a particular mode being represented, see the CBC-RSP

corresponding index in Table 27 (DIUC values)
bit 0-bit 7: supported modulation (Table 109a)
bit 8-bit 15: supported coding rates (Table 109b)

7.7.11.3.2.2.4 Centralized Scheduling A-CPE Modulator

The format of a Centralized Scheduling A-CPE modulator IE is shown ifi“Table 110b. This field indicates
the different modulator options supported by a centralized scheduling A~CPE for US transmission.

Table 110b—Centralized Scheduling A-CPE Modulator

Length
Element ID (bytes) Value Scope
4.1 2 For a particular mode being represented, see the CBC-RSP

correspending index in Table 36 (UIUC values)
bit O=bit 7: supported modulation (Table 109a)
bit8=bit 15: supported coding rates (Table 109b)

7.7.11.3.4 Relay CPEMode

The format of a Retdy CPE Mode IE is shown in Table 113a. This IE defines a relay operation mode for the
CPEs.

Table 113a—Relay CPE Mode information element

Length
(bytes)

8 1 0: No support Relay CBC-REQ

Element ID Value Scope

1: Centralized Scheduling A-CPE Support
2: Distributed Scheduling A-CPE Support
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7.7.11.3.5 Multi-channel operation supported

This information element indicates the capability of the CPE shown in Table 113b whether the multi-
channel operation is supported or not supported.

Table 113b—Multi-channel operation supported information element

Length
Element ID (bytes) Value Scope
9 1 0x00: Multi-channel operation not supported. CBC-REQ,
0x01: Multi-channel operation supported. CBC-RSP
0x02-0xFF: Reserved.
7.7.24 Confirmation codes
WEn

Table 173—Confirmation codes

CC Status

0x13 reject-A-CPE-not-supported-parameter-value

0x14 reject-unknowrsid

0x15 reject-igvalid-container-pdu-length

0x16 reject-invalid-container-pdu-type

0x17 reject-dtt-not-allowed

0x18 reject-dtt-rpt-not-allowed-to-transmit

0x19 reject-dtt-rpt-need-to-retest

0x20 reject-failed-cam-stp

0x21 reject-failed-cam-swh
Bx130x22-0xFF Reserved

),
7,225 Local Cell Update messages
7.7.25.1 Local Cell Update Indication (LCU-IND) message

The format of an LCU-IND message is shown in Table 173a. This message shall be transmitted by a

distriputed scheduling A-CFES 10 the A-BS at the updatc or 1ocal CCll inTormation.
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Table 173a—LCU-IND message format

Syntax Size Note

LCU_IND Message Format() {

Management Message Type = 41 8 bits Local Cell Update IND

Transaction ID 16 bits

Number of CPEs: n 8 bits The number of CPEs, which are attached by a
distributed scheduling A-CPE

For (i=1;i<n;i++){ Variable

SID 13 bits SID of CPE, which require local cell update-that.are
attached by a distributed scheduling A-CPE

}

7.7.25.2 Local Cell Update Acknowledgment (LCU-ACK) message

The format of an LCU-ACK message is shown in Table 173b. This message shall be transmitted by an A-BS
to a distributed scheduling A-CPEs for the acknowledgment of reeeption of local cell update indication.

Table 173b—LCU-ACK message format

Syntax Size, Note

LCU_ACK Format() {

Management Message Type = 42 8 bits

Transaction ID 16 bits

Confirmation Code 8 bits See 7.7.24
}
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7.7.26 Container message
7.7.26.1 Message format

The format of a Container message is shown in Table 173c. A container message is used to convey MAC
PDUs between the A-CPE to the A-BS

Table 173c—Container message format

Syntax Size Note

Container Message Format() {

Management Message Type = 43 8 bits

Transaction ID 16 bits

Number of Contained MAC PDUs: n 8 bits The number of contained MAGQRDUs

For (i=1;i<n; i++){ Variable

SID 13 bits SID of A-CPE, whicl sends this messages

MAC PDU Type 3 bits 000: REG-RSP.
001: DREG-CMD'with Action Code = 0x04 or 0x05]
010: DREG>CMD with Action Code = 0x01, 0x02, or

0x03

011: Any-0ther PDU
100~]#1: Reserved

MAC PDU Length 11 bits The length in bytes of the contained MAC PDU
including the MAC header and the CRC.

MAC PDU Variable

}

}

7.7.26.2 Container ACK message

The format of a Containér ACK message is shown in Table 173d. A container ACK message is used to
acknowledgment for a‘container message.

Table 173d—Container ACK message format

Syntax Size Note

Container ACK Message Format() {

Management Message Type = 44 8 bits

lan) ey 11 1o laad

Confirmation Code 8 bits See 7.7.24
}
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7.7.27 Downstream Transmit Test (DTT) messages
7.7.27.1 DTT Request (DTT-REQ) message

7.7.27.1.1 Message format

The format of a DTT-REQ message is shown in Table 173e.

Table 173e—DTT-REQ message format

Syntax Size Note

DTT-REQ Message Format() {

Management Message Type = 45 8 bits

Transaction ID 16 bits

Information elements (IEs) Variable | see Table 173f
h

7.7.27.1.2 DTT-REQ information element

The format of a DTT-REQ IE is shown in Table 173f.

Table 173f—DTT-REQ information element

Element ID
Name ( byte) Length Scope
SID 1 13 bits Selected a centralized scheduling A-CPE to test a relay
burst profile

7.7.27.2 DTT Response(DTT-RSP) message
7.7.27.2.1 Message-format

The format of @ DTT-RSP message is shown in Table 173g.

Table 173g—DTT-RSP message format

Syntax Size Note

DTT-RSP_Message Format() {

Management Message Type = 46 8 bits

Transaction ID 16 bits

Information elements (IEs) Variable | see Table 173h
}
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7.7.27.2.2 DTT-RSP information element

The format of a DTT-RSP IE is shown in Table 173h.

Table 173h—DTT-RSP information element

Element ID
Name ( byte) Length Scope
Action Frame 1 4 bits Integer value greater than zero that indicates the
Number Offset starting frame number for a relay burst profile test
Status 2 8 bits See 7.7.24

7.7.27.3 DTT Report (DTT-RPT) message
7.7.27.3.1 Message format

The format of a DTT-RPT message is shown in Table 173i.

Table 173i—DTT-RPT messagé fermat

Syntax Size Note

DTT-RPT Message Format() {

Management Message Type =47 8 bits

Transaction ID 16, bits

Information elements (IEs) Variable see Table 173j
H

7.7.27.3.2 DTT-RPT information element

The format of a DTT-RPT IE is shown in Table 173;.

Table 173j—DTT-RPT information element

Element ID
Name (1 byte) Length Scope
Downstream burst 1 6 bits Burst profile that can be received by the CPE
profile
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7.7.27.4 DTT Confirmation (DTT-CFM) message
7.7.27.4.1 Message format

The format of a DTT-CFM message is shown in Table 173k.

Table 173k—DTT-CFM message format

Syntax Size Note

DTT-CFM_Message Format() {

Management Message Type = 48 8 bits

Transaction ID 16 bits

Information elements (IEs) Variable | See Table 1731
}

7.7.27.4.2 DTT-CFM information element

The format of a DTT-CFM IE is shown in Table 1731.

Table 173I—DTT-CFM infermation element

Element ID
Name (1 byte) Length Scope
Confirmation Code 1 8 bits See 7.7.24
Action Frame Number 2 4 bits Integer value greater than zero that indicates the
Offset starting frame number for a relay burst profile test

7.7.28 Relay-Schedule (Relay-SCHE) message

The format of a Relay-SCHE message is shown in Table 173m. This message may be used for the
coordination of the US allocation. It is sent by an A-BS to an A-CPE or sent by an A-CPE to an S-CPE.

Table 173m—Relay-SCHE message format

Syntax Size Note

Relay-SCHE Message Format() {

Management Message Type = 49 8 bits
Transaction ID 16 bits
N_FID 8 bits The number of FIDs included

For (i=0; i <N_FID; i++) {

FID 8 bits The FID for the CPE
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Table 173m—Relay-SCHE message format (continued)

Syntax Size Note
Allocation Frame Offset 8 bits In terms of number of frames
Bandwidth 8 bits In number of bytes
}
}

7.7.29 Channel Allocation Manager management messages
7.7.29.1 Overview

This subclause (7.7.29) describes the channel allocation manager management messagessfor the basic multi-
channel operations such as add new operating channel operation (CAM-ADD),Cstop operating channel
(CAM-STP and CAM-STP-ACK) and switch operating channel (CAM-SWH andd CAM-SWH-ACK).

7.7.29.2 Add new operating channel (CAM-ADD) message

The format of the CAM-ADD message is shown in Table 173n. Thi§ message is used to configure add new
operating channel procedure during the multichannel operation. The’ aggregation information is needed by
the CPE-CAM in order to identify the aggregation information transmitted from the BS-CAM. This message
includes the number of maximum aggregation channel allowed and the channel aggregation information for
CPE.

Table 173n—CAM<ADD message format

Syntax Size Note
CAM-ADD Message Format() {
Management Message Type =:50: 8 bits
Transaction ID 16 bits
Aggregation Information 1 bit 0: Aggregation on
1: Aggregation off
Maximum Aggregation Channels 6 bits The number of maximum aggregation channels
allowed in CPE.
For (i =07 i < Maximum Aggregation List of the channel informations that are available for
Channels; i++){ channel aggregation in CPE.
Channel Number [i] 8 bits
H
reserved 1 bit This bit shall be set to zero.
H
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7.7.29.3 Stop operating channel (CAM-STP) message

The format of the CAM-STP message is shown in Table 1730. This message is used to configure stop
operating channel procedure during the multichannel operation. This message is sent by BS-CHU to the
CPE-CHU in order to stop the operating channel in CPE-CHU. Transmission of this message may result

from varions conditions such as protection of incnmbent services (BS incumbent sensing report, CPE

incumbent sensing report), channel availability in database and BS channel scheduling.

Table 1730—CAM-STP message format

Syntax Size Note

CAM-STP Message Format() {

Management Message Type = 51 8 bits
Transaction ID 16 bits
Confirmation Needed 1 bit 0: No confirmation needed
1: Confirmation needed
Stop Channel Number 8 bits Specified destination for'channel stop operation

request.

7.7.29.4 Stop operating channel acknowledgment (CAM-STP-ACK) message
The format of the CAM-STP-ACK message is shewn in Table 173p. This message shall be sent by CPE-

CHU to the BS-CHU in response to a received{CAM-STP. This message serves to confirm to the BS-CHU
the reception of the CAM-STP message by the.CPE-CHU.

Table 173p—CAM-STP-ACK message format

Syntax Size Note

CAM-STP-ACK_Message- Format() {

Management Message Type = 52 8 bits
Transaction ID 16 bits
Confirniation Code 8 bits See 7.7.24

}

7.7.29.5 Switch operating channel (CAM-SWH) message

The format of the CAM-SWH message is shown in Table 173q. This message is used to configure switch

operating channel procedure during the multichannel operation. This message 1s sent by BS-CHU to the
CPE-CHU in order to switch the operating channel in CPE-CHU. Transmission of this message may result
from various conditions such as protection of incumbent services (BS incumbent sensing report, CPE
incumbent sensing report), channel availability in database and BS channel scheduling.
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Table 173g—CAM-SWH message format

Syntax Size Note

CAM-SWH_Message Format() {

Management Message Type = 53 8 bits

Transaction ID 16 bits

Confirmation Needed 1 bit 0: No confirmation needed
1: Confirmation needed

Switch Mode 1 bit 0: no restriction on transmission until the scheduled

channel switch
1: addressed CPE shall transmit no further fgames until
the schedules channel switch.

Switch Count 8 bits The number of frames until the BS sénding the
switching operating channel message switches to the
new operating channel.

Switch Channel Number 8 bits Specified destination for,channel switch request.

}

7.7.29.6 Switch operating channel acknowledgment (CAM-SWH-ACK) message
The format of the CAM-SWH-ACK message is shown in,Fable 173r. This message shall be sent by CPE-

CHU to the BS-CHU in response to a received CAM-SWH. This message serves to confirm to the BS-CHU
the reception of the CAM-SWH message by the CPE-CHU.

Table 173r—CAM-SWH-ACK message format

Syntax Size Note

CAM-SWH-ACK_ Message Fopmat() {

Management Message Type =354 8 bits

Transaction ID 16 bits

Confirmation Code 8 bits See 7.7.24
}

7.7.30.Group Resource Allocation management messages
7)7.30.1 Group Resource Allocation Configuration (GRA-CFG) message

The format of the GRA-CFG message is shown in Table 173s. This message is used to configure the group
resource allocation, The BS uses this message to create a new group and identifv the devices that belong to

the group.
The A-BS uses bitmaps to allocate the resources on a group basis. The device bitmap size specifies the

maximum number of devices that can be supported by a new group. The SID bitmap is used to indicate the
device belonging to the group. The total size of the SID bitmap is the number of devices multiplied by the
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13-bit station ID. Each group is identified by a unique 10-bit group ID. The group is classified into two
types, fixed group and portable or mobile group. The type of group is determined according to the mobility
of A-CPE. The location of group is represented by the latitude and longitude of A-CPE.

Table 173s—GRA-CFG message format

Syntax Size Note
GRA-CFG_Message Format() {
Management Message Type = 55 8 bits
Transaction ID 16 bits
Device Bitmap Size 4 bits Maximum number of devices that can beineltided to a
new group
0000: 1
0001: 2
0010: 4
0011: 8
0100: 16
0101: 32
0110: 64
O111: 128
1000~1111: Résefved
SID Bitmap Variable The bitmap of station ID that is belonging to a new
(13 bits x | group
number of
devices)
GID 10 bits ID of the group to which the device is included
Group Type 1 bit 0: Fixed Group
1: Portable or Mobile Group
Group Location 48 bits Latitude and longitude of a new group
h

7.7.30.2 Group Resource Allocation Update (GRA-UPD) message
The format of the GRA-UPD message is shown in Table 173t. This message is used to update the group

resource allocationeonfiguration. The device can be added to or deleted from a group. This message is also
used to updatéithe location of group.

Table 173t—GRA-UPD message format

Syntax Size Note

GRA-UPD Message Format() {

Management MeSSage 1ypc =50 6 DIIS

Transaction ID 16 bits
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Table 173t—GRA-UPD message format (continued)

Syntax Size Note

Device Flag { 1 bit Flag to indicate whether the device information is
changed
0: Device information is not changed
1: Device information is changed

Group Flag 1 bit Flag to indicate whether the group information is
changed
0: Group information is not changed
1: Group information is changed

If(Device Flag =1) { Indicate that device information is changed

GID 10 bits Group ID to which the device(s) is addedtoof deleted
from a group.

Number of Added Devices 7 bits

Number of Deleted Devices 7 bits

For (i = 0; i <Number of Added

Devices; i++) {

SID [i] 13 bits Station ID that/s added to a group.

Device Bitmap Index 7 bits New index\of.the device in a group’s device bitmap.

j

For (i = 0; i < Number of Deleted

Devices; i++) {

SID [i] 13 bits Station ID that is deleted from a group.

}

}

if (Group Flag = 1){ 1 bit
Indicate that group information is changed

Group Location 48 bits New latitude and longitude of a group

}

}
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7.7.31 Ranging Report (RNG-RPT) message

The format of the RNG-RPT message is shown in Table 173u. This message is sent by a centralized
scheduling A-CPE to A-BS and is used to inform ranging status of S-CPEs.

Table 173u—RNG-RPT message format

Syntax Size Note

RNG-RPT Message Format() {

Management Message Type = 57 8 bits

Transaction ID 16 bits

Information element (IEs) Variable See Table 173v
}

Table 173v—RNG-RPT information elemends

Element ID (1 Length .
Name byte) (bits) Description

Ranging Status 1 2 00: requite initial ranging adjustment
01: Initial Ranging done
10%11:"Reserved

EIRP per 2 8 See Table 44

subcarrier

CDMA Code 3 8 A unique code assigned to the CPE, to be used for the
CRZ initial ranging code set.

Transmission 4 8 A unique transmission opportunity assigned to the

opportunity offset CPE, to be used for the CRZ initial ranging in units of
symbol duration

7.8 Management of-MAC PDUs
7.8.4 Packing

7.8.4.3 ARQ-Feedback IEs

When operating in a relay network, ARQ Feedback message shall be processed according to the rules
outlined in 7.8.7.3.
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7.8.7 MAC PDU construction for relay

7.8.7.1 General

In the relay network, a centralized scheduling A-CPE will not be doing any additional fragmentation and/or
packing of PDUs exchanged between the A-BS and the S-CPE. The procedures defined in 7.8.8 shall be
followed by the A-BS and S-CPE when exchanging MAC PDUs in either the DS or US, through a
centralized scheduling A-CPE. These procedures are applicable to connections between the S-CPE and A-
BS that use ARQ and those connections that do not use ARQ.

Distributed scheduling A-CPEs have the ability to locally make decisions with regard to~allocating
bandwidth and scheduling resources for S-CPEs that are attached to it. Procedures defined in this clause
describe how the distributed scheduling A-CPE processes MAC PDUs being exchanged through it between
the A-BS and S-CPE. These procedures take into account the configuration of the secufity-sublayer for the
S-CPE, and whether or not ARQ is enabled for FIDs associated with a particular S-=CPE. Indication of
encryption/authentication being configured for the S-CPE is given when the EC bit in/the GMH is set to 1.

7.8.7.2 MAC PDU construction for distributed scheduling A-CPE Bfi\non-ARQ connections
7.8.7.2.1 Overview

In this subclause, four procedures for the construction of MAC\PDUs that may or may not require further
Fragmentation/Packing on non-ARQ connections are defined as follows:

1)  Security enabled, no further fragmentation/packing by A-CPE of MAC PDUs.
2) Security enabled, A-CPE will further fragment/pack MAC PDUs.
3)  Security disabled, no further fragnientation/packing by A-CPE of MAC PDUs.
4)  Security disabled, A-CPE will fusther fragment/pack MAC PDUs.

7.8.7.2.2 Procedure 1 on non-AR@.eonnections

The following procedure shall. be'used when the security sublayer for the S-CPE is configured to provide
authentication/encryption of MAC PDUs exchanged between the A-BS and S-CPE and the distributed
scheduling A-CPE will not further fragment/pack PDUs:

a) When a distributed scheduling A-CPE receives a MAC PDU from an S-CPE or A-BS, the
subheaders.attached to the PDU are processed as necessary. In the US, this may include the BR
subheader and Grant management subheader (GMSH).

b) Tle A-CPE forwards the MAC PDU as is, i.e., it does not modify the MAC PDU contents (GMH,
subheaders, payload).

c):"Upon reception of the MAC PDU at the intended destination, the GMH and non-Fragmentation/
Packing subheaders are processed first:

1) Inthe US: When the A-BS receives a MAC PDU that was relayed by A-CPE for an attached S-
CPE with the EC bit set to 1 in the GMH and the Type field indicating the presence of the BR
and/or GMSH subheaders, the BR/GMSH subheader will be ignored because those subheaders

will have been processed by the A-CPE.

2) Inthe DS: When the S-CPE receives a MAC PDU that was relayed by A-CPE on behalf of the
A-BS with the EC bit set to 1 in the GMH, the PDU will be authenticated/decrypted.

d) A-BS/S-CPE then processes the Fragmentation/Packing subheaders (included by the S-CPE or A-
BS that sent the MAC PDU) as necessary:
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1) Process the fragmentation subheader before decrypting/authenticating the MAC PDU payload.
2) Decrypt/authenticate the PDU prior to processing each packed SDU.

7.8.7.2.3 Procedure 2 on non-ARQ connections
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authentication/encryption of the MAC PDUs exchanged between the A-BS and S-CPE and the A-CPE will
further fragment/pack PDUs:

a) When a distributed scheduling A-CPE receives a MAC PDU from an S-CPE or A-BS, the
subheaders attached to the PDU are processed as necessary. In the US this may include the~BR
subheader and/or GMSH.

b) If the A-CPE has to pack multiple PDUs coming from one or more S-CPEs in the US,and transmit
them to the A-BS:
1) The A-CPE bundles those PDUs into a Container Message (see 7.7.26) and-transmits the burst
of MAC PDUs containing the Container Message to the A-BS.
2) When the A-BS receives the packed PDU, it unpacks each of the S<CRPE’s MAC PDUs from
the Container Message.
3) Each unpacked MAC PDU will be processed as indicated,in”Procedure 1 on non-ARQ
connections (see 7.8.7.2.2).
c) Ifthe A-BS packs multiple PDUs destined for one or more S“CPREs in the DS:
1) It bundles those PDUs into a Container Message (see %.7.26) and sends it to the A-CPE.
2) The A-CPE processes the Container Message:
i)  For each S-CPE that has >1 MAC PDUs.bundled within the Container Message, the S-

CPE packs each of those PDUs into ong'new MAC PDU with a GMH that has the EC bit
set to 0 and sends it to the intended(S-CPE.

ii) For CPEs that have only one NIA€ PDU in the container message, the A-CPE copies it out
of the Container Message and forwards it to the destination S-CPE.

3) Each MAC PDU received at th¢ S-CPE will be processed as indicated in Procedure 1 on non-
ARQ connections (see 7:8:7:2.2).

d) If the A-CPE has to fragment a MAC PDU that it is forwarding in the US:

1) It forms a new MA€ PDU with a GMH that has the EC bit set to 0, indicating fragmentation
subheader for gach PDU fragment from an S-CPE, and attaches a CRC.

2) The A-CPE bundles fragments from multiple S-CPEs into a Container Message and forwards
the Contdiner Message to A-BS.

3) When.the A-BS receives the Container Message, it unpacks and stores the PDU fragment for
eachS-CPE indicated in the Container Message.

4)( It continues to do this until it receives all fragments from the A-CPE.

5)/ Once it receives all the fragments of the S-CPE’s PDU, the A-BS processes the MAC PDU and
subheaders as defined in Procedure 1 for non-ARQ connections (see 7.8.7.2.2).

e) Ifthe A-CPE has to fragment a MAC PDU that it is forwarding in the DS:

1) It forms a new MAC PDU with a GMH that has the EC bit set to 0, indicating fragmentation
subheader for each PDU fragment from an S-CPE, and attaches a CRC.

2 The A-CPE sends ecach S.CPE’s MAC PDLUL ﬁ‘agmpnfe to-the S.CPE

7

3) The S-CPE continues to receive all the fragments.

4)  Once it receives all the fragments sent by the A-CPE PDU, the S-CPE processes the MAC PDU
and subheaders as defined in Procedure 1 for non-ARQ connections (see 7.8.7.2.2).

77
Copyright © 2015 IEEE. All rights reserved.

© IEEE 2015 - All rights reserved



https://iecnorm.com/api/?name=eca699ef3cd9bf3eefed1ae4a91bfbc0

ISO/IEC/IEEE 8802-22:2015/Amd 2:2017(E)

IEEE Std 802.22b-2015
IEEE Standard for Wireless Regional Area Networks
Part 22: Cognitive WRAN MAC and PHY Specifications: Policies and Procedures for Operation in the TV Bands
Amendment 2: Enhancement for Broadband Services and Monitoring Applications

7.8.7.2.4 Procedure 3 on non-ARQ connections

The following procedure shall be used when S-CPE encryption/authentication is disabled and the A-CPE
will not further fragment/pack PDUs:

a)  When a distributed scheduling A-CPE receives a MAC PDU from an S-CPE or A-BS,  the

subheaders attached to the PDU are processed as necessary. In the US this may include the BR
subheader and/or GMSH.
b) If the A-CPE receives a MAC PDU from one or more S-CPEs in the US:
1) The A-CPE processes subheaders as necessary.
2)  After processing the subheaders, the A-CPE generates a new MAC PDU:
i)  Strip out the BR and/or GMSH subheader if present, and strip out the CRC.
ii) Create a new MAC PDU that has a GMH with the BR/GMSH indicators in the/Type field
set to 0 and a packing/fragmentation subheader, and recalculate the HCS-efithe GMH.
iif) Append a new CRC to the payload.
3) The A-CPE forwards the new MAC PDU as currently defined. If transmission of PDUs from

>1 S-CPEs is occurring, repeat step b) of this procedure, and bundie the MAC PDU of each S-
CPE into a Container Message to forward to A-BS.

c) Ifthe A-CPE receives a MAC PDU or Container Message in the’DS/it unpacks each PDU from the
Container Message and forwards it to the intended S-CPE.

d) In the US, when A-BS receives the Container Message, it unipacks each S-CPE’s MAC PDU from
the Container Message and processes the Fragmentation/Packing subheaders that are part of the
original MAC PDU originated by S-CPE.

e) In the DS, when the S-CPE receives a PDU&transmission from the A-CPE, it processes the
Fragmentation/Packing subheaders that are part'of the original MAC PDU originated by A-BS

7.8.7.2.5 Procedure 4 on non-ARQ conné&ctions

The following procedure shall be used wheén'S-CPE encryption/authentication is disabled and the A-CPE
will further fragment/pack PDUs:

a) When a distributed scheduling A-CPE receives a MAC PDU from an S-CPE or A-BS, the
subheaders attached tothe PDU are processed as necessary. In the US this includes the BR
subheader and/or GMSH.

b) Inthe US, for each S-CPE’s PDU that is received at the A-CPE when packing is to be used:

1) EachPDUis first transformed by the procedure defined in step b) of Procedure 3 for non-ARQ
conneetions (see 7.8.7.2.4).

2) «lti\then forms a new MAC PDU with a GMH that has the EC bit set to 0, indicating packing
subheader for each packed PDU from an S-CPE, and attaches a CRC. The A-CPE forwards the
new MAC PDU as currently defined.

i)  This step is repeated for each S-CPE that has one or more PDUs that can be packed.

3) It the bundles the new PDUs from one or more S-CPEs in a Container Message and forwards
the Container Message to A-BS.

4)  When the A-BS receives the Container Message, it unpacks each S-CPEs burst and processes it

an\r\w‘]ing to etpp ﬂ) of Procedure 3 fornon APQ connections. (cpp 7872 A)

¢) Inthe DS, when the A-CPE receives the Container Message with one or more bursts associated with
a particular S-CPE:

1) Each PDU associated with a particular S-CPE is first transformed by the procedure defined in
steps b)1) and b)2) of Procedure 3 for non-ARQ connections (see 7.8.7.2.4).
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2) A-CPE then forms a new MAC PDU with a GMH that has the EC bit set to 0, indicating
packing subheader for each packed PDU from an S-CPE, and attaches a CRC. The A-CPE
forwards the new MAC PDU to the S-CPE.

d) Ifthe A-CPE has to fragment a MAC PDU that it is forwarding in the US:
1) It forms a new MAC PDU with a GMH that has the EC bit set to 0, indicating fragmentation

subheader 10r each PDU Iragment Irom an S-CFPE, and attaches a CKC.

2) The A-CPE bundles fragments from multiple S-CPEs into a Container Message and forwards
the Container Message to A-BS.

3) When the A-BS receives the Container Message, it unpacks and stores the PDU fragment for
each S-CPE indicated in the Container Message.

4) It continues to do this until it receives all fragments from the A-CPE.

5) Once it receives all the fragments of the S-CPE’s PDU, A-BS processes the MAC|PDU and
subheaders of the constituted/complete MAC PDU originated by the S-CPE asseciated with the
burst in the Container Message.

e) Ifthe A-CPE has to fragment a MAC PDU that it is forwarding in the DS:

1) It forms a new MAC PDU with a GMH that has the EC bit set to Oxifidicating fragmentation
subheader for each PDU fragment from an S-CPE, and attaches a CRC.

2) The A-CPE sends each S-CPE’s MAC PDU fragments to the S;CPE.
3) The S-CPE continues to receive all the fragments.

4) Once it receives all the fragments sent by the A-CPE PDU) the S-CPE processes the MAC PDU
and subheaders as defined in step e) of Procedure 3.fof.ion-ARQ connections (see 7.8.7.2.4).

7.8.7.3 MAC PDU construction for distributed scheduling A-CPE on ARQ connections
7.8.7.3.1 Overview

Procedures 1 to 4 outlined in 7.8.7.2 are applicable to the exchange of MAC PDUs on ARQ connections
between the A-BS and S-CPEs through a distributed scheduling A-CPE, as defined by the conditions in this
subclause.

7.8.7.3.2 Procedure 1 for ARQ connections

The following procedure shall\be used when the security sublayer for the S-CPE is configured to provide
authentication/encryptionsdf)MAC PDUs exchanged between the A-BS and S-CPE and the distributed
scheduling A-CPE williat further fragment/pack PDUs:

a) Inthe US'and DS the ARQ Feedback subheader can be attached to MAC PDUs.

b) Follow:Procedure 1 for non-ARQ connections (see 7.8.7.2.2) using the adjustments for ARQ
cohngctions in the US and DS as listed in steps ¢) and d) of this procedure.
c) . In'the US:
1) Ifend-to-end ARQ is used:
i)  The A-CPE ignores the ARQ feedback subheader (attached to MAC PDU received from
S-CPE) and forwards the MAC PDU to the A-BS as is (i.e., forwarding the MAC PDU
without altering the GMH, the ARQ Feedback IE, or the contents).
W) When the A_B eceives-the MA PD it vrocesses-the ARQ Fee

the MAC PDU.
2) Iftwo-link ARQ is used:

i)  The A-CPE processes the ARQ feedback subheader (attached to MAC PDU received
from the S-CPE).
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ii)) The A-CPE then wraps the MAC PDU (i.e., without altering the GMH, the ARQ
Feedback IE, or the payload) in a new MAC PDU and attaches an ARQ Feedback IE to
represent the ARQ process on the A-CPE/A-BS link.

iii) The A-CPE then forwards the MAC PDU to the A-BS.
iv) When the A-BS receives the MAC PDU, it first processes the outer MAC PDU and ARQ

d)

Feedback IE, but 1ignores the AKQ Feedback IE attached to the original MAC PDU
In the DS:
1) If end-to-end ARQ is used:

i)  The A-CPE ignores the ARQ feedback subheader (attached to MAC PDU received from
A-BS) and forwards the MAC PDU to the S-CPE as is (i.e., forwarding the MAC PDU
without altering the GMH, the ARQ Feedback IE, or the payload).

i)  When the S-CPE receives the MAC PDU, it processes the ARQ Feedback IE attached to
the MAC PDU.

2) Iftwo-link ARQ is used:

i) The A-CPE processes the ARQ feedback subheader (attached to MAC PDU received
from the A-BS).

ii) The A-CPE then wraps the MAC PDU (i.e., without altering the GMH, the ARQ
Feedback IE, or the payload) in a new MAC PDU and attdches an ARQ Feedback IE to
represent the ARQ process on the A-CPE/S-CPE link,

iii) The A-CPE then forwards the MAC PDU to the S{CRE.

iv)  When the S-CPE receives the MAC PDU, it firstprocesses the outer MAC PDU and ARQ
Feedback IE, but ignores the ARQ Feedback [E*attached to the original MAC PDU.

7.8.7.3.3 Procedure 2 for ARQ connections

The

following procedure shall be used when the Security sublayer for the CPE is configured to provide

authentication/encryption of the MAC PDUs exehanged between the A-BS and S-CPE and the A-CPE will
further fragment/pack PDUs:

a)
b)

<)

In the US and DS the ARQ Feedback subheader can be attached to MAC PDUs.

Follow Procedure 2 for ndn-ARQ connections (see 7.8.7.2.3) using the adjustments for ARQ
connections in the US ard)DS as listed in steps c¢) and d) of this procedure.

In the US:
1) If the A-CPE must pack multiple MAC PDUs when end-to-end ARQ is used:

i)  TheA-CPE ignores the ARQ feedback subheader (attached to MAC PDU received from
S-CPE).

it)\, It then bundles the MAC PDUs as is (i.e., forwarding the MAC PDU without altering the
GMH, the ARQ Feedback IE, or the contents) from one or more S-CPEs into a Container
Message.

iii) The A-CPE forwards the Container Message to the A-BS.

iv) When the A-BS receives the Container Message, it unbundles each S-CPE’s MAC PDU
and processes the ARQ Feedback IE attached to each MAC PDU.

2) If the A-CPE must pack multiple MAC PDUs when two-link ARQ is used:
i) The A_CPE Processes the APQ feedback headerattached-to-a-MAC PDII received from

each S-CPE.

ii) It then bundles the MAC PDUs as is (i.e., without altering the GMH, the ARQ Feedback
IE, or the payload) from one or more S-CPEs into a Container Message. The MAC PDU
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that encapsulates the Container Message shall have a ARQ Feedback IE added to it to
indicate the ARQ process for the A-BS/A-CPE link.

iii) Successful delivery of the MAC PDU that encapsulates the Container Message depends
on the ARQ process on the A-BS/A-CPE link. When the A-BS receives the Container
Message, it processes the ARQ Feedback IE attached to the Container Message.

iv) Ihc A-BS processes the Comntainer Message and unbundles cach S-CPEsS MACT PDU.
v) For each received S-CPE MAC PDU, the A-BS ignores the ARQ Feedback IE attached to
the original MAC PDU.
3) Ifthe A-CPE must fragment MAC PDUs when end-to-end ARQ is used:
i)  The A-CPE ignores the ARQ Feedback IE attached to MAC PDU by the S-CPE.
it) If fragmentation is necessary, the A-CPE forms a new MAC PDU with a GMH 'that has
the EC bit set to 0, indicating fragmentation subheader for each PDU fragment from an S-

CPE, and attaches a CRC. When creating the fragments, it will not alter the contents (e.g.,
GMH, subheaders, payload) of the original MAC PDU.

iii) The A-CPE bundles fragments from multiple S-CPEs into a Container Message and
forwards the Container Message to A-BS.

iv) When the A-BS receives the Container Message, it unpacks and’stores the PDU fragment
for each S-CPE indicated in the Container Message.

v) It continues to do this until it receives all fragments from the A-CPE.

vi) Once it receives all the fragments of the S-CPE’s(PDU, A-BS processes the MAC PDU
and the ARQ Feedback subheader of the origindldMAC PDU.

4) If the A-CPE must fragment MAC PDUs when twoilink ARQ is used:

i)  The A-CPE processes the ARQ Feedback IE attached to MAC PDU by the S-CPE.

ii) If necessary, the A-CPE forms a new MAC PDU with a GMH that has the EC bit set to 0,
indicating fragmentation subheadérfor each PDU fragment from an S-CPE, and attaches a

CRC. When doing this, it will*not alter the original contents (e.g., GMH, subheaders,
payload) of the MAC PDU.

iif) It then bundles the MAC-PDU fragments from one or more S-CPEs into a Container
Message. The MAC.PDU that encapsulates the Container Message shall have an ARQ
Feedback IE addedto it to indicate the ARQ process for the A-BS/A-CPE link.

iv) Successful delivery of the MAC PDU that encapsulates the Container Message depends
on the ARQ-process on the A-BS/A-CPE link.

v)  When the-A-BS receives the Container Message, it first processes the ARQ Feedback IE
attached to the MAC PDU encapsulating the Container Message and then unpacks and
stores the PDU fragment for each S-CPE indicated in the Container Message.

vi) « It continues to do this until it receives all fragments from the A-CPE.

vii) Once A-BS receives all the fragments of the S-CPE’s PDU, the A-BS processes the MAC
PDU, and the A-BS shall ignore the ARQ Feedback subheader of the original MAC PDU
that it reassembles for each S-CPE.

d)>> In the DS:

1) If the A-BS must pack multiple MAC PDUs destined for one or more S-CPEs in the DS when
end-to-end ARQ is used:

i)  The A-BS bundles packed PDUs for each S-CPE into its own MAC PDU and adds the

ARQfeecdbacksubheader:
iil) The A-BS inserts the generated MAC PDUs into a Container Message and sends it to the
A-CPE.

iii) The A-CPE receives the Container Message and processes it by unbundling each PDU
destined for the S-CPE and forwarding the PDU to the S-CPE as is (i.e., the A-CPE shall
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ignore the ARQ Feedback IE). This step is repeated until all PDUs in Container Message
have been forwarded.

iv) When the S-CPE receives the MAC PDU, it processes the attached ARQ feedback
subheader.

2) If the A-BS must pack multiple MAC PDUs destined for one or more S-CPEs in the DS when

Two-1ink ARQ 1s uscd:

i)  The A-BS bundles packed PDUs for each S-CPE into its own MAC PDU.

ii) The A-BS inserts the generated MAC PDUs into a Container Message and sends it to the
A-CPE. The MAC PDU that encapsulates the Container Message shall have a ARQ
Feedback IE added to it to indicate the ARQ process for the A-BS/A-CPE link.

iii) Successful delivery of the MAC PDU that encapsulates the Container Message depends
on the ARQ process on the A-BS/A-CPE link. When receiving the Container Méssage, the
A-CPE first processes the ARQ Feedback IE attached to MAC PDU that encapsulates the
Container Message.

iv) The A-CPE receives the Container Message and processes it by unbundling each PDU
destined for the S-CPE and encapsulating the unbundled PDU in@-new MAC PDU (with
the EC bit set to 0 in the GMH) with an ARQ feedback subheader (this represents the
ARQ process on the S-CPE/A-CPE link). This step is repeated until all PDUs in Container
Message have been forwarded.

v)  When S-CPE receives the MAC PDU, it shall piegess the attached ARQ feedback
subheader as defined and then unbundle the original (packed) PDU.

vi) The ARQ Feedback IE attached to the original\(packed) PDU shall be ignored by the S-
CPE.

3) Ifthe A-BS has PDUs to send to S-CPEs attached to an A-CPE and the A-CPE must fragment

MAC PDUs when end-to-end ARQ is used:

i)  The A-BS creates the MAC PDJ~and adds the ARQ feedback subheader.

ii) Then the A-BS bundles MACPDUs for multiple S-CPEs into a Container Message and
sends it to the A-CPE.

iii) The A-CPE processes gach contained MAC PDU in the Container Message by unbundling
the MAC PDU froim the Container Message and if necessary, fragmenting the PDU by
forming a new MAC PDU with a GMH that has the EC bit set to 0, indicating
fragmentation Gubheader for each PDU fragment from an S-CPE, and attaching a CRC.
When this i§~done, the contents of the original MAC PDU will not be altered. The A-CPE
then sends-each fragment to the destination S-CPE.

iv) Eaclr$S-CPE collects those fragments and processes the new fragmentation subheader.

v) Once an S-CPE has collected all of the fragments and has reassembled the original MAC
PDU, it processes the ARQ feedback subheader of the original MAC PDU.

4)~H'the A-BS has PDUs to send to S-CPEs attached to an A-CPE and the A-CPE must fragment

MAC PDUs when two-link ARQ is used:
i)  The A-BS shall not add an ARQ feedback subheader to the MAC PDUs it is transmitting
in the DS.

ii) The A-BS creates a Container Message to bundle MAC PDUs to be transmitted to S-CPEs
that are attached to an A-CPE. The MAC PDU encapsulating the Container Message shall
have an ARQ feedback subheader (related to the A-BS/A-CPE ARQ process).

11) The A-BS then sends the Container Message to the A-CPE.

iv) Successful delivery of the MAC PDU that encapsulates the Container Message depends
on the ARQ process on the A-BS/A-CPE link.

v) The A-CPE processes each contained MAC PDU in the Container Message by unbundling
the MAC PDU from the Container Message and if necessary, fragmenting the PDU by
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forming a new MAC PDU with a GMH that has the EC bit set to 0, indicating
fragmentation subheader for each PDU fragment from an S-CPE, and attaching a CRC.
When this is done, the contents of the original MAC PDU will not be altered. Each
new fragment will have the ARQ feedback subheader attached to it, before being sent to
S-CPE.
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the attached ARQ feedback subheader.
vii) Once an S-CPE has collected all of the fragments, it reassembles the original MAC PDU.

7.8.7.3.4 Procedure 3 on ARQ connections

The following procedure shall be used when S-CPE encryption/authentication is disabled and the\A-CPE
will not further fragment/pack PDUs:

a) Inthe US and DS the ARQ Feedback subheader can be attached to MAC PDUs.

b) Follow Procedure 3 for non-ARQ connections (see 7.8.7.2.4) using the ddjustments for ARQ
connections in the US and DS as listed in steps c) and d) of this procedure,

c) Inthe US:
1) Ifend-to-end ARQ is used:

i)  The A-CPE ignores the ARQ feedback subheader (attaChed to MAC PDU received from
S-CPE), but processes any other subheaders attachéd;

i) The A-CPE strips out the other subheaders, creatés a new MAC PDU, copies the ARQ
feedback header, and forwards the MAC PDU'to the A-BS.

iii) When the A-BS receives the MAC PDU, it processes the ARQ Feedback IE attached to
the MAC PDU

2) Iftwo-link ARQ is used:

i)  The A-CPE processes the ARQ feedback header (attached to MAC PDU received from
the S-CPE).

it) It processes the ARQ fecdback header (as received from the S-CPE) as well as any other
subheaders.

iii) It strips out the existing subheaders and creates a new MAC PDU.

iv) The new MAE/PDU will have a new ARQ feedback subheader to indicate the ARQ
process between the A-CPE and A-BS.

v) The A+CPE then forwards the MAC PDU to the A-BS.

vi) When'the A-BS receives the MAC PDU, it processes the ARQ Feedback IE attached to
the MAC PDU.

d) IntheDS:
\_Jf end-to-end ARQ is used:
i)  The A-CPE ignores the ARQ feedback subheader (attached to MAC PDU received from
A-CPE), but processes any other subheaders attached.
ii) The A-CPE strips out the other subheaders, creates a new MAC PDU, copies the ARQ
feedback header, and forwards the MAC PDU to the A-BS.

iii) When the S-CPE receives the MAC PDU, it processes the ARQ Feedback IE attached to
the MAC PDU

2) Iftwo-link ARQ is used:

i)  The A-CPE processes the ARQ feedback header (attached to MAC PDU received from
the A-BS).

83
Copyright © 2015 IEEE. All rights reserved.

© IEEE 2015 - All rights reserved



https://iecnorm.com/api/?name=eca699ef3cd9bf3eefed1ae4a91bfbc0

ISO/IEC/IEEE 8802-22:2015/Amd 2:2017(E)

IEEE Std 802.22b-2015
IEEE Standard for Wireless Regional Area Networks
Part 22: Cognitive WRAN MAC and PHY Specifications: Policies and Procedures for Operation in the TV Bands
Amendment 2: Enhancement for Broadband Services and Monitoring Applications

ii) It processes the ARQ feedback header (as received from the A-BS) as well as any other
subheaders.
iii) It strips out the existing subheaders and creates a new MAC PDU.

iv) The new MAC PDU will have a new ARQ feedback subheader to indicate the ARQ
process between the A-CPE and S-CPE.

v) The A-CPE then forwards the MAC PDU to the S-CPE .

vi) When the S-CPE receives the MAC PDU, it processes the ARQ Feedback IE attached to
the MAC PDU.

7.8.7.3.5 Procedure 4 on ARQ connections

The following procedure shall be used when S-CPE encryption/authentication is disabled and the ‘A-CPE
will further fragment/pack PDUs:

a) Inthe US and DS the ARQ Feedback subheader can be attached to MAC PDUs

b) Follow Procedure 4 for non-ARQ connections (see 7.8.7.2.5) using the-adjustments for ARQ
connections in the US and DS as listed in steps c) and d) of this procedure,

¢) Inthe US:
1) Ifthe A-CPE must pack multiple MAC PDUs when end-to-ennd ARQ is used:
i)  The A-CPE ignores the ARQ feedback subheader (attached to MAC PDU received from
S-CPE).
ii) It processes any of the other subheaders and sttips them out of the MAC PDU.
iii) The A-CPE then creates a new MAC PDU~and adds the original ARQ Feedback IE and
MAC PDU payload (without modifyiag them). Do this step for each S-CPE sending a
MAC PDU in the US.
iv) It then bundles the MAC PDUsd{trom one or more S-CPEs into a Container Message.
v) The A-CPE forwards the Centainer Message to the A-BS.
vi) When the A-BS receives the Container Message, it unbundles each S-CPE’s MAC PDU
and processes the AR@QFeedback IE attached to the MAC PDU.
2) If the A-CPE must pack miultiple MAC PDUs when two-link ARQ is used:
i)  The A-CPE processes the ARQ feedback header attached to a MAC PDU received from
each S-CPE.
ii) It processes any of the other subheaders and strips them out of the MAC PDU.
iii) The(A-CPE then creates a new MAC PDU and copies the original and MAC PDU
payload. Do this step for each S-CPE sending a MAC PDU in the US.

iy) It then bundles the MAC PDUs into a Container Message. The MAC PDU that
encapsulates the Container Message shall have a ARQ Feedback IE added to it to indicate
the ARQ process for the A-BS/A-CPE link.

v)  Successful delivery of the MAC PDU that encapsulates the Container Message depends
on the ARQ process on the A-BS/A-CPE link.

vi) When the A-BS receives the Container Message, it first processes the ARQ Feedback IE
attached to the MAC PDU that encapsulates the Container Message and then unbundles
each S-CPE’s MAC PDU.

I the A-CPEmUst fragnment MAC P s wheremd-toredARQ 15 used:
i)  The A-CPE processes the ARQ feedback header attached to a MAC PDU received from
each S-CPE.

it) It processes any of the other subheaders and strips them out of the MAC PDU.
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iii) If necessary, it fragments the MAC PDU payload and forms a new MAC PDU with a
GMH that has the EC bit set to 0, indicating fragmentation subheader for each PDU
fragment from an S-CPE, and attaches a CRC. When creating the fragments, it will not
alter the contents (e.g., ARQ Feedback IE and payload) of the original MAC PDU.

iv) The A-CPE bundles fragments from multiple S-CPEs into a Container Message and

A2

£ dedtla foa N 4 1.
TOTWarasS e CoOtamICT IvICSSagCTOthC7 T 10~

v)  When the A-BS receives the Container Message, it unpacks and stores the PDU fragment
for each S-CPE indicated in the Container Message.

vi) It continues to do this until it receives all fragments from the A-CPE.

vii) Once it receives all the fragments of the S-CPE’s PDU, A-BS processes the MAC PDUY
and the ARQ Feedback IE attached to the original MAC PDU.

4) If the A-CPE must fragment MAC PDUs when two-link ARQ is used:

i)  The A-CPE processes the ARQ feedback header attached to a MAC PDU, received from
each S-CPE.

it) It processes any of the other subheaders and strips them, as well as theyARQ Feedback IE,
out of the MAC PDU.

iii) If necessary, it fragments the MAC PDU payload and forms.a new MAC PDU with a
GMH that has the EC bit set to 0, indicating fragmentation subheader for each PDU
fragment from an S-CPE, and attaches a CRC. Wheh dding this, it will not alter the
original contents (e.g., payload) of the MAC PDU.

iv) It then bundles the MAC PDU fragments from,one or more S-CPEs into a Container
Message. The MAC PDU that encapsulates-the "Container Message shall have a ARQ
Feedback IE added to it to indicate the ARQ'process for the A-BS/A-CPE link.

v) Successful delivery of the MAC PDUithat encapsulates the Container Message depends
on the ARQ process on the A-BS/A-CPE link.

vi) When the A-BS receives the Cantainer Message, it first processes the ARQ Feedback IE
attached to the MAC PDU that/encapsulates the Container Message and then unpacks and
stores the PDU fragment fereach S-CPE indicated in the Container Message.

vii) It continues to do this until it receives all fragments from the A-CPE.

viii) Once A-BS receivés all the fragments of the S-CPE’s PDU, the A-BS processes the MAC
PDU.

d) Inthe DS:
1) If the A-BS must pack multiple MAC PDUs destined for one or more S-CPEs in the DS when
end-to-endARQ is used:
i)  Fhe A-BS bundles packed PDUs for each S-CPE into its own MAC PDU and adds the
ARQ feedback subheader.

i)~ The A-BS inserts the generated MAC PDUs into a Container Message and sends it to the
A-CPE.

iii) The A-CPE receives the Container Message and processes it by unbundling a PDU
destined for the S-CPE and forwarding the PDU to the S-CPE as is (i.e., the A-CPE shall
ignore the ARQ Feedback IE). This step is repeated until all PDUs in Container Message
have been forwarded.

iv) When the S-CPE receives the MAC PDU, it processes the attached ARQ feedback
subheader.

2) If the A-BS must pack multiple MAC PDUs destined for one or more S-CPEs in the DS whenf
two-link ARQ is used:

i)  The A-BS bundles packed PDUs for each S-CPE into its own MAC PDU.
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ii) The A-BS inserts the generated MAC PDUs into a Container Message and sends it to the
A-CPE. The MAC PDU that encapsulates the Container Message shall have a ARQ
Feedback IE added to it to indicate the ARQ process for the A-BS/A-CPE link.

iii) Successful delivery of the MAC PDU that encapsulates the Container Message depends
on the ARQ process on the A-BS/A-CPE link.

3)

4)

iv) Ihc A-CPE receives the Container Mcssage and processes it by unbundling a PDU
destined for the S-CPE and encapsulating the unbundled PDU in a new MAC PDU (with
the EC bit set to 0 in the GMH) with an ARQ feedback subheader (this represents the
ARQ process on the S-CPE/A-CPE link). This step is repeated until all PDUs in Container
Message have been forwarded.

v) When S-CPE receives the MAC PDU, it shall process the attached ARQ feedback
subheader as defined and then unbundle the original (packed) PDU.

If the A-BS has PDUs to send to S-CPEs attached to an A-CPE, and the A-CPE must'fragment
MAC PDUs when end-to-end ARQ is used:

i) The A-BS creates the MAC PDU and adds the ARQ feedback subheaden.

ii) Then the A-BS bundles MAC PDUs for multiple S-CPEs into a’Container Message and
sends it to the A-CPE.

iii) The A-CPE processes each contained MAC PDU in the Cofitainer Message by unbundling
the MAC PDU from the Container Message and, if necessary, fragmenting the PDU by
forming a new MAC PDU with a GMH that has EC\bit«set to 0, indicating fragmentation
subheader for each PDU fragment from an S-CPE,jand attaching a CRC. When this is
done, the contents of the original MAC PDU willnot be altered. The A-CPE then sends
each fragment to the destination S-CPE.

iv) Each S-CPE collects those fragments and\processes the new fragmentation subheader.

v) Once an S-CPE has collected all of tli¢)fragments and has reassembled the original MAC
PDU, it processes the ARQ feedback subheader of the original MAC PDU.

If the A-BS has PDUs to send to S-CPEs attached to an A-CPE and the A-CPE must fragment
MAC PDUs when two-link ARQs used:

i)  The A-BS shall not add an"ARQ feedback subheader to the MAC PDUs it is transmitting
in the DS.

ii) The A-BS createsia Container Message to bundle MAC PDUs to be transmitted to S-CPEs
that are attachédito an A-CPE. The MAC PDU encapsulating the Container Message shall
have an ARQ\feedback subheader (related to the A-BS/A-CPE ARQ process).

iii) The A-BS'then sends the Container Message to the A-CPE.

iv) Sugcéessful delivery of the MAC PDU that encapsulates the Container Message depends
on)the ARQ process on the A-BS/A-CPE link. When the A-CPE first receives the
Container Message, it processes the ARQ Feedback IE attached to the MAC PDU that
encapsulates the Container Message.

v) The A-CPE processes each contained MAC PDU in the Container Message by unbundling
the MAC PDU from the Container Message and, if necessary, fragmenting the PDU by
forming a new MAC PDU with a GMH that has the EC bit set to 0, indicating
fragmentation subheader for each PDU fragment from an S-CPE, and attaching a CRC.
When this is done, the contents of the original MAC PDU will not be altered. Each new
fragment will have the ARQ feedback subheader attached to it before belng sent to S-CPE.

vi)Each S-CPE collects those fragmen

the attached ARQ feedback subheader
vii) Once an S-CPE has collected all of the fragments, it reassembles the original MAC PDU.
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7.8.8 MAC PDU transmission for relay
7.8.8.1 Overview

MAC PDU transmission for relay is shown in 7.8.8.2 and 7.8.8.4 for US and DS through a distributed
scheduling A-CPE and 7.8 8 3 and 7.8 8 5 for TS and DS through a centralized scheduling A-CPE

7.8.8.2 US through a distributed scheduling A-CPE

In the US, the distributed scheduling A-CPE would use the following method to forward bursts from_ S-
CPEs to A-BS:

(1) Distributed scheduling A-CPE determines N = number of US-MAP IEs on distributed-telay zone
(DRZ)
(2) The A-CPE initializes a empty container message and set # of contained MACRPDUs == N
(3) fori=1;1<N;i++
(4) grab SID from US-MAP IE “i”
(5) read burst (MAC PDU) contents out of slots assigned in US-MAP/IE “i”

[73%H]

(6) initialize entry “i” in container message
(7) copy SID value from step (4) into SID of position “i” in'‘€ontainer message
(8) copy burst (MAC PDU contents) out of slots assigned/in US-MAP IE “i” into burst (MAC
PDU storage) for entry “i” in container message
(9) repeat from step (3) until all US MAP IEs have been processed
(10) Once container message is finished being eonstructed, the A-CPE encapsulates it in a MAC

PDU and sends it on up to A-BS

(11) A-BS receives the container messages-and retrieves the burst for each S-CPE contained within

Legacy CPEs shall only be serviced by distributed A-CPE in US DRZ, if US DRZ is set to PHY-OMI (see
7.4b.3.4); otherwise, they will connect direetly connect to A-BS.

7.8.8.3 US through a centralized'scheduling A-CPE

In the US, the centralized scheduling A-CPE would use the following method to forward bursts from S-
CPEs to A-BS:

(1) A-BS detetmines AZ US-MAP IE and CRZ US-MAP IE for relay US from S-CPE through the
centralized scheduling A-CPE.

—NWAZ US-MAP IE contains SID for the centralized scheduling A-CPE and “CRZ US-MAP
Index” for mapping CRZ US-MAP IE used for the connection between the centralized
scheduling A-CPE and S-CPE.

— CRZ US-MAP IE contains SID for the S-CPE and “CRZ US-MAP Index” matched with
CRZ US-MAP Index of AZ US-MAP IE.

(2) In all likelihood, varying channel conditions will prevent the same slots and slot indexing to be
used for an S-CPE’s transmission in the CRZ and A-CPE’s forwarding in AZ. The purpose of the
“CRZ US-MAP Index” that is matched between the AZ and CRZ US-MAP IE is to allow the A-BS
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(3) When the centralized scheduling A-CPE receives bursts from the S-CPE assigned into CRZ US-
MAP IE, the A-CPE allocates received bursts into the slot assigned in AZ US-MAP IE with the
same CRZ US-MAP Index.
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(4) A-BS maintains tuple of centralized A-CPE SID || S-CPE SID || “CRZ Map Index” used to create
the AZ and CRZ US-MAP IEs. When the A-BS receives the burst in the AZ, it retrieves the burst for
a particular S-CPE SID from the appropriate slots indicated in AZ US-MAP IE using the CRZ Map
Index field.

Centralized schednling A-CPEs shall not be nsed service and increase throughput for legacy CPEs in the

US. Legacy CPEs cannot interpret the AZ/CRZ US-MAP IEs, only the US-MAP IE. Therefore if centralized
A-CPEs are used in the A-BS cell, legacy CPEs must receive US grants using the default US-MAP IE
transmitted to it directly by the A-BS.

7.8.8.4 DS through a distributed scheduling A-CPE

In the DS, the distributed scheduling A-CPE would use the following method to forward bursts from the A-
BS to S-CPEs:

(1) A-BS selects A-CPE, known in this method as “Da-cpe"
(2) Using current local cell topology info, determine
— LDa-cpe = list of SIDs of S-CPEs attached through Da-cpe that MAC PDUs need to sent to
— N =how many S-CPEs attached through Da-cpe, A-BS needs to,send MAC PDUs to, e.g., #
of SIDs contained in LDa-cpe
(3) A-BS may initialize a empty container message and set #,0f\contained MAC PDUs ==
(4) fori=1;1<N;i++

(5) initialize entry “1” in container message

(6) form MAC PDU for SID # “i” in LDa-cpe.(this includes forming GMH, setting up any sub-
heads, and applying encryption if that is configured for S-CPE)

(7) copy SID value of the “1” entry in LDa-cpe into the SID of position “i” in container message

(8) copy burst (MAC PDU contents)formed in step (6) into burst (MAC PDU storage) for

entry “i” in container message

(9) repeat from step (3) until’al’S-CPE (each identified by a SID in LDa-cpe) have been pro-
cessed

(10) Once container message 1s finished being constructed, A-BS encapsulates it in a MAC PDU
and sends it on up to thedistributed scheduling A-CPE

(11) Distributed scheduling A-CPE receives a container message, for each SID+MAC PDU in the
container message

(12) it wounld forms a DS MAP IE and maps the SID in container message entry to SID in MAP
IE

(13) assigns slots to contain the burst, indicates the slot allocation in MAP IE
(I'4) transmits DRZ DS MAP and the burst in the assigned slots
(15) repeat from step (10) until all MAC PDUs in container message have been handled.

Legacy CPEs shall only be serviced by distributed A-CPE in DS DRZ, if DS DRZ is set to PHY-OMI1 (see
71.4b.3.4); otherwise, they will connect directly connect to A-BS.

7.8.8.5 DS through a centralized scheduling A-CPE

In the DS, the centralized scheduling A-CPE would use the following method to forward bursts from the A-
BS to S-CPEs:

(1) A-BS determines AZ DS-MAP IE and CRZ DS-MAP IE for relay DS to S-CPE through the
centralizedscheduling A-CPE.
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— AZ DS-MAP IE contains SID for the centralized scheduling A-CPE, “CRZ DS-MAP IE
Index” for mapping CRZ DS-MAP IE used for the connection between the centralized
scheduling A-CPE and S-CPE, and Relay Mode set to 1. Relay Mode set to 0 indicates that
the destination of bursts is the centralized scheduling A-CPE.

— CRZ DS-MAP IE contains SID for the S-CPE and “CRZ DS-MAP Index” matched with

CDRZ DG NAD T LAZ NG NAADIL

(2) In all likelihood, varying channel conditions will prevent the same slots and slot indexing to be
used for an S-CPE’s transmission in the CRZ and A-CPE’s forwarding in AZ. The purpose of the
“CRZ DS-MAP Index” that is matched between the AZ and CRZ DS-MAP IE is to allow the A-BS
and centralized A-CPE to relate a set of slots allocated in the CRZ to slots allocated in the AZ.

(3) When the centralized scheduling A-CPE receives bursts from the A-BS assigned into AZ\DS-
MAP IE, the A-CPE allocates received bursts into the slot assigned in CRZ DS-MAP IE\with the
same CRZ DS-MAP Index of AZ DS-MAP IE.

(4) When the S-CPE receives the burst in the CRZ it retrieves the burst using the CRZ DS-MAP IE
allocation that matches it’s own SID.

Centralized A-CPEs shall not be used service and increase throughput for legacyn\CPEs in the DS. Legacy
CPEs cannot interpret the AZ/CRZ DS-MAP IEs, only the DS-MAP IE. Theréfore, if centralized A-CPEs

are used in the A-BS cell, legacy CPEs must receive DS allocations aising the default DS-MAP IE
transmitted to it directly by the A-BS.

7.9 ARQ mechanism

7.9.6 ARQ operation

7.9.6.4 ARQ for arelay network
7.9.6.4.1 Overview

In A-WRAN systems, there are two~ARQ modes. The first mode is an end-to-end ARQ mode that is
performed between an A-BS andran S-CPE; the second mode is a two-link ARQ mode that is performed
both between an A-BS and an A-CPE and between an A-CPE and an S-CPE. The support of ARQ mode is
performed during the netwafrk entry. Two-link ARQ mode is limited for a distributed scheduling mode.

In the end-to-end ARQ.mode, the ARQ operation is same as the operations described in 7.9.6.1, 7.9.6.2, and
7.9.6.3. An A-CPE does not have an additional ARQ functionality.

In two-link-ARQ mode, the ARQ operation is divided into two links that are a relay link between A-BS and
A-CPE and-an access link between a distributed scheduling A-CPE and S-CPE. The detailed procedure for
two-link, ARQ mode is described in the 7.9.6.4.2.

719.6.4.2 Two-link ARQ mode

For an access link between a distributed scheduling A-CPE and S-CPE, the ARQ state machine runs
between the A-CPE and the S-CPE. For relay link between A-BS and distributed scheduling A-CPE, the

ARQ state machine runs between the A-BS and the A-CPE. The A-BS schedules retransmission to the A-
CPE when ARQ block is corrupted in the relay link. The distributed scheduling A-CPE schedules
retransmission to the S-CPE when ARQ block is corrupted in the access link.
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The ARQ Feedback IE described in Table 176 is used by the A-BS and A-CPE to ACK/NAK corresponding
data transmitted between A-BS and A-CPE. The ARQ Feedback IE is transported either as a packed payload
(“piggybacked”) within a packed MAC PDU or as a payload of a standalone MAC PDU defined in 7.6.

In downlink (DL) ARQ operation, when A-BS sends ARQ block to A-CPE, it waits for the ARQ Feedback

IE from A-CPE_When ARQ block is cormpted in the relay link, the A-CPE sends NAK to A-BS _and A-BS
schedules the retransmission of the corresponding ARQ block to A-CPE as shown in Figure 27a. When A-
BS receives ACK from the distributed scheduling A-CPE, it waits for the ACK from the S-CPE relayed by
A-CPE. A-CPE may modify the ARQ Feedback IE received from S-CPE to inform only ACK to A-BS.
When A-BS receives ACK from S-CPE, it clears the buffer corresponding to ARQ block as shown_ in
Figure 27a. When ARQ block is corrupted in the access link, A-CPE shall not send NAK to A-BS and shall
schedule the retransmission of ARQ blocks to S-CPE. A-CPE shall discard the ARQ block when ARQ'btock
transmission failed in the access link after a timeout of the ARQ BLOCK LIFETIME. A-BS-o1‘A-CPE
discards the corresponding ARQ block after the timeout of its ARQ BLOCK LIFETIME. A{BS and RS
ARQ BLOCK LIFETIME are independently operated in A-BS and A-CPE, respectively,

S-CPE A-CPE A-BS

ARQ Block

A

ARQ Feedback IE

NAK

Retransmission

(NAK)

A

ACK

4

ARQBlock

A

ACK

Y

ACK

4

New ARQ Block

Figure 27a—Example of downlink ARQ for relay

In' uplink (UL) ARQ operation, when the distributed scheduling A-CPE receives ARQ block correctly from
S-CPE, A-CPE sends ARQ block to A-BS. When A-BS receives ARQ block correctly, A-BS sends ACK to
A-CPE and the A-CPE sends ACK to S- CPE When ARQ block is corrupted in the relay link, the

after a tlmeout of ARQ BLOCK LIFETIME in A- CPE
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7.9.6.4.3 ARQ state machine

The ARQ state machine operation in A-CPE and receiver in A-BS is the same as described in 7.9.6.2 and
7.9.6.3. For the transmitter state machine in A-BS, an ARQ block may be in one of the following five states:
not sent, outstanding for R-ACK, outstanding for S-CPE-ACK, waiting for retransmission, and data discard.
Ountstanding for R-ACK is the state waiting to receive ACK from A-CPE_When R-ACK is received, the

state transits to outstanding for S-CPE-ACK. In this state, when the A-BS receives S-CPE-NACK or after
ARQ BLOCK LIFE TIME, the state transits to discard. If A-BS receives S-CPE-ACK in the state of
outstanding for R-ACK or waiting for retransmission, the state transits to done. Other state transition
descriptions are the same as for transmitter state machine defined in 7.9.6.2. The ARQ Tx block state
sequence in A-BS is shown in Figure 27b.

DV-ddO

Transmit

Figure 27b—ARQ Tx block state in A-BS

7.10 Scheduling services
7.10.2 Upstream request/grant scheduling

7.10.2.1 UGS

In"A-WRAN systems, to meet a UGS service flow’s need, the A-BS and A-CPE along the path shall grant
fixed-size bandwidth to its S-CPE on a real-time periodic basis.

The A-BS or the A-CPE may send RS scheduling information (Relay-SCHE, 7.7.28) in advance to its S-

CFPE 10 mdicate when and how much bandwidih 1t will schedule Tor the service in the Tuture.
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7.10.2.2 rtPS

In A-WRAN systems, to meet an rtPS service flow’s need, the A-BS and A-CPE along the path shall poll its

S-CPE or grant dynamic-size bandwidth to its S-CPE on a real-time periodic basis

The A-BS or the A-CPE may send Relay scheduling information (Relay-SCHE, 7.7.28) to its S-CPE to
indicate when it will schedule a poll in the future.

7.11 Bandwidth management

7.11.1 Bandwidth Requests

7.11.1.3 Bandwidth Request for a relay network

7.11.1.3.1 Overview

In A-WRAN systems, the bandwidth request message, mechanism, and, €apability defined for the CPE and
A-BS shall be applicable for the A-CPE. Capability of incremental BRs'is mandatory only if the A-CPE is a
distributed scheduling A-CPE.

7.11.1.3.2 Bandwidth Request by a distributed schéduling A-CPE

A distributed scheduling A-CPE directly handles the/bandwidth requests it receives from its S-CPEs.

A distributed scheduling A-CPE may receive bahdwidth requests from its S-CPEs via the MAC signaling
header, the grant management subheader, or the CDMA bandwidth request code.

To forward US traffic to A-BS, a distributed scheduling A-CPE may request uplink bandwidth via a stand-
alone bandwidth request header. A distributed scheduling A-CPE may combine the bandwidth requests that
arrive from S-CPEs together by using a Container message (7.7.26) or with the bandwidth needs of queued
packets into one bandwidth request header per QoS class.

The distributed scheduling A-CPE may transmit a BW request header soon after it receives a BW request

header from one of its'S*CPEs (timed to yield an uplink allocation sequential to the arrival of those packets)
instead of waiting'fof the actual packets to arrive in order to reduce delay in relaying traffic (see Figure 27c¢).

S-CPE A-CPE A-BS

BW REQ GMH

Y

BW REQ GMH

US-MAP

Y

A

US-MAP

MAC PDUs

Y

MAC PDUs

Figure 27c—Reducing latency in relaying traffic by transmitting
BW request header before packets arrive
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7.11.1.3.3 Bandwidth Request by a centralized scheduling A-CPE

In centralized scheduling mode, the A-BS shall determine the bandwidth allocations (i.e., MAPs) for all
links in its cell. As a result, centralized scheduling A-CPEs shall receive the MAPs from the A-BS for the
links to/from their CPEs before they can transmit them.

For the same reason, centralized scheduling A-CPEs shall forward all bandwidth request headers and
bandwidth request CDMA ranging code information they receive from CPEs to the A-BS. The centralized
scheduling A-CPEs may combine bandwidth request by using a Container message (7.7.26).

If the centralized scheduling A-CPE has available uplink bandwidth, it shall simply forward the bandwidth
request information by using an Extended BW request subheader (Table 7a) to the A-BS. Otherwige, the
centralized scheduling A-CPEs shall request uplink bandwidth from the A-BS using CDMAbandwidth
ranging codes or Contention-based bandwidth request.

When the centralized scheduling A-CPE receives a CRZ CDMA bandwidth ranging cadeé-from an S-CPE,
the Extended BR subheader contains BW request type set to 0 and the received CRZJbandwidth ranging
code. Upon receiving an Extended BR subheader from a centralized scheduling, A/CPE, the A-BS shall
insert CDMA Allocation IEs in CRZUS-MAP IE for which the CPE performs_bandwidth request to the
centralized scheduling A-CPE.

When the centralized scheduling A-CPE receives a bandwidth request” subheader from an S-CPE, the
Extended BR subheader contains BW request type set to 1, SIDvof the S-CPE, Type, and BR. Upon
receiving an Extended BR subheader from a centralized scheduling A-CPE, the A-BS shall insert the
allocated bandwidth information in CRZUS-MAP IE for which the S-CPE performs US in US CRZ.

7.11.2 Grants

7.11.2.1 Grants for a relay network
7.11.2.1.1 Bandwidth grant for rglay with a distributed scheduling A-CPE

If the bandwidth request comes.from a distributed scheduling A-CPE, the A-BS shall address the bandwidth
grant to the A-CPE’s Basic FID. The distributed scheduling A-CPE may schedule a MAC PDU or relay
MAC PDU on the bandwidtl'allocation it receives.

An A-BS may send its distributed scheduling A-CPEs uplink scheduling information ahead of time via an
Relay-SCHE management message. This message indicates when a given uplink bandwidth allocation will
be granted to.the distributed scheduling A-CPE (i.e., in how many frames), the size of the allocation, and the
intended CID: The actual bandwidth grant is issued to the distributed scheduling A-CPE using a Data Grant
IE in an.upcoming US-MAP. For periodic bandwidth grants, the scheduling information need only be sent
once.(see Figure 27d).

When a distributed scheduling A-CPE receives an Relay-SCHE management message with uplink
scheduling information from the A-BS, it shall look up the target CPE of the given FID. Based on this
scheduling information and the target CPE of the FID, the distributed scheduling A-CPE can determine the

qp?rn?riqu bandwiadth allocations-and-associated RS T _allagcation frame offset on the nplin]z it controls

93
Copyright © 2015 IEEE. All rights reserved.

© IEEE 2015 - All rights reserved



https://iecnorm.com/api/?name=eca699ef3cd9bf3eefed1ae4a91bfbc0

ISO/IEC/IEEE 8802-22:2015/Amd 2:2017(E)

IEEE Std 802.22b-2015
IEEE Standard for Wireless Regional Area Networks
Part 22: Cognitive WRAN MAC and PHY Specifications: Policies and Procedures for Operation in the TV Bands
Amendment 2: Enhancement for Broadband Services and Monitoring Applications

S-CPE A-CPE A-BS
Relay SCHE message
US-MAP (Data Grant IE) )
) US-MAP (Data Grant IE)
Data 1 ~ )
Data 1
~ US-MAP (Data Grant IE) g
 US-MAP (Data Grant IE)
Data 1 )
] Data 1 R

Figure 27d—Periodic bandwidth grant with A-CPE
scheduling information

7.11.2.1.2 Bandwidth grant for relay with a centralized scheduling A-CPE

For centralized scheduling, when an A-BS allocates bandwidth to forward a packet to/from a given station, it
shall allocate bandwidth on all links (relay and access) that make up the path to/from that station taking into
account the processing delay and link qualities at’each A-CPE.

7.11.3 Polling

N
L &

7.11.3.4 Polling for a relay.fretwork

The polling procedure défined in 7.11.3 for the CPE and the A-BS may be used between the CPE/A-CPE. If
an A-CPE is regularly:polled, it can transmit a bandwidth request header to the A-BS as soon as it detects
impending uplink traffic in order to reduce delay (see Figure 29a).

An A-BS oradistributed scheduling A-CPE may inform a CPE of upcoming polling via an Relay SCHE
managefment message (see Figure 29b).

For.centralized scheduling, only the A-BS may establish a polling process with a CPE or centralized
scheduling A-CPE in the MR-cell.
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CDMA Allocation IE
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Figure 29a—Reducing latency in relaying traffie via A-CPE
polling
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Figure 29b—Periodic polling with A-CPE scheduling
information
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7.13 Contention resolution

The BS, A-BS, or distributed scheduling A-CPE controls assignments on the upstream channel through

the TIS-MAP messages. and determines which svmbal pprinr‘q are thjp("r ta collisions. Collisions max
occur during Initial Ranging/Relay Initial Ranging/Local Initial Ranging, Periodic Ranging/Relay Periodic
Ranging/Local Periodic Ranging, Bandwidth Request/Relay Bandwidth Request/Local Bandwidth Request,
UCS notification/Relay UCS notification/Local UCS notification, and the SCW defined by their respective
IEs. The potential occurrence of collisions in the Intervals is dependent upon the number of SIDs whose US-
MAP IEs are (simultaneously configures to use an Interval for a specific purpose (e.g., Ranging, JCS
notification, BW Request). The CPE has to make a decision in order to resolve collision in the upstream
direction for Initial Ranging/Relay Initial Ranging/L.ocal Initial Ranging, Periodic Ranging/Relay \Periodic
Ranging/Local Periodic Ranging, and BW Request/Relay Bandwidth Request/I.ocal Bandwidth’ Request.
Since in the case of UCS notification/Relay UCS notification/Local UCS notification-and SCW (CBP
packet transmission in the SCW) no explicit feedback is expected to be received frothe BS, A-BS, or
distributed scheduling A-CPE, collision resolution does not apply.

In the case of Initial Ranging/Relay Initial Ranging/Local Initial Ranging, and’ Periodic Ranging/Relay
Periodic Ranging/Local Periodic Ranging, collision resolution is to be dodg’ by a CDMA method (see
Table 31 and Table 37). In the case of Bandwidth Request/Relay Bandwidth Request/Local Bandwidth
Request and UCS notification/Relay UCS notification/Local UCS\notification, both those methods,
CDMA as well as exponential time backoff, explained later in this subclause, can be used. In the case of
collision resolution in the SCW, a special scheduling scheme, deseribed in 7.20.1.2, shall be used.

Since a CPE may need to service multiple upstream seryice-flows (each with its own FID), it makes these
decisions on a per FID or on a QoS (see 7.17) basis.cThe method of contention resolution that shall be
supported for BW Request/Relay Bandwidth Regtiest/Local Bandwidth Request and UCS notification/
Relay UCS notification/Local UCS notification-is,based on a truncated binary exponential backoff, with
the initial backoff window and the maximum backoff window controlled by the BS, A-BS, or distributed
scheduling A-CPE (see Table 30). The valuesyexpressed in units of opportunity (see Table 31) are specified
as part of the UCD message and repregent a power-of-two value. For example, a value of 4 indicates a
window between 0 and 15 opportunities; a value of 10 indicates a window between 0 and 1023
opportunities. When a CPE has infermation to send and wants to enter the contention resolution process, it
sets its internal backoff windew)equal to the BW Request/Relay Bandwidth Request/L.ocal Bandwidth
Request or UCS Notification/Relay UCS notification/Local UCS notification Backoff Start defined in the
UCD message referenced by‘the UCD Count in the US-MAP message currently in effect (the map currently
in effect is the map whose allocation start time has occurred but which includes IEs that have not occurred).

Note that the number of these opportunities per frame depends on the size of the opportunity window in
number of subchannels defined by the US-MAP for UIUC 2 or 3 (see Table 35) and the opportunity size
for the BW Request/Relay Bandwidth Request/Local Bandwidth Request and UCS notification/Relay UCS
notificatioh/Local UCS notification defined in Table 31. These opportunities shall be mapped horizontally
in theltime domain and fill a subchannel before moving to the next subchannel as is done for the upstream
dataPDU mapping.

7.13.1 Transmission opportunities

A transmission opportunity is defined as an allocation provided in a US-MAP or part thereof intended for a
group of CPEs authorized to transmit initial ranging requests/relay initial ranging requests/local initial

ranging requests, periodic ranging requests/relay periodic ranging requests/local periodic ranging requests,
bandwidth requests/relay bandwidth requests/local bandwidth requests, or UCS notifications/relay UCS
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notifications/local UCS notifications. This group may include either all CPEs that have an intention to
join the cell or all registered CPEs or a multicast polling group. The number of transmission opportunities
associated with a particular IE in a map is dependent on the total size of the allocation as well as the size of
an individual transmission.

(.14 Initralization and network association

7.14.3 A-BS initialization
7.14.3.1 General
The A-WRAN A-BS initialization procedure shall consist of the following steps:

a)  A-BS is professionally installed.
b)  A-BS acquires the antenna gain information
¢) Determine the A-BS geographic location.

d) If a database service exists for A-BS area of service, Spectrum Manager at the A-BS receives an
initial list of available channels from the database service. If thete€ iS no database service, Spectrum
Manager initially considers all channels available.

e) Operator disallows channels on the available channel list:as needed.

f)  Perform incumbent detection in all usable channels and synchronize network to neighboring A-BSs.

g) Present the available channel list to the higher layers for selection of an operating channel or
operating channels.

h) Commence single channel operation or fnulti-channel operation on the selected operating
channel(s).

This A-BS initialization procedure is depiéted'in Figure 49a.
7.14.3.2 Professional installation

The A-BS shall be installed by~a’professional who will be responsible for assuring that its installation is
compliant with local regulations (see Annex A) and the IEEE Std 802.22.2-2012. The professional installer
should make sure that_thevantenna pattern meets the pattern specified in 9.12.1 and that the antenna is
directed toward the selécted A-BS.

7.14.3.3 A-BS antenna gain information acquisition

The A-BS.shall determine if its antenna is integrated or not by querying it using the M-ANTENNA-
INTEGRATED primitive structure described in 10.7.6.1and 10.7.6.2. The A-BS shall acquire the antenna
information including the maximum antenna gain information for the channels that can be used in the
regulatory domain of interest. This information is stored in a MIB, wranlfBsCpeAntennaGainTable. If the
afitenna is integrated to the A-BS TRU, this MIB object shall be pre-populated by the manufacturer of the
A-BS. If the antenna is not integrated into the A-BS TRU, the MIB object shall be populated by querying the
antenna unit (AU) through the interface defined in 9.12.2. This information at the antenna shall be pre-

populated Dy the antenna manuracCturer.
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Figure 49a—A-BS initialization procedure
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7.14.3.4 Determine geographic location

The geolocation requirement for the A-BS is that the WRAN system shall know the latitude and longitude of
the A-BS transmitting antenna within a radius of 15 m and its altitude above mean sea level. The A-BS
geographic location information shall be stored in the A-BS memory.

7.14.3.5 Access TV bands database service and receive list of available channels
The A-BS shall access a TV bands database service if one exists.

The A-BS SM communicates with the TV bands database service using the primitives that are defined in
10.7.1. Each WRAN device shall enlist with the TV bands database service by providing information that is
required for access to the TV bands. The A-BS SM, which shall act as a proxy for all of its registered client
devices, shall perform enlistment using the M-DEVICE-ENLISTMENT primitives. Each irstarice that a
device is required to get a new set of available channels, the A-BS SM shall providé its geographic
coordinates or those of one of its registered client devices to the TV bands database servige-using the MDB-
AVAILABLE-CHANNEL-REQUEST primitive. The A-BS shall receive the available) channels from the
TV bands database service using the M-DB-AVAILABLE-CHANNEL-INDICATION primitive. The SM
shall generate the composite available channel list using only those channels that have been indicated as
available for every device on the network.

The A-BS shall prohibit WRAN operation on any channel not on this.injtidl list of available channels.
7.14.3.6 Operator disallows channels

Access shall be provided for the operator to disallow channels that are listed on the available channel list
from being selected for WRAN operation. The operator-shall not have access to channels that are not listed
on the available channel list. To further classify chafinels on the available list, the A-BS SM shall submit an
M-AVAIL-TV-CH-REPORT primitive with the-mode set equal to 1 to provide the available channel list to
the higher layers. Once channels on the avaijlable channel list are further classified as disallowed, the SM
shall receive an M-DISALLOWED-TV-CHSptimitive submitted by the SM.

7.14.3.7 Perform incumbent detéCtion and synchronize network with neighboring networks

The A-BS shall perform incumbént detection in each of the channels listed on the available channel list and
each adjacent channel if its EIRP is beyond the limit specified by the regulatory domain classes in Annex A
(e.g., 40 mW in the USA). t0 detect other legitimate incumbent services that do not exist in the database
service. The A-BS’s SMtshall use the output from the A-BS spectrum sensing function to identify occupied
channels on the available channel list.

The A-BS shall perform neighboring IEEE 802.22 network discovery on selected channels according to
7.20.1.3. The A-BS shall synchronize with neighboring A-BSs using its installed satellite-based geolocation
technolagy.

7¢¥4.3.8 Present the available channel list to the higher layers
After incumbent detection during which channels may have been identified as protected or occupied, the

resulting list shall be presented to the higher layers using an M-AVAIL-TV-CH-REPORT primitive with the

a Q Q M.A A H.REPQR

with the mode set equal to 3 for selection of operating channels. The required information presented shall be
each channel number that is available for the A-BS to commence WRAN service and the maximum allowed
EIRP for each channel. Additional information can be provided to the higher layers to help with the
selection of an optimal channel or optimal channels, such as a list of channels where other wireless services
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were detected during the incumbent detection stage. As a result of the selection from the higher layer, the
SM shall receive an M-OPERATING-TV-CH or M-OPERATING-TV-CHS primitive from the NCMS.

7.14.3.9 Commence single channel operation or multi-channel operation

The A-BS may now commence single channel operation on any one channel listed on the available channel

list or multi-channel operation on any channel listed on the available channel list.
7.14.4 CPE initialization for relay
7.14.4.1 General

Figure 49b illustrates an A-WRAN scenario where the need for the definition of an incumbent safe
CPE initialization can be easily seen.

Radiogang€ of
TVeg (T

Radio range
of 22b A-BS

Radio range of A-CPE2 for
supporting S,€PE connection

Noise limited contour of
TV station

Figure 49b—A-WRAN scenario where a safe bootstrap operation is required to
protect incumbents

In this figure, consider that S-CPE 4, which is located outside of an A-BS’s cell but located within a
disteibited scheduling A-CPE 2’s local cell, is powered down whereas the A-BS is transmitting in the cell
and-A-CPE 2 being a member of the A-BS is transmitting in the local cell that is under normal operation.
FEurther, assume that the TV station in Figure 49b is powered up and starts transmitting in the same channel
(i.e., channel #N in this example) that is being used by the A-BS and A-CPE 2 for their transmissions in the
cell S-CPE 4 should be capable of detectlng that A- CPE 2 is operatlng ina channel that is occupied by an

erence. ranﬂp

of the TV statlon protected contour (i.e., in the keep out reglon) If S CPE 4 is already registered with the
network managed by A-CPE 2, it will alert A-CPE 2. If S-CPE 4 is not registered with the network, it shall
not transmit. See 10.2.5, policies 5 and 6. In response to the alert from S-CPE 4, the SM at A-CPE 2 attempts
to detect the TV station and shall notify the A-BS when it detects the station. In response to the notification
from A-CPE 2, the SM at the A-BS may or may not decide to switch channels to accommodate the
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connected CPEs (see 10.2.6.6). The purpose of the sensing and geolocation capabilities of the WRAN
system shall be to prevent harmful interference to the primary TV service by providing the necessary
information to the A-BS’s SM that generates the list of available channels. The definition of an incumbent
safe CPE initialization phase is critical for cognitive radio systems. The SM incorporates algorithms to
address this need (see Table 234, policies 5 and 6).

First and foremost, the MAC does not presuppose any preassigned channel where a CPE is able to look for
an A-BS or a distributed scheduling A-CPE given the time-varying and unpredictable nature of channel
occupancy. Hence, the first task a CPE must perform in attempting to join a network is to scan the set of
channels for A-BSs or A-CPEs and incumbent services with which the transmissions of the CPE might
interfere. Since the A-BS shall send concentrated OFDM symbols composed of a frame preamble and SCH
once every superframe in PHY-OMI, or a frame preamble and an FCH once every frame in PHY-OM2\in its
operating channel, and the distributed scheduling A-CPE shall send concentrated OFDM symbols-composed
of a local frame preamble and a DRZ-FCH in the DS DRZ subframe within a frame, if available, in its
operating channel (see 7.3), the CPE will recognize the existence of an A-BS or a distributéd! scheduling A-
CPE transmission and, if appropriate, proceed with the CPE initialization procedure withithe corresponding
A-BS or distributed scheduling A-CPE. Although a CPE will recognize the existénce of an A-BS, in
particular, the CPE may not be initialized with the A-BS directly since the transmission of the CPE is not
able to reach the A-BS due to the power constraint. In this case, the CPE will jmake an initialization by
relaying on a centralized scheduling A-CPE.

The procedure carried out by the A-BS, the centralized scheduling A<€PE, the distributed scheduling A-
CPE, and the CPE to perform CPE network entry and initializationsshall be as follows:

a)  CPE performs self test.
b) CPE acquires the antenna gain information.

c¢) CPE senses for and synchronizes to A-WRAN ‘services. The sensing thread also begins during this
step to detect broadcasting incumbents.

d)  CPE presents sensing results to the highet layers.
e) CPE chooses an A-WRAN service for'single channel operation or for multi-channel operation.

f)  If CPE is capable of geolocationgCPE acquires valid geolocation data from the satellites. If the data
acquisition is unsuccessful, GPE'initialization should not continue or may continue to operate as an
S-CPE mode. If CPE is noticapable of geolocation, CPE initialization should not continue or may
continue to operate as an‘S-CPE mode.

g) CPE acquires the DSyand US parameters from the selected A-WRAN service.
h)  CPE directionalantenna azimuth adjustment.

i)  If channels-Niand N=+1 pass the sensing and timing requirements, CPE performs initial ranging (see
7.15.2.3).

j)  CPEutransmits basic capabilities.

k)  M'all required basic capabilities are present in the CPE, the AAA authenticates the CPE and key
¢xchange is performed; otherwise, the CPE does not proceed to registration and the A-BS de-
registers the CPE.

I)  Perform Registration (REG-REQ/RSP).
m) Upon completing registration, A-BS transmits channel sets to CPE.

n)  Establish IP connectivity.

o) Establish time of day.
p) Transfer operational parameters.
q) Establish dynamic service flows.

r)  CPE reports sensing results and discovered neighboring networks.
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Figure 49¢ summarizes the network entry of the CPE and its initialization procedure in the A-WRAN. Note
that these steps taken by the CPE consist of a set of actions and error verification. In the following
subclauses, a more detailed description of these steps and their individual responsibilities are provided.
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Figure 49c—CPE initialization procedure for A-WRAN
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7.14.4.2 CPE performs self test
On initialization or after signal loss, the CPE shall perform a self test.

7.14.4.3 CPE antenna gain information acquisition

The CPE shall determine if its antenna is integrated or not by querying it using the M-ANTENNA-
INTEGRATED primitive structure described in 10.7.6.1 and 10.7.6.2. The CPE shall acquire the antenna
information including the maximum antenna gain information for the channels that can be used in the
regulatory domain of interest. This information is stored in a MIB, wranlfBsCpeAntennaGainTable. If the
antenna is integrated to the CPE TRU, this MIB object shall be pre-populated by the manufacturer of the
CPE. If the antenna is not integrated into the CPE TRU, the MIB object shall be populated by quesying the
AU through the interface defined in 9.12.2. The information at the antenna shall be pre-populated by the
antenna manufacturer.

7.14.4.4 CPE senses for and identifies A-WRAN services and incumbents

The CPE identifies A-WRAN services from detecting the A-BS or the distributed Scheduling A-CPE. The
CPE shall perform spectrum sensing to detect the A-BS or the distributed, sehéduling A-CPE and may
perform spectrum sensing to detect and identify legitimate incumbent seryie€s that are to be protected on
each active A-WRAN channel in the area and its adjacent channels as deseribed in 10.3.2.

7.14.4.5 Present sensing results to the higher layers

As a result of spectrum sensing, the available A-BSs or distributed scheduling A-CPEs in the area are
presented to the application layer program via connection‘€2/and MIBs through M-SAP as shown in IEEE
802.22 reference architecture (Figure 7). The application may be running on the CPE or on an attached
computer. The data presented includes the operating,channel of the A-BS and RSSL in addition to the A-
WRAN service being advertised.

7.14.4.6 CPE chooses an A-WRAN service for single channel operation or for multi-channel
operation

An A-WRAN service or multiple\WRAN services are selected at the higher layers of the CPE after
preliminary sensing and identification of available A-BSs or distributed scheduling A-CPEs and the
presence of incumbents in the-area as the previous subclauses describe. The CPE SSA shall issue an M-
WRAN-SERVICE-REPORYF primitive to request the higher layers through the NCMS to select a
channel from the available A-WRAN service list that is included in the primitive, as described in 10.7.4.1.
The SSA shall receive an M-WRAN-SERVICE-RESPONSE primitive with the selected channel from the
NCMS, as described in 10.7.4.3. Once the channel is selected, it and its adjacent channels are more
rigorously sensed in order to detect the presence of a weak incumbent service that might be masked by the
selected A-WRAN service. This procedure is described in more detail in 10.3.2.

7.14.4.7 CPE performs satellite-based geolocation

The CPE shall acquire geolocation data from a satellite-based geolocation receiver when it will operate as a
fixed mode or as a distributed scheduling A-CPE. A CPE shall not progress to the next step of initialization
for the fixed-mode operation or the distributed scheduling A-CPE operation until the satellite-based

geolacation technologay successfullz establishes lack and acauires valid geolocation data from the satellites
1=} O, 4 T 1=}

The CPE sends the NMEA string to the A-BS during registration (see 7.14.2.11).
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7.14.4.8 Acquire DS and US parameters
7.14.4.8.1 Overview

DS and US parameters can be acquired from two sources: an A-BS and a distributed scheduling A-CPE.

7.14.4.8.2 Obtaining DS parameters from an A-BS

The MAC shall search for the SCH for PHY-OM1 (Clause 9) or FCH for PHY-OM2 (Clause 9a) from the
A-BS, which indicates the beginning of the frame in normal mode and the allocated frame in self-
coexistence mode. To improve the joining latency, the CPE shall use energy detection to help ascerfain
about the presence/absence of an A-BS in a particular channel. If the energy detected is below the detection
threshold, the CPE can safely move to the next channel.

After having received an SCH or FCH in a channel, the CPE shall perform sensing not only in the detected
operating channel, but also in all other affected channels. During this sensing, the CPE-shall attempt to
identify incumbent operation. If incumbents are detected on the operating channel oriéither first adjacent
channel, the MAC shall cause the CPE to cease transmitting application traffic_on’the channel and, at the
first transmit opportunity, send a short control message to the A-BS indicating that it is using a channel
occupied by an incumbent. When the A-BS receives such notification, it iday take numerous actions as
described in Figure 96. The aggregate duration of the short control mesgages shall not exceed the Channel
Closing Transmission Time (see Table 276) of transmissions by the A-WRAN system before remedying the
interference condition (e.g., changing channels, backing off transmit'EIRP, terminating transmissions).

Provided no incumbents are found, the CPE may proceed to. the next step. Here, the MAC shall search for
the DS-MAP MAC management messages. The CPE achiéves MAC synchronization once it has received at
least one DS-MAP message. A CPE MAC remains in synchronization as long as it continues to successfully
receive the FCH, DS-MAP, and DCD messages for4dts channel(s). If the Lost DS-MAP Interval (Table 273)
has elapsed without a valid DS-MAP message orthe T1 interval (Table 273) has elapsed without a valid
DCD message or Lost FCH counts of FCH are fnissed, a CPE shall try to reestablish synchronization. The
process of acquiring synchronization is‘\yillustrated in Figure 49d. The process of maintaining
synchronization is illustrated in Figure 49¢.

7.14.4.8.3 Obtaining DS parameters from a distributed scheduling A-CPE

As another method to obtain DS parameters, the MAC may search for a DRZ-FCH (7.5.2b) transmitted from
a distributed scheduling A<CPE, which indicates the beginning of the DS DRZ (7.4b.3.3).

After having recejveédra DRZ-FCH in a channel, the CPE shall perform sensing not only in the detected
operating channel “but also in all other affected channels. During this sensing, the CPE shall attempt to
identify incumbent operation. If incumbents are detected on the operating channel or either first adjacent
channel, the\MAC shall cause the CPE to cease transmitting application traffic on the channel and, at the
first trahsmit opportunity in a US DRZ, send a short control message to the distributed scheduling A-CPE
indieatirig that it is using a channel occupied by an incumbent. When the distributed scheduling A-CPE
réecives such notification, it shall forward the received short control message to the A-BS. When the A-BS
receives such notification, it may take numerous actions as described in Figure 96. The aggregate duration of
the short control messages shall not exceed the Channel Closing Transmission Time (see Table 276) of
transmissions by the A-WRAN system before remedying the interference condition (e.g., changing

cbannels back;ng gfi transmit E | R E terhm'nqh'nn transmissions)
=} 7
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Figure 49d—Obtaining DS parameters
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Figure 49e—Maintaining DS parameters

Provided no incumbents are found, the CPE may proceed to the next step. Here,the MAC shall search for
the DS-MAP MAC management messages, which are transmitted from the‘distfibuted scheduling A-CPE, in
a DS DRZ. The CPE achieves MAC synchronization to the distributgd’scheduling A-CPE once it has
received at least one DS-MAP message. A CPE MAC remains in syhchironization as long as it continues to
successfully receive the DRZ-FCH, DS-MAP, and DCD messages for its channel(s) within a DRZ. If the
lost DS-MAP Interval (Table 273) has elapsed without a valid ®S-MAP message or the T1 interval (Table
273) has elapsed without a valid DCD message or lost DRZ=FCH counts of DRZ-FCH are missed, a CPE
shall try to reestablish synchronization. The proces$ of acquiring synchronization is illustrated in
Figure 49d. The process of maintaining synchronization-is illustrated in Figure 49f.
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Figure 49f—Maintaining DS parameters in DRZ

After synchronization to the A-BS, the CPE shall wait for a UCD message from the A-BS in order to
retrieve a set of transmission parameters for a possible US channel. These messages are transmitted
periodically from the A-BS for all available US channels and are addressed to the MAC broadcast address.
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If no US channel can be found after a suitable timeout period, then the CPE shall continue scanning to find
another DS channel. The process of obtaining US parameters is illustrated in Figure 37.

The CPE shall determine from the channel description parameters whether it may use the US channel. If the
channel is not suitable, then the CPE shall continue scanning to find another DS channel. If the channel is
suitable the CPE shall extract the parameters for this US from the UCD It then shall wait for the next DS-

MAP message and extract the time synchronization from this message. Then, the CPE shall wait for a
bandwidth allocation map for the selected channel. It may begin transmitting US in accordance with the
MAC operation and the bandwidth allocation mechanism.

The CPE shall perform initial ranging at least once. If initial ranging is not successful, the proceduré_is
restarted from scanning to find another DS channel.

The CPE MAC is considered to have valid US parameters as long as it continues to successfully réceive the
SCH/FCH, US-MAP, and UCD messages. If at least one of these messages is not received within the time
intervals specified in Table 273, the CPE shall not use the US. This is illustrated in Figufe-49g.
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Figure 49g—Maintaining US parameters

7.14.4.8.5 Obtaining US parameters from a distributed scheduling A-CPE

After synchronization to the distributed scheduling A-CPE, the CPE shall wait for a UCD message from the
distributed scheduling A-CPE in order to retrieve a set of transmission parameters for a possible US channel.
These messages are transmitted periodically in a DS DRZ from the distributed scheduling A-CPE for the
available US channels and are addressed to the MAC broadcast address.

If no US channel can be found after a suitable timeout period, then the CPE shall continue scanning to find
another DS channel. The process of obtaining US parameters is illustrated in Figure 37.

The CPE shall determine from the channel description parameters whether it may use the US channel. If the
channel is not suitable, then the CPE shall continue scanning to find another DS channel. If the channel is
suitable, the CPE shall extract the parameters for this US from the UCD. It then shall wait for the next DS-
MAP message and extract the time synchronization from this message. Then, the CPE shall wait for a

107
Copyright © 2015 IEEE. All rights reserved.

© IEEE 2015 - All rights reserved



https://iecnorm.com/api/?name=eca699ef3cd9bf3eefed1ae4a91bfbc0

ISO/IEC/IEEE 8802-22:2015/Amd 2:2017(E)

IEEE Std 802.22b-2015
IEEE Standard for Wireless Regional Area Networks
Part 22: Cognitive WRAN MAC and PHY Specifications: Policies and Procedures for Operation in the TV Bands
Amendment 2: Enhancement for Broadband Services and Monitoring Applications

bandwidth allocation map for the selected channel. It may begin transmitting US in accordance with the
MAC operation and the bandwidth allocation mechanism.

The CPE shall perform initial ranging to the distributed scheduling A-CPE at least once. If initial ranging is
not successful, the procedure is restarted from scanning to find another DS channel.

The CPE MAC is considered to have valid US parameters as long as it continues to successfully receive the
DRZ-FCH, US-MAP, and UCD messages. If at least one of these messages is not received within the time
intervals specified in Table 273, the CPE shall not use the US. This is illustrated in Figure 49h.
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Figure 49h—Maintaining US parameters in DRZ

7.14.4.9 CPE transmits ranging/CDMA burst
7.14.4.9.1 General

From the result of synchromization as described in 7.14.4.8, initial ranging will be performed. There are
three methods of CPE«transmit initial ranging: initial ranging to an A-BS, initial ranging to a distributed
scheduling A-CPE, and.initial ranging to a centralized scheduling A-CPE on relaying.

The selected channel is analyzed to determine if it passes the restrictions specified in 10.3.2. If the selected
channel doestnot pass these restrictions, the association with the selected A-BS or distributed scheduling A-
CPE is unsuccessful, and the selected channel shall be removed from further consideration. Available A-BSs
or distributed scheduling A-CPEs are again presented to the higher layers for selection if there exist any
otherA-BSs or distributed scheduling A-CPEs with which to associate.

Next the selected channel and the channels that could incur harmful interference by operation on this
selected channel shall be more finely sensed to determine if there exists a weak protected incumbent signal
that was not detected at an earlier stage in the CPE initialization procedure. This process is described in

10.3.2.
Time in this subclause shall be referenced to two positions in space. One position will be that of the A-BS or

distributed scheduling A-CPE, and the other position will be that of the CPE. Many such CPE positions will
exist. Ranging is the process of acquiring the correct timing offset and EIRP adjustments such that the
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CPE’s transmissions are aligned at the A-BS or distributed scheduling A-CPE position. Ranging also adjusts
transmit EIRP of the various CPEs such that the OFDMA signal received at the A-BS or distributed
scheduling A-CPE arrives with compatible amplitudes from all the CPEs.

Although a CPE successfully obtains DS parameters from an A-BS, in particular, ranging to the A-BS as

loscrihod i ) il d he C - . he CPE is still ahl
to have an uplink transmission to the A-BS by relaying on a centralized scheduling A-CPE. In this case, the
CPE may perform ranging to a centralized scheduling A-CPE for the relaying operations to acquire the
correct timing offset and EIRP adjustments aligned at the centralized scheduling A-CPE.

The timing delays through the PHY shall be constant to within 25% of the shortest symbol cyclic prefiX.as
indicated in 9.9.1.

7.14.4.9.2 CDMA initial ranging and automatic adjustments to an A-BS

First, a CPE shall synchronize to the frame preamble in order to perform initial ranging@e;ah A-BS. At this
point, the CPE shall scan the US-MAP message to find an Initial Ranging Interval. The)A-BS may allocate
an Initial Ranging Interval consisting of one or more transmission opportunities. ThHe’ CPE shall extract the
number of initial ranging codes (see Table 31, element ID 150) from the UCD MAC management message.

The CPE randomly selects the CDMA code as described in 7.15.2.3.1 arfd ‘sends the initial ranging CDMA
code on the US allocation dedicated for that purpose. The A-BS receivies'the CDMA code. As many CPEs
may contend for ranging, the CDMA code received may be the swm ef'many CPE transmissions. The A-BS
isolates each of these transmissions and computes the ranging\adjlstments based on the relative time of
arrival of each CPE US burst, i.e., the timing offset, so that all these bursts arrive at the A-BS at the
beginning of the symbol period within sufficient tolerance:

Ranging adjusts each CPE’s timing offset such that@ach CPE appears to be co-located with the A-BS. The
CPE shall set its initial timing offset to “zero advance” as if it was physically co-located with the A-BS.
When the Initial Ranging transmission opportunity occurs, the CPE shall send a CDMA code. After
reception and decoding of this CDMA code, the A-BS will react by sending a RNG-CMD MAC message in
a following frame with the same CDMA-code and indicate the timing advance that the CPE should use for
its US transmissions (see Table 44) sg'that the beginning of its bursts is aligned with the center of the cyclic
prefix within the tolerance indicated\in 9.9.1.

When the Initial Ranging trahsmission opportunity occurs, the CPE shall send a CDMA code. Thus, the
CPE sends the message as<ifit were co-located with the A-BS.

The CPE shall calculate the transmit EIRP per subcarrier for initial ranging, EIRPig cpg, from the
following equation: -

EIRPR(cpE = EIRP A ps + RSSiR A.BS nom — (RSSir_cpE — Grx cpr) + 10x10g(NjR_sut/Ngup)
where

RSSiR A-BS nom and EIRP, gg are defined in a DCD IE (see Table 23)

GRrx CPE is the antenna gain at the CPE

RSSI_R CPE is the RSSL measured by the CPE, which is then corrected by the CPE
- antenna gain to represent the RSSL for an isotropic antenna

NIR sub is the number of subcarriers used by the CPE for initial ranging

Naub is 1680 for PHY-OM1 or 840 for PHY-OM2
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The CPE shall send a CDMA code with a power level resulting in the EIRPr ¢pg per subcarrier. If the CPE
does not receive a response after waiting at least one frame to allow processing at the A-BS, the CPE
shall send a new CDMA code at the next appropriate Initial Ranging transmission opportunity with 1 dB
higher power level. The CPE shall, however, stop increasing the power level at the following condition:

uuuuu

where

EIRPcpE MaX is the upper bound in maximum transmitted EIRP for the CPE on the current
operating channel as described in Table 108 of 7.7.11.3.2.1 or 4 W for the fixed
CPE, whichever is the smallest

EIRPR cpe max  is the upper bound for the increased EIRPiR cpg

If the CPE receives a RNG-CMD message containing the parameters of the code it has transmitted and the
status “continue,” it shall consider the transmission attempt unsuccessful but implemest the corrections
specified in the RNG-CMD and issue another CDMA code after the appropriate backoff delay. If the CPE
receives an US-MAP containing a CDMA allocation IE with the parameters of the\code it has transmitted, it
shall consider the RNG-CMD reception successful and proceed to send a unicast RNG-REQ (on Initial
Ranging FID, allocated to Cell SID) on the allocated BW.

Once the A-BS has successfully received the RNG-REQ message( it,'shall return a RNG-CMD message
using the initial ranging connection (see 12.2). Within the RNG-CMD message shall be the Station ID (SID)
assigned to this CPE. The message shall also contain information‘on the required CPE EIRP level, the offset
frequency adjustment, and the proper timing advance when(eeded. At this point the A-BS shall start using
invited Initial Ranging Intervals addressed to the CPE’s{Basic FID to complete the ranging process, unless
the status of the RNG-CMD message is “success,” in.which case the initial ranging procedure shall end.

If the status of the RNG-CMD message is “continue,” the CPE shall wait for an individual Initial Ranging
Interval assigned to its Basic FID. Using thislinterval, the CPE shall transmit another RNG-REQ message
using the Basic FID along with any powerlevel and timing offset corrections.

The A-BS shall return another RNG:CMD message to the CPE with any additional fine-tuning required.
The ranging request/response step§ shall be repeated until the response contains a “Ranging Successful”
notification or the A-BS aborts tanging. Once successfully ranged (timing, frequency and EIRP are within
tolerance at the A-BS), the(€PE shall join normal data traffic in the US. In particular, the retry counts and
timer values for the ranging“process are defined in Table 273.

On receiving a RNG3CMD instruction to move to a new channel during initial ranging, the CPE shall obtain
a new SID via,initial ranging and registration.

It is possible that the RNG-CMD may be lost after transmission by the A-BS. The CPE shall recover by
timing _out and reissuing its Initial RNG-REQ. Since the CPE is uniquely identified by the source MAC
address in the Ranging Request, the A-BS may immediately reuse the SID previously assigned. If the A-BS
assigns a new SID, it shall immediately age out the old SID and associated CPE.

7.14.4.9.3 CDMA initial ranging and automatic adjustments to a distributed scheduling A-
CPE (Local initial ranging)

A CPE shall synchronize to the local frame preamble within a DRZ in order to perform initial ranging to the
distributed scheduling A-CPE. At this point, the CPE shall scan the US-MAP message to find an Initial
Ranging Interval within a local cell managed by a distributed scheduling A-CPE. The distributed scheduling
A-CPE may allocate an Initial Ranging Interval consisting of one or more transmission opportunities in a
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US DRZ. The CPE shall extract the number of initial ranging codes (see Table 31, element ID 150) from the
UCD MAC management message.

The CPE randomly selects the CDMA code as described in 7.15.2.3.1 and sends the initial ranging CDMA
code on the US DRZ allocation dedicated for that purpose. The distributed scheduling A-CPE receives the

CDMA code. As many CPEs mav contend for ranging, the CDMA code received may be the shm of many

CPE transmissions. The distributed scheduling A-CPE isolates each of these transmissions and computes the
ranging adjustments based on the relative time of arrival of each CPE US burst, i.e., the timing offset, so that
all these bursts arrive at the distributed scheduling A-CPE at the beginning of the symbol period within
sufficient tolerance.

Ranging adjusts each CPE’s timing offset such that each CPE appears to be co-located with the distributed
scheduling A-CPE. The CPE shall set its initial timing offset to “zero advance” as if it was physically co-
located with the distributed scheduling A-CPE. When the Initial Ranging transmission opportuhity’occurs in
the DRZ, the CPE shall send a CDMA code. After reception and decoding of this CDMA code, the
distributed scheduling A-CPE will react by sending a RNG-CMD MAC message in a fellowing frame with
the same CDMA code and indicate the timing advance that the CPE should use for its US transmissions (see
Table 44) so that the beginning of its bursts is aligned with the center of the cyclic préfix within the tolerance
indicated in 9.9.1.

When the Initial Ranging transmission opportunity occurs in the DRZ, the €PE shall send an initial ranging
CDMA code. Thus, the CPE sends the message as if it were co-located\with the distributed scheduling A-
CPE.

The CPE shall calculate the transmit EIRP per subcarrier for.initial ranging, EIRPIr_crE, from the following
equation:

EIRP|R cpg = EIRPA.cpg  RSSIR A-CPE nom —&SSir cpr — Grx cpp) T 10x10g(NR sup/Nsup)
where

RSSIR A-CPE nom and EIRPA_ cpg  ape defined in a DCD IE (see Table 23)

GRrx CPE 18 the antenna gain at the CPE

RSS;R CPE is the RSSL measured by the CPE, which is then corrected by the
- CPE antenna gain to represent the RSSL for an isotropic antenna

NiR sub is the number of subcarriers used by the CPE for initial ranging

Nsu; is 1680 for PHY-OM!1 or 840 for PHY-OM2

The CPE shall send-a CDMA code with a power level resulting in the EIRPr_cpE per subcarrier. If the CPE
does not recgive a response after waiting at least one frame to allow processing at the distributed scheduling
A-CPE, thie\€PE shall send a new CDMA code at the next appropriate Initial Ranging transmission
opportunity with 1 dB higher power level. The CPE shall, however, stop increasing the power level at the
following condition:

EIRPIRiMAX +1 OXIOg(NIRisub) > EIRPCPEiMAX

where

EIRPcpE MaAX is the upper bound in maximum transmitted EIRP for the CPE on the current

operating channel as described in Table 108 of 7.7.11.3.2.1 or 4 W for the fixed
CPE, whichever is the smallest
EIRPIR cpg max  is the upper bound for the increased EIRPiR cpg
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If the CPE receives a RNG-CMD message containing the parameters of the code it has transmitted and the
status “continue,” it shall consider the transmission attempt unsuccessful but implement the corrections
specified in the RNG-CMD and issue another CDMA code after the appropriate backoff delay. If the CPE
receives an US-MAP containing a CDMA allocation IE with the parameters of the code it has transmitted, it
shall consider the RNG-CMD reception successful and proceed to send a unicast RNG-REQ (on Initial
Ranging FID_allocated to Cell STD) on the allocated BW.

Once the distributed scheduling A-CPE has successfully received the RNG-REQ message, it shall return a
RNG-CMD message using the initial ranging connection (see 12.2). Within the RNG-CMD message shall
be the one SID, which is selected from the Local SID Group (7.7.7.3.6), assigned to this CPE. Note that a
distributed scheduling A-CPE shall obtain the Local SID Group (7.7.7.3.6) used in a local cell from the(A-
BS at registration. The RNG-CMD message shall also contain information on the required CPE EIRP'level,
the offset frequency adjustment, and the proper timing advance when needed. At this point thedistributed
scheduling A-CPE shall start using the invited Initial Ranging Intervals addressed to the CPE’s'Basic FID to
complete the ranging process, unless the status of the RNG-CMD message is “success,” it which case the
initial ranging procedure shall end.

If the status of the RNG-CMD message is “continue,” the CPE shall wait for an iudividual Initial Ranging
Interval assigned to its Basic FID. Using this interval, the CPE shall transmit another RNG-REQ message
using the Basic FID along with any power level and timing offset corrections:

The distributed scheduling A-CPE shall return another RNG-CMD message to the CPE with any additional
fine-tuning required. The ranging request/response steps shall be, repeated until the response contains a
“Ranging Successful” notification or the A-CPE aborts ranging. Once successfully ranged (timing,
frequency and EIRP are within tolerance at the A-CPE), the.CPE shall join normal data traffic in the US. In
particular, the retry counts and timer values for the ranging-process are defined in Table 273.

On receiving a RNG-CMD instruction to move to a fiew channel during initial ranging, the CPE shall obtain
anew SID via initial ranging and registration.

It is possible that the RNG-CMD may be dost after transmission by the distributed scheduling A-CPE. The
CPE shall recover by timing out and reissuing its Initial RNG-REQ. Since the CPE is uniquely identified by
the source MAC address in the Ranging*Request, the distributed scheduling A-CPE may immediately reuse
the SID previously assigned. If thedistributed scheduling A-CPE assigns a new SID, it shall immediately
age out the old SID and associatéd CPE.

7.14.4.9.4 CDMA initiakranging and automatic adjustments by relaying on a centralized
scheduling A-CPE (Relay initial ranging)

Although a CPE successfully obtains DS parameters from an A-BS, CDMA initial ranging to the A-BS as
described in,7:14.4.9.2 may fail due to the CPE transmitting power constraint. However, a CPE is still able
to have an uplink to the A-BS by relaying on a centralized scheduling A-CPE. A CPE shall synchronize to
the frame preamble in order to perform initial ranging to an A-BS. At this point, the CPE shall scan the US-
MARPR meéssage to find an Initial Ranging Interval in AZ and Initial Ranging Interval in CRZ if present. The
ASBS may allocate an Initial Ranging Interval consisting of one or more transmission opportunities within a
US subframe CRZ. The CPE shall extract the number of initial ranging codes and may extract the number of
CRZ initial ranging codes (see Table 31, element ID 155) from the UCD MAC management message.

The CPE randomlselects the CDMA _code-as describedin 7 1523 ]’ sends the initial ranoing CDMA _code
5

to the A-BS on the Initial Ranging Interval, and sends the CRZ initial ranging CDMA code to the centralized
scheduling A-CPE on the CRZ Initial Ranging Interval as well in the US allocation dedicated for that
purpose. The initial ranging between the CPE and the A-BS shall be as described in 7.14.4.9.2. The
following describes when the CRZ initial ranging is performed between the CPE and the centralized
scheduling A-CPE.
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The centralized scheduling A-CPE may receive the CRZ Initial Ranging CDMA code within the Initial
Ranging Interval in a US subframe CRZ. As many CPEs may contend for ranging, the CDMA code received
may be the sum of many CPE transmissions. The centralized scheduling A-CPE isolates each of these
transmissions and computes the ranging adjustments based on the relative time of arrival of each CPE US
burst, i.e., the timing offset, so that all these bursts arrive at the centralized scheduling A-CPE at the
beginning of the symbol period within snfficient tolerance

Ranging adjusts each CPE’s timing offset such that each CPE appears to be co-located with the centralized
scheduling A-CPE. The CPE shall set its initial timing offset to “zero advance” as if it was physically co-
located with the centralized scheduling A-CPE. When the Initial Ranging transmission opportunity occurs in
the CRZ, the CPE may send a CRZ initial ranging CDMA code. After reception and decoding of this CDMA
code, the centralized scheduling A-CPE will send a RNG-RPT message (7.7.31) to the A-BS, where.instead
of the centralized scheduling A-CPE the A-BS will react by sending a RNG-CMD MAC mgssage in a
following frame with the received CDMA code and indicate the timing advance that the CPE should use for
its US transmissions (see Table 44) so that the beginning of its bursts is aligned with the ceniter of the cyclic
prefix within the tolerance indicated in 9.9.1. The CPE randomly selects the CRZ initial~ranging CDMA
code as described in 7.15.2.3.3 and sends the CDMA code to the centralized scheduling(A-CPE on the Initial
Ranging Interval in the CRZ. Thus, the CPE sends the message as if it were co-located with the centralized
scheduling A-CPE.

The CPE shall calculate the transmit EIRP per subcarrier for initial ranging,EIRPr_cpg, from the following
equation:

EIRPR cpg = EIRPA_cpg + RSSiR A.cPE nom — (RSS1R_cppGrx cpr) T 10%10g(NjR sut/Ngup)
where

RSSiR A-CPE nom and EIRP,_cpg  are defined f'a DCD IE (see Table 23)

GRrx cPE is the antehna gain at the CPE

RSSI_R CPE is the.RSSL measured by the CPE, which is then corrected by the
- CPEantenna gain to represent the RSSL for an isotropic antenna

NR sub 1$the number of subcarriers used by the CPE for initial ranging

Nsu; is 1680 for PHY-OM1 or 840 for PHY-OM2

The CPE shall send a CDMA-“eode with a power level resulting in the EIRPir_cpE per subcarrier. If the CPE
does not receive a response'after waiting at least one frame to allow processing at the centralized scheduling
A-CPE, the CPE shallNsend a new CDMA code at the next appropriate Initial Ranging transmission
opportunity with 1-dB-higher power level. The CPE shall, however, stop increasing the power level at the
following condition:

EIRPIR_MAX +1 OXIOg(NIR_sub) > EIRPCPE_MAX

whete
EIRPcpg Max is the upper bound in maximum transmitted EIRP for the CPE on the current
operating channel as described in Table 108 of 7.7.11.3.2.1 or 4 W for the fixed
CPE, whichever is the smallest
EIRPIR CPE MAX ib LIIC uppcl ‘UULlllL‘l fUl LllC illblUdbCL‘l EIRPIRﬁCPE

If the CPE receives a RNG-CMD message containing the parameters of the code from the A-BS it has
transmitted and the status “continue,” it shall consider the transmission attempt unsuccessful but implement
the corrections specified in the RNG-CMD and issue another CDMA code after the appropriate backoff
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delay. If the CPE receives an CRZUS-MAP containing a CDMA allocation IE with the parameters of the
code it has transmitted, it shall consider the RNG-CMD reception successful and proceed to send a unicast
RNG-REQ (on Initial Ranging FID, allocated to Cell SID) on the allocated BW. The centralized scheduling
A-CPE shall transmit the RNG-REQ received from the CPE to the A-BS.

Once the A-BS has successfully received the RNG-REQ message. the A-BS shall return a RNG-CMD

message to the CPE. Within the RNG-CMD message shall be the SID assigned to this CPE. In addition, the
centralized scheduling A-CPE shall maintain the SID of the CPE broadcasted by the RNG-CMD.

Moreover, a CPE can successfully perform CDMA initial ranging to the several devices including an A-BS
and centralized scheduling A-CPEs. In this case, the CPE shall select one of those.

7.14.4.9.5 Ranging parameter adjustment

Adjustment of local parameters (e.g., transmit EIRP) in a CPE as a result of the receipt or.npn-receipt of a
RNG-CMD message is considered to be implementation-dependent with the following réstrictions:

a)  All parameters shall be within the approved range at all times.

b) EIRP adjustment shall start from the initial value selected with the algerithm described in 7.14.4.9.2,
7.14.4.8.3, or 7.14.4.8.4 unless a valid EIRP setting is available frofn‘adn-volatile storage, in which
case this value may be used as the starting point.

c¢) EIRP adjustment shall be capable of being reduced or increaged by the specified amount in response
to the RNG-CMD messages.

d) If, during initialization, EIRP is increased to the maximum value as determined in 7.14.4.9.2,
7.14.4.8.3, or 7.14.4.8.4 without a response from thie”A-BS, it shall go back to the minimum EIRP
and ramp up to its maximum EIRP four (4) times.before aborting the ranging process with this base
station.

On receiving a RNG-CMD message, the CPE ‘shall not transmit until the radio frequency (RF) signal has
been adjusted in accordance with the RNG-CMD and has stabilized.

7.14.4.10 CPE transmit basic capabilities for a relay network
7.14.4.10.1 CPE transmit basic capabilities to a distributed scheduling A-CPE

Immediately following thé completion of initial ranging in a DRZ, the CPE informs the distributed
scheduling A-CPE of it§-basic capabilities by transmitting a CBC-REQ message (see Table 105) with its
capabilities set to “on¥(see Figure 39). Note that T18 is a timer used to wait for CBC-RSP timeout, and the
default value is indicated in Table 272.

The distributed scheduling A-CPE responds with a CBC-RSP message (see Table 106) with the intersection
of the CPE’s and distributed scheduling A-CPE’s capabilities set to “on” (see Figure 40 and Figure 49i,
respectively). The timer T9 refers to the time allowed between when the distributed scheduling A-CPE
sends*a RNG-CMD to a CPE and receives a CBC-REQ from that same CPE, and the minimum value is
specified in Table 272. Note that the CPE capability information is presented in 7.7.7.3.4. When T9 expires,
the SID assigned during ranging shall be aged out, and the CPE shall have to attempt the ranging process
over again while not exceeding the maximum number of CDMA ranging retries indicated in Table 273.
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Figure 49i—Negotiate basic capabilities. at distributed scheduling A-CPE

7.14.4.10.2 CPE transmit basic capabilities relaying on a centralized scheduling A-CPE

Immediately following the completion of.initial ranging in a CRZ, the CPE informs the centralized
scheduling A-CPE of its basic capabilities by transmitting a CBC-REQ message (see Table 105) with its
capabilities set to “on” (see Figure 39): Note that T18 is a timer used to wait for CBC-RSP timeout, and the
default value is indicated in Tabfe*272. When the centralized scheduling A-CPE receives the CBC-REQ
messages from the CPEs, the.gentralized scheduling A-CPE may transmit CBC-REQ message alone or a
Container message (7.7.26)(containing the received CBC-REQ messages to the A-BS (see Figure 49j). Note
that the Container messages may contain not only CBC-REQ messages but also other management
messages. Note thatT6Y 1s a timer used to wait for Container ACK timeout, which is indicated in Table 272.

When the A-BS has successfully received the CBC-REQ message by encoding the received Container
message, itshall return a Container ACK message (7.7.26.2) with a confirmation code for the CBC-REQ to
the centralized scheduling A-CPE. If the confirmation code for a certain management message is not
“success,” the centralized scheduling A-CPE shall retransmit the indicated management message to the A-
BS)(See Figure 49k). After correctly receiving the CBC-REQ, the A-BS responds with a CBC-RSP message
(see Table 106) to the CPE, with the intersection of the CPE’s and A-BS’s capabilities set to “on.” The timer
T9 refers to the time allowed between when the A-BS sends a RNG-CMD to a CPE and receives a CBC-
REQ from that same CPE, and the minimum value is specified in Table 272. Note that the CPE capability
information is presented in 7.7.7.3.4. When T9 expires, the SID assigned during ranging shall be aged out,

and the CPE shall have to attempt the ranging process over again while not exceeding the maximum number
of CDMA ranging retries indicated in Table 273.
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Figure 49j—Wait for CBC-REQ and sending containér message including CBC-REQ
at a centralized scheduling A-CPE
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Figure 49k—Wait for Container ACK at a centralized scheduling A-CPE

7.14.4.11 CPE authentication and key exchange

Once configuration of the required basic capabilities is completed the CPE and AAA continne with

performing authentication and exchanging keys, as described in Clause 8. If the AAA and CPE cannot
authenticate each other, authentication of the CPE fails for the selected A-WRAN service. This A-WRAN
service on the selected channel is removed from further consideration. If there are any other A-BSs available
with which to associate, the updated list of available A-WRAN services is presented to the higher user
layers.
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7.14.4.12 Registration for a relay network
7.14.4.12.1 Overview

Registration is the process by which the CPE verifies its conﬁguratlon with the A-BS. If the CPE supports a
configuration that is se e

register with an A-BS, the CPE shall send a REG -REQ message to the A BS dlrectly or send it through a
centralized scheduling A-CPE or a distributed scheduling A-CPE by relaying. The REG-REQ message shall
include a CPE NMEA Location string IE except for Mode I CPE (see Table A.2).

See 7.14.2.11 for registration procedures, using “A-BS instead of “BS” in the text.
7.14.4.12.2 Local cell management on relay

A local cell is the grouping of S-CPEs attached to the A-BS through a particular distributed |JA-CPE. When
an S-CPE completes registration or de-registration at the distributed scheduling A-CPB; the A-CPE must
update the A-BS with any changes to the current membership of the local cell. This istnecessary for the A-
BS to be able to have a complete picture of the topology of the network.

In order to determine if a local cell update (LCU) is required, the distributed ‘scheduling A-CPE watches for
Container Messages or stand-alone management messages coming from, thé A-BS. For each MAC PDU
encapsulated in a Container Message (CON-MSG), the PDU Type. subfield (see 7.7.26.1) indicates the
purpose of the message encapsulated by the MAC PDU being sent’to-an S-CPE. The PDU Type field in the
CON-MSG shall be handled as follows:

—  PDU Type = 0x00, REG-RSP:

— The A-BS sends REG-RSP to the S-CPE; and then the S-CPE completes the registration
upon receiving MAC PDU containing this message (as forwarded by A-CPE).

— In this case the A-CPE shall sefid the LCU-IND message to the A-BS to update local cell
membership (Figure 491) andiwait for an LCU-ACK sent from the A-BS. Figure 49m
presents the procedure whére’'the A-CPE waits for an LCU-ACK, and Figure 49n presents
the procedure where the/A-BS sends an LCU-ACK after it has received an LCU-INC from
the A-CPE.

— PDU Type = 0x01, DREG-CMD with Action Code = 0x04 or 0x05:

— The A-BS asks-the S-CPE to either terminate operation and shutdown (Action Code = 0x04)
or reinitialize’on another operating channel (Action Code = 0x05). In either case the S-CPE
ceases operation because it is fully de-registered.

— In(this case the A-CPE shall send the LCU-IND message to the A-BS to update local cell
membership (Figure 491) and wait for an LCU-ACK sent from the A-BS. Figure 49m
presents the procedure where the A-CPE waits for an LCU-ACK, and Figure 49n presents
the procedure where the A-BS sends an LCU-ACK after it has received an LCU-INC from
the A-CPE.

=" PDU Type = 0x02, DREG-CMD with Action Code = 0x01, 0x02, 0x03:

— The A-BS asks the S-CPE to only listen for transmission on Basic/Primary Management/
Secondary Management FID (Action Code = 0x02), temporarily suspend operation (Action
Code = 0x01), or resume operation (Action Code = 0x03).

—In this case the A-CPE shall notsend the LCTULIND message tothe ABS

— PDU Type = 0x03, Any Other PDU:

— The A-BS sends any other non-registration or de-registration message or general MAC PDU
to the S-CPE.

— In this case the A-CPE shall not send the LCU-IND message to the A-BS.
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The PDU Type field shall be set to 0x03 when the A-CPE sends a CON-MSG in the US to the A-BS.

Given the rules for processing the PDU Type field in the CON-MSG, it is clear that the A-CPE shall not be
capable of originating REG-RSP and DREG-CMD messages to be sent to an S-CPE itself.

Regarding other local cell operations, the A-CPE shall be capable of originating messages related to ranging

(i.e., RNG-CMD) and basic capability negotiation (i.e., CBC-RSP) with the S-CPE locally in the access
zone.

Update
registration to
A-BS

Send
Local Cell Update
IND

Start timer
T62

Wait for
Local Cell Update
ACK

Figure 491—Sending LCU:IND from a distributed scheduling A-CPE
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Figure 49m—Wait for LCU-ACK at a distributed scheduling A-CPE
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Figure 49n—L6cal cell update at A-BS

7.14.4.13 A-BS transmits channgl'sets to CPE

The A-BS shall send the channel(Sets to the new CPE. The channel sets are described in 10.2.3. The channel
sets that are sent to the initializing CPE are the backup channels and the candidate channels. The channel
sets are sent in a DCD meSsage, as described in 7.7.1 and in Table 24 to Table 26. The A-BS shall send DCD
channel information_elements 11 and 12. Table 26 describes information element 12 as the backup and
candidate channel list:Tt is a prioritized list of the channels with the backup channel set higher in priority
than the candidatée-Channel set. The two sets are identified by sending information element 11, which
provides the mumber of the higher prioritized backup channel set. Each channel in DCD information
element 12 1§ ctharacterized by both the channel number.

Thedisttibuted scheduling A-CPE shall send the channel sets received from A-BS to the new CPE, which is
régistered with the distributed scheduling A-CPE. The channel sets are described in 10.2.3. The channel sets
that are sent to the initializing CPE are the backup channels and the candidate channels. The channel sets are
sent in a DCD message in a DRZ, as described in 7.7.1 and in Table 24 to Table 26. The distributed
scheduling A-CPE shall send DCD channel information elements 11 and 12. Table 26 describes information

channel set higher in priority than the candidate channel set. The two sets are identified by sending
information element 11, which provides the number of the higher prioritized backup channel set. Each
channel in DCD information element 12 is characterized by both the channel number.
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7.14.4.14 Establish IP connectivity

The CPE shall invoke DHCP mechanism (IETF RFC 2131 [B20]) in order to obtain an IP address and any
other parameters needed to establish IP connectivity. If the CPE has a configuration file, the DHCP response
shall contain the name of a file that contains further configuration parameters.

Establishment of IP connectivity shall be performed on the CPE’s secondary management connection as
shown in Figure 45.

In case where dynamic IP configuration is not preferred, the CPE shall obtain an IP address from its base
station.

7.14.4.15 Establish time of day

The CPE and A-BS need to have the current date and time. This is required for time-stamping logged events
for retrieval by the management system. This needs not be authenticated and needs to be@ecurate only to the
nearest second. The current date and time may be obtained from a local time source or dremote service such
as an NTP server. See Figure 46.

Successfully acquiring the Time of Day is not mandatory for a successful régistration, but is necessary for
ongoing operation. The specific timeout for Time of Day Requests is impleméntation dependent.

7.14.4.16 Transfer operational parameters

The CPE shall download the CPE’s configuration file using TFTP on its own secondary management
connection as shown in Figure 47. The CPE shall use ‘an-adaptive timeout for TFTP based on binary
exponential backoff.

When the configuration file download has compléted successfully, the CPE shall notify the A-BS directly or
through the A-CPE by transmitting the TFTP-CPLT message on the CPE’s primary management
connection. Transmissions shall continue suceessfully until a TFTP-RSP message is received with response
“OK” from the A-BS (see Figure 48 and'Figure 49) or the CPE terminates retransmission due to retry
exhaustion.

Upon sending a REG-RSP, the A=BS shall wait for a TFTP-CPLT. If the timer T13 (defined in Table 272)
expires, the A-BS shall restartthe registration process (REG-REQ/RSP) with the CPE (see Figure 48). Note
that the Timer T26 refers‘t0-the time waited for TFTP-RSP. If T26 expires, then TFTP-CPLT is attempted
until the maximum nupber of retries is exhausted. Upon the exhaustion, the CPE shall be deregistered (i.e.,
forced to reinitializesMAC) by sending a DREG-REQ with Action Code set to 0x05 to force itself to
reattempt system access or 0x04 to shut itself down (see Figure 49).

7.14.4.17 Establish dynamic service flows

After\the transfer of operational parameters for the CPE, the A-BS shall send DSA-REQ messages
(Table 64) to the CPE to set up pre-provisioned service flows belonging to the CPE. The CPE responds with
DSARSP messages. This is described further in 7.18.7.1.

7.14.4.18 Neighboring network discovery

After a CPE has registered with an A-WRAN A-BS, it shall perform neighboring network discovery in
order to identify other nearby A-WRANs and enable efficient self-coexistence, if the CPE has not
already done so. The neighboring network discovery involves listening to the medium for CBP packets or
A-BS transmitted by other A-WRAN A-BSs. This network discovery mechanism is described in 7.20.1.3.
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7.15 Ranging

An A-WRAN system provides a further ranging, which will be performed between CPEs and the distributed

cr‘hpdnling A_CPE as well as between CPEs and the centralized Qr‘hpﬂnling A_CPE forrelas, ing

The A-WRAN ranging can be categorized as the following ranging operations:

a) Between CPEs and A-BS (ranging)
b) Between CPEs and A-BS from relaying on the centralized scheduling A-CPE (relay ranging)
¢) Between CPEs and the distributed scheduling A-CPE (local ranging)

7.15.1 DS management

7.15.1.1 DS management (A-BS and CPE)

\ .4

QRN

7.15.1.2 Local DS management (distributed scheduling-A¢CPE and S-CPE)

To maintain efficient local cell operations between the distetbuted scheduling A-CPE and S-CPEs, the DS
burst profile in a DRZ is determined by the distributed ‘schieduling A-CPE according to the quality of the
signal that is received by each S-CPE. To reduce the volume of US traffic in a DRZ, the S-CPE monitors the
CINR and compares the average value against the ‘allowed range of operation. As shown in Figure 50,
threshold levels bound this region. These thresholds parameters are specified in the DCD message
transmitted by the distributed scheduling A<€PE and shall be used by S-CPEs to determine their optimal
burst profile. If the received CINR falls*Qutside of the allowed operating region as determined by the
threshold parameters, the S-CPE requests’a change to a new burst profile using one of the following two
methods:

a) Ifthe S-CPE has been granted US bandwidth in a DRZ (a data grant allocation to the S-CPE’s Basic
FID), the S-CPE shall send a RNG-REQ message in that allocation. The distributed scheduling A-
CPE responds with'a RNG-CMD message.

b) If a grant is'net‘available and the S-CPE requires a more robust burst profile on the DS, the S-CPE
shall send'a-RNG-REQ message in an Initial Ranging interval of the DRZ.

In either of these methods, the message is sent using the S-CPE’s Basic FID. The coordination of message
transmiésion and reception relative to actual change of modulation is different depending upon whether an
S-CPE\is transitioning to a more or less robust burst profile. Figure 52a shows the case where an S-CPE is
tramsitioning to a more robust profile, and Figure 52b illustrates the transition to a less robust profile.
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7.15.1.3 Relay DS management (A-BS and S-CPE via centralized scheduling A-CPE)

Direct DS from the A-BS to the S-CPE may transit to relay DS from the A-BS to the S-CPE through the
centralized scheduling A-CPE as shown in Figure 52c¢ when the relay DS has a higher gain than the DS, and
vice versa.

Downstream Relay Downstream

D

Figure 52c—Transit between DS and relay DS

The transit from DS to relay DS may be performed from the request/of‘each S-CPE. Before an S-CPE
transits DS to relay DS, the S-CPE shall confirm the relay DS burstprofile by the following relay DS test
procedure (see Figure 52d).

— The S-CPE shall detect a centralized scheduling-A-CPE for relay by a CRZ initial ranging
procedure.

— If CRZ initial ranging is successfully finished, the'S-CPE requests the A-BS to start a relay DS test
by sending a DS Transit Test Request (DTT$REQ, 7.7.27.1), which includes a selected centralized
scheduling A-CPE’s SID (Figure 52e).

— The A-BS sends a DS Transit Test Response (DTT-RSP, 7.7.27.2), which indicates the start frame
of a bandwidth allocation for a relay"DS test, to the S-CPE.

—  During the allocated bandwidth,the A-BS transmits test frames to the S-CPE by relaying on the
centralized scheduling A-CRE(Figure 52f).

—  The S-CPE calculates reldy DS burst profile and reports the calculation result (DST-RPT, 7.7.27.3),
which includes a relay-DS bust profile, to the A-BS.

— Based on the relay~DS burst profile, the A-BS decides to transit from DS to relay DS, and a DS
Transmit Confirmation (DST-CFM, 7.7.27.4) is sent to the S-CPE (Figure 52g).

Before an S-CPE transits from relay DS to DS, on the other hand, the S-CPE shall confirm the DS burst
profile.

—_ The S-CPE shall confirm DS burst profile from monitoring signals such as a frame preamble, FCH,
or DS-MAP transmitted by the A-BS.

>~ The S-CPE reports the DS burst profile to the A-BS by using a DST-RPT (7.7.27.3).

— Based on the relay DS burst profile, the A-BS decides to transit from relay DS to DS, and a DST-
CFM (7.7.27.4) is sent to the S-CPE.
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During relay DS, the S-CPE requests a change to a relay DS burst profile nsing one of the following

methods:
— Ifthe S-CPE has been granted US bandwidth in a CRZ (a data grant allocation to the S-CPE’s Basic

FID), the S-CPE shall send a RNG-REQ message to the centralized scheduling A-CPE in the
bandwidth. If a grant is not available, the S-CPE shall send a RNG-REQ message in a CRZ Initial
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Ranging interval to the centralized scheduling A-CPE. The centralized scheduling A-CPE continues
with the following procedure:

— If the centralized scheduling A-CPE has been granted US bandwidth in an AZ and

— If the centralized scheduling A-CPE has no change of DS burst profile, then the
centralized scheduling A-CPE shall send the RNG-REQ message received from the

S>-CFE 10 the A-B>S.

— If the centralized scheduling A-CPE needs to change the DS burst profile, then
the centralized scheduling A-CPE shall send a Container message including the
RNG-REQ message received from the S-CPE and the RNG-REG message itself to
the A-BS.

— If a grant is not available for the centralized scheduling A-CPE and

— If the centralized scheduling A-CPE has no change of DS burst profile} then the
centralized scheduling A-CPE shall send the RNG-REQ message receiyed from the
S-CPE in a CRZ Initial Ranging interval to the A-BS.

— if the centralized scheduling A-CPE needs to change the DS burst profile, then the
centralized scheduling A-CPE shall send a Container messdge including the RNG-
REQ message received from the S-CPE and the RNG-REGmessage itself in an Initial
Ranging interval to the A-BS.

— The A-BS responds with a RNG-CMD message and broadcasts/the DCD with the relay DS burst
profile.

7.15.2 US management

Upstream ranging management consists of two procedures: initial ranging and periodic ranging. Initial
ranging (see 7.14) allows a CPE joining the netvork to acquire correct transmission parameters, such as
time offset and Tx EIRP level, so that the CRE can communicate with the BS/A-BS or the distributed

scheduling A-CPE. Initial Ranging is categarized as initial ranging between CPEs and A-BS, relay initial

ranging between CPEs and A-BS from reéldying on the centralized scheduling A-CPE, and local initial
ranging between CPEs and the distributed scheduling A-CPE. The WRAN/A-WRAN PHY specifies a

ranging subchannel and a set of special pseudo-noise ranging codes. Initial ranging is performed by using
initial ranging codes at initial ranging subchannel in an AZ, relay initial ranging is performed by using CRZ
initial ranging codes at relay initial ranging subchannel in a CRZ, and local initial ranging is performed by

DRZ initial ranging codes.af local initial ranging subchannel in a DRZ. Subsets of codes shall be allocated in
the UCD channel encoding for initial ranging, periodic ranging requests, and BRs so that the BS/A-BS can

determine the purpose~of the received code by the subset to which the code belongs. CPEs that wish to
perform one of the.aforementioned operations shall select, with equal probability, one of the codes of the
appropriate subset, modulate it onto the ranging subchannel, and subsequently transmit in the ranging slot
selected withneéqual probability from the available ranging slots on the upstream subframe. A CPE shall
select ofie, Ranging Slot from all available ranging slots in the upstream frame using a uniform random
process, - Details on the modulation and ranging codes are specified in 9.9.2. Following initial ranging,
petiodic ranging allows the CPE to adjust transmission parameters so that it can maintain upstream
communications with the BS/A-BS.

The following subclauses summarize the general algorithm for initial ranging and periodic ranging.
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7.15.2.3 CDMA initial ranging and automatic adjustments for a relay network

7.15.2.3.1 CDMA initial ranging and automatic adjustments (A-BS and CPE)

A CPE that wishes to perform initial ranging with CDMA code in an AZ shall take the following steps:

a) The CPE, after acquiring downlink synchronization and uplink transmission parameters from the A-
BS in an AZ, shall select one Ranging Slot using the random backoff. The random backoff shall use
a binary truncated exponent algorithm. After selecting the Ranging Slot, the CPE shall choose)a
Ranging Code (from the Initial Ranging domain) using a uniform random process. The s¢lected
Ranging Code is sent to the A-BS (as a CDMA code) in the selected Ranging Slot.

b) The A-BS cannot tell which CPE sent the CDMA ranging request; therefore, upon, successfully
receiving a CDMA ranging code, the A-BS broadcasts a ranging response message/A(RNG-CMD)
that advertises the received ranging code as well as the ranging slot (OFDMA symbol number, etc.)
where the CDMA ranging code has been identified. This information is used by the CPE that sent
the CDMA ranging code to identify the ranging response message that-cerresponds to its ranging
request. The ranging response message contains all the needed adjustments (e.g., time, EIRP, and
possibly frequency corrections) and a status notification.

¢) Upon receiving a RNG-CMD message with the “Continue”status, the CPE shall continue the
ranging process as done on the first entry (using random seléction rather than random backoff) with
ranging codes randomly chosen from the initial ranging démain sent on the ranging slots.

d)  When the A-BS receives an initial-ranging CDMA code that requires no corrections, the A-BS shall
provide BW allocation for the CPE using the CDMAZ Allocation_IE to send an RNG-REQ message.
Sending the RNG-CMD message with status “Sugcess” is optional.

e) The initial ranging process is over after réoeiving RNG-CMD message, which includes a valid
SID (following a RNG-REQ transmissiofhon a CDMA Allocation IE). If this RNG-CMD message
includes a “continue” indication, the ‘tanging process should be continued using the ranging
mechanism.

f)  The timeout required for the(CCPE to wait for RNG-CMD, following or not following a
CDMA Allocation IE, is defined by the timer T3.

7.15.2.3.2 CDMA local initial¥anging and automatic adjustments (distributed scheduling
A-CPE and S-CPE)

A CPE acquires local downlink synchronization and local uplink transmission parameters from distributed
scheduling A-CPE only.

A CPE that wishes to perform local initial ranging with CDMA code in a DRZ shall take the following steps:

a) . The CPE, after acquiring downlink synchronization and uplink transmission parameters from the
distributed scheduling A-CPE, shall select one Ranging Slot in a DRZ (DRZ Ranging Slot) using the
random backoff. The random backoff shall use a binary truncated exponent algorithm. After
selecting the DRZ Ranging Slot, the CPE shall choose a Ranging Code (from the Initial Ranging
domain) using a uniform random process. The selected Ranging Code is sent to the distributed
scheduling A-CPE (as a CDMA code) in the selected DRZ Ranging Slot.

b) The distributed scheduling A-CPE cannot tell which CPE sent the CDMA ranging request;
therefore, upon successfully receiving a ranging code, the distributed scheduling A-CPE broadcasts
a RNG-CMD message that advertises the received DRZ ranging code as well as the DRZ ranging
slot (OFDMA symbol number, etc.) where the ranging code has been identified. This information is
used by the CPE that sent the ranging code to identify the RNG-CMD message that corresponds to
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its ranging request. The RNG-CMD message contains all the needed adjustments (e.g., time, EIRP,
and possibly frequency corrections) and a status notification.

¢) Upon receiving a RNG-CMD message with the “Continue” status, the CPE shall continue the
ranging process as done on the first entry (using random selection rather than random backoff) with
ranging codes randomly chosen from the DRZ initial ranging domain sent on the DRZ Ranging

Slot

DTOTST

d)  When the distributed scheduling A-CPE receives an initial-ranging CDMA code that requires no
corrections, the distributed scheduling A-CPE shall provide BW allocation in a DRZ for the CPE
using the CDMA_ Allocation_IE to send an RNG-REQ message. Sending the RNG-CMD message
with status “Success” is optional.

e) The DRZ initial ranging process is over after receiving RNG-CMD message, which includes a(valid
SID (following a RNG-REQ transmission on a CDMA Allocation IE). The distributed schéduling
A-CPE shall choose one SID from the Local SID Group for the CPE’s SID. If this'TRNG-CMD
message includes a “continue” indication, the ranging process should be continued uSing the ranging
mechanism.

f)  The timeout required for the CPE to wait for RNG-CMD, following 0 not following a
CDMA Allocation IE, is defined by the timer T3.

7.15.2.3.3 CDMA relay initial ranging and automatic adjustments {¢entralized scheduling
A-CPE and S-CPE)

A CPE attempting to acquire downlink synchronization and uplink fransmission parameters from the A-BS
in an AZ shall perform initial ranging with CDMA code. However, the initial ranging request from the CPE
may not arrive to the A-BS due to the transmission power. constraint of the CPE. In this case, a certain
centralized scheduling A-CPE may perform relay initial ranging for the CPE.

a) The CPE, after acquiring downlink synchrodization and uplink transmission parameters from the A-
BS, may select one Ranging Slot in an US\CRZ (CRZ Ranging Slot) using the random backoff. The
random backoff shall use a binary truncated exponent algorithm. After selecting the CRZ Ranging
Slot, the CPE shall choose a CRZ dnitial Ranging Code (from the CRZ initial Ranging domain) for
the CRZ Ranging Slot using a uniform random process. The selected CRZ Ranging Code is sent to
the centralized scheduling As€PE in the selected CRZ Ranging Slot. In this stage, the CPE is not
aware whether the centralizéd scheduling A-CPE exists within the transmission range of the CPE.

b) The centralized schedulitg A-CPE may receive many CRZ Ranging Codes in the CRZ Ranging
Slot. The centralized, scheduling A-CPE cannot tell which CPE sent the ranging request; therefore,
upon successfully ‘teceiving a CRZ ranging code during the CRZ Ranging Slot, the centralized
scheduling A<CPE sends a RNG-RPT message (7.7.31) that contains initial ranging adjustment
informatigh such as the initial ranging status, the received CRZ ranging code, and the received CRZ
ranging slot (OFDMA symbol number, etc.) where the CRZ ranging code has been identified.

¢) Wheman A-BS receives the RNG-RPT with the status set to 0 (require initial ranging adjustment),
the-A-BS transmits RNG-CMD to the CPE, where the RNG-CMD message contains all the needed
adjustments (e.g., time, EIRP, and possibly frequency corrections) and a status notification.

d)>> When the CPE receives several RNG-CMD messages sent from the A-BS, the CPE chooses one
RNG-CMD from the received RNG-CMDs for the further ranging.

e) Upon receiving a RNG-CMD message with the “Continue” status, the CPE shall continue the

ranging process as done on the first entry with CRZ ranging codes on the CRZ ranging slot to the
centralized scheduling A-CPE

f)  When an A-BS receives the RNG-RPT with the status set to 1 (initial ranging done), the A-BS
allocates a CRZ US bandwidth by using CDMA_Allocation IE in the CRZ US-MAP IE in which
the CPE transmitted RNG-REQ to the centralized scheduling A-CPE. In this stage, a valid SID is
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not assigned for the CPE. The centralized scheduling A-CPE shall transmit the RNG-REQ received
from the CPE to the A-BS.

g)  On successfully receiving the RNG-REQ, the A-BS shall provide a valid SID for the CPE by
sending a RNG-CMD message. If this RNG-CMD message includes a “continue” indication, the
ranging process should be continued using the ranging mechanism.

T) _ Ihe timeout required for the CPE to wait Tor RNG-CMD is defined by the tmer 13.
7.15.2.4 CDMA Periodic ranging and automatic adjustments for a relay network
7.15.2.4.1 CDMA periodic ranging and automatic adjustments (A-BS and CPE)

The following summarizes the general algorithm for CDMA periodic ranging between the A-BS\and the
CPE:

a)  The CPE shall choose randomly a Ranging Slot (with random selection with equal probability from
available Ranging Slots in a single frame) at the time in an AZ to perform the)ranging, and then it
chooses randomly a Periodic Ranging Code and sends it to the A-BS (as a €CDMA code).

b) If the CPE does not receive a response, the CPE may send a new, CDMA code at the next
appropriate ranging transmission opportunity at one step higher EIRR Jevel.

c¢) The A-BS cannot tell which CPE sent the CDMA ranging request; therefore, upon successfully
receiving a CDMA periodic ranging code, the A-BS broadcastsa ranging response (RNG-CMD)
message that advertises the received periodic ranging codevas well as the ranging slot (OFDMA
symbol number, etc.) where the CDMA periodic ranging eode has been identified. This information
is used by the CPE that sent the CDMA periodic ranging code to identify the ranging response
message that corresponds to its ranging request.“The ranging response message contains all the
needed adjustments (e.g., time, EIRP, and possibly: frequency corrections) and a status notification.

d) Upon receiving a RNG-CMD message with the “Continue” status, the CPE shall continue the
ranging process with further periodic ranging codes randomly chosen. Upon receiving an RNG-
CMD message with success status,’the CPE shall restart timer T4 with the appropriate value
depending on whether the CPE is fixed or portable (see Table 273).

e) The A-BS may send an unsoliciféd RNG-CMD as a response to a CDMA-based bandwidth-request
or any other data transmissiomfrom the CPE.

f)  Upon timeout of the CPE internal T4 timer, the CPE shall perform Periodic Ranging according to
the procedure above.

g) When the CPE réceives an unsolicited RNG-CMD message, it shall reset the periodic ranging
timer and adjustthe parameters (timing, EIRP, etc.) as notified in the RNG-CMD message.

7.15.2.4.2 CDMA+ocal periodic ranging and automatic adjustments (distributed scheduling
A-CPE and.CPE)

The following summarizes the general algorithm for CDMA periodic ranging between the distributed
scheduling A-CPE and the CPE in a local cell:

a)  The CPE shall choose randomly a Ranging Slot (with random selection with equal probability from
available Ranging Slots in a single frame) at the time in a DRZ to perform the ranging, and then it

chooses randomly a Periodic Ranging Code and sends it to the distributed scheduling A-CPE (as a
CDMA_code)

b) If the CPE does not receive a response, the CPE may send a new CDMA code at the next
appropriate ranging transmission opportunity at one step higher EIRP level.

c) The distributed scheduling A-CPE cannot tell which CPE sent the CDMA ranging request;
therefore, upon successfully receiving a CDMA periodic ranging code, the distributed scheduling
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A-CPE broadcasts a ranging response (RNG-CMD) message that advertises the received periodic
ranging code as well as the DRZ ranging slot (OFDMA symbol number, etc.) where the CDMA
periodic ranging code has been identified. This information is used by the CPE that sent the CDMA
periodic ranging code to identify the ranging response message that corresponds to its ranging
request. The ranging response message contains all the needed adjustments (e.g., time, EIRP, and
possibly frequency corrections) and a status notification

d) Upon receiving a RNG-CMD message with the “Continue” status, the CPE shall continue the
ranging process with further periodic ranging codes randomly chosen. Upon receiving an RNG-
CMD message with success status, the CPE shall restart timer T4 with the appropriate value
depending on whether the CPE is fixed or portable (see Table 273).

e) The distributed scheduling A-CPE may send an unsolicited RNG-CMD as a response to a CDIMA -
based bandwidth-request or any other data transmission from the CPE.

f)  Upon timeout of the CPE internal T4 timer, the CPE shall perform Periodic Rangingraccording to
the procedure above.

g) When the CPE receives an unsolicited RNG-CMD message, it shall reset the-periodic ranging
timer and adjust the parameters (timing, EIRP, etc.) as notified in the RNG-CMD message.

7.15.2.4.3 CDMA relay periodic ranging and automatic adjustments {centralized scheduling
A-CPE and CPE)

The following summarizes the general algorithm for CDMA periodie ‘tanging between the centralized
scheduling A-CPE and the CPE:

a)  The CPE shall choose randomly a Ranging Slot (with\random selection with equal probability from
available Ranging Slots in a single frame) at the time’in a CRZ to perform the ranging, and then it
chooses randomly a CRZ Periodic Ranging Codeand sends it to the centralized scheduling A-CPE
(as a CDMA code).

b) If the CPE does not receive a respomsey/the CPE may send a new CDMA code at the next
appropriate ranging transmission oppottunity at one step higher EIRP level.

c) The centralized scheduling A-CPE-cannot tell which CPE sent the CDMA ranging request;
therefore, upon successfully receiving a CDMA periodic ranging code, the centralized scheduling
A-CPE sends a RNG-RPT ‘message that contains ranging adjustment information such as the
ranging status, the received\CRZ periodic ranging code, and the CRZ ranging slot (OFDMA symbol
number, etc.) where the \CDMA periodic ranging code has been identified. This information is used
by the CPE that sentthe CDMA periodic ranging code to identify the ranging response message that
corresponds to,(its” ranging request. The ranging response message contains all the needed
adjustments.(¢.g., time, EIRP, and possibly frequency corrections) and a status notification.

d) Upon receiving a RNG-CMD message with the “Continue” status, the CPE shall continue the
ranging process with further periodic ranging codes randomly chosen. Upon receiving an RNG-
CMD message with success status, the CPE shall restart timer T4 with the appropriate value
depending on whether the CPE is fixed or portable (see Table 273).

e)-\"The A-BS may send an unsolicited RNG-CMD as a response to a CDMA-based bandwidth-request
or any other data transmission from the CPE.

f)  Upon timeout of the CPE internal T4 timer, the CPE shall perform Periodic Ranging according to
the procedure above.

g) When the CPE receives an unsolicited RNG-CMD message, it shall reset the periodic ranging

timer and adjust the parameters (timing, EIRP, etc.) as notified in the RNG-CMD message.
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7.16 Channel descriptor management

As previously presented, channel descriptor messages (i.e., DCD and UCD) are broadcast by the BS/A-BS

ta all associated CPEs at pprinrﬁ(‘ intervals as well as broadcast by the distributed scheduling A_-CPE to the
associated CPEs in its local cell at periodic intervals. Among other things, these channel descriptors define
burst profiles, which are used by US-MAP and DS-MAP messages for allocating upstream and downstream
transmissions, respectively. Once broadcast by the BS/A-BS or the distributed scheduling A-CPE and
received by its associated CPEs, a given channel descriptor shall remain valid until a new channel descriptor
message with a different value for the Configuration Change Count field is again broadcast by the BS/A<BS
or the distributed scheduling A-CPE. When this happens, this new channel descriptor shall overwrite,all the
information of the previous descriptor. When the distributed scheduling A-CPE receives a new DS, ¢hannel
descriptor for channel switching from the BS/A-BS, the distributed scheduling A-CPE shall immediately
broadcast the new DS channel descriptor with the same information of channel switchingAi.e., channel
action, action mode, and action frame number) to the associated CPEs in the local céllyso the operating

channel in the local cell can be changed to the same channel of the BS/A-BS’s cell at the’same time.

Once channel descriptors are known to all CPEs in andEEE-86222-a WRAN BS%s/cell or A-WRAN A-BS’s
cell, the BS/A-BS shall set the UCD/DCD Count value_in an AZ, containéd’in US-MAP and DS-MAP
messages, equal to the Configuration Change Count of the desired «hannel descriptor. Once channel
descriptors are known to all CPEs in the distributed scheduling- A*CPE’s local cell, the distributed
scheduling A-CPE shall set the UCD/DCD Count value in a DRZ;-eontained in US-MAP and DS-MAP

messages, equal to the Configuration Change Count of the desiréd\channel descriptor. This way, a BS/A-BS
or a distributed scheduling A-CPE can easily indicate to the\CPEs which burst profile is to be used for a

given allocation and hence provide high flexibility to the BS/A-BS or the distributed scheduling A-CPE in
controlling which burst profile to use at any given time by'simply changing the UCD/DCD Count value.

Finally, note that the Configuration Change \Count shall be incremented by 1 modulo 256 for every new
migration of channel descriptor. After gssuing a DS-MAP or US-MAP message with the Configuration
Change Count equal to that of the new: generation, the old channel descriptor ceases to exist and the BS/A-
BS or the distributed scheduling A<€PE shall not refer to it anymore. When migrating from one generation
to the next, the BS/A-BS or the @istributed scheduling A-CPE shall schedule the transmissions of the UCD
and DCD messages in such a way that each CPE has the possibility to successfully hear it at least once.

7.18 QoS
7.18.9 Servige Flow Management
7.18.9.8 Dynamic Service Addition

7¢18:9.3.1 CPE-initiated DSA

7.18.9.3.1.1 A-BS and A-CPE behavior during CPE-initiated DSA

When a DSA-REQ message is sent from a CPE, the centralized scheduling A-CPE and the A-BS may deal
with the message in the following way:
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—  The centralized scheduling A-CPE may add the acceptable QoS parameter set to the DSA-REQ if it
cannot support the requested QoS parameter set. It then sends the DSA-REQ to the A-BS using the
primary management CID of the CPE.

—  The centralized scheduling A-CPE may include a Per-RS QoS TLV in the DSA-REQ to the A-BS.
The Per-RS QoS TLV in this case represents the maximum latency at the centralized scheduling A-
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shall consider the value in the Per-RS QoS TLV and the values in the requested QoS parameter set.

—  The centralized scheduling A-CPE may get the updated SF parameters and confirmation code from
the DSA-RSP and DSA-ACK sent from the A-BS and the CPE, respectively.

—  Upon receiving the DSA-REQ from the CPE via the centralized scheduling A-CPE, the A-BS sends
back a response to the CPE in the same way defined for non-relay systems. The admission control
algorithm is out of the scope of this standard.

— If the service flow parameters are changed, the A-BS shall send a DSC-REQ to tHe| ¢éntralized
scheduling A-CPE before sending a DSA-RSP to the SS.

7.18.9.3.2 BS-initiated DSA

7.18.9.3.2.1 A-BS and A-CPE behavior during A-BS-initiated DSA

When an A-BS initiates a DSA-REQ message to a CPE via a centralized scheduling A-CPE, the centralized
scheduling A-CPE and the A-BS may deal with the message in the following way:

— If the service flow parameters are changed, the A-BS shall send a DSC-REQ to the centralized
scheduling A-CPE before sending the DSA-REQ\to the CPE in the same manner as defined above.

— The A-BS may include a Per-RS QoS TLV.inthe DSA-REQ to the centralized scheduling A-CPE. If
the centralized scheduling A-CPE receiyesithe Per-RS QoS TLV, the centralized scheduling A-CPE
shall use the values in the Per-RS QoS.TLV instead of the ones in the service flow parameters.

—  When the centralized scheduling A<€PE can support the requested QoS parameter set, it sends the
DSA-REQ to the CPE using the primary management CID of the CPE.

—  When the centralized scheduling A-CPE cannot support the requested QoS parameter set in the
DSA-REQ, it sends the DSA-RSP with the CC set to reject-RS-not-supported-parameter-value to
the A-BS indicating that'it can support the requested QoS parameter set. The DSA-RSP may contain
the acceptable QoS(parameter set that the centralized scheduling A-CPE can support.

—  The centralized'scheduling A-CPE may get the updated SF parameters and confirmation code from
the DSA-RSRand DSA-ACK sent from the CPE and the A-BS, respectively.

7.18.9.4 Dynamic Service Change

7.18.9.4.1 CPE-initiated DSC

7.18.9.4.1.1 A-BS and centralized scheduling A-CPE behavior during CPE-initiated DSC

When-a-DSC.RE( | message is-sent-from-a-CPE a centralized scheduling A-CPE and the A.BS mav deal

with the message in the following way:
—  The centralized scheduling A-CPE may add the acceptable QoS parameter set to the DSC-REQ if it

cannot support the requested QoS parameter set. It then sends the DSC-REQ to the A-BS using the
primary management CID of the CPE.
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—  The centralized scheduling A-CPE may include the Per-RS QoS TLV in the DSC-REQ to the A-BS.
The Per-RS QoS TLV in this case represents the maximum latency at the centralized scheduling A-
CPE to relay the requested QoS parameter set. If the A-BS receives the Per-RS QoS TLV, the A-BS
shall consider the value in the Per-RS QoS TLV and the values in the requested QoS parameter set.

—  The centralized scheduling A-CPE may get the updated SF parameters and confirmation code from
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—  Upon receiving the DSC-REQ from the CPE via the centralized scheduling A-CPE, the A-BS sends
back a response to the CPE in the same way defined for non-relay systems. The admission control
algorithm is out of the scope of this standard.

— If the service flow parameters are changed, the A-BS shall send a DSC-REQ to the centralized
scheduling A-CPE before sending a DSC-RSP to the CPE.

7.18.9.4.2 BS-initiated DSC

7.18.9.4.2.1 A-BS and centralized scheduling A-CPE behavior during.A<BS-initiated DSC

When an A-BS initiates a DSC-REQ message to a CPE via a centralized schéduling A-CPE, the centralized
scheduling and the A-BS may deal with the message in the following way:

— If the service flow parameters are changed, the A-BS shall send a DSC-REQ to the centralized
scheduling A-CPE before sending the DSC-REQ to the CPEx

— The A-BS may include a Per-RS QoS TLV in the DSC-REQ to the centralized scheduling A-CPE. If
the centralized scheduling A-CPE receives the Per*RS’QoS TLV, the centralized scheduling A-CPE
shall use the values in the Per-RS QoS TLV instead of the ones in the service flow parameters.

—  When the centralized scheduling A-CPE can{support the requested QoS parameter set, it sends the
DSC-REQ to the CPE using the primarymanagement CID of the CPE.

—  When the centralized scheduling A*CPE cannot support the requested QoS parameter set in the
DSC-REQ, it sends a DSC-RSP with'the CC set to reject-RS-not-supported-parameter-value to the
A-BS indicating that it cannot support the requested QoS parameter set. The DSC-RSP may contain
the acceptable QoS parameterset that the centralized scheduling A-CPE can support.

—  The centralized scheduling*A-CPE may get the updated SF parameters and confirmation code from
the DSC-RSP and DSC-ACK sent from the CPE and the A-BS, respectively.

7.18.9.5 Dynamic Setvice Deletion

7.18.9.5.1 CPE-initiated DSD

7.189.5.1.1 A-BS and centralized scheduling A-CPE behavior during CPE-initiated DSD
When a DSD-REQ message is sent from a CPE, the centralized scheduling A-CPE relays it to the A-BS
using the primary management CID of the CPE. After processing the DSD-REQ, the A-BS replies with a

DSD-RSP using the CPE primary management CID. When the centralized scheduling A-CPE receives the
DSD-RSP, it deletes the service flow information and relays it to the CPE.
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7.18.9.5.2 BS-initiated DSD

7.18.9.5.2.1 A-BS and centralized scheduling A-CPE behavior during A-BS-initiated DSD

When an A-BS initiates a DSD-REQ message to a CPE via a centralized scheduling A-CPE using the
primary management CID of the CPE, the centralized scheduling A-CPE relays it to the CPE using the
primary management CID of the CPE. When the centralized scheduling A-CPE receives a DSD-RSP sent
from the CPE, it deletes the service flow information and relays it to the A-BS.

7.19 Incumbent protection

An A-WRAN shall support incumbent protection on relay connection between an A-BS and CPEs. The
incumbent protection procedures when the direct connection exists between the A-BS-and CPEs shall follow
the operations described from 7.19.1 to 7.19.6. The measurement management¢and- notification procedures
of incumbent protection for a relay network are shown in 7.19.2.1 and 7.19.422, réspectively.

7.19.2 Measurements management

& 4
L h &

7.19.2.1 Measurements management for a relay network

Measurement management performs a wide range of measurement activities, either related to incumbent
detection or to self-coexistence.

In an A-WRAN network, measurement requésts can be performed from the A-BS.

When a centralized scheduling A-CPECreceives a BLM-REQ from the A-BS, it shall send it to the
destination CPE. The CPE shall reportback to the A-BS through the centralized scheduling A-CPE with a
BLM-REP message that contains’ measurement results. Then, the A-BS sends the corresponding
acknowledgment (BLM-ACK)\'on the next DS opportunity following the reception of the measurement
report (see Figure 93a).

When a distributed seheduling A-CPE receives a BLM-REQ from the A-BS, it shall perform measurement
management within fhe local cell by sending a BLM-REQ to the CPE. The CPE shall report back to the A-
BS through the distributed scheduling A-CPE with the BLM-REP message that contains measurement
results. Thenyxthe A-BS sends the corresponding acknowledgment (BLM-ACK) on the next DS opportunity
following the reception of the measurement report (see Figure 93a).
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Figure 93a—Measurement message flow between A-BS\and CPE through A-CPE

7.19.4 Measurement report and notification

7.19.4.2 Measurement report and notification for a relay network

The CPE may have an US bandwidth allocationin a CRZ to send the UCS notification to the centralized
scheduling A-CPE or may have an US bandwidth allocation in a DRZ to send UCS notification to the
distributed scheduling A-CPE. Those A-CPEs shall relay the UCS notification transmitted by the CPE to the
A-BS in an AZ by using one of UCS notifications, i.e., US bandwidth allocation, opportunistic UCS
notification, and CDMA-based UCS notification.

The CPE may use an opportunistic UCS notification interval in a CRZ to send the UCS notification to the
centralized scheduling A-€RE, or may use an opportunistic UCS notification interval in a DRZ to send UCS
notification to the distributed scheduling A-CPE. Those A-CPEs shall relay UCS notification transmitted by
the CPE to the A-BSin an AZ by using one of UCS notifications that are US bandwidth allocation,
opportunistic UCSnotification, and CDMA-based UCS notification.

Upon reception of UCS notification codes from CPEs, a centralized scheduling A-CPE shall relay the UCS
notification codes to the A-BS. The A-BS does not respond with an allocation on the CPE’s SID and Basic
FID.since the allocation is not yet known at this time. Instead, it broadcasts a CDMA_Allocation_IE, which
speeifies the code and allocation in a CRZ that was used by the CPE. This allows the CPE to determine
whether it has been given an allocation by matching the CDMA code that was used for the CDMA UCS
notification message and the code broadcast by the A-BS. The CPE shall use the allocation to transmit a
MAC PDU to the centralized scheduling A-CPE with the UCS field in the MAC header properly set. The
centralized scheduling A-CPE shall send the [ICS notification to the A-BS by nsing any possible way of

UCS notification (7.19.4.1.2.1 and 7.19.4.1.2.2).
Upon reception of UCS notification codes, a distributed scheduling A-CPE does not respond with an

allocation on the CPE’s SID and Basic FID since the allocation is not yet known at that time. Instead, it
broadcasts a CDMA_Allocation_IE, which specifies the code that was used by the CPE. This allows the
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CPE to determine whether it has been given an allocation by matching the CDMA code that was used for the
CDMA UCS notification message and the code broadcast by the distributed scheduling A-CPE. The CPE
shall use the allocation to transmit a MAC PDU with the UCS field in the MAC header properly set. The
distributed scheduling A-CPE shall send the UCS notification to the A-BS by using any possible way of
UCS notification (7.19.4.1.2.1 and 7.19.4.1.2.2).

7.20 Self-coexistence

The Coexistence Beacon protocol (CBP) is the transport mechanism for the coexistence elements supperted
in this standard, and CBP packets can be transmitted over the air or through the backhaul. The\BSs and
CPEs shall be capable of transmitting and receiving CBP packets over the air as specified in/9.5,In order
to implement eventual coexistence mechanism over the backhaul, the CBP information fromAEEE 802.22
base stations shall be encapsulated in IP packets for transport over the backhaul. A WRAN funs in normal
mode by default and transits to self-coexistence mode when the WRAN can detect and)decode an SCH or a
CBP burst from an adjacent WRAN cell_on PHY-OM1. An A-WRAN runs in normal mode by default and
transits to self-coexistence mode when the A-WRAN can detect and decode amExtended Frame Control
Header (Ex-FCH) or a CBP burst from an adjacent A-WRAN cell on PHY<OM2. During the SCH or Ex-
FCH reception procedure in the A-WRAN, the total preamble length of PHY-OMI1 is greater than that of

PHY-OM?2. However, using CBP scheduling, PHY-OM2 can guarantee.alréquired level.

7.20.1 Coexistence Beacon Protocol (CBP)

7.20.1.1 CBP packet structure

The structure of a CBP packet (i.e., CBP PHY/ PDU) for PHY-OMI is shown in Figure 100. The burst
starts with a CBP preamble that shall be cotamon across all IEEE 802.22 networks on PHY-OM1 (see
9.4.1.1) and that shall be different from thé.superframe preamble. After the CBP preamble, the CBP MAC
PDU as described in Table 8 shall be traiismitted. The CBP MAC PDU shall be two OFDM symbols long.

By including the SCH data (which‘Contains information about the IEEE 802.22 cell) as part of the beacon
MAC header, the transmitting,"CPE or BS/A-CPE conveys necessary information to allow neighboring
network discovery and coordination of quiet periods and SCWs. Including the SCH is a way to advertise the
schedule of QPs and SEWsto CPEs in other neighboring cells.

The SCH informatién is needed in situations where WRANs or A-WRANs are operating in different
channels as well as when they are operating co-channel or on adjacent channels. In the first case, the SCH
information-obtained through detecting and demodulating the SCH or through reception of the CBPs allows
other WRANs/A-WRANS to discover the schedule of QPs, which can be used for out-of-band sensing. In
case WRANSs/A-WRANSs are operating co-channel or on adjacent channels, the SCH, received through the
CBPs, will signal the schedule of QPs and SCWs in addition to containing other IEs that can be used to
signal frame allocations, when needed.

For communication using CBP over the backhaul, the CBP MAC PDU (see Figure 100) shall be
encapsulated into an IP packet.

The structure of a CBP packet (i.e.. CBP PHY PDU) for PHY-OM2 is shown in Figure 100a. The burst
starts with a CBP preamble that shall be common across all IEEE 802.22 networks on PHY-OM2 (see
9a.4.1.2) and that shall be different from the frame preamble. After the CBP preamble, the CBP MAC PDU

as described in Table 8a shall be transmitted. The CBP MAC PDU shall be two OFDM symbols long.
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Figure 100a—Structure of a CBP packet

By including the Extended Frame Control Header (which contains information about thé A-WRAN cell) as
part of the beacon MAC header, the transmitting CPE or A-BS conveys necessary’ information to allow
neighboring network discovery and coordination of quiet periods and SCWs. Including the Extended Frame
Control Header is a way to advertise the schedule of QPs and SCWs to CPEs\fvother neighboring cells.

The Extended Frame Control Header information is needed in situation$\where A-WRANSs are operating in
different channels as well as when they are operating co-channel or‘on adjacent channels. In the first case,
the Extended Frame Control Header information obtained througldétecting and demodulating the Extended
Frame Control Header or through reception of the CBPs allows other A-WRANS to discover the schedule of
QPs. which can be used for out-of-band sensing. In case WRANSs are operating co-channel or on adjacent
channels, the Extended Frame Control Header, received-through the CBPs, will signal the schedule of QPs
and SCWs in addition to containing other IEs that cdrbe used to signal frame allocations, when needed.

For communication using CBP over the backhaul, the CBP MAC PDU (see Figure 100a) shall be
encapsulated into an IP packet.

The A-BS controls access to the meditum within the SCW. The A-BS shall decide which CPEs transmit
CBP packets in each scheduled actitie UITUC=0.

w\
7.20.4 Self-coexistence for a relay network
7.20.4.1 General

Self-coexiSténce in A-WRAN networks shall follow the mechanisms described in 7.20.1, 7.20.2, and 7.20.3,
which wilb be performed by the negotiation of the A-BS and the neighboring A-BSs.

For-self-coexistence in A-WRAN networks, the SCW shall be synchronized at all CPEs within an A-WRAN
network. For synchronizing SCW, in PHY-OM1 or PHY-OM2, one of the following can be transmitted.

1) BS/A-BS transmits SCH in PHY-OMI.

a Ad QL . = pai 11 1 . DIINZ ALD.
) A=DO UAISIIILS T'TdaIlIC COITUTOT TICAUCT I FIT T =UIVIZ,

3) A-BS transmits Frame Control Header + Extended Frame Control Header in PHY-OM2.

When a CPE receives one of these transmissions, the CPE forwards it to the A-BS and then synchronizes the
SCW within an A-WRAN network. When a distributed scheduling A-CPE receives the SCW schedule
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information from the A-BS, it shall arrange the SCW schedule within a local cell by sending the same
information from the respective transmission listed above, which it has received from the A-BS to the CPEs
in a local cell.

7.20.4.2 Mechanism for inter-A-BS self-coexistence on arelay network

The self-coexistence operations among A-WRAN cells shall follow the top-level procedure illustrated in
Figure 101 and described as follows:

1)
2)

3)

4)

5)

6)

The A-BS of an A-WRAN cell is powered on.

The A-BS performs network discovery, which includes discovering
— TV channel occupancies of the neighboring A-WRAN cells
— SCW reservations of the neighboring A-WRAN cells

— Frame reservation patterns of the neighboring A-WRAN cells on spdcific channels
(this information can be obtained from the received CBP packets)

The A-BS performs channel acquisition based on the Spectrum Etiquette algorithm (as
described in 7.20.3.1).

If the A-BS successfully acquires a channel, it goes to the fiormal mode of data service
operations on the acquired channel [as described in step 5) belowT. If the A-BS fails to acquire
any empty channel, it selects a channel occupied by one. e more other A-WRAN cells and
identifies whether the potential interference comes dir¢ctly from the other A-BSs or from the
CPEs belonging to the other A-WRAN cells, or both/ }f it comes only from the other A-BSs,
the new A-BS initiates the DS/US Split adjustiment mechanism [i.e., skips step 5) and goes
to step 6)]. If the potential interference comeS-rom the CPEs, it performs the Inter-WRAN
On-demand Frame Contention operations dn the selected channel by accessing a contention-
based SCW (see 7.20.1.2) [i.e., skips step*d) and step 6) and goes to step 7)]. Note that since
the new A-BS arriving on the channehdoes not have a frame for itself yet, it cannot involve its
CPEs in this initial contention pro¢ess? Only CBP bursts transmitted directly from the new A-
BS will be able to support the frame contention process in this initial phase. As a result, the
process may go initially to st€p’6) but then move to step 7) when the CPEs belonging to the
new A-WRAN cell start.to‘operate and report potential interference through their CBP bursts.

The A-BS enters the_normal mode of data service operations (see 7.3). During the normal
service operations, the A-BS may receive external demands (received from other A-WRAN
cells) for sharing-its‘occupied data frames on the operating channel. When this occurs and when
the A-BS canniot find another empty channel for its operation through the Spectrum Etiquette
algorithmythe A-BS performs the Inter-WRAN On-demand Frame Contention operations on
its operating channel [as described in step 6)]. If an empty channel is found, then the A-BS
moves.its cell to this new channel and enters the normal mode of data service operations (see
3).

iFhe A-BS performs the DS/US Split adjustment mechanism. This can be done only if the CBP
burst received directly from the other A-BSs or received by a CPE and forwarded to the A-BS
contains information related to transmission 1), 2), and/or 3) listed in 7.20.4.1. Once it has
acquired information on the Current DS/US Split, Claimed DS/US Split, and the DS/US
Change Offset, it applies the same basic algorithm as used for Quiet Period Scheduling
described in Table 184 and transmits its updated parameters to the other A-BSs so that they do
the same and converge toward a common DS/US Split, which will vary depending on the

combound traffic rpnnirpments £Q¥ the A.BSS ]n“gh;ed Ihe ad]ustment Q£ tbe I]S” S Spht
r e s

through this distributed negotiation process, based on the fact that all A-BSs have their frames
aligned (see 9.10), will allow the concurrent use of the same frames by these A-BSs and avoid
interference caused by an A-BS that would be still transmitting while the other A-BSs have
started their US subframe and are trying to receive signals from their CPEs. Note that this will
cover the cases where A-BSs would interfere with each other even though there is no CPE
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being interfered with (i.e., no CPE in the overlap area). There may also be cases where CPEs
will receive interference from various A-BSs while these A-BSs do not interfere with each
other as a result of clever A-BS antenna installation that will block the signal path between the
A-BSs. The normal case will however be when both A-BSs and CPEs are interfered with. For
these two latter cases, step 7) will be needed to distribute the frames to the various A-BSs and,
since there would not be concurrent use of these frames there is then no longer a need to

synchronize the DS/US split in these cases.

7) The A-BS performs the On-demand Frame Contention operations with a neighboring A-
WRAN cell on the selected channel and then goes to the self-coexistence mode of data services
operations [as described in step 8)]. A neighboring A-WRAN cell can contend for some of the
frames used by the current A-BS as long as it occupies a number of frames that is larger-that
the minimum stated in variable Frame Contention Min (see Table 274). The required inessage
flow and the On-Demand Frame Contention Protocol are described in 7.20.3.2.

8) The A-BS enters the self-coexistence mode of data services operations (see 73)."During the
self-coexistence mode of data service operations, the A-BS may receite) €ither internal
demands (received from the inside of the A-BS’s own cell) for additional spéctrum resources or
external demands (received from other A-WRAN cells) for sharing its"occupied frames on the
operating channel. When either of these events occurs, the A-BS,reinitiates the spectrum
acquisition process starting from step 3) (Spectrum Etiquette forchatinel acquisition).

7.20.4.3 CBP-based neighboring network discovery
7.20.4.3.1 Overview

During network entry and initialization and before any data~fransmission takes place, the A-BS and CPE
shall perform a network discovery procedure by scanningthe wireless medium for CBP packets that contain
one of the transmissions listed in 7.20.4.1. This ,diScovery procedure is part of the A-BS and CPE
initialization procedures described in 7.14.

During normal operation, the A-BS and CPEscan discover other nearby A-WRAN cells by listening to the
medium on the lookout for CBP packets*that contain one of the transmissions listed in 7.20.4.1. These
transmissions can be received from othefcells on the same channel or from cells on different channels. This
can be accomplished through the scheduling of the Coexistence UIUC = 1 for passive mode SCW. If a CBP
packet containing one of the transmissions listed in 7.20.4.1 is received by the CPE that is managed by the
A-BS, it shall package that infotimation and transport it to its A-BS (see Table 172).

7.20.4.3.2 Discovery with SCW

The A-BS can discover other A-WRAN cells by scheduling SCWs in passive mode, during which it may
request one orymore of its CPEs to listen to the current operating channel to look for CBP packets from other
A-WRANs-orto listen to other channels for CBP packets. These CBP packets can contain one of the
transmigsions listed in 7.20.4.1 that originate from other A-BSs or CPEs associated with other A-BSs.
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7.21 Quiet periods and sensing

7.21.2 Synchronization of overlapping quiet periods

Hence, BSs shall synchronize their quiet periods with other nearby BSs/A-BSs. This is done using the fields
available in the SCH (see Table 1) or Extended Frame Control Header (see Table 2b) that are used to
schedule quiet periods for intra-frame (see 7.21.1.1) and inter-frame sensing (see 7.21.1.2), and which are
also carried in CBP packets (see 7.6.1.3.1). The BS/A-BS shall be responsible for setting these fields
whenever transmitting an SCH_or an Extended Frame Control Header. These QP scheduling fieldssare sent
in the following three sets of parameters in a self-coexistence situation:

7.21.2.1 Intra-frame quiet period synchronization

The “current” set of intra-frame quiet period parameters is used by the BS/A-BS,$0 indicate to its CPEs the
quiet periods that are currently scheduled. Before becoming “current,*{this set of QP scheduling
parameters has to be confirmed by all coexisting WRAN cells through the’ CBP mechanism following a
negotiation among these WRAN cells. The “claimed” set of intrasframe quiet period parameters is
used by each BS/A-BS to announce its new scheduling requirement for quiet periods considering the
performance of the sensing techniques used by its CPEs, i.e., the's€énsing time needed to meet the required
sensing threshold. This “claimed” set is broadcast by the SE€H_or the Extended Frame Control Header and
retransmitted to the other coexisting WRAN cells by the CBP“mechanism so that negotiation can take place
to arrive at a common quiet period schedule that meets the maximum QP requirement while minimizing the
overhead by reducing the non-concurrent quiet periéds as much as possible. This “claimed” quiet period
schedule, once it has become common to all ceexisting WRAN cells can then be scheduled to become the
“current” quiet period parameter set after sufficient time is given for the negotiation to cover for inter-cell
propagation.

Each BS/A-BS sends its claim %0 other coexisting BSs/A-BSs through the SCH_or the Extended Frame
Control Header, which is then-¢arried by the CBP mechanism. Each BS/A-BS that receives a new “claim”
shall compare it to its own-claim and either replace the incoming claim by its larger claim for the QP
repetition rate (i.e., number of 1’s in the bitmap/cycle length) and/or QP duration or keep it as is if its own
claim is smaller. f its own claim is larger and the updating results in a new claim that is larger than the
“current” QP repetition rate and/or duration, the BS shall reset the Claimed Intra-frame Quiet Period Offset
to the minimut number of frames required to make sure that all coexisting BSs have received the claim
(e.g., 2 hops) that is 2 superframes_or frames) before sending it in the SCH and relaying it through the CBP
mechanism. If the new claim is smaller than the “current” scheduling, the Claimed QP Offset parameter is
repeated unchanged, and the incoming scheduling parameters are also repeated unchanged.
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7.21.2.2 Inter-frame Quiet Period Synchronization

The BS/A-BS that receives information about other collocated IEEE 802.22 cells (either directly or reported
hC hal hronize with all qui 0ds schedulad | | lls for the infer-f :
schedule. To synchronize inter-frame sensing quiet periods, the BS uses the information contained in the
SCH or the Extended Frame Control Header, but in addition to that, the BS shall apply a random mechanism
to decide whether to change its quiet period schedule.

For example, consider that BS 1 received information on the SCH or the Extended Frame Control ‘Header
transmitted by a collocated BS 2.

7.21.4 Quiet periods and sensing for a relay network

7.21.4.1 Quiet period synchronization for an A-BS’s cell

For Quiet period synchronization for an A-BS’s cell containing. S*CPEs and A-CPEs as shown in
Figure 111a, the A-BS can schedule the quiet periods either in the.explicit mode, which is done through the
use of CHQ-REQ MAC message as described in 7.7.17.3, or in‘the“implicit mode using the sensing related
fields in the SCH on PHY-OMI1 or the Extended Frame Conttol/Header on PHY-OM2.

Quiet period allocation shall follow the same mechanisms described in 7.21.1.

A-BS area

Table 111a—Quiet period synchronization within an A-BS’s cell

7-:21.4.2 Quiet period synchronization for a local network

The Quiet periods shall be synchronized at all CPEs within an A-WRAN network. Some S-CPEs located in
a local cell, which are managed by a distributed scheduling A-CPE, may not be synchronized by the Quiet
period scheduling information transmitted from an A-BS because the S-CPESs are outside of the A-BS’s cell
as shown in Figure 111b. Instead of the A-BS, the distributed scheduling A-CPE shall transmit the Quiet
period scheduling information transmitted from an A-BS to the S-CPE within a local cell.
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In the implicit quiet period scheduling, when a distributed scheduling A-CPE receives an SCH or an
Extended Frame Control Header from the A-BS, the distributed scheduling A-CPE shall send the SCH or
the Extended Frame Control Header followed by DRZ-FCH to synchronize the quiet period in a local cell.

In the explicit quiet period scheduling, the A-BS uses the CHQ-REQ MAC message described in 7.7.17.3 to
_ advertise the intra-frame sensing schedule and all the relevant parameters for sensing When the distributed

scheduling A-CPE receives a CHQ-REQ MAC message from the A-BS, it shall send the CHQ-REQ MAC
message to the CPEs within a local cell. This explicit mode should not be used in a self-coexistence
operation since the quiet period scheduling information may not be made available to the other A-WRAN
systems operating in the area. Only the implicit mode should be used in a self-coexistence situation.

Quiet period allocation shall follow the same mechanisms described in 7.21.1.

Figure 111b—Quiet period synchronization for a local network

7.22 Channel management

RN

7.22.3 Channel management on arelay network
7.22.3.1 Overview

Two modes of channel management supported by WRAN, which are an embedded mode and an explicit
mode, are alSesupported in A-WRAN.

In the embedded mode in A-WRAN, the A-BS shall transmit all IEs related to channel management to all
CPEs:in the cell. A distributed scheduling A-CPE shall transmit all channel management IEs received from
th&.A-BS to the CPEs managed by the distributed scheduling A-CPE.

In the explicit mode in A-WRAN, the channel management messages could be sent by the A-BS to the
specific CPEs directly or relayed through a centralized scheduling A-CPE or a distributed scheduling A-

CPE. When a A-CPE receives a channel management message not targeted to the A-CPE, the A-CPE shall
relay the channel management message to the target CPE. In A-WRAN, Figure 112a depicts the message
flow between A-BS and CPE relayed on A-CPE when the Confirmation Need field is set.
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Figure 112a—Message flow between A-BS and CPE relayed.on A-CPE
when confirmation is required

7.22.3.2 Initialization and channel sets updating
In this subclause, procedures of channel list initialization and upddting on relay are addressed.

In order to maintain the channel sets, an A-BS maintains the following available channel sets: Operating,
Backup, Candidate, Protected, Occupied, and Unclassified."\Each S-CPE and centralized scheduling A-CPE
within the A-BS’s cell maintains only the first three channel sets: Operating, Backup, and Candidate. Each
distributed scheduling A-CPE maintains the same-eh@nnel sets as the A-BS’s channel set. These individual
sets have different update steps. For example, ¢n the CPE side managed by the A-BS, the Operating set is
confirmed by every received SCH or FCH, and the Backup and Candidate sets are updated after receiving
the DCD. On the CPE side managed by thé&distributed scheduling A-CPE, the Operating set is confirmed by
every received DRZ-FCH, and the Backiip and Candidate sets are updated after receiving the DCD in DRZ.
After synchronization, the A-BS should send an IPC-UPD message to the CPE to update the set of channels
prohibited from incumbent operation for the newly connected CPE to allow skipping these channels to speed
up the sensing process. These\relations are summarized in Table 185a and Table 185b. For the A-BS,
channel sets are updated after each quiet period either at a periodic interval or at aperiodic intervals. The A-
BS shall send all channel sets to the distributed scheduling A-CPE.

Table 185a—Update channel set information in CPE

Message Field Information
SEH BS ID Operating channel on which the SCH is received on PHY-OM1
FCH BS ID Operating channel on which the SCH is received on PHY-OM2
DCD Number for Backup Number of backup channels
channels
Backup and candidate List of backup and candidate channels
channel list
IPC-UPD Incumbent Prohibited Channels that cannot carry incumbent signals since their operation
Channels Update is prohibited (e.g., channel 37 in the USA) and thus they can be
skipped during the sensing process
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Table 185b—Update channel set information in CPE for DRZ

Message Field Information
DRZ-FCH BS ID Operating channel on which the DRZ-FCH is received
DCD Number for Backup Number of backup channels
channels
Backup and candidate List of backup and candidate channels

channel list

IPC-UPD Incumbent Prohibited Channels that cannot carry incumbent signals since their operation
Channels Update is prohibited (e.g., channel 37 in the USA) and thus they can-be
skipped during the sensing process

When a CPE turns on, it scans the channels to identify the available A-WRAN operationSand proceeds with
the selection of one of these services (see 10.3.2). Such selection identifies the operatingichannel. As part of
the CPE initialization, the list of backup and candidate channels is sent in the DCD, me¢ssage by the A-BS or
the distributed scheduling A-CPE. This procedure is closely related with obtaining/'the downlink parameters
procedure (see 7.14.2). After association of a new CPE, the A-BS or the distfibuted scheduling A-CPE shall
send the IPC-UPD message to indicate the list of channels prohibited frofn ‘isicumbent operation to the CPE
so that it can skip incumbent sensing on these channels. Channel\sets in the CPE are updated after
periodically receiving the DCD message. For the A-BS, if channels¢ts/are changed as a result of BLM-REP
messages, the A-BS sends the backup and candidate channel list\invits DCD message. When the distributed
scheduling A-CPE receives the updated channel list from the.A-BS, the distributed scheduling A-CPE sends
the updated backup and candidate channel list in its DCD message in DRZ to the CPE.

7.22.3.3 Scheduling of channel switching tinde

When the A-BS decides to switch channels ‘during normal operation, it shall execute the following
procedure to determine when to schedule the‘¢hannel switching operation:

— The A-BS selects the first backup channel from its backup/candidate channel list, it shall select a
waiting time T46 to make sure that all its CPEs are prepared for the channel switch. The value of
T46 is a configurationparameter that could be set by the management interface. The first
requirement is that the‘value of T46 shall be smaller or equal to the maximum allowed channel
moving time, and*the second requirement is that the value is long enough for the CPEs to recover
from an incumbent detection.

— Then, the¢” A-BS schedules the channel switch using the channel management procedure
described in 7.19.5.

—  Whenthe distributed scheduling A-CPE receives the channel switch requirement from the A-BS, the
distetbuted scheduling A-CPE shall make sure that all its CPEs in a local cell are prepared for the
cHannel switch within the available switching time (see Switch Count in 7.7.17.1), which will be
transmitted by the A-BS.
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7.23 Synchronization of the IEEE 802.22 base stations_and |IEEE 802.22b base
stations

The BSs and A-BSs on PHY-OM!1 shall synchronize the absolute local start time of their superframe period,
to the start of every minute referenced to UTC to a tolerance of less than or equal to + 2 ps. The A-BS on
PHY-OM2 shall synchronize the absolute local start time of their frame period. to the start of every
minute referenced to UTC to a tolerance of less than or equal to + 2 ps.

7.24 Multi-channel operation
7.24.1 General

This subclause describes the multi-channel operation, which is required to support enhanced broadband
services and monitoring applications that require high data throughput. A single channel operation is
supported as shown in Figure 112b with maximum date rate of 22.69 Mbps! In Figure 112b, each CPE
(CPE 1~CPE 5) is using the operating channel fl to communicate within/the service area of BS where the
operating channel f1 is assigned by the spectrum manager using the ‘available channel list. Even though
several available channels may exist in the list, due to the consfraint of the single channel operation of
IEEE Std 802.22-2011, those available channels cannot be utilized effectively since multi-channel operation
is not supported. Multi-channel operation and Multi-hop relay“operation are mutually exclusive. Channel
aggregation mode can be configured as Bulk Transmission miode for increasing the transmission throughput
or configured as Diversity mode for robust transmisgiofi)as shown in 7.7.7.3.4.13. Only one type of multi-
channel transmission mode shall be in operation at.a‘given time. This is accomplished by an exchange of the
CPE Operational Capability IE (7.7.7.3.4.13) im)REG-REQ during the A-CPE registration (7.14.4). When
the A-BS responds, it selects the multi-channgl transmission mode, and then it sets the mode of the A-CPE
in the CPE Operational Capability IE in the REG-RSP that it sends back to the A-CPE. Once the A-CPE has
been configured to use a multi-channeltransmission mode, the procedures used to add, switch, or stop
operation (7.24.2.2 through 7.24.2.5)«Can be engaged. When Transmit Diversity mode is selected, the same
formatted MAC PDU is transmifted across all allocated channels. When Bulk Transmission mode is
selected, a unique MAC PDU is.transmitted across each allocated channel.

Internet

CPE 5

WSDB

Figure 112b—Example of IEEE Std 802.22-2011 deployment configuration
(Single channel operation)
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The A-WRAN supports aggregate data rates greater than the maximum data rate supported by the
IEEE Std 802.22-2011 in order to extend its regional area broadband services to a broader range of
applications such as real-time and near real-time monitoring, emergency broadband services, remote
medical services, etc. Therefore, multi-channel operation should be considered as a means to achieve
throughput greater than the maximum throughput supported by the IEEE Std 802.22-2011.

The examples of multi-channel operation deployment configuration are shown in Figure 112¢ and
Figure 112d, respectively. In Figure 112c, it is assumed that there are 2 available operating channels within
the service area of the A-BS. In this example, multi-channel operation on A-BS is illustrated where only the
A-BS is capable of receiving and transmitting over two or more operating channels and responsible for
assigning the operating channel to the associated A-CPEs within its service area. By performing the muilti-
channel operation on A-BS, the A-BS can utilize the available operating channels by distributifig* the
operating channels among the associated A-CPEs. The multi-channel operation on A-BS can improve the
individual A-CPE’s throughput by decreasing the total number of associated A-CPEs per operating channel.
In Figure 112c, A-CPE 1 and A-CPE 2 are assigned to the operating channel f1 to communicate with the A-
BS, and A-CPE 3, A-CPE 4, and A-CPE 5 are assigned to the operating channel {2 to cofinunicate with the
A-BS.

1 WSDB

/)

Figure 112c—Example of multi-channel operation deployment configuration
(Multi-channel operation on A-BS)

In Figure 112d, it is assumed that there are five available operating channels within the service area of the A-
BS. In this example, multi-channel operation on A-BS and A-CPEs is illustrated where both A-BS and
associated ASEPEs are capable of receiving and transmitting over two or more operating channels. A-BS is
responsible-for assigning the operating channel to the associated A-CPEs within the service area for the
utilization’ of available operating channels. In Figure 112d, A-CPE 1 is assigned to the operating channels f1,
f2and 3 to communicate with the A-BS, and A-CPE 2 is assigned to the operating channels 4 and f5 to
communicate with the A-BS. In this example, the A-BS can improve the individual A-CPE’s throughput by
increasing the number of operating channels assigned to the associated A-CPEs.
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\:’J
Figure 112d—Example of multi-channel operation deploy e@configuration
(Multi-channel operation on A-BS and A- )

Q/C)\\Q/
o)

7.24.2 Channel allocation manager
7.24.2.1 General

The channel allocation manager (CAM) shown in FigLﬂtg\I‘l2e is responsible for the basic multi-channel
operations such as add new operating channel oper; ti(@(7.24.2.2), stop operating channel (7.24.2.4), and
switch operating channel (7.24.2.5). All of theéa functions described in the CAM are necessary to
support the multi-channel operation, which is d@e nt from the single channel operation.

O
Z

\' Channel Allocation Manager
D (CAM)

xO
O

N
C) Add New Operating Stop Operating Switch Operating

@ Channel Channel Channel

@. Figure 112e—Channel allocation manager

channel allocation manager is needed to perform multi-channel operations, which are described in
Q/C) 7.242.2,724.2.4,and 7.24.2.5.

In 7.24.2.2, detailed operation flow of add new operating channel is discussed. The add new operating
channel function is responsible for allocating new operating channel to each available channel transceiver
unit (CHU).
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In 7.24.2.4, detailed operation flow of stop operating channel is discussed. The stop operating channel
function is responsible for stopping the operating channel of the specific CHU.

In 7.24.2.5, detailed operation flow of switch operating channel is discussed. The switch operating channel
function is responsible for switching the operating channel of the specific CHU.

A CHU is defined as a transceiver unit that operates in a specific channel operation within its operating
frequency which consists of a MAC and a PHY.

7.24.2.2 Add new operating channel operation
7.24.2.2.1 General

When the A-BS is ready to operate under the multi-channel operation, the following procedtre 0f adding
new operating channel is performed on both the A-BS and A-CPE, which have the capability of receiving
and transmitting over two or more operating channels.

The add new operating channel operation procedure shall consist of the following stéps:

a) BS-CAM selects a specific BS-CHU.

b) BS-CAM commences operation request.

¢) BS-CHU commences operation acknowledgment.

d) BS-CAM sends management information notification to BS-CHU.

e) BS-CHU memorizes management information.

f)  BS-CHU performs frequency setting.

g¢) BS-CHU performs synchronization.

h) BS-CHU sends operation preparation conipleted notification to BS-CAM.
i)  BS-CHU broadcasts SCH on PHY-OM Ifor FCH on PHY-OM2.

j)  BS-CAM checks unused BS-CHU:

k) CPE-CAM selects a specific CRECHU.

1) CPE-CAM sends BS searchcommand (All or specific channel) to the specific CPE-CHU.
m) CPE-CHU performs BS s¢arch.

n) CPE-CHU sends BS.detected notification to CPE-CAM.

0) CPE-CAM detenmines other operating CPE-CHU.

p) CPE-CAM. performs BSID matching.

q) CPE-CAM-sends BSID mismatch notification to CPE-CHU.

r)  CPE=CAM sends proceed notification to CPE-CHU.

s) €PE-CHU performs synchronization.

t). W CPE-CHU sends synchronization completed notification to CPE-CAM.
v~ CPE-CAM checks unused CPE-CHU.

v)  CPE-CAM sends registration request to CPE management unit.

w) CPE management unit sends registration completed notification to CPE-CAM.

The add new operating channel operation flow 1s shown 1n Figure 112f.
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Figure 112f—Operation flow for adding new operating channel

7.24.2.2.2 BS-CAM selects. asspecific BS-CHU

The BS channel allocation\manager (BS-CAM) shall select a specific BS channel transceiver unit (BS-
CHU) that is the target-ef-the add new operating channel operation. The BS-CAM shall select the BS-CHU
that is in the state ef\lntused or unassigned currently and whose hardware corresponds to the new operating
channel’s frequency? The operating channel selection procedure may be included in this step.

7.24.2.2.3 BS-CAM commences operation request
The BS-CAM shall send a commence operation request to the selected BS-CHU. The commence operation
réquest may include the various parameters in connection with the PHY such as channel center frequency

and its offset, etc., and some part of MIB information such as software version information, etc.

7.24.2.2.4 BS-CHU commences operation acknowledgment

The BS-CHU shall send a commence operation acknowledgment to the BS-CAM. The commence operation
acknowledgment may include the specific BS-CHU MIB information that is needed by BS-CAM such as
device ID or serial number of the BS-CHU, etc. The BS-CHU shall response with an error when the
commence operation request is rejected due to reasons such as mismatch of the software version, etc.
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7.24.2.2.5 BS-CAM sends management information notification to BS-CHU

The BS-CAM shall send a management information notification to the BS-CHU. The management
information notification may mainly include the MIB information necessary for the BS-CHU and
maintained by the BS-CAM such as the ID to identify the connection between BS and CPE (carrier index
that is associated with the physical or logical channel) etc If the BS-CHIUJ has a part of the MAC layer

function, then the information on MIB that is used by the MAC layer, such as Station ID, MAC Address of
BS, etc., shall be included.

7.24.2.2.6 BS-CHU memorizes management information

The BS-CHU shall memorize the management information from the BS-CAM after the management
information notification. Some part of the memorized information (MIB information) shall be immediately
reflected on the BS-CHU or reflected as the initial value of the transition state.

7.24.2.2.7 BS-CHU performs frequency setting

The BS-CHU shall perform the frequency setting procedure. The channel center frequéncy and its offset that
were received in the commence operation request or management information netification shall be reflected
in the local oscillator of BS-CHU.

7.24.2.2.8 BS-CHU performs synchronization

The BS-CHU shall perform the BS-CHU synchronization procedure. On PHY-OMI, this procedure is
intended for network synchronization to synchronize the supetframe, frame, and TDD timing of a number of
A-BSs. Basically, this procedure shall synchronize the superframe to the start of each minute of the UTC
time obtained from a global navigation system such as/&PS. On PHY-OM2, this procedure is intended for
network synchronization to synchronize the frame and TDD timing of a number of A-BSs. Basically, this
procedure shall synchronize the frame to the start)of each minute of the UTC time. As a result, all the
operating BS-CHUs shall be synchronized with €ach other.

7.24.2.2.9 BS-CHU sends operation,preparation completed notification to BS-CAM

The BS-CHU shall send an operation preparation completed notification to the BS-CAM. The BS-CHU
shall send a response indicating an error when it fails to complete the operation preparation procedure.

7.24.2.2.10 BS-CHU breadcasts SCH on PHY-OM1 or FCH on PHY-OM2

The BS-CHU shallperiodically broadcast a radio frame that includes the SCH information on PHY-OM1 or
FCH information om’PHY-OM2.

7.24.2.2.1T\BS-CAM checks unused BS-CHU

The:BS-CAM shall check whether there is any unused BS-CHU. If an unused BS-CHU exists, then the BS-
CAM shall proceed to the select specific BS-CHU procedure.

7.24.2.2.12 CPE-CAM selects a specific CPE-CHU

The CPE channel allocation-manager « PE.CA M” shall select g Specjﬁc CPE _channel transceiverunit

(CPE-CHU) that is a target of the add new operating channel operation. The CPE-CAM shall select the
CPE-CHU that is in the state of unused or unassigned. In many cases, this procedure is triggered when the
A-BS lost condition occurs in the CPE where the CPE-CHU was selected.
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7.24.2.2.13 CPE-CAM sends BS search command (All or specific channel) to the specific
CPE-CHU

The CPE-CAM shall send an A-BS search command (All or specific channel) to the selected CPE-CHU.
The A-BS search command (All or specrﬁc channel) shall be performed by searchmg all the frequency

The spemﬁc channel information shall be mdlcated by using the extended DCD message or newly deﬁned
management message (7.7.29.2) to specify the A-BS operating channels that are not connected by any CPE
or shall be estimated based on the backup channel information. To prevent overlapping with the other CPE-
CHU channel, the channel that the other CPE-CHU has already used shall not be searched. Moreover, the
channel that the other A-BS has already used and that is identified by a previous BS search command, ¢t¢:,
shall not be searched. The previous A-BS search command is referring to the unsuccessful A-BS._search
command that did not received a proceed notification from the CPE-CAM due to the BSID mismatch.

7.24.2.2.14 CPE-CHU performs BS search

The CPE-CHU shall perform the BS search command by attempting to detect the radio signal (preamble and
SCH on PHY-OMI or preamble and FCH on PHY-OM2) from the BS at the target frequency of the BS
search command.

7.24.2.2.15 CPE-CHU sends BS detected notification to CPE-CAM

The CPE-CHU shall send an A-BS detected notification to the CPE-CAM when it is able to detect the signal
strength greater than or equal to a predetermined value that is definéd in the BS search procedure. The BS
detected notification shall include the BSID, which is obtained by decoding the SCH information on PHY-
OMI1 or FCH on PHY-OM2.

7.24.2.2.16 CPE-CAM determines other operating CPE-CHU

The CPE-CAM shall determine whether there.is‘any other operating CPE-CHU (connection status with BS).
If there is no other operating CPE-CHU at that time, then it does not proceed to add new operating channel
procedure (multi-channel operation). The, CPE-CHU shall proceed to the synchronization process similarly
to the conventional IEEE Std 802.22-20%1.

7.24.2.2.17 CPE-CAM perfarms BSID matching

If another operating CPE-€HU is detected at that time, the CPE-CAM shall determine whether the BSID of
the other operating CPE=CHU matches with the BSID obtained by the CPE-CHU during BS detected
notification.

7.24.2.2.18 CRE-CAM sends BSID mismatch notification to CPE-CHU

If the BSID mismatch occurred, then the CPE-CAM shall send a BSID mismatch notification to the CPE-
CHU,\anid the CPE-CHU shall resume its BS search process with the rest of the targeted frequency, or the
BS“€AM shall send a specific target frequency of BS search command to the CPE-CHU.

7.24.2.2.19 CPE-CAM sends proceed notification to CPE-CHU

If the BSID match is r\rw\‘l:‘irw\prl7 then-the CPE.CAM shall send a p;gceed notification-to-the CPE.CHII to

continue with the synchronization procedure.
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7.24.2.2.20 CPE-CHU performs synchronization

The CPE-CHU shall continue with the synchronization procedure with the frequency that is detected in SCH
on PHY-OMI1 or FCH on PHY-OM2. In addition to the original synchronization procedure such as
detecting and decoding the FCH, DS-MAP, etc. to obtain the parameters of the DS, this procedure shall

include the reception of UCD message process to obtain the parameters of the US, the ranging process to

adjust the TDD timing, etc.
7.24.2.2.21 CPE-CHU sends synchronization completed notification to CPE-CAM

As a response to the proceed notification procedure, the CPE-CHU shall send a synchronization comp]eted
notification to the CPE-CAM. By referring to these notifications, the CPE-CAM can recognize the multi-
channel operation when two or more CPE-CHUs are connected with the BS.

7.24.2.2.22 CPE-CAM checks unused CPE-CHU

The CPE-CAM shall check whether there is any unused CPE-CHU. If the unused CPE-CHU exists, then the
CPE-CAM shall proceed to the select specific CPE-CHU procedure.

7.24.2.2.23 CPE-CAM sends registration request to CPE managemeént unit

The CPE-CAM shall send a registration request to the BS for CPE registration after completing the multi-
channel operation capability. The registration request shall contaim the’information (carrier index, etc.) that
can uniquely identify each channel used in the multi-channel operation. Some management messages may
be exchanged only between the BS-CHU and CPE-CHU if necessary.

7.24.2.2.24 CPE management unit sends registration completed notification to CPE-CAM
The CPE management unit shall send a registration ¢ompleted notification to the CPE-CAM.

7.24.2.3 Add new operating channel.operation by using BS search command (specific
channel)

7.24.2.3.1 General

As described in 7.24.2.2.13,“the BS search command can be conducted in two modes (All or specific
channel). In this subclause,the detailed operation flow for add new operating channel by using BS search
command in specific channel mode is shown. In this operation flow, the BS-CHU and CPE-CHU shall have
at least one operating:channel to enable the exchange of management messages between the A-BS and
A-CPE.

The operafion* flow for add new operating channel by using BS search command in specific channel mode
shall consist of the following steps:

a)~ BS-CAM sends aggregation information to BS-CHUI.

b) BS-CHUI forwards aggregation information to CPE-CHU1.
¢) CPE-CHUI forwards aggregation information to CPE-CAM.
d) BS-CAM selects a specific BS-CHU.

e) BS-CAM commences operation request.
f)  BS-CHUn commences operation acknowledgment.
g) BS-CAM sends management information notification to BS-CHUn.

h) BS-CHUn memorizes management information.
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i)  BS-CHUn performs frequency setting.
j)  BS-CHUn performs synchronization.
k)  BS-CHUn sends operation preparation completed notification to BS-CAM.
1)  BS-CHUn broadcasts SCH on PHY-OM1 or FCH on PHY-OM2.
m) BS-CAM checks unused BS-CHU

n) CPE-CAM selects a specific CPE-CHU.

0) CPE-CAM sends BS search command (specific channel) to the specific CPE-CHUn.
p) CPE-CHUn performs BS search.

q) CPE-CHUn sends BS detected notification to CPE-CAM.

r)  CPE-CAM determines other operating CPE-CHU.

s)  CPE-CAM performs BSID matching.

t)  CPE-CAM sends BSID mismatch notification to CPE-CHUn.

u) CPE-CAM sends proceed notification to CPE-CHUn.

v)  CPE-CHUn performs synchronization.

w) CPE-CHUn sends synchronization completed notification to CPE-CAM

x)  CPE-CAM checks unused CPE-CHU.

y) CPE-CAM sends registration request to CPE management unit.

z)  CPE management unit sends registration completed notification,to CPE-CAM.

The operation flow for add new operating channel by using BS-search command (specific channel) is shown
in Figure 112g.

7.24.2.3.2 BS-CAM sends aggregation information to BS-CHU1

The BS-CAM shall send the aggregation information (7.7.29.2) to the operating BS-CHU1 periodically
during multi-channel operation and the time at.which to start a multi-channel operation.

7.24.2.3.3 BS-CHUL1 forwards aggregation information to CPE-CHU1

The BS-CHUI1 shall forward the aggregation information to the CPE-CHU1 after receiving the information
from BS-CAM.

7.24.2.3.4 CPE-CHU1 fofrwards aggregation information to CPE-CAM

The CPE-CHUI shallMorward the aggregation information to the CPE-CAM after receiving the information
from BS-CHU1: The aggregation information shall be designed as a newly defined management message
from BS-CAM> The details of the management message CAM-ADD are described in 7.7.29.2. The BS-
CHU! and _CPE-CHUI do not need to understand the content of the message when performing the
forwarding process.

7.24.2.3.5 BS-CAM selects a specific BS-CHU

The BS-CAM shall select a specific BS-CHU that is the target of the add new operating channel operation.
The BS-CAM shall select the BS-CHU that is in the state of unused or unassigned currently and whose

hdl deIC bUllepUlldb [18) l.hc HCW OpPCI dlillg t.hdllllcl’b fquLlCllby. TilU OPCI dlillg bhdllllcl bCiCLLiUIl plUdeulC
may be included in this step.
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Figure 112g—Operation flow for adding new operating channel by using BS search
command (specific channel)

7.24.2.3.6 BS-CAM commenges operation request

The BS-CAM shall send a‘eommence operation request to the selected BS-CHU. The commence operation
request may include-the 'various parameters in connection with the PHY such as channel center frequency
and its offset, etc.{and some part of MIB information such as software version information, etc.

7.24.2.3.7. BS*'CHUn commences operation acknowledgment

The BS-EHU shall send a commence operation acknowledgment to the BS-CAM. The commence operation
acknowledgment may include the specific BS-CHU MIB information that is needed by the BS-CAM such as
device ID or serial number of the BS-CHU, etc. The BS-CHU shall response with an error when the

commence operation request is rejected due to reasons such as mismatch of the software version, etc.

7.24.2.3.8 BS-CAM sends management information notification to BS-CHUn

The BS-CAM shall send a management information notification to the BS-CHU. The management
information notification may mainly include the MIB information necessary for the BS-CHU and
maintained by the BS-CAM such as the ID to identify the connection between BS and CPE (carrier index
that is associated with the physical or logical channel), etc. If the BS-CHU has a part of the MAC layer
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function, then the information on MIB that is used by the MAC layer, such as Station ID, MAC Address of
BS, etc., shall be included.

7.24.2.3.9 BS-CHUNn memorizes management information
The BS-CHU shall memorize the management information from the BS-CAM after the management

information notification. Some part of the memorized information (MIB information) shall be immediately
reflected on the BS-CHU or reflected as the initial value of the transition state.

7.24.2.3.10 BS-CHUnN performs frequency setting

The BS-CHU shall perform the frequency setting procedure. The channel center frequency and its offset'that
were received in the commence operation request or management information notification shall be reflected
in the local oscillator of BS-CHU.

7.24.2.3.11 BS-CHUnN performs synchronization

The BS-CHU shall perform the BS-CHU synchronization procedure. This procedur€ds intended for network
synchronization to synchronize the superframe, frame, and TDD timing of a number of BS in a wireless
communication system. Basically, this procedure shall synchronize the superframe to the start of each

minute of the UTC time obtained from a global navigation system such ag GPS. As a result, all the operating
BS-CHUs shall be synchronized with each other.

7.24.2.3.12 BS-CHUN sends operation preparation completed notification to BS-CAM

The BS-CHU shall send an operation preparation completed notification to the BS-CAM. The BS-CHU
shall send a response indicating an error when it fails to,eomplete the operation preparation procedure.

7.24.2.3.13 BS-CHUnN broadcasts SCH onPHY-OM1 or FCH on PHY-OM2

The BS-CHU shall periodically broadcast a.radio frame that includes the SCH information on PHY-OM1 or
FCH on PHY-OM2.

7.24.2.3.14 BS-CAM checks unused BS-CHU

The BS-CAM shall check whether there is any unused BS-CHU. If an unused BS-CHU exists, then the BS-
CAM shall proceed to the*select specific BS-CHU procedure.

7.24.2.3.15 CPE-CAM selects a specific CPE-CHU
The CPE-CAMshall select a specific CPE-CHU that is a target of the add new operating channel operation.

The CPE-CAM shall select the CPE-CHU that is in the state of unused or unassigned. In many cases, this
procedure is triggered when the BS lost condition occurs in the CPE where the CPE-CHU was selected.

7¢24.2.3.16 CPE-CAM sends BS search command (specific channel) to the specific
CPE-CHUnN

The CPE-CAM shall send a BS search command (specific channel) to the selected CPE-CHU. The BS

channels. The specific channel information shall be indicated by using the extended DCD message or newly
defined management message (7.7.29.2) to specify the BS operating channels that are not connected by any
CPE or shall be estimated based on the backup channel information. To prevent overlapping with the other
CPE-CHU channel, the channel that the other CPE-CHU has already used shall not be searched. Moreover,
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the channel that the other BS has already used and that is identified by a previous BS search command, etc.,
shall not be searched.

7.24.2.3.17 CPE-CHUn performs BS search

The CPE-CHUJ shall perform the BS search command by attempting to detect the radio signal (preamble and

SCH on PHY-OM1 or FCH on PHY-OM2) from the BS at the target frequency of the BS search command.
7.24.2.3.18 CPE-CHUnN sends BS detected notification to CPE-CAM

The CPE-CHU shall send a BS detected notification to the CPE-CAM when it is able to detect the signal
strength greater than or equal to a predetermined value that is defined in the BS search procedure..The BS
detected notification shall include the BSID, which is obtained by decoding the SCH information 'on PHY -
OMI1 or FCH information on PHY-OM2.

7.24.2.3.19 CPE-CAM determines other operating CPE-CHU

The CPE-CAM shall determine whether there is any other operating CPE-CHU (conéction status with BS).
If there is no other operating CPE-CHU at that time, then it does not proceed tovadd new operating channel
procedure (multi-channel operation). The CPE-CHU shall proceed to the sync¢hronization process similarly
to the conventional IEEE Std 802.22-2011.

7.24.2.3.20 CPE-CAM performs BSID matching

If another operating CPE-CHU is detected at that time, the CRE;CAM shall determine whether the BSID of
the other operating CPE-CHU matches with the BSID ‘obtained by the CPE-CHU during BS detected
notification.

7.24.2.3.21 CPE-CAM sends BSID mismatch notification to CPE-CHUNn

If the BSID mismatch occurred, then the BS:CAM shall send a BSID mismatch notification to the CPE-
CHU. Then the CPE-CHU shall resume its BS search process with the rest of the targeted frequency, or the
BS-CAM shall send a specific target ficquency of BS search command to the CPE-CHU.

7.24.2.3.22 CPE-CAM sendsiproceed notification to CPE-CHUN

If the BSID match is confirmed, then the CPE-CAM shall send a proceed notification to the CPE-CHU to
continue with the synchronization procedure.

7.24.2.3.23 CPE*€HUn performs synchronization

The CPE-CHU shall continue with the synchronization procedure with the frequency that is detected in SCH
on PHY-OMI1 or FCH on PHY-OM2. In addition to the original synchronization procedure such as
detecting and decoding the FCH, DS-MAP, etc. to obtain the parameters of the DS, this procedure shall
ificlude the reception of UCD message process to obtain the parameters of the US, the ranging process to
adjust the TDD timing, etc.

7.24.2.3.24 CPE-CHUN sends synchronization completed notification to CPE-CAM

As a response to the proceed notification procedure, the CPE-CHU shall send a synchronization completed
notification to the CPE-CAM. By referring to these notifications, the CPE-CAM can recognize the multi-
channel operation when two or more CPE-CHUs are connected with the BS.
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7.24.2.3.25 CPE-CAM checks unused CPE-CHU

The CPE-CAM shall check whether there is any unused CPE-CHU. If the unused CPE-CHU exists, then the
CPE-CAM shall proceed to the select specific CPE-CHU procedure.

7242326 CPE-CAM sends registration request to CPE management unit

The CPE-CAM shall send a registration request to the BS for CPE registration after completing the multi-
channel operation capability. The registration request shall contain the information (carrier index, etc.) that
can uniquely identify each channel used in the multi-channel operation. Some management messages may
be exchanged only between the BS-CHU and CPE-CHU if necessary.

7.24.2.3.27 CPE management unit sends registration completed notification to CPE-CAM
The CPE management unit shall send a registration completed notification to the CPE-CAM.

7.24.2.4 Stop operating channel operation

7.24.2.4.1 General

When the BS is operating under the multi-channel operation, the follgwing procedure of stop operating
channel is performed on both the A-BS and A-CPE to stop the operating channel that is requested by the
A-BS.

The stop operating channel operation procedure shall consist.of the following steps:

a) BS-CAM sends stop operation request to BS-CHU.

b) BS-CHU starts stop operation timer.

c) BS-CHU sends stop operation request acknowledgment to BS-CAM
d) BS-CHU sends stop operation requestito CPE-CHU.

e) CPE-CHU starts stop operation tiner.

f)  CPE-CHU sends stop operation notification to CPE-CAM.

g) CPE-CAM sends stop operation approval/command to CPE-CHU.

h) CPE-CHU sends stop-operation request acknowledgment to BS-CHU.
i)  CPE-CHU checks*step operation timer expired and stops operation.
j)  CPE-CHU sends'stop operation completed notification to CPE-CAM.
k) BS-CHU c¢hecks stop operation timer expired and stops operation.

)  BS-CHU sends stop operation completed notification to CPE management unit.
The stop operating channel operation flow is shown in Figure 112h.
7424,2.4.2 BS-CAM sends stop operation request to BS-CHU

The BS-CAM shall send the stop operation request to the BS-CHU that is the target of the stop operating
channel operation.

7.24.2.4.3 BS-CHU starts stop operation timer
The BS-CHU shall start the stop operation timer (T66) after receiving the stop operation request from the

BS-CAM. The start of the stop operation timer shall determine the frame number where the operation is
scheduled to stop.
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7.24.2.4.4 BS-CHU sends stop operation request acknowledgment to BS-CAM

The BS-CHU shall send the stop operation request acknowledgment to the BS-CAM.

7.24.2.4.5 BS-CHU sends stoproperation request to CPE-CHU

The BS-CHU shall send the-stop operation request to the CPE-CHU by using the DS transmission. The stop
operation request can be sent as a newly defined management message. The details of the management
message CAM-STP arg described in 7.7.29.3.

7.24.2.4.6 CPE-CHU starts stop operation timer

Based on. the)information that specifies the target of the stop operation channel, which can be obtained after
receiying-the stop operation request from the BS-CHU, the CPE-CHU shall confirm the target channel of the
reqtiest. If the request is addressed to the CPE-CHU, then the CPE-CHU shall start the stop operation timer.

7:24.2.4.7 CPE-CHU sends stop operation notification to CPE-CAM

The CPE-CHU shall send the stop operation notification to the CPE-CAM.

7.24.2.4.8 CPE-CAM sends stop operation approval/command to CPE-CHU

The CPE-CAM shall send the stop operation approval/command to the CPE-CHU after the CPE-CAM is
notified that the channel operation of the CPE-CHU will be stopped.
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7.24.2.4.9 CPE-CHU sends stop operation request acknowledgment to BS-CHU

The CPE-CHU shall send the stop operation request acknowledgment to the BS-CHU after receiving the
stop operation approval/command from the CPE-CAM. The stop operation acknowledgment can be sent as
anewly defined management message through the US transmission. The details of the management message
CAM-STP are described in 7.7 29 3

7.24.2.4.10 CPE-CHU checks stop operation timer expired and stops operation

The CPE-CHU shall stop the operation when the stop operation timer expires, i.e., it has reached the frame
number that was set during the set stop operation timer procedure. The CPE-CHU shall stop all transmission
and reception after the stop operation procedure is performed.

7.24.2.4.11 CPE-CHU sends stop operation completed notification to CPE-CAM

The CPE-CHU shall send the stop operation completed notification to the CPE-CAM_dfter’completing the
stop operation procedure.

7.24.2.4.12 BS-CHU checks stop operation timer expired and stops eperation

The BS-CHU shall stop the operation when the stop operation timer expires and stop all the transmission
and reception after the stop operation procedure is performed.

7.24.2.4.13 BS-CHU sends stop operation completed notification to CPE management unit

The BS-CHU shall send the stop operation completed notifieation to the BS-CAM and CPE management
unit after completing the stop operation procedure. The;BS-CHU and CPE-CHU that have stopped their
operation will be the target CHUs for the add new operating channel procedure.

7.24.2.5 Switch operating channel operation
7.24.2.5.1 General

When the BS is operating under thé multi-channel operation, the following procedure of switch operating
channel is performed on both thé’A-BS and A-CPE to switch the operating channel that is requested by the
A-BS.

The switch operating channel operation procedure shall consist of the following steps:

a) BS-CAM sends channel switch request to BS-CHU.

b) BS-EHU starts channel switch timer.

c¢) MBS-€HU sends channel switch request acknowledgment to BS-CAM.
d) "\ .BS-CHU sends channel switch request to CPE-CHU.

€¢)~ CPE-CHU starts channel switch timer.

f)  CPE-CHU sends channel switch notification to CPE-CAM.

g) CPE-CAM sends channel switch approval/command to CPE-CHU.

h) CPE-CHU sends channel switch request acknowledgment to BS-CHU.

i)  BS-CHU checks channel switch timer expired and performs channel switch.
7)) CPE-CHU checks channel switch timer expired and performs channel switch.
k) BS-CHU sends channel switch completed notification to BS-CAM.

1)  BS-CHU broadcasts SCH on PHY-OM1 or FCH on PHY-OM2.
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m) BS-CHU sends DS-MAP/DCD/US-MAP/UCD to CPE-CHU.
n) CPE-CHU sends channel switch completed notification to CPE-CAM.

o) CPE-CHU sends channel switch completed notification to CPE management unit.

The switch operating channel operation flow is shown in Figure 112i.
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Figure112i—Operation flow for switching operating channel

7.24.2.5.2 BS-CAM sends channel switch request to BS-CHU

The BS-CAM shall send the channel switch request to the BS-CHU that is the target of the switch operating
channel‘eperation. The BS-CHU shall correspond to the requested switch operating channel’s frequency.

7.24.2.5.3 BS-CHU starts channel switch timer

The BS-CHU shall start the channel switch timer (T67) after receiving the channel switch request from the
BS-CAM. The start of the channel switch timer shall determine the frame number where the new operating

chammet s scheduted toswitchs:
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7.24.2.5.4 BS-CHU sends channel switch request acknowledgment to BS-CAM

The BS-CHU may send the channel switch request acknowledgment to the BS-CAM after the BS-CHU sent
the channel switch request to the CPE-CHU as described in 7.24.2.5.5 for shortening the channel switch
time.

7.24.2.5.5 BS-CHU sends channel switch request to CPE-CHU

The BS-CHU shall send the channel switch request to the CPE-CHU by using the DS transmission. The
channel switch request can be sent as a newly defined management message. The details of the management
message CAM-SWH are described in 7.7.29.5. The management message shall be broadcasted to all the
CPEs, and the CPEs shall be able to receive and interpret the content of the management message.

7.24.2.5.6 CPE-CHU starts channel switch timer

The CPE-CHU shall start the channel switch timer after receiving the channel switch-request from the
BS-CHU.

7.24.2.5.7 CPE-CHU sends channel switch notification to CPE-CAM

The CPE-CHU shall send the channel switch notification to the CPEZCAM in order to acquire channel
switch approval/command from the CPE-CAM.

7.24.2.5.8 CPE-CAM sends channel switch approval/cotniand to CPE-CHU

The CPE-CAM shall send the channel switch approval/command to the CPE-CHU after the CPE-CAM is
notified that the operating channel of the CPE-CHU will-be switched.

7.24.2.5.9 CPE-CHU sends channel switch“tequest acknowledgment to BS-CHU

The CPE-CHU shall send the channel switch'request acknowledgment to the BS-CHU after receiving the
channel switch approval/command from-the CPE-CAM. The channel switch request acknowledgment can
be sent as a newly defined managément message through the US transmission. The details of the
management message CAM-SWH dre described in 7.7.29.5.

7.24.2.5.10 BS-CHU checks channel switch timer expired and performs channel switch

The BS-CHU shall switch to a new operating channel when the channel switch timer expires. The channel
switch timer expires when it has reached the frame number that was set during the start channel switch timer
procedure. The BS*€CHU shall modify the operating parameters within the RTG period and shall change the
frequency of the local oscillator in order to switch to a new operating channel. In most cases, a channel
switch is pesformed because terminating the current operating channel is necessary; therefore, a channel
switch is enforced even if the channel switch acknowledgment is not received from either one of the CPEs.

7¢24.2.5.11 CPE-CHU checks channel switch timer expired and performs channel switch

The CPE-CHU shall switch to a new operating channel when the channel switch timer expires.
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7.24.2.5.12 BS-CHU sends channel switch completed notification to BS-CAM

The BS-CHU shall send the channel switch completed notification to the BS-CAM after completing the
channel switch procedure. This shall indicate that the channel switch procedure at the PHY of BS-CHU is
completed (such as the frequency of the local oscillator of BS-CHU is locked to the new channel).

7.24.2.5.13 BS-CHU broadcasts SCH on PHY-OM1 or FCH on PHY-OM2

The BS-CHU shall broadcast a radio frame that includes the SCH information on PHY-OM1 or FCH on
PHY-OM2.

7.24.2.5.14 BS-CHU sends DS-MAP/DCD/US-MAP/UCD to CPE-CHU

The BS-CHU shall send the DS-MAP/DCD/US-MAP/UCD information to CPE-CHUY for the
synchronization procedure.

7.24.2.5.15 CPE-CHU sends channel switch completed notification to CPEECAM

The CPE-CHU shall send the channel switch completed notification to the EPE-CAM when the frame
containing SCH on PHY-OMI1 or FCH on PHY-OM2, etc., is received e0rrectly. The channel switch
completion notification shall indicate that the channel switch has been cofmpléted at the MAC layer.

7.24.2.5.16 CPE-CHU sends channel switch completed netification to CPE management
unit

The CPE-CHU shall send the channel switch completednetification to the CPE management unit. The
channel switch completed notification can be sent as a newly defined management message through the US
transmission. The details of the management message’CAM-SWH are described in 7.7.29.5. Upon receiving
the management message, the CPE management-0uit in BS shall update the latest information of the CPEs.

7.24.3 Multi-channel operation at A-BS

This subclause explains the operatiof“flow of the A-BS’s channel allocation manager (BS-CAM) for
commencing the multi-channel operation. The operation flow of commencing multi-channel operation at A-
BS is shown in Figure 112j. In @ider to perform the multi-channel allocation necessary for multi-channel
operation, three basic functiofts, which are add new operating channel, stop operating channel, and switch
operating channel, are defined. The detailed explanation of each function and its operation flow are
described in 7.24.2.2, 7:24.2.4, and 7.24.2.5.

In commencing .multi-channel operation at the A-BS, the BS-CAM shall play the key role to decide the
operating chamnel and determine the implementation of one of the three basic functions as shown in
Figure 112j.\The triggers for the BS-CAM to decide the operating channel are database access, BS sensing
report, CPE sensing report, and BS channel scheduling. The database access trigger shall refer to the
database access result that concluded there are changes in the available operating channels after accessing
the'whitespace database by the database access control in BS. The BS sensing report and CPE sensing report
shall refer to the sensing report that concluded there are changes in the available operating channels after
performing the sensing process. These are triggers caused by the changes in the available operating

channels. The BS channel scheduling is when a particular operating channel is available under specific time
scheduling by the BS
=} J
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Figure 112j—Operation flow of commence multi-channel operation at A-BS

7.24.4 Multi-channel operation at A-CPE

This subclause explains the operation flow of the ¢4-CPE’s channel allocation manager (CPE-CAM) for
commencing the multi-channel operation. The gperation flow of commencing multi-channel operation at A-
CPE is shown in Figure 112k. In order to perform the multi-channel allocation necessary for multi-channel
operation, the CPE-CAM also possesses thtee' basic functions, which are add new operating channel, stop
operating channel, and switch operating ehannel. The detailed explanation of each function and its operation
flow are described in 7.24.2.2, 7.24.24,and 7.24.2.5.

In commencing multi-channel operation at A-CPE, most of the triggers of the CPE-CAM operation result
from the BS control messages.“The triggers for the CPE-CAM to commence the multi-channel operation are
BS control message, CPE*incumbent sensing report, CPE channel scheduling, and BS lost message.The BS
control message includesthe switch operating channel and stop operating channel control messages. When
the CPE-CAM regeives the switch operating channel control message from the BS, it shall proceed to the
switch operating channel procedure and switch to the operating channel as stated in the switch operating
channel controhmessage. When the CPE-CAM received the stop operating channel control message from
the BS, itshall proceed to the stop operating channel procedure and stop the operating channel as stated in
the stop\operating channel control message. When the CPE incumbent sensing report shows the detection of
incumbent or when the CPE channel scheduling is scheduled to stop the operating channel, the CPE-CAM
shaltproceed to the stop operating channel procedure as well. The BS lost message, which indicates the lost
connection between a CPE-CHU and a BS, or the CPE channel scheduling for adding a new operating
channel shall proceed to the add new operating channel procedure.
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Figure 112k—Operation flow for commence multiéefrannel operation at A-CPE

7.25 Group Resource Allocation

A large number of CPEs may be connected to the ‘A-BS. Among them, some CPEs have similar traffic
patterns, such as payload size, traffic period, and data rate (PHY Mode), etc. It is a burden of MAP overhead
to allocate the resources to all CPEs individually. The Group Resource Allocation (GRA) is very efficient
for a group of CPEs communicating using'a same PHY Mode and with a fixed payload size. The MAP
overhead is significantly reduced by allocating the resources to the Group using bitmap format.

The group is composed of one A-CPE and many S-CPEs. Within the group, A-CPE is a controller of a group
consisting of many S-CPEs. The\A-CPE capabilities include access to the database services, identification of
the group, network entry with A-BS, etc. All the S-CPEs within the group are synchronized to the A-CPE.

There are two types.of.group: fixed group and mobile (or portable) group. The type of group is determined
according to the mobility of A-CPE. The A-CPE within fixed group is fixed on the building, house, tower,
etc. The A-CPE within mobile (or portable) group is mobile (or portable) on the vehicles, etc.

The A-BS‘eonfigures the group resource allocation by using the Group Resource Allocation Configuration
(GRA<CFG) message, as shown in Table 173n. The A-BS creates a new group, identifies the devices that
belong to the group, and allocates the resources on a group basis. The GRA-CFG message includes the
Characteristics of group, such as Device Bitmap Size, Bitmap of Station ID, Group ID, Group Type, and
Group Location. The group resource allocation configuration can be updated using the Group Resource
Allocation Update (GRA-UPD) message, as shown in Table 1730. The A-BS uses a GRA-UPD message to
add a device to a group or delete a device from a group. The A-BS also uses a GRA-UPD message to update

the location of group. The DS/US-MAP message detines the access to the DS/US resources, as shown in
Table 25 and Table 34, respectively. The format of a DS/US-MAP IEs is defined for the Individual
Resource Allocation (IRA), as shown in Table 26 and Table 35, respectively. And the format of a DS/US-
MAP GRA IEs is defined for the Group Resource Allocation (GRA), as shown in Table 29d and Table 40d,
respectively.
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The backup and candidate channels can also be updated on a group basis using Backup and Candidate
Channel List IE, as shown in Table 22. When Group Flag is set to 1, the backup and candidate channels are
used locally within a group. Otherwise, when Group Flag is set to 0, the backup and candidate channels are
used globally within a cell. The backup and candidate channels are selected using the mobility and the
location of A CPE. The same channel is selected as the backup (or candidate) channel between the ﬁxed

1nterference among groups On the other hand, dlfferent channels are selected as the backup (or candidate)
channel between the fixed and the mobile group or between the mobile groups. But if the groups could not
overlap, the backup (or candidate) channel could be same for frequency reuse. The backup and candidate
channel list of each group shall be updated according to the periodic monitoring, which checks whether the
groups could overlap each other or a new group appears. Therefore, when a mobile group moves into other
group, or when a new group or incumbent user appears within a cell, the A-BS and CPEs can redute the
signaling overhead and can prevent QoS degradation by avoiding frequent channel switching.

Figure 1121 shows an example of how the backup channel is selected. There are three fixed, groups and a
single mobile group. The A-CPE of the fixed groups is installed at the fixed object, su¢h-as a farmhouse,
building, tower, etc. The A-CPE of the mobile group is installed at the mobile or portable object, such as a
car, train, ship, etc. In a relationship between group 1 and group 2, there are two, fixed groups, which are
overlapping each other; thus the A-BS may allocate different backup channgls, for example, backup
channel #2 and backup channel #3, to group 1 and group 2, respectively. In ‘alrelationship between group 1
and group 3, there are two fixed groups, which are not overlapping each/othér; thus the A-BS may allocate
the same backup channel, for example, backup channel #2, to both group 1 and group 3. In a relationship
between group 3 and group 4, there are fixed and mobile groups, which are overlapping each other; thus the
A-BS may allocate different backup channels, for example, backup”channel #2 and backup channel #3, to
group 3 and group 4, respectively. In a relationship between,group 2 and group 4, there are fixed and mobile
groups, which are not overlapping each other; thus the A<BS may allocate the same backup channel, for
example, backup channel #3, to both group 2 and groupA4,
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Figure 112|—Example of backup channel selection
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Figure 112m shows an example of how the backup channel is decided. When any idle backup channels are
not being allocated to other groups, the A-BS allocates the idle backup channels to the target group (1).
When there are no idle backup channels to be allocated, the A-BS may first check if any backup channels are
allocated to a fixed group. When any backup channels are being allocated to fixed groups, and the target
group and fixed group do not overlap, the A-BS allocates the backup channels allocated to the fixed group,
to the target group (2). A presence of a backnp channel allocated to the fixed group may be first checked

since a burden of changing the backup channels may exist when a state of a backup channel being currently
allocated to a mobile group is changed to an unavailable backup channel, due to mobility of the mobile
group, although it is determined that the allocated backup channel is available. When no backup channels
are being allocated to fixed groups, or when any backup channels are being allocated to fixed groups but the
target group and the fixed group overlap, the A-BS may check if any backup channels are allocated.to)a
mobile group. When backup channels are being allocated to mobile groups, and the target group.and the
mobile group do not overlap, the A-BS allocates the backup channels allocated to the mobile~group (3).
Although backup channels are being allocated to the mobile group, but the mobile group and 'the target
group also overlap, the A-BS allocates the backup channels allocated to the fixed group or.thé mobile group
(4). When also no backup channels are being allocated to mobile groups, the A-BS alleeates the backup
channels allocated to the A-BS, to the target group (5). When at least two overlapping groups share the
backup channels or when the A-BS and some groups share the backup channels,/the A-BS may use a
mechanism for proper resources sharing between the overlapping groups or the A-BS and some groups after
channel switching.

Are there any backup’
channels which are

being allocated ro
mobile groups?

idle backup channels

which are not being
allocated to other

groups?

No

& Allocate some of
backup channels which
are being allocated to
A-BS

(@ Allocate the idle backup
channels to target group

Are there any backup
channels which are
being allocated to
fixed groups?,

No

Do they overlap each
other?

i

(3 Allocate some of
backup channels which
are being allocated to
mobile groups

@ Allocate some of
backup channels which

Roytey :;\'C:!Rp sach are being allocated to
other: fixed and/or mobile
LrOups
@ Allocate some of,
backup channels Wwhich
are being allocated=6
fixed groups
Y
+ - End g
L

Figure 112m—Example of backup channel decision

8. Security mechanism in IEEE 802.22

The security concepts that are enabled by security sublayers 1 and 2 are also extended to the relay network
for both A-CPEs and S-CPEs. The security model in the relay network is end-to-end. Authentication of
MAC management and user data sent between the A-BS and S-CPE is handled at each end of the
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connection, i.e., by the A-BS and S-CPE. Centralized and distributed scheduling A-CPEs are responsible
only for authentication of MAC management messages exchanged between them and the A-BS. Centralized
and distributed scheduling A-CPEs shall not be involved in initial authentication or reauthentication or
keying of attached S-CPEs, other than to forward SCM-REQ/RSP messages between any attached S-CPEs
and the A-BS. Centralized and distributed scheduling A-CPEs do not maintain or store any of the
authentication information (e g AK Context) related to any attached S-CPEs

8.1 Security Architecture for the Data/Control and Management Planes

8.1.2 Key management and authentication overview

The AAA server and a client CPE authenticate each other during the initial authenticationexchange. The
AAA and CPE present their credentials to each other. Since the AAA and CPE mutually‘authenticate each
other, there is protection against an attacker employing a cloned CPE that masquefades as a legitimate
subscriber’s CPE. Once authentication is completed, the BS and CPE have keying-that is used to protect
management messages (e.g., MMP_Key) and keying used in transportation ofdkeys for protection of user

data (e.g., KEK). The process related to setting up and maintaining keying tg¢_protect user data is known as
the TEK Exchange (see 8 2 3) process. During authentication exchange proétéction of user data is conﬁgured

for the CPE.i

Ao & +The TEK Exchange process shall b
ngaged by a CPE only if protectlon of user data has been configuréd during the authentication exchange.

If an A-CPE is configured to support operation as a distributed or centralized scheduling A-CPE, it shall not
initiate TEK Exchange process. Distributed and centralized scheduling A-CPEs shall also not be capable of
maintaining/storing the keying material related €0’ SCPEs that are attached to the A-BS through them.

8.2 SCM protocol

8.2.2 Authentication state maehine

The Authentication staté'machine (ASM) adopts an authentication framework similar to the model specified
in IEEE Std 802.16-2009. The ASM incorporates EAP authentication and is made up of four states and
thirteen events and messages that are used to communicate with other aspects of the SCM framework. The
ASM has todnteroperate with the TEK state machine (TSM) (8.2.3) and the EAP Process. In 8.2.2.1 through
8.2.2.7, the term “CPE” refers to S-CPEs as well as A-CPEs.

8.2:2.7* Security capabilities negotiation

\,‘(

If the SA deﬁnes use of&&theﬁﬁe&&en—emy—er—“no protection” method (e.g., = 0x00) (Table 193), all MAC

DIOLL

41 41 Vi) a) 1 1L 4l
PBUs—sent-witirt LUD uu_l\bu to-thrts un musthrave-the 1_4\./ ULL setto \J TIT ulu 5\,11\.«11\4 LVl[‘l\_/ uuauul T1 UIC 7% un

defines use of any other cryptographic methods (e.g., >= 0x01) (Table 193).0Otherwise;—f—enly
“authentication+eneryption —or—eneryption-only—is-supperted the EC bit must be set to ‘1’ in the generic

MAC header. Other combinations are not allowed; MAC PDUs presenting other combinations should be
discarded.
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Some rules should be considered for selecting which Cryptographic Suites listed in Table 193 are applicable
to CPE:

— Tegacy CPFEs shall not be capable of being cryptographic Suites that nse a 4-byte PN value, e g

suite 0x0C-0x14.

— A distributed or centralized scheduling A-CPE may make use of cryptographic suites related to DS
multicast Group SA (e.g., 0x03, 0x04, 0x0A, 0x0B, 0xOE, 0xOF, 0x13, and 0x14) for MAC
management messages sent on the Multicast Management FID.

— A distributed or centralized scheduling A-CPE, S-CPE, or legacy S-CPE shall not be simultangdusly
configured to use cryptographic suites with 3-byte and 4-byte PNs on the static Null and Primary
SAs as well as dynamically allocated Group SAs.

— A distributed or centralized scheduling A-CPE, S-CPE, or legacy S-CPE shall not be simultaneously
configured to use cryptographic suites with 4-byte and 8-byte ICVs on the statig Null and Primary
SAs as well as dynamically allocated Group SAs.
8.2.3 TEK exchange overview

8.2.3.1 TEK exchange overview for PMP topology

[N

9 4

3 7—tThe CPE and BS shall not
the following cases::

perform the Key Request/Key Reply handshake in either of

— The CPE and BS decide “No authentication’”as their authentication policy.
The A-CPE is configured to operate as a-disfributed or centralized scheduling A-CPE.

In this the first case, target SAID value, which may be included in DSA-REQ/RSP messages, shall be Null
SAID.

8.2.3.2 TEK state machine

In 8.2.3.2.1 through 82:3.2.5, the term “CPE” refers to legacy CPEs, S-CPEs, and A-CPEs that are not
configured to operate.as distributed or centralized scheduling A-CPEs.

8.3 Key usage
8.3.1:BS’key usage

8:3.1.5 BS usage of TEX and GTEK

In Figure 119, “CPE” refers to legacy CPEs, S-CPEs, and A-CPEs that are not configured to operate as
Distributed or Centralized scheduling mode.
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8.4 Cryptographic methods

8.4.1 Selection of Data Encryption and Authentication methods

Table 193—Cryptographic suite

Cryptographic Eryptographiesuite PN Size ICV Size
Suite v¥alue Key Type (bytes) (bytes)

0x00 No Protection (No Authentication, No Encryption) 0 0

0x01 Authentication only for Unicast, AES-128 key wrap of 3 4
TEK using KEK, 3-byte PN, 4-byte ICV

0x02 Authentication and Encryption for Unicast, AES-128 key 3 4
wrap of TEK using KEK, 3-byte PN, 4-byte ICV

0x03 Authentication only for Multicast, AES-128 key wrap of 3 4
GTEK with GKEK, 3-byte PN, 4-byte ICV

0x04 Authentication and Encryption for Multicast, AES-128 3 4
key wrap of GTEK with GKEK, 3-byte PN, 4-byte [EW

0x05 Encryption only for Unicast, AES-128 key wrap:of TEK 3 0
using KEK, 3-byte PN

0x06 BS random generation of GKEK and GTEK: N/A N/A

0x07 Operator-specific function for GKEK‘and GTEK N/A N/A
generation

0x08 Authentication only for Unicast, AES-128 key wrap of 3 8
TEK using KEK, 3-byte PN»8-byte ICV

0x09 Authentication and Encryption for Unicast, AES-128 key 3 8
wrap of TEK using KEK, 3-byte PN, 8-byte ICV

0x0A Authenticationionly for Multicast, AES-128 key wrap of 3 8
GTEK with.GKEK, 3-byte PN, 8-byte ICV

0x0B Authentication and Encryption for Multicast, AES-128 3 8
key.wrap of GTEK with GKEK, 3-byte PN, 8-byte ICV

0x0C Authentication only for Unicast, AES-128 key wrap of 4 4
TEK using KEK, 4-byte PN, 4-byte ICV

0x0D Authentication and Encryption for Unicast, AES-128 key 4 4
wrap of TEK using KEK, 4-byte PN, 4-byte ICV

0x0E Authentication only for Multicast, AES-128 key wrap of 4 4
GTEK with GKEK, 4-byte PN, 4-byte ICV

0x0F Authentication and Encryption for Multicast, AES-128 4 4
key wrap of GTEK with GKEK., 4-byte PN, 4-byte ICV

0x10 Encryption only for Unicast, AES-128 key wrap of TEK 4 0
using KEK., 4-byte PN

0x11 Authentication only for Unicast, AES-128 key wrap of 4 8
TEK using KEK, 4-byte PN, 8-byte ICV
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Table 193—Cryptographic suite (continued)

Cryptographic CEryptographiesuite PN Size ICV Size
Suite v¥alue Key Type (bytes) (bytes)

0x12 Authentication and Encrvption for Unijcast, AES-128 key 4 8
wrap of TEK using KEK, 4-byte PN, 8-byte ICV

0x13 Authentication only for Multicast, AES-128 key wrap of 4 8
GTEK with GKEK, 4-byte PN, 8-byte ICV

0x14 Authentication and Encryption for Multicast, AES-128 4 8
key wrap of GTEK with GKEK, 4-byte PN, 8-byte ICV

0x080x15— Reserved N/A NAA
0xFF

8.4.2 Data Encryption and Authentication with AES GCM

8.4.2.1 PDU format

8.4.2.1.1 Packet number_(PN)

8.4.2.1.1.1 Overview

A PN is prepended to a MAC PDU payload when a)CPE is configured for a cryptographic suite other than
x00. The PN value associated with a cryptographic suite selected for an SA can be 3 bytes or 4 bytes. A CPE
cannot be configured for a multiple cryptographic suites that support both 3-byte and 4-byte PNs
simultaneously across the SAs for which it 1s configured. Subclause 8.4.2.1.1.2 describes how a CPE and BS
handle the operation of a 3-byte PN, aud8.4.2.1.1.3 describes how a CPE and BS handle the operation of 4-
byte PN.

36

8.4.2.1.1.2 3-byte'PN'procedure

The MAC PDU payload shall be prefixed with a 3-byte PN-PacketNumber), when the cryptographic suite
selected for\the SA is 0x01-0x05 and 0x08—0x0A. The PN shall be encoded in the MAC PDU least
significant byte first. The PN shall not be encrypted.

The-PN associated with an SA shall be set to 1 when the SA is established and when a new TEK is installed.
Upon completion of initial authentication or reauthentication and after the MMP_KEY has-been-derived-has
been derived, the MMP_PN is set to 1. After each PDU transmission made during single channel operation

or each PDU transmission to be copied across all active BS/CPE-CHUs during multi-channel operation in
Transmit Diversity mode, the PN and MMP_PN shall be incremented by 1. After each unique PDU

transmission made on each active BS/CPE-CHU during multi-channel operation in Bulk Transmission
mode, the PN and MMP_PN shall be incremented by 1 on each active CHU in succession.

When admitting a CPE to an existing multicast/broadcast group, the BS will take the current value of the PN
related to the newest generation of material for that GSA, and increment by 1 when establishing. The
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maximum number of CPEs that can be admitted to a multicast/broadcast group simultaneously is one half
the PN WINDOW _SIZE (see 8.4.2.3).

On DS connections, the PN shall be XORed with 0x800000 prior to encryption and transmission. This
effectively splits the PN space into two ranges for DS (0x000000-0x7FFFFF) and DU (0x800001—
OxFEFFEFE): thereby avoiding collision of PN values when using a single PN for DS and DU_QOn DS

connections, the PN shall be used without such modification.

Any tuple value of {PN, KEY} sha §
be handled as per the receive processing rules for treatlng the PN Value as descrlbed in 8.4.2.3. T—hJ:sThese
measures are a known protection against replay attacks.

A new TEK shall be requested and transferred before the PN on either the CPE or BS\ reaches
OxFEFEFEEEQX7FFFFEE. If the PN in either the CPE or BS reaches Ox7FFFFFFEOX7FFFFE without new
keys being installed, transport communications on that SA shall be halted until new TEKs'are installed. In
the case of the MMP_KEY, if MMP_PN expires, then the current AK is invalidated”and shall start
Reauthentication.

8.4.2.1.1.3 4-byte PN procedure

The MAC PDU payload shall be prefixed with a 4-byte PN, when the cryptographic suite selected for the
SA is 0x0C—-0x14. The PN shall be encoded in the MAC PDU least.significant byte first. The PN shall not be
encrypted.

The PN associated with an SA shall be set to 1 when the-SA is established and when a new TEK is installed.
Upon completion of initial authentication or reauthefitication and after the MMP_KEY has been derived, the
MMP_PN is set to 1. After each PDU transmjsSion made during single channel operation or each PDU
transmission to be copied across all active .BS/CPE-CHUs during multi-channel operation in Transmit
Diversity mode, the PN and MMP_PN shall*be incremented by 1. After each unique PDU transmission
made on each active BS/CPE-CHU during multi-channel operation in Bulk Transmission mode, the PN and
MMP_PN shall be incremented by 1.0f1'¢ach active CHU in succession.

When admitting a CPE to an existing multicast/broadcast group, the BS will take the current value of the PN
related to the newest generation of material for that GSA, and increment by 1 when establishing. The
maximum number of CPEs‘that can be admitted to a multicast/broadcast group simultaneously is one half
the PN WINDOW_SIZE-(see 8.4.2.3).

On DS connections; the PN shall be XORed with 0x80000000 prior to encryption and transmission. This
effectively splits the PN space into two ranges for DS (0x00000000-0x7FFFFFFF) and DU (0x80000001—
OxFFFFFEFE); thereby avoiding collision of PN values when using a single PN for DS and DU. On DS
connections, the PN shall be used without such modification.

Any-tuple value of {PN, KEY} shall be handled as per the receive processing rules for treating the PN value
as'described in 8.4.2.3. These measures are a known protection against replay attacks.

A new TEK shall be requested and transferred before the PN on elther the CPE or BS reaches Ox7FFFFFFF.
If the PN _in eithe h h th 0 o L o

communications on that SA shall be halted untll new TEKs are 1nstalled In the case of the MMP KEY if
MMP_PN expires, then the current AK is invalidated and shall start Reauthentication.
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8.4.2.1.2 PDU format—Authentication only

The ciphersuites allow for authentication and/or encryption of MAC PDUs. If suites 0x01, er-0x03, 0x08
0x0A, 0x0C, _0OxOF, _0x11, or Ox13 is assigned to the SA then only anthentication is provided for any MAC

PDUs transmitted on service flows that are mapped to these SAs.
The AES in GCM protocol is applied in the following manner:

1) The Plaintext Payload is processed, generating an Integrity Check Value (ICV) that is 8 bytes
long_(i.e.. for suites 0x08, 0x0A, 0x11, and 0x13) or 4 bytes long (i.e.. for suites 0x0L,°0x03,

0x0C, and 0x0E).

2) The PN value is either 4 bytes (i.c., for suites 0x0C, 0x0E, Ox11. and 0x13) or 3 bytes (i.e.. for
suites 0x01, 0x03, 0x08, and 0x0A). PN Maintenance is described in 8.4.2.1.4

3) 2 Only the ICV is encrypted using the active TEK/GTEK, generating the'Ciphertext ICV.

4) 3> The Authenticated PDU is formed by prepending the proper PN-value to the Plaintext

Payload and appending the Ciphertext ICV to the Plaintext Payload® from the authenticated
PDU (see Figure 120).

This requires the EC bit in the GMH to be set to 81. If EC bit is not set\te 01, the PDU shall be discarded, as
this would indicate a conflict between the configured cryptographic suite and how it is being applied.

Figure H9120 illustrates how MAC PDUs are processed and formatted when suite 0x01, e-0x03, 0x08
0x0A., 0x0C, 0xOE, 0x11, or 0x13 is configured and the EC-bit in GMH is set to 81. The Ciphertext ICV is
transmitted so that byte index 0 (as enumerated in NIST.Special Publication 800-38D) is transmitted first
and byte index 7 is transmitted last (i.e., LSB first) for suites 0x08, 0x0A, 0x11. and 0x13. The Ciphertext
ICV is transmitted so that byte index 0 (as enumetated in NIST Special Publication 800-38D) is transmitted

first and byte index 3 is transmitted last (i.e., LSB first) for suites 0x01, 0x03, 0x0C, and 0xOE.

Payload before authentication,
X bytes long

A
\4

Plaintext Payload

l

AES-GCM(Cryptographic Suite =0x01 || 0x03 || 0x08 || 0x0A || 0xOC || OXOE || Ox11 || Ox13,
EC =1, Current TEK / GTEK, Plaintext Payload)

Payload after authentication,
X+7, X+8, X+11, or X+12 bytes long

< -

3 or 4 bytes 4 0r 8 bytes
<> <>
PN Plaintext Payload Ciphertext ICV

Figure 120—Authentication-only PDU format
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8.4.2.1.3 PDU format—Authentication and encryption

The ciphersuites allow for authentication and/or encryption of MAC PDUs. If the-suites 0x02, e+-0x04,
0x09. 0x0B, 0x0D, 0xOF, 0x12, or 0x14 is assigned to the SA, then authentication and encryption are

provided for any MAC PDUs transmitted on service 1lows that are mapped to tese SAS.
The AES in GCM protocol is applied in the following manner:
1) 1) The Plaintext Payload is processed, generating an Integrity Check Value (ICV) that is.8

bytes long_(i.e., for suites 0x09, 0x0B, 0x12. and 0x14) or 4 bytes long (i.e., for suites X02,
0x04, 0x0D, and 0xO0F).

2) The PN value is either 4 bytes (i.c., for suites 0x0D, 0xOF, 0x12, and 0x14) or 3 bytes (i.e., for
suites 0x02, 0x04., 0x09, and 0x0B). PN Maintenance is described in 8.4.2.1.1.

3) 2) Then the ICV is encrypted using the active TEK/GTEK, generating the Ciphertext ICV.

4) 3 Then the Plaintext Payload is encrypted with AES using the active TEK/GTEK, generating a
Ciphertext Payload.

5) 4 The encrypted PDU is formed by prepending the proper PN value¢'to the Ciphertext Payload

and appending the Ciphertext ICV to the Ciphertext Payload. (see*Figure 121).

This requires the EC bit in the GMH to be set to 1. If EC bit is not §etyto 1, the PDU shall be discarded, as
this would indicate a conflict between the configured cryptographie’suite and how it is being applied.

Figure 420121 illustrates how MAC PDUs are processed and formatted when suite 0x02, e¥-0x04, 0x09
0x0B, 0x0D, 0xO0F, 0x12, or 0x14 is configured and the¢EC bit in GMH is set to 1. The Ciphertext ICV is
transmitted so that byte index 0 (as enumerated in NIST Special Publication 800-38D) is transmitted first
and byte index 7 is transmitted last (i.e., LSB first)\for suites 0x09, 0x0B, 0x12, and 0x14. The Ciphertext

ICV is transmitted so that byte index 0 (as enumierated in NIST Special Publication 800-38D) is transmitted
first and byte index 3 is transmitted last (i.e.."LSB first) for suites 0x02, 0x04, 0x0D, and 0xOF.

7]

Payload before authentication,
X bytes long

A
Y

Plaintext Payload

|

AES-GCM(Cryptographic Suite = 0x02 || 0x04 || 0x09 || OxOB || 0xOD || OxOF || Ox12 || 0x14,
EC =1, Current TEK/ GTEK, Plaintext Payload)

Payload after authentication,
X+7, X+8, X+11, or X+12 bytes long

< >

3or4bytes 4 or 8 bytes
<> <>
PN Ciphertext Payload Ciphertext ICV

Figure 121—Authenticated + encrypted PDU format
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8.4.2.1.4 PDU format—Encryption only

If the-suite 0x05_or 0x10 eiphersuite-is assigned to an SA, then MAC PDUs associated with service flows

mapped to this SA shall only be protected by encryption, and no other cipher snites can be mapped to this

SA.
The AES in GCM protocol is applied in the following manner:

1) The Plaintext Payload is processed, generating the Integrity Check Value (ICV),.and
encrypting the ICV to generate the Ciphertext ICV is skipped.

2) The PN value is either 4 bytes (i.e., for suite 0x10) or 3 bytes (i.e., for suite(Qx05). PN
Maintenance is described in 8.4.2.1.1.

3) 2 Then the Plaintext Payload is encrypted with AES using the active TEK/GTEK, generating a
Ciphertext Payload.

4) 3 The encrypted PDU is formed fremby prepending the proper PN-value to the Ciphertext
Payload.

This requires the EC bit in the GMH to be set to 1. If the EC bit is not set't¢ A, the PDU shall be discarded,
as this would indicate a conflict between the configured cryptographic Suité and how it is being applied.

Figure 122 illustrates how MAC PDUs are processed and formatted when suite 8x05-0x10 is configured and
the EC bit in GMH is set to 1.

Payload before encryption,
X bytes long

A
\ 4

Plaintext Payload

|

AES-GCM(Cryptographic Suite = 0x05 || 0x10, EC = 1, Cumrent TEK / GTEK, Plaintext Payload)

l

Payload after authentication,
X+3 or X+4 bytes long

\

<
3or4 bytes
<>

PN Ciphertext Payload

Figure 122—Encryption-only PDU format
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8.4.2.2 GCM algorithm constraints

The GCM specification (NIST SP 800-38D) defines specific values for several parameters.

The additional authenticated data (AAD) to be used in the GCM process shall be the GMH.

T represents the ICV (otherwise known as Message Authentication Code, MAC). This value, as stated in
8.4.2.1, shall be 64 bits (8 octets) long for suites 0x08, 0x09, 0x0A, 0x0B, 0x11, 0x12, 0x13, and 0x14. This
value. as stated in 8.4.2.1, shall be 32 bits (4 octets) long for suites 0x01. 0x02, 0x03, 0x04, 0x0C, 0x0D,
0x0E, and 0xOF.

Consistent with the GCM specification, the IV or Initialization Vector is used to initialize the AutHenticated
Encryption function of GCM. The IV shall be 128 bits (16 octets) long for suites that use a.3-byte PN or 136
bits (17 octets) for suites that use a 4-byte PN. The IV and-shall be constructed accordiig'to the procedure
defined Section 8.2.1 of NIST Special Publication 800-38D. The IV for suites using the 3-byte PN is

described in Figure 123. The IV for suites using the 4-byte PN is described in Figuré 123a.

IV construction for suites using the 3-byte PN is ordered as follows:

The IV shall be 16 bytes long.

Bytes 0 through 3 shall be set to the first 4 bytes of the generic MAC header (thus excluding the
HCS). The HCS of the generic MAC header is not includedin the IV since it is redundant.

Bytes 4 through 12 are reserved and shall be set to x000000000000.
Bytes 13 through 15 shall be set to the value of thé. PN. The PN bytes shall be ordered so that byte 13
shall take the least significant byte and byte 45 shall take the most significant byte.

IV construction for suites using the 4-byte PN iS«rdered as follows:

The IV shall be 17 bytes long.

Bytes 0 through 3 shall be sé¢t to the first 4 bytes of the generic MAC header (thus excluding the
HCS). The HCS of the generic MAC header is not included in the IV since it is redundant.

Bytes 4 through 12 are.resérved and shall be set to 0x000000000000.
Bytes 13 through 16-shall be set to the value of the PN. The PN bytes shall be ordered so that byte 13

shall take the least Significant byte and byte 16 shall take the most significant byte.

Field Fixed Field Invocation Field
Byte 0 3 4 12 13 15
Data GMH Reserved PN
Contents GMH (without HCS) 0x000000000000000000 3byte PN field from Payload

Figure 123—IV construction_for suites with 3-byte PN

© IEEE 2015 - All rights reserved
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Field Fixed Field Invocation Field
Byte 0 3 4 12 13 16
Data GMH Reserved PN

Contents GMH (without HCS) (0x000000000000000000 4byte PN field from Payload

Figure 123a—IV construction for suites with 4-byte PN

Consistent with the GCM specification, pre-counter block J is generated using the equations defined in
Section 7 of NIST Special Publication 800-38D.

Consistent with the NIST GCM specification, the counter blocks CB,; are formatted as shown in Seetion 6.5
of NIST Special Publication 800-38D.

8.4.2.3 Receive processing rules

On receipt of a PDU the receiving CPE or BS shall decrypt and authenticate the/PDU consistent with the
NIST GCM specification configured as specified in 8.4.2.2.

Packets that are found to be not authentic shall be discarded.

Receiving BS or CPEs shall maintain a record of the highest valu¢\PN and MMP_PN received for each SA.
The receiver shall maintain a PN window whose size is specified by the PN WINDOW _SIZE parameter for
SAs and management connections as defined in Table 272y The setting of PN WINDOW_SIZE shall take

into account the number of active CPE-CHUs when the network is configured to work in multi-channel
operation with Bulk Transmission mode.

When single or multi-channel operation is engaged. aAny received PDU with a PN lower than the beginning
of the PN window shall be discarded asia replay attempt. The receiver shall track PNs within the PN
window.

When the network is configured forsingle-channel operation, aAny PN that is received more than once shall
be discarded as a replay attempf<When the network is configured for multi-channel operation in Transmit
Diversity mode, any PN that iS'received more than once on all active CHUSs shall be discarded as a replay
attempt. When the networkis configured for multi-channel operation in Bulk Transmission mode, any PN
that is received more thai once on one or more of the active CHUSs shall be discarded as a replay attempt.
Upon reception of7a PN, which is greater than the end of the PN window, the PN window shall be advanced
to cover this PN:

8.6 Security sublayer 2—Security mechanisms for the cognitive functions

8¢6.2-CBP Authentication mechanisms

In this subclause, “MAC Address” refers to the IEEE 48-bit MAC address that identifies the BS or A-BS for
which a CPE is forwarding the CBP MAC PDU.
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8.6.2.4 ECQV implicit certificate generation, processing, and validation requirements

8.6.2.4.1 ECQYV certificate generation requirements

1) Inirastructure as described 1n Figure 125 Tor certificate generation and distribution.

2) Recommended EC domain parameters to be used shall be for binary fields on either 223-bit
random or Koblitz curves. Example domain parameters can be found in
i)  K-233 or B-233 elliptic curves defined in [FIPS 186-3].
if) sect233k1 and sect233rl curves defined in SEC2 [B64].
iii) In the EC domain parameters, elliptic curve points shall be represented in compressed
form.
3) BS/A-BS/Distributed scheduling A-CPE shall be identified by its 48-bit MAC Addtess.
4)  ‘to -be-signed certificate data’, IU construction is as follows:
— For BSIC: BSIC = Iu|| BEU , where Iu= KeyID || BS-MAC Address || CA ID || Key
Validity Date (Not Before) || Key Validity Date (Not After){[ Version, and BEU = BS
or A-BS Public Key Reconstruction Data.
— For CARC: CARC =1u|| BEU, where lu= KeyID || BSMAC Address || CA ID || Key
Validity Date (Not Before) || Key Validity Date (Not“After) || Version || EC Domain
Parameters, and BEU = CA Public Key Reconstruction Data.
— NOTE—BS MAC Address comes from theBS, the operator NCMS, or the SCH data
in the CBP burst, respectively. In additien the A-BS MAC address comes from the
FCH PHY-OM2. The Key ID, Key(Validity Date (Not Before), and Key Validity
Time Period are assigned by the CA and are contained in the Implicit Certificate.

5) 3> The CA shall have a public-key pair that is selected from the EC domain parameters in
Requirement 2 and bound to the CA IDy Entities shall have access to the CA implicit certificate
(with the CA’s public key reconstruction data), but not the private key associated with the
implicit certificate.

4y SHA-256 shall be used as,a Hash function.

53 If each operator is allowed to maintain its own BS implicit certificates (i.e., act as its own
Certificate Authority)s

— Operatorwill register its Certificate Authority ID when registering its Operator ID.
The mechanism for registration is outside the scope of the standard.

=2 e

— Qperators may share their own CA Root certificate with other operators that have
BSs/A-BSs that border or overlap with BSs/A-BSs in their own network. The
mechanism for CA Root Certificate sharing is outside the scope of the standard.

Rt
8.6.2\5 Signature generation, processing, and validation requirements

\E

8.6.2.5.1 Signature generation requirements

3) Prior to applying the ECSSR-PV signature scheme to verify a signature in a received CBP
MAC PDU_(see Table 8 for PHY-OMI1 or Table 8a for PHY-OM?2), a BS that receives
messages shall use the Public Key Reconstruction Data (BEU) (8.6.2.4.1) to reconstruct the
public key of each BS implicit certificate that it has installed.
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5) In this subclause, the “CBP MAC PDU header” can take on different data depending on the
PHY operation mode on which the CBP MAC PDU burst is being transmitted. For CBP MAC
PDU transmitted on PHY-OM1, the CBP MAC PDU header includes the Length, SCH Data
Index, SCH Data, Frame Number, and HCS fields as defined in Table & For CBP MAC PDUJ

transmitted on PHY-OM2, the CBP MAC PDU header includes the Length, FCH and Extended
FCH Index, FCH and Extended FCH Data, Frame Number, and HCS fields as defined in

Table 8a.

8.6.2.6 BS Implicit Certificate Exchange

9. PHY QOperation Mode 1 (PHY-OM1)

LN
R

PHY Operation Mode 1 (PHY-OM1) and PHY Operation Mode 2((PHY-OM2) are designed to meet the
needs required by channel models A and B in [B7a]. In the rare:Cases where propagation conditions are as
severe as those expressed by channel models C and D in [B74],\PHY-OM2 (Clause 9a) may be required to
revert to PHY specifications in PHY-OM1 (Clause 9).

Table 198<System parameters

Parameters Specifications Remark
Frequency range 54~862"MHZ*
Channel bandwidth 6,\7, or 8§ MHz According to regulatory domain
(see Annex A).

Data rate (6 MHz casg; 4.54 10 22.69 up to 31.78 Mbit/s See Table 202

1/16 CP case) (optional) for SISO and single channel The single channel and single spatial
operation case stream is mandatory. Others cases
72.59 t0 362.96 up to 513.91 Mbit/s for should be optional.
4 stream MIMO and 4 channel operation
case

Spectral Efficiency_ 0.76 to 3.78 up to 5.3 bit/(s-Hz) See Table 202

(6 MHz case, (optional) for SISO and single channel

1/16 CP case) operation case
3.04 to 15.12 up to 21.2 bit/(s-Hz) for
4 stream MIMO and 4 channel operation
case

Payload modulation QPSK, 16-QAM, 64-QAM, 256-QAM BPSK used for preambles,
(optional), MD-TCM (optional) pilots and CDMA codes.

Transmit EIRP

4W maximum for CPEs. 4W maximum
for BSs in the U.S. regulatory domain.

Maximum EIRP for BSs may
vary in other regulatory domains.
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Table 198—System parameters (continued)

Parameters Specifications Remark
Multiple Access OFDMA
FFT-STzetNFrD) 048
Cyclic Prefix Modes 1/4, 1/8, 1/16, 1/32
Duplex TDD

#Frequency range allocated to the Television Broadcasting Service in various parts of the world. See 1239HAnnex A for further:
details.

9.2 Data rates

Table 202—PHY Modes and their related modulations;,coding rates
and data rates for TCP = TFFT/16

Spectral s
PHY . . Data rate Efficiency
Mode Modulation Coding rate (Mb/s) (for 6 MHz
bandwidth)
17 256-QAM 1/2 18.16 3.03
18 256-QAM 2/3 242 4.033
19 256-QAM 3/4 27.24 4.54
20 256-QAM 5/6 30.24 5.04
21 256-QAM 7/8 31.78 5.30
22 4D-TCM 48QAM 10/11 for 22.69 3.78
two 2D symbols
23 4D-TEM 192QAM 14/15 for 31.78 5.30
two 2D symbols
LY

Table 202a through Table 2021 give the data rates for the various channel and spatial stream combinations.
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Table 202a—Data rate for 1 channel and 1 spatial stream

Data rate (Mbits/s)

M Cod-
(e} Modulati -0 6MHz BW 7MHz BW 8MHz BW
D odulation ing
I Rate

1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32

CP CP CP CP CP CP CP CP CP CP CP CP
5 QPSK 12 3.86 429 4.54 4.67 4.50 5.00 5.29 5.45 5.14 5.71 6.05 6.23
6 QPSK 2/3 5.14 5.71 6.05 6.23 6.00 6.67 7.06 7.27 6.85 7.61 8.06 8.31
7 QPSK 3/4 5.78 6.43 6.81 7.01 6.75 7.50 7.94 8.18 7.71 8.57 9.07 9.34
8 QPSK 5/6 6.43 7.14 7.56 7.79 7.50 8.33 8.82 9.09 8.57 9.52 10,08 10.38
9 16-QAM 12 7.71 8.57 9.07 9.35 9.00 10.00 | 10.59 10.91 10.28 | 1142 12.09 12.46
10 16-QAM 2/3 10.28 11.43 12.10 | 12.47 12.00 13.33 14.12 14.55 1370 |~15.23 16.12 | 16.61
11 16-QAM 3/4 11.57 12.86 13.61 14.02 13.50 15.00 | 15.88 16.36 [N15.42 17.13 18.14 | 18.69
12 16-QAM 5/6 12.86 | 14.28 15.12 15.58 15.00 16.67 | 17.65 1818 17.13 19.03 | 20.15 | 20.76
13 64-QAM 12 11.57 12.86 13.61 14.02 13.50 15.00 | 1588 1636 | 15.42 17.13 18.14 | 18.69
14 64-QAM 2/3 15.43 17.14 18.15 18.70 18.00 | 20.00\'N21.18 | 21.82 | 20.56 | 22.84 | 24.18 | 24.92
15 64-QAM 3/4 17.35 19.28 | 20.42 | 21.04 | 20.25 [%22)50 | 23.82 | 24.55 | 23.13 | 2570 | 27.21 28.03
16 64-QAM 5/6 19.28 | 2143 | 22.69 | 23.37 | 2250) | 25.00 | 2647 | 2727 | 2570 | 28.55 | 30.23 | 31.15
17 256-QAM 12 15.43 17.14 18.15 18,70, |) 18.00 | 20.00 | 21.18 | 21.82 | 20.56 | 22.84 | 24.18 | 24.92
18 256-QAM 2/3 20.57 | 22.85 | 2420 [N\24.93 | 24.00 | 26.67 | 2824 | 29.09 | 27.41 3045 | 3224 | 3322
19 256-QAM 3/4 23.14 | 2571 | 2722 | 28.05 | 27.00 | 30.00 | 31.76 | 32.73 | 30.83 | 34.26 | 36.28 | 37.37
20 256-QAM 5/6 25.71 28.5A | 30.25 | 31.16 | 30.00 | 3333 | 3529 | 3636 | 34.26 | 38.07 | 40.31 | 41.53
21 256-QAM 7/8 27.00.\ 30.00 | 31.76 | 32.72 | 31.50 | 35.00 | 37.06 | 38.18 | 3597 | 39.97 | 4232 | 43.60
22 4D-TCM 10/11 1988 | 21.76 | 23.04 | 23.73 | 22.85 | 2539 | 26.88 | 27.69 | 26.09 | 28.99 | 30.70 | 31.63

48QAM
23 4D-TCM 14/15 27.30 | 30.33 | 32.12 | 33.09 | 31.86 | 3540 | 37.48 | 38.61 36.38 | 40.42 | 42.80 | 44.10
192QAM
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Table 202b—Data rate for 1 channel and 2 spatial streams

Data rate (Mbits/s)

M Cod-
(e} Modulati -0 6MHz BW 7MHz BW 8MHz BW
D odulation ing
I Rate

1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32

CP CP CP CP CP CP CP CP CP CP CP CP
5 QPSK 12 7.71 8.57 9.07 9.35 9.00 10.00 | 10.59 | 10.91 10.28 11.42 12.09 12.46
6 QPSK 2/3 10.28 11.43 12.10 12.47 12.00 13.33 14.12 | 14.55 13.70 | 15.23 16.12 16.61
7 QPSK 3/4 11.57 12.86 | 13.61 14.02 13.50 | 15.00 | 15.88 16.36 15.42 17.13 18.14\p=J8.69
8 QPSK 5/6 12.86 14.28 15.12 15.58 15.00 16.67 17.65 18.18 17.13 19.03 | %2015 | 20.76
9 16-QAM 12 15.43 17.14 | 18.15 18.70 18.00 | 20.00 | 21.18 | 21.82 | 20.56 | 2284)' 24.18 | 24.92
10 16-QAM 2/3 20.57 | 22.85 | 2420 | 2493 | 24.00 | 26.67 | 2824 | 29.09 | 2741 3045 | 3224 | 3322
11 16-QAM 3/4 23.14 | 25.71 27.22 | 28.05 | 27.00 | 30.00 | 31.76 | 32.73 |N30.83 | 3426 | 36.28 | 37.37
12 16-QAM 5/6 25.71 28.57 | 30.25 | 31.16 | 30.00 | 33.33 | 3529 |,36736 | 3426 | 38.07 | 40.31 | 41.53
13 64-QAM 12 23.14 | 25.71 27.22 | 28.05 | 27.00 | 30.00 | 376\ 32.73 | 30.83 | 3426 | 36.28 | 37.37
14 64-QAM 2/3 30.85 | 34.28 | 36.30 | 37.40 | 36.00 | 40.00\'\42.35 | 43.64 | 41.11 45.68 | 4837 | 49.83
15 64-QAM 3/4 34.71 38.57 | 40.83 | 42.07 | 40.50 [“45)00 | 47.65 | 49.09 | 46.25 | 51.39 | 54.41 56.06
16 64-QAM 5/6 38.57 | 42.85 | 4537 | 46.75 | 45.00) | 50.00 | 52.94 | 54.55 | 51.39 | 57.10 | 60.46 | 62.29
17 256-QAM 12 30.85 | 34.28 | 36.30 | 37,40, |)36.00 | 40.00 | 4235 | 43.64 | 41.11 | 45.68 | 4837 | 49.83
18 256-QAM 2/3 41.14 | 4571 | 48.40 [N\49.86 | 48.00 | 53.33 | 5647 | 58.18 | 54.82 | 6091 | 64.49 | 66.44
19 256-QAM 3/4 46.28 | 51.42 | 5444 | 56.09 | 54.00 | 60.00 | 63.53 | 6545 | 61.67 | 68.52 | 72.55 | 74.75
20 256-QAM 5/6 5142 | 57.13\ | 60.49 | 62.33 | 60.00 | 66.67 | 70.59 | 72.73 | 68.52 | 76.13 | 80.61 83.05
21 256-QAM 7/8 53.99.\59.99 | 63.52 | 6544 | 63.00 | 70.00 | 74.12 | 7636 | 71.95 | 79.94 | 84.64 | 87.21
22 4D-TCM 10/11 39M6 | 43.51 | 46.07 | 4747 | 45770 | 50.77 | 53.76 | 5539 | 52.18 | 57.98 | 61.39 | 63.25

48QAM
23 4D-TCM 14/15 54.60 | 60.67 | 6424 | 66.19 | 63.71 70.79 | 7496 | 77.23 | 72.76 | 80.85 | 85.60 | 88.20
192QAM
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Table 202c—Data rate for 1 channel and 4 spatial streams

Data rate (Mbits/s)

M Cod-
(e} . : 6MHz BW 7MHz BW 8MHz BW
D Modulation ing
I Rate

1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32

CP CP CP CP CP CP CP CP CP CP CP CP
5 QPSK 1/2 15.43 17.14 18.15 18.70 18.00 20.00 21.18 21.82 20.56 22.84 24.18 24.92
6 QPSK 2/3 20.57 22.85 24.20 24.93 24.00 26.67 28.24 29.09 27.41 30.45 32.24 33.22
7 QPSK 3/4 23.14 25.71 27.22 28.05 27.00 30.00 31.76 32.73 30.83 34.26 36.28 37.37
8 QPSK 5/6 25.71 28.57 30.25 31.16 30.00 33.33 35.29 36.36 34.26 38.07 40,31 41.53
9 16-QAM 1/2 30.85 34.28 36.30 37.40 36.00 40.00 42.35 43.64 41.11 4568 48.37 49.83
10 16-QAM 2/3 41.14 45.71 48.40 49.86 48.00 53.33 56.47 58.18 5482 60.91 64.49 66.44
11 16-QAM 3/4 46.28 51.42 54.44 56.09 54.00 60.00 63.53 65.45 6].67 68.52 72.55 74.75
12 16-QAM 5/6 51.42 57.13 60.49 62.33 60.00 66.67 70.59 %273 68.52 76.13 80.61 83.05
13 64-QAM 1/2 46.28 51.42 54.44 56.09 54.00 60.00 6353 65.45 61.67 68.52 72.55 74.75
14 64-QAM 2/3 61.70 68.56 72.59 74.79 72.00 80.00 84.71 87.27 82.22 91.36 96.73 99.67
15 64-QAM 3/4 69.42 77.13 81.67 84.14 81.00 9000 95.29 98.18 92.50 102.78 108.83 112.12
16 64-QAM 5/6 77.13 85.70 90.74 93.49 90.00 100.00 105.88 109.09 102.78 114.20 120.92 124.58
17 256-QAM 12 61.70 68.56 72.59 74,79 72.00 80.00 84.71 87.27 82.22 91.36 96.73 99.67
18 256-QAM 2/3 82.27 91.41 96.79 99.72 96.00 106.67 112.94 116.36 109.63 121.81 128.98 132.89
19 256-QAM 3/4 92.56 102.84 10889 112.19 108.00 120.00 127.06 13091 123.34 137.04 145.10 149.50
20 256-QAM 5/6 102.84 11427, 120.99 124.65 120.00 133.33 141.18 145.45 137.04 152.27 161.22 166.11
21 256-QAM 7/8 107.98 $119.98 127.04 130.89 126.00 140.00 148.24 152.73 143.89 159.88 169.28 174.41
2 4D-TCM 10/11 78.32 87.02 92.14 94.94 91.39 101.54 107.52 110.78 104.37 115.96 122.79 126.51

48QAM

23 ;‘52-(—5(/3\]\//[] MAS5 109.21 121.34 128.48 132.37 127.43 141.59 149.91 154.46 145.52 161.69 171.20 176.39
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Table 202d—Data rate for 2 channels and 1 spatial stream

Data rate (Mbits/s)

M Cod-
O | Modulati -0 6MHz BW 7MHz BW 8MHz BW
D odulation ing
= Rate

1/4 1/8 /16 | 1/32 1/4 1/8 116 | 1/32 1/4 1/8 /16 | 132

cp cp cp cp cp cp cp cp cp cp cp cp
5 QPSK 12 7.71 857 | 9.07 | 935 | 9.00 | 10.00 | 10.59 | 1091 | 1028 | 1142 | 1209 | 12.46
6 QPSK 213 1028 | 1143 | 1210 | 1247 | 1200 | 1333 | 1412 | 1455 | 1370 | 1523 | 16.12 | 1664
7 QPSK 3/4 1157 | 1286 | 13.61 | 14.02 | 13.50 | 15.00 | 1588 | 1636 | 1542 | 17.13 | 18.14{}J8.69
8 QPSK 5/6 12.86 | 1428 | 1512 | 1558 | 15.00 | 16.67 | 17.65 | 18.18 | 17.13 | 19.03 |¢20,15 | 20.76
9 16-QAM 12 1543 | 17.14 | 1815 | 18.70 | 18.00 | 20.00 | 21.18 | 21.82 | 20.56 | 223847 24.18 | 24.92
10 16-QAM 213 20.57 | 22.85 | 2420 | 2493 | 24.00 | 26,67 | 2824 | 29.09 | 2741|3045 | 3224 | 3322
11 16-QAM 3/4 | 2304 | 2571 | 2722 | 28.05 | 27.00 | 30.00 | 31.76 | 3273 |N30.83 | 34.26 | 3628 | 37.37
12 16-QAM 5/6 25.71 | 2857 | 3025 | 3116 | 30.00 | 3333 | 3529 |, 3636 | 3420 | 38.07 | 4031 | 4153
13 | 64-QAM 172 2314 | 2571 | 2722 | 28.05 | 27.00 | 30.00 | 3}76\[*32.73 | 30.83 | 34.26 | 3628 | 37.37
14 | 64-QAM 213 30.85 | 3428 | 3630 | 37.40 | 36.00 | 40.00\N#2.35 | 43.64 | 41.11 | 4568 | 4837 | 49.83
15 | 64-QAM 3/4 | 3471 | 3857 | 4083 | 42.07 | 4050 [(4500 | 47.65 | 49.09 | 46.25 | 5139 | 5441 | 56.06
16 | 64-QAM 5/6 38.57 | 42.85 | 4537 | 46.75 | 4500)| 50.00 | 5294 | 54.55 | 5139 | 57.10 | 60.46 | 62.29
17 | 256-QAM 12 30.85 | 3428 | 36.30 | 37,40, |)36.00 | 40.00 | 4235 | 43.64 | 41.11 | 4568 | 4837 | 49.83
18 | 256-QAM 2/3 41.14 | 4571 | 48.40 |NA9.86 | 48.00 | 5333 | 5647 | 58.18 | 54.82 | 60.91 | 64.49 | 66.44
19 | 256-QAM 3/4 | 4628 | 5142 | 5444 | 56.09 | 54.00 | 60.00 | 63.53 | 6545 | 61.67 | 68.52 | 7255 | 74.75
20 | 256-QAM 5/6 5142 | 5743, | 6049 | 62.33 | 60.00 | 66.67 | 70.59 | 7273 | 68.52 | 76.13 | 80.61 | 83.05
21 | 256-QAM /8 53.99./\59.99 | 63.52 | 6544 | 63.00 | 70.00 | 7412 | 7636 | 71.95 | 79.94 | 84.64 | 8721
2 i%gﬁ\,f 10/11 \(39.16 | 43.51 | 46.07 | 47.47 | 4570 | 50.77 | 53.76 | 55.39 | 52.18 | 57.98 | 61.39 | 63.25
3 fgg% MAS | 5460 | 60.67 | 6424 | 66.19 | 63.71 | 70.79 | 7496 | 77.23 | 72.76 | 80.85 | 85.60 | 88.20
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Table 202e—Data rate for 2 channels and 2 spatial streams

Data rate (Mbits/s)

M Cod-
(e} . : 6MHz BW 7MHz BW 8MHz BW
D Modulation ing
I Rate

1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32

CP CP CP CP CP CP CP CP CP CP CP CP
5 QPSK 1/2 15.43 17.14 18.15 18.70 18.00 20.00 21.18 21.82 20.56 22.84 24.18 24.92
6 QPSK 2/3 20.57 22.85 24.20 24.93 24.00 26.67 28.24 29.09 27.41 30.45 32.24 33.22
7 QPSK 3/4 23.14 25.71 27.22 28.05 27.00 30.00 31.76 32.73 30.83 34.26 36.28 37.37
8 QPSK 5/6 25.71 28.57 30.25 31.16 30.00 33.33 35.29 36.36 34.26 38.07 40,31 41.53
9 16-QAM 1/2 30.85 34.28 36.30 37.40 36.00 40.00 42.35 43.64 41.11 4568 48.37 49.83
10 16-QAM 2/3 41.14 45.71 48.40 49.86 48.00 53.33 56.47 58.18 5482 60.91 64.49 66.44
11 16-QAM 3/4 46.28 51.42 54.44 56.09 54.00 60.00 63.53 65.45 6].67 68.52 72.55 74.75
12 16-QAM 5/6 51.42 57.13 60.49 62.33 60.00 66.67 70.59 %273 68.52 76.13 80.61 83.05
13 64-QAM 1/2 46.28 51.42 54.44 56.09 54.00 60.00 6353 65.45 61.67 68.52 72.55 74.75
14 64-QAM 2/3 61.70 68.56 72.59 74.79 72.00 80.00 84.71 87.27 82.22 91.36 96.73 99.67
15 64-QAM 3/4 69.42 77.13 81.67 84.14 81.00 9000 95.29 98.18 92.50 102.78 108.83 112.12
16 64-QAM 5/6 77.13 85.70 90.74 93.49 90.00 100.00 105.88 109.09 102.78 114.20 120.92 124.58
17 256-QAM 12 61.70 68.56 72.59 74,79 72.00 80.00 84.71 87.27 82.22 91.36 96.73 99.67
18 256-QAM 2/3 82.27 91.41 96.79 99.72 96.00 106.67 112.94 116.36 109.63 121.81 128.98 132.89
19 256-QAM 3/4 92.56 102.84 10889 112.19 108.00 120.00 127.06 13091 123.34 137.04 145.10 149.50
20 256-QAM 5/6 102.84 11427, 120.99 124.65 120.00 133.33 141.18 145.45 137.04 152.27 161.22 166.11
21 256-QAM 7/8 107.98 $119.98 127.04 130.89 126.00 140.00 148.24 152.73 143.89 159.88 169.28 174.41
2 4D-TCM 10/11 78.32 87.02 92.14 94.94 91.39 101.54 107.52 110.78 104.37 115.96 122.79 126.51

48QAM

23 ;‘52-(—5(/3\]\//[] MAS5 109.21 121.34 128.48 132.37 127.43 141.59 149.91 154.46 145.52 161.69 171.20 176.39
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Table 202f—Data rate for 2 channels and 4 spatial streams

Data rate (Mbits/s)

M Cod-
(e} . : 6MHz BW 7MHz BW 8MHz BW
D Modulation ing
I Rate

1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32

CP CP CP CP CP CP CP CP CP CP CP CP
5 QPSK 1/2 30.85 34.28 36.30 37.40 36.00 40.00 42.35 43.64 41.11 45.68 48.37 49.83
6 QPSK 2/3 41.14 45.71 48.40 49.86 48.00 53.33 56.47 58.18 54.82 60.91 64.49 66.44
7 QPSK 3/4 46.28 51.42 54.44 56.09 54.00 60.00 63.53 65.45 61.67 68.52 72.55 74.75
8 QPSK 5/6 51.42 57.13 60.49 62.33 60.00 66.67 70.59 72.73 68.52 76.13 80.61 83.05
9 16-QAM 1/2 61.70 68.56 72.59 74.79 72.00 80.00 84.71 87.27 82.22 91436 96.73 99.67
10 16-QAM 2/3 82.27 91.41 96.79 99.72 96.00 106.67 112.94 116.36 109463 121.81 128.98 132.89
11 16-QAM 3/4 92.56 102.84 108.89 112.19 108.00 120.00 127.06 130.91 123.34 137.04 145.10 149.50
12 16-QAM 5/6 102.84 114.27 120.99 124.65 120.00 133.33 141.18 146.45 137.04 152.27 161.22 166.11
13 64-QAM 1/2 92.56 102.84 108.89 112.19 108.00 120.00 127206 130.91 123.34 137.04 145.10 149.50
14 64-QAM 2/3 123.41 137.12 145.19 149.59 144.00 160.00 169.41 174.55 164.45 182.72 193.47 199.33
15 64-QAM 3/4 138.83 154.26 163.33 168.28 162.00 +80.00 190.59 196.36 185.00 205.56 217.65 224.25
16 64-QAM 5/6 154.26 171.40 181.48 186.98 180300 200.00 211.76 218.18 205.56 228.40 241.84 249.16
17 256-QAM 12 123.41 137.12 145.19 149.59. 144.00 160.00 169.41 174.55 164.45 182.72 193.47 199.33
18 256-QAM 2/3 164.54 182.83 193.58 199.45 192.00 213.33 225.88 232.73 219.26 243.63 257.96 265.77
19 256-QAM 3/4 185.11 205.68 217778 224.38 216.00 240.00 254.12 261.82 246.67 274.08 290.20 299.00
20 256-QAM 5/6 205.68 22853 241.98 249.31 240.00 266.67 282.35 29091 274.08 304.53 322.45 332.22
21 256-QAM 7/8 215.96 239.96 254.08 261.77 252.00 280.00 296.47 305.45 287.78 319.76 338.57 348.83
2 4D-TCM 10/11 156.64 174.05 184.29 189.87 182.78 203.09 215.04 221.55 208.74 231.93 245.57 253.01

48QAM

23 ;‘52-(—5(/3\]\//[] MAS5 218.41 242.68 256.95 264.74 254.85 283.17 299.83 308.91 291.04 323.38 342.40 352.78
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Table 202g—Data rate for 3 channels and 1 spatial stream

Data rate (Mbits/s)
M Cod-
(e} . : 6MHz BW 7MHz BW 8MHz BW
D Modulation ing
I Rate
1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32
CP CP CP CP CP CP CP CP CP CP CP CP

5 QPSK 1/2 11.57 12.86 13.61 14.02 13.50 15.00 15.88 16.36 15.42 17.13 18.14 18.69
6 QPSK 2/3 15.43 17.14 18.15 18.70 18.00 20.00 21.18 21.82 20.56 22.84 24.18 24.92
7 QPSK 3/4 17.35 19.28 20.42 21.04 20.25 22.50 23.82 24.55 23.13 25.70 27.21 28.03
8 QPSK 5/6 19.28 21.43 22.69 23.37 22.50 25.00 26.47 27.27 25.70 28.55 30,23 31.15
9 16-QAM 1/2 23.14 25.71 2722 28.05 27.00 30.00 31.76 32.73 30.83 34206 36.28 37.37
10 16-QAM 2/3 30.85 34.28 36.30 37.40 36.00 40.00 42.35 43.64 41 41 45.68 48.37 49.83
11 16-QAM 3/4 34.71 38.57 40.83 42.07 40.50 45.00 47.65 49.09 46.25 51.39 54.41 56.06
12 16-QAM 5/6 38.57 42.85 4537 46.75 45.00 50.00 52.94 S455 51.39 57.10 60.46 62.29
13 64-QAM 1/2 34.71 38.57 40.83 42.07 40.50 45.00 47765 49.09 46.25 51.39 54.41 56.06
14 64-QAM 2/3 46.28 51.42 54.44 56.09 54.00 60.00 63.53 65.45 61.67 68.52 72.55 74.75
15 64-QAM 3/4 52.06 57.85 61.25 63.11 60.75 67150 71.47 73.64 69.38 77.09 81.62 84.09
16 64-QAM 5/6 57.85 64.28 68.06 70.12 67.50 75.00 79.41 81.82 77.09 85.65 90.69 93.44
17 256-QAM 12 46.28 51.42 54.44 56,09 54.00 60.00 63.53 65.45 61.67 68.52 72.55 74.75
18 256-QAM 2/3 61.70 68.56 72.59 74.79 72.00 80.00 84.71 87.27 82.22 91.36 96.73 99.67
19 256-QAM 3/4 69.42 77.13 8167 84.14 81.00 90.00 95.29 98.18 92.50 102.78 108.83 112.12
20 256-QAM 5/6 77.13 85.70 90.74 93.49 90.00 100.00 105.88 109.09 102.78 114.20 120.92 124.58
21 256-QAM 7/8 80.99 89.99 95.28 98.17 94.50 105.00 111.18 114.55 107.92 119.91 126.96 130.81
22 4D-TCM

48QAM 10/11 58.74 65.27 69.11 71.20 68.54 76.16 80.64 83.08 78.28 86.97 92.09 94.88
23 ;‘52-(—5(/3\]\//[] MAS5 81.90 91.00 96.36 99.28 95.57 106.19 112.44 115.84 109.14 121.27 128.40 132.29
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Table 202h—Data rate for 3 channels and 2 spatial streams

Data rate (Mbits/s)

M Cod-
(e} . : 6MHz BW 7MHz BW 8MHz BW
D Modulation ing
I Rate

1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32

CP CP CP CP CP CP CP CP CP CP CP CP
5 QPSK 1/2 23.14 25.71 2722 28.05 27.00 30.00 31.76 32.73 30.83 34.26 36.28 37.37
6 QPSK 2/3 30.85 34.28 36.30 37.40 36.00 40.00 42.35 43.64 41.11 45.68 48.37 49.83
7 QPSK 3/4 34.71 38.57 40.83 42.07 40.50 45.00 47.65 49.09 46.25 51.39 54.4] 56.06
8 QPSK 5/6 38.57 42.85 4537 46.75 45.00 50.00 52.94 54.55 51.39 57.10 60,46 62.29
9 16-QAM 1/2 46.28 51.42 54.44 56.09 54.00 60.00 63.53 65.45 61.67 68452 72.55 74.75
10 16-QAM 2/3 61.70 68.56 72.59 74.79 72.00 80.00 84.71 87.27 8222 91.36 96.73 99.67
11 16-QAM 3/4 69.42 77.13 81.67 84.14 81.00 90.00 95.29 98.18 92.50 102.78 108.83 112.12
12 16-QAM 5/6 77.13 85.70 90.74 93.49 90.00 100.00 105.88 109.09 102.78 114.20 120.92 124.58
13 64-QAM 1/2 69.42 77.13 81.67 84.14 81.00 90.00 95729 98.18 92.50 102.78 108.83 112.12
14 64-QAM 2/3 92.56 102.84 108.89 112.19 108.00 120.00 127.06 13091 123.34 137.04 145.10 149.50
15 64-QAM 3/4 104.13 115.70 122.50 126.21 121.50 13500 142.94 147.27 138.75 154.17 163.24 168.19
16 64-QAM 5/6 115.70 128.55 136.11 140.24 135000 150.00 158.82 163.64 154.17 171.30 181.38 186.87
17 256-QAM 1/2 92.56 102.84 108.89 112.19. 108.00 120.00 127.06 130.91 123.34 137.04 145.10 149.50
18 256-QAM 2/3 123.41 137.12 145.19 149.59 144.00 160.00 169.41 174.55 164.45 182.72 193.47 199.33
19 256-QAM 3/4 138.83 154.26 163733 168.28 162.00 180.00 190.59 196.36 185.00 205.56 217.65 224.25
20 256-QAM 5/6 154.26 171.40, 181.48 186.98 180.00 200.00 211.76 218.18 205.56 228.40 241.84 249.16
21 256-QAM 7/8 161.97 $¥79.97 190.56 196.33 189.00 210.00 222.35 229.09 215.84 239.82 253.93 261.62
2 4D-TCM 10/11 117.48 130.54 138.21 142.40 137.09 152.32 161.28 166.16 156.55 173.95 184.18 189.76

48QAM

23 ;‘52-(—5(/3\]\//[] MAS5 163.81 182.01 192.72 198.56 191.14 212.38 224.87 231.69 218.28 242.54 256.80 264.59
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Table 202i—Data rate for 3 channels and 4 spatial streams

Data rate (Mbits/s)

M Cod-
(e} . : 6MHz BW 7MHz BW 8MHz BW
D Modulation ing
I Rate

1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32

CP CP CP CP CP CP CP CP CP CP CP CP
5 QPSK 1/2 46.28 51.42 54.44 56.09 54.00 60.00 63.53 65.45 61.67 68.52 72.55 74.75
6 QPSK 2/3 61.70 68.56 72.59 74.79 72.00 80.00 84.71 87.27 82.22 91.36 96.73 99.67
7 QPSK 3/4 69.42 77.13 81.67 84.14 81.00 90.00 95.29 98.18 92.50 102.78 108.83 112.12
8 QPSK 5/6 77.13 85.70 90.74 93.49 90.00 100.00 105.88 109.09 102.78 114.20 120,92 124.58
9 16-QAM 1/2 92.56 102.84 108.89 112.19 108.00 120.00 127.06 130.91 123.34 13104 145.10 149.50
10 16-QAM 2/3 123.41 137.12 145.19 149.59 144.00 160.00 169.41 174.55 16445 182.72 193.47 199.33
11 16-QAM 3/4 138.83 154.26 163.33 168.28 162.00 180.00 190.59 196.36 185.00 205.56 217.65 224.25
12 16-QAM 5/6 154.26 171.40 181.48 186.98 180.00 200.00 211.76 208.18 205.56 228.40 241.84 249.16
13 64-QAM 1/2 138.83 154.26 163.33 168.28 162.00 180.00 190759 196.36 185.00 205.56 217.65 224.25
14 64-QAM 2/3 185.11 205.68 217.78 224.38 216.00 240.00 254.12 261.82 246.67 274.08 290.20 299.00
15 64-QAM 3/4 208.25 231.39 245.00 252.43 243.00 270,00 285.88 294.55 277.51 308.34 326.48 336.37
16 64-QAM 5/6 231.39 257.10 27222 280.47 270000 300.00 317.65 327.27 308.34 342.60 362.75 373.75
17 256-QAM 12 185.11 205.68 217.78 224,38, 216.00 240.00 254.12 261.82 246.67 274.08 290.20 299.00
18 256-QAM 2/3 246.82 27424 290.37 299.17 288.00 320.00 338.82 349.09 328.90 365.44 386.94 398.66
19 256-QAM 3/4 277.67 308.52 326767 336.57 324.00 360.00 381.18 392.73 370.01 411.12 435.30 448.49
20 256-QAM 5/6 308.52 342.80, 362.96 373.96 360.00 400.00 423.53 436.36 411.12 456.80 483.67 498.33
21 256-QAM 7/8 323.95 359.94 381.11 392.66 378.00 420.00 444.71 458.18 431.68 479.64 507.85 523.24
2 i%gf&d 10/11 234.96 261.07 276.43 284.81 274.17 304.63 322.55 33233 313.10 347.89 368.36 379.52
23 ;‘52-5(/3\]\//[] MAS5 327.62 364.02 385.43 397.11 382.28 424.76 449.74 463.37 436.57 485.07 513.61 529.17
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Table 202j—Data rate for 4 channels and 1 spatial stream

Data rate (Mbits/s)

M Cod-
(e} . : 6MHz BW 7MHz BW 8MHz BW
D Modulation ing
I Rate

1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32

CP CP CP CP CP CP CP CP CP CP CP CP
5 QPSK 1/2 15.43 17.14 18.15 18.70 18.00 20.00 21.18 21.82 20.56 22.84 24.18 24.92
6 QPSK 2/3 20.57 22.85 24.20 24.93 24.00 26.67 28.24 29.09 27.41 30.45 32.24 33.22
7 QPSK 3/4 23.14 25.71 27.22 28.05 27.00 30.00 31.76 32.73 30.83 34.26 36.28 37.37
8 QPSK 5/6 25.71 28.57 30.25 31.16 30.00 33.33 35.29 36.36 34.26 38.07 40,31 41.53
9 16-QAM 1/2 30.85 34.28 36.30 37.40 36.00 40.00 42.35 43.64 41.11 4568 48.37 49.83
10 16-QAM 2/3 41.14 45.71 48.40 49.86 48.00 53.33 56.47 58.18 5482 60.91 64.49 66.44
11 16-QAM 3/4 46.28 51.42 54.44 56.09 54.00 60.00 63.53 65.45 6].67 68.52 72.55 74.75
12 16-QAM 5/6 51.42 57.13 60.49 62.33 60.00 66.67 70.59 %273 68.52 76.13 80.61 83.05
13 64-QAM 1/2 46.28 51.42 54.44 56.09 54.00 60.00 6353 65.45 61.67 68.52 72.55 74.75
14 64-QAM 2/3 61.70 68.56 72.59 74.79 72.00 80.00 84.71 87.27 82.22 91.36 96.73 99.67
15 64-QAM 3/4 69.42 77.13 81.67 84.14 81.00 9000 95.29 98.18 92.50 102.78 108.83 112.12
16 64-QAM 5/6 77.13 85.70 90.74 93.49 90.00 100.00 105.88 109.09 102.78 114.20 120.92 124.58
17 256-QAM 12 61.70 68.56 72.59 74,79 72.00 80.00 84.71 87.27 82.22 91.36 96.73 99.67
18 256-QAM 2/3 82.27 91.41 96.79 99.72 96.00 106.67 112.94 116.36 109.63 121.81 128.98 132.89
19 256-QAM 3/4 92.56 102.84 10889 112.19 108.00 120.00 127.06 13091 123.34 137.04 145.10 149.50
20 256-QAM 5/6 102.84 11427, 120.99 124.65 120.00 133.33 141.18 145.45 137.04 152.27 161.22 166.11
21 256-QAM 7/8 107.98 $119.98 127.04 130.89 126.00 140.00 148.24 152.73 143.89 159.88 169.28 174.41
2 4D-TCM 10/11 78.32 87.02 92.14 94.94 91.39 101.54 107.52 110.78 104.37 115.96 122.79 126.51

48QAM

23 ;‘52-(—5(/3\]\//[] MAS5 109.21 121.34 128.48 132.37 127.43 141.59 149.91 154.46 145.52 161.69 171.20 176.39
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Table 202k—Data rate for 4 channels and 2 spatial streams

Data rate (Mbits/s)

M Cod-
(e} . : 6MHz BW 7MHz BW 8MHz BW
D Modulation ing
I Rate

1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32

CP CP CP CP CP CP CP CP CP CP CP CP
5 QPSK 1/2 30.85 34.28 36.30 37.40 36.00 40.00 42.35 43.64 41.11 45.68 48.37 49.83
6 QPSK 2/3 41.14 45.71 48.40 49.86 48.00 53.33 56.47 58.18 54.82 60.91 64.49 66.44
7 QPSK 3/4 46.28 51.42 54.44 56.09 54.00 60.00 63.53 65.45 61.67 68.52 72.55 74.75
8 QPSK 5/6 51.42 57.13 60.49 62.33 60.00 66.67 70.59 72.73 68.52 76.13 80.61 83.05
9 16-QAM 1/2 61.70 68.56 72.59 74.79 72.00 80.00 84.71 87.27 82.22 91436 96.73 99.67
10 16-QAM 2/3 82.27 91.41 96.79 99.72 96.00 106.67 112.94 116.36 109463 121.81 128.98 132.89
11 16-QAM 3/4 92.56 102.84 108.89 112.19 108.00 120.00 127.06 130.91 123.34 137.04 145.10 149.50
12 16-QAM 5/6 102.84 114.27 120.99 124.65 120.00 133.33 141.18 146.45 137.04 152.27 161.22 166.11
13 64-QAM 1/2 92.56 102.84 108.89 112.19 108.00 120.00 127206 130.91 123.34 137.04 145.10 149.50
14 64-QAM 2/3 123.41 137.12 145.19 149.59 144.00 160.00 169.41 174.55 164.45 182.72 193.47 199.33
15 64-QAM 3/4 138.83 154.26 163.33 168.28 162.00 +80.00 190.59 196.36 185.00 205.56 217.65 224.25
16 64-QAM 5/6 154.26 171.40 181.48 186.98 180300 200.00 211.76 218.18 205.56 228.40 241.84 249.16
17 256-QAM 12 123.41 137.12 145.19 149.59. 144.00 160.00 169.41 174.55 164.45 182.72 193.47 199.33
18 256-QAM 2/3 164.54 182.83 193.58 199.45 192.00 213.33 225.88 232.73 219.26 243.63 257.96 265.77
19 256-QAM 3/4 185.11 205.68 217778 224.38 216.00 240.00 254.12 261.82 246.67 274.08 290.20 299.00
20 256-QAM 5/6 205.68 22853 241.98 249.31 240.00 266.67 282.35 29091 274.08 304.53 322.45 332.22
21 256-QAM 7/8 215.96 239.96 254.08 261.77 252.00 280.00 296.47 305.45 287.78 319.76 338.57 348.83
2 4D-TCM 10/11 156.64 174.05 184.29 189.87 182.78 203.09 215.04 221.55 208.74 231.93 245.57 253.01

48QAM

23 ;‘52-(—5(/3\]\//[] MAS5 218.41 242.68 256.95 264.74 254.85 283.17 299.83 308.91 291.04 323.38 342.40 352.78
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Table 202|—Data rate for 4 channels and 4 spatial streams

Data rate (Mbits/s)

M Cod-
(e} . : 6MHz BW 7MHz BW 8MHz BW
D Modulation ing
I Rate

1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32

CP CP CP CP CP CP CP CP CP CP CP CP
5 QPSK 1/2 61.70 68.56 72.59 74.79 72.00 80.00 84.71 87.27 82.22 91.36 96.73 99.67
6 QPSK 2/3 82.27 91.41 96.79 99.72 96.00 106.67 112.94 116.36 109.63 121.81 128.98 132,89,
7 QPSK 3/4 92.56 102.84 108.89 112.19 108.00 120.00 127.06 130.91 123.34 137.04 145.10 149.50
8 QPSK 5/6 102.84 114.27 120.99 124.65 120.00 133.33 141.18 145.45 137.04 152.27 161,22 166.11
9 16-QAM 1/2 123.41 137.12 145.19 149.59 144.00 160.00 169.41 174.55 164.45 182,72 193.47 199.33
10 16-QAM 2/3 164.54 182.83 193.58 199.45 192.00 213.33 225.88 232.73 21926 243.63 257.96 265.77
11 16-QAM 3/4 185.11 205.68 217.78 22438 216.00 240.00 254.12 261.82 246.67 274.08 290.20 299.00
12 16-QAM 5/6 205.68 228.53 241.98 249.31 240.00 266.67 282.35 290.94 274.08 304.53 322.45 332.22
13 64-QAM 1/2 185.11 205.68 217.78 22438 216.00 240.00 254712 261.82 246.67 274.08 290.20 299.00
14 64-QAM 2/3 246.82 274.24 290.37 299.17 288.00 320.00 338.82 349.09 328.90 365.44 386.94 398.66
15 64-QAM 3/4 277.67 308.52 326.67 336.57 324.00 360.00 381.18 392.73 370.01 411.12 435.30 448.49
16 64-QAM 5/6 308.52 342.80 362.96 373.96 360100 400.00 423.53 436.36 411.12 456.80 483.67 498.33
17 256-QAM 1/2 246.82 274.24 290.37 299.1% 288.00 320.00 338.82 349.09 328.90 365.44 386.94 398.66
18 256-QAM 2/3 329.09 365.65 387.16 398.89 384.00 426.67 451.76 465.45 438.53 487.25 515.92 531.55
19 256-QAM 3/4 370.22 411.36 435756 448.76 432.00 480.00 508.24 523.64 493.34 548.16 580.40 597.99
20 256-QAM 5/6 411.36 457.00 483.95 498.62 480.00 533.33 564.71 581.82 548.16 609.07 644.89 664.44
21 256-QAM 7/8 431.93 479.92 508.15 523.55 504.00 560.00 592.94 610.91 575.57 639.52 677.14 697.66
2 i%gf&d 10/11 313.29 348.10 368.57 379.74 365.56 406.18 430.07 443.10 417.47 463.86 491.14 506.03
23 ;‘52-5(/3\]\//[[ MAS5 436.82 485.36 513.91 529.48 509.71 566.34 599.66 617.83 582.09 646.76 684.81 705.56
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9.4 Superframe and frame structure

9.4.1 Preamble

9.4.1.5 Local frame preamble

The local frame preamble shall use the Tcp=1/4Tgpr. Three different preamble carrier sets are defined,
differing in the allocation of subcarriers. Those subcarriers are modulated using a boosted BPSK modulation
with a specific pseudo-noise (PN) code.

The preamble carrier sets are defined using Equation (4a).

PreambleCarrierSetn = n + 3k (4a)

where

PreambleCarrierSetn  specifies all subcarriers allocated to the specific preamble
n is the designating number of the preamble carrier Set/indexed 0, 1, and 2
k is a running index. 0...559

Each start position of segment uses a preamble composed of a single\carrier set in the following manner:

—  Start position of segment 0 uses preamble carrier set.0,(1=0).
—  Start position of segment 1 uses preamble carrier; sét1 (n =1).

—  Start position of segment 2 uses preamble carriérset 2 (n =2).

For the start position of segment 0, the DC carrier will not be modulated at all, and the appropriate PN will
be discarded. Therefore, the DC carrier shall always be zeroed.

Each start position of segment eventudlly modulates each third subcarrier. As an example, Figure 136a
depicts the preamble of start positionrof segment 0. In this figure, subcarrier 0 corresponds to the first
subcarrier used in the preamble systibol.

| 2N 0 Y e (N s

o . g & 9 1671 1674 1677
Preamble Mull
subcarrier * subcarrier
Figure 136a—Example of basic structure of preamble (for the case of n=0)

The PN series modulating the preamble carrier set is defined in Table 203a. The series modulated depends
preamble subcarriers in ascending order. Table 203a includes the PN sequence in a hexadecimal format. The
value of the PN is obtained by converting the series to a binary series (Wk) and mapping the PN starting
from the MSB of each symbol to the LSB (0 mapped to +1 and 1 mapped to —1). For example, for Local
Frame Preamble O (the first row of Table 203a), Wk =001001010001..., and the mapping shall follow: —1 —1
+1-1-1+1-1+1-1-1-1+1....
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For the preamble symbol, there will be 184 guard band subcarriers on each side of the spectrum.

The symbols in the DS preamble shall be modulated according to Equation (4b).

Re{PreambleModulated }=2-./3 . @ —W ) Im{PreambleModulated }= 0

@)
Table 203a—Local frame preamble modulation series for segmentation scheme
Start Segment
Preamble Type Position of Bandwidth Series to modulate (Wk)
Segment

Local Frame 0 1 segment 0x251D994101EDA04DSBDOBSEAGEAZ0AES90C2CC

Preamble 0 199AB083C6AE61F091F2DD41D989EC164B1481D611
BE9EAO094AFE9DB56A4763E55B26ES4EAB73ACD7
D4BBA64C1421BC3EB9D

Local Frame 0 2 segments 0x572B008CAE935937061963E9567C204CB881C66F6

Preamble 1 C70DC9316A4006F9CDF449C19ESEC29CCFC42786A
82330FC7279F99FIDFC4246B1234F792B623341EBAS
DBDAC7FD337206

Local Frame 0 3 segments 0x9D7B838B0I289DA478424A99E6BSC35E7D6D79F

Preamble 2 CC9ADEEEE741BFBD48261B9A427AE8994EB230CF
27D790B7CDD53A01821C63ADD01236D481BFEF008
SFE21DF2044E054E9113

Local Frame 1 1 segment 0xBBF8D4EE09564B33B49FFA3717962616508448142

Preamble 3 4D61EC7592A97D80A66FA6797B1A0C493987566D49
A6B2786BC9706F8168264BD24F9ASBDS6EEC021184
8DFB2B477E2CF3

Local Frame 1 2 segments 0x3A13D1C743143CESE66B0OAC149147AA2E4624EF5

Preamble 4 74EB4D49FC698483BFEB60FB07B286EDB255BC19C
0ADODS3669AF9E41E7CF2279SEAFOCDBOF1EBAF6
979B05A0373A3C7403

Local Frame 2 1 segment 0x9D6E088D4BF521B816766CDD6DEC121DD3C2101

Preamble 5 F30B8479CADA2EDA38CC97B865D78BDDC1A50843
DCC6547D9B4CE4EF1A3E9661C42648013DB35SE2E6
9D7404D52DACA4886F5D

9.4.1.6 Local CBP preamble

The.Joeal CBP preamble shall have a duration of 1 OFDM symbol. The preamble structure is used as
deseribed in 9.4.1.5. The PN series modulating the local CBP preamble carrier set is defined in Table 203b.
The series modulated depends on the start position of segment and segment bandwidth used. The defined
series shall be mapped onto the local CBP preamble subcarriers in ascending order. Table 203b includes the
PN sequence in a hexadecimal format. The value of the PN is obtained by the same manner as described in
9415
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Table 203b—Local CBP preamble modulation series

Start
Preamble Type Position of Bi(;lgdnvlveig:h Series to modulate (Wk)
Segment

Local CBP 0 1 segment 0xF3E5596544A8D30FFODAA3ABO6CBESEC769CABY9

Preamble 0 FOE2F9FF3D1D27619481C8A1A3EC4286F8207F1C69
816CCI13E995C38C1E4D62AD594B2B02CDEEOSAOF1
BD18BCAO9FC2B1DC72B

Local CBP 0 2 segments 0xFCAEC6B1C7027793A48849AD347AE875408955E7

Preamble 1 F2AACS5FF9904A2D0D904C931795A1BDA94D9DECA
BA8A77152A69B89F008680F34505343E591F3EB3€F1
03BF97DA73BC87FC9

Local CBP 0 3 segments 0x1F6C5CO88FIFFO6E85171FF5434B9SDEB270F1C926

Preamble 2 F738B8167566D24EC3F7A1BEDC7CC3B913EC2DB60
B4103739C07C10DB5D036A9B48223CE4037E148205
DD8177084A97E739

Local CBP 1 1 segment 0x1A6988580366EDA426EBASEC69AECOB9D77D733

Preamble 3 AC09338B2E66BCBASE1960FEE2C08477CB6F80DB 1
52B4EF01E7FBFD5961 A '6C954EFEB629124F9789B3
4411713EDOSAOEE02C

Local CBP 1 2 segments 0xFA54537894CC41ADE3960B29C89DCAC398CEDF

Preamble 4 B2AB6BCB61MD02B877208A71DD8760FFCABAS59399
6852CAEBE9AETETFF7633EAF24CD2AAC1229E10D984
7837CE20€46270E8F824F

Local CBP 2 1 segment 0x8C88EE32C92B5741BBF6A7026E0C268520653A0A

Preamble 5 948EA318A316508A4602A75DED6AF1D33BCBOBS3E
8A3C7372E0779FC5C10AA16063AF909031455A18EA
324FBDSFECF499DS§3

9.7 Channel coding
9.7.2 Forward Error Correction (EEC)
9.7.2.1 Binary Convolutional-code (BCC) mode (mandatory)

9.7.2.1.2 Puncturing

£
¥

Table 208—Puncturing and bit-insertion for the different coding rates

Code rate 172 2/3 3/4 5/6 /8
Convolutional AlBl A1B1A2B2 A1B1A2B2A383 A1B1A2B2A383A4B4 A1B1A2B2A3B3A4B4
d tput AsB
coder outpu 5035 ASB5A6B6A7B;
Puncturer outnut A B A B B A B . B.A A B B A B A A BB BB ABA
i 1 1 1 1 1 1 J 1 1 SR Siah] 1 1 347750 T

bit-inserter input

Decoder input AlBl A1B10B2 A1B10B2A30 A1B10B2A300B4A50 A1B10B20B30B4A5

00BgA70
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9.7.2.1.3 OFDM slot concatenation

Table 209—Concatenation index for different modulations and coding

Modulation and Rate j
256-QAM 1/2 3
256-QAM 2/3 2
256-QAM 3/4 2
256-QAM 5/6 1
256-QAM 7/8 1

4D-TCM 48QAM 2
4D-TCM 192QAM 1

Table 211—Useful data payload inbytes for an FEC block

QPSK 16-QAM 64-QAM 256-QAM
12 23 34| 56| 12| 23| 34 86 12 | 23 | 34 | S6 | 12 | 23 | 34 | 56 | 18
3
4
5
6 6
8 8
9 9 9 9
10 10
12 | 12 12 12 12
15 15 15
16 16 16
18 18 18 18 18 18
20 20 20 20
21 21
24 | 24 24 | 24 24 24
25
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Table 211—Useful data payload in bytes for an FEC block (continued)

QPSK 16-QAM 64-QAM 256-QAM
= = = = = = = = = = = = K= R= R= K= K=
12 2/3 3/4 5/6 12 2/3 3/4 5/6 12 2/3 3/4 5/6 m ﬂ ﬂ 5_/6 ’7_/9
27 27 27 27 27
28
30 30 | 30 30 30
32 32 32
33
35
36 | 36 | 36 36 36 36 | 36 36 36

9.7.2.5 Multidimensional trellis coded modulation (MD-TCM)\mede (optional)
9.7.2.5.1 Overview of multidimensional trellis coded modufation (MD-TCM)

Multidimensional trellis coded modulation (MD-TCM) is-a)combined coding and modulation for band-
limited channels by using multiple 2D symbols. In this\subclause, four-dimensional TCM (4D-TCM) is
applied to achieve additional higher data rate option’ and peak-to-average power ratio (PAPR) reduction at
data mapping. The functional block of the 4D-TCGM)encoder is illustrated in Figure 149a. 4D-TCM encoder
contains the following functions:

—  Coset selection
— Region pair selection

—  Symbol selection

For 4D-TCM 48QAM, a 4D-symbol (equal to two 2D symbols) contains 3 bits for coset selection, 3 bits for
region pair selection, and 2x2 bits for symbol selection. In total, it contains 10 bits per 4D symbol, which is
equal to 5 bits per 2D, symbol (also equal to 5/6-coded 64QAM). For 4D-TCM 48QAM, a 4D symbol (equal
to two 2D symbols),contains 3 bits for coset selection, 3 bits for region pair selection, and 2x4 bits for
symbol selection. In total, it contains 14 bits per 4D symbol, which is equal to 7 bits per 2D symbol (also
equal to 7/8<caded 256 QAM).

Detail structure of each component is described in the following subclauses.
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Figure 149a—Structure of multidimensional trellis encoder

9.7.2.5.2 Coset selection

Two bits enter the rate 2/3 “eonvolutional encoder. This encoder generates three-bit output. With one
additional bit, a total of foutbits are used to choose a pair of signal points illustrated in Figure 149b among
the following pairs of signal points:

(A, A), (ASB),(A, C),(A, D),(B, A),(B, B),(B, C),(B, D),(C, A),(C, B),(C, C),(C, D),
(D, A)JD, B),(D, C),(D, D).

b=

é
&

Figure 149b—Signal constellation for coset selection
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Bit assignment for coset selection is listed in Table 225a.

Table 225a—Bit assignment for coset selection

T ei(ex) ex(O eyl YA
0000 A/A
0001 A/C
0010 A/B
0011 A/D
0100 C/A
0101 C/C
0110 C/B
0111 C/D
1000 B/A
1001 B/
1010 B/B
1011 B/D
1100 D/A
1101 D/C
1110 D/B
1111 D/D

9.7.2.5.3 Region pair selection

Three bits enter a Region(pair selector to select a pair of regions over two 2D symbols. Figure 149¢
illustrates the sketch of(regions. One 2D symbol contains three regions, say I, I}, and O illustrated in
Figure 149c. Accordingto the contents of entered three bits, one region pair (R}, R,) shall be chosen among

the following regionpairs:

(107 IO)) (IOe Il)) (109 O)a(I]: IO)) (Ila Il)) (Ila O)a (07 IO)) (Oa I]))
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Figure 149c—Sketch.of “region” in MD-TCM

Bit assignment of region pair selectien.is listed in Table 225b.

Table 225b—Region pair selection

d(t)ds(t)dg(t) Region at s,(t) Region at s(t)
000 Iy Iy
001 Iy I
010 Iy O
011 I Iy
100 I I,
101 I O
1o o Iy
111 o I,
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9.7.2.5.4 Symbol selection

For MD-TCM 48 QAM, 2-D symbol selection contains QPSK mapper with constellation mapping in
Figure 150. For MD-TCM 192 QAM, 2D symbol selection contains 16-QAM mapper with constellation
mapping in Figure 151.

9.8 Constellation mapping and modulation

9.8.1 Data modulation

The output of the bit interleaver is entered serially to the constellation mapper. The input data to, the mapper
is first divided into groups of number of coded bits per carrier, i.e., NCBPC bits and themcotiverted into
complex numbers representing QPSK, 16-QAM, er—64-QAM, or 256-QAM constellatioh points. The
mapping for QPSK, 16-QAM, and—64-QAM, and 256-QAM is performed according to Gray-coding
constellation mapping, as shown in Figure 150, Figure 151, and-Figure 152, and Figure 152a, respectively,
where b, represents the most significant modulation bit for all constellations.

F
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Figure 152a—Gray mapping for 256-QAM
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Table 226—Number of coded bit per carrier and normalization factor
for different modulation constellations

Modutationrtype NCBPC op
QPSK 2 /42
16-QAM 4 1/+10
64-QAM 6 1/4/42
256-QAM 8 Y170
4D-TCM 48QAM 55 1/\31.33
4D-TCM 192Q0AM 75 V12233

Table 227—Number of coded bits per OFDM slot (Ncgps) and ¢orresponding number of
data bits for different modulation constellation and coding rate combinations

Constellation type Coding rate Ncgps Correilio(;la(iianﬁi:lsumber
QPSK 172 48 24
QPSK 2/3 48 32
QPSK 3/4 48 36
QPSK 516 48 40

16-QAM 172 96 48
16-QAM 2/3 96 64
16-QAM 3/4 96 72
16-QAM 5/6 96 80
64-QAM V2 144 72
64-QAM 2/3 144 96
64-QAM 3/4 144 108
64-QAM 5/6 144 120
256-QAM 12 192 96
256-QAM 2/3 192 128
256-QAM 3/4 192 144
256-QAM 5/6 192 160
256-QAM /8 192 168
4D-TCM 48QAM 10/11for 4D symbol 132 120
4D-TCM 192QAM | 14/15 for 4D symbol 180 168

201

Copyright © 2015 IEEE. All rights reserved.

© IEEE 2015 - All rights reserved



https://iecnorm.com/api/?name=eca699ef3cd9bf3eefed1ae4a91bfbc0

ISO/IEC/IEEE 8802-22:2015/Amd 2:2017(E)

IEEE Std 802.22b-2015

IEEE Standard for Wireless Regional Area Networks
Part 22: Cognitive WRAN MAC and PHY Specifications: Policies and Procedures for Operation in the TV Bands
Amendment 2: Enhancement for Broadband Services and Monitoring Applications

The output of the multidimensional trellis encoder is fed to the constellation mapper. The input data to the
mapper has represent a group of number of coded bits per two carriers, i.e., NCBPC bits, and that are then
converted into complex numbers representing 48-QAM, or 192-QAM constellation points. The mapping for
48-QAM and 192-QAM are performed according to the constellation mapping, as shown in Figure 152b and

Figure 152c, respectively.
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Figure 152b—E€onstellation of one 2D symbol for MD-TCM 48 QAM
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Figure 152¢=Constellation of one 2D symbol for MD-TCM 192 QAM

9.9 Control'mechanisms
9.9.4'Power control

9)9.4.2 Transmit Power Control mechanism

This resulting value P, is updated based on the value P, transmitted regularly to the CPE by the BS
through the RNG-CMD MAC message (see 7.7.6) to keep the TPC of the RF link up-to-date. The CPE shall
be calibrated by the manufacturer so that the actual EIRP density per subcarrier transmitted by the CPE
corresponds to the level indicated by the Pp,,.. variable resulting from the RNG-CMD message (within
0.5 dB). The default normalized CNR values per modulation for the binary convolutional code (BCC)_and
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multidimensional trellis coded modulation (MD-TCM), except for the CDMA code, are given in Table 228.
These values may be overridden by the BS by using a dedicated UCD message (see Table 33). The second
column is the default value and third column is informative and indicative of the modulation performance in
a multipath channel.

Table 228—Normalized CNR per modulation for BER= 2x10

Normalized CNR (dB)
Modulation - FEC rate AWGN ‘ "
(default) f
CDMA code 1.2 s
QPSK, rate: 1/2 4.3 &+
QPSK, rate: 2/3 6.1 )
QPSK, rate: 3/4 7.1 140
QPSK, rate: 5/6 8.1 +E
16-QAM, rate: 1/2 10.2 48
16-QAM, rate: 2/3 12.4 203
16-QAM, rate: 3/4 13.5 246
16-QAM, rate: 5/6 14.8 28.6
64-QAM, rate: 1/2 15.6 205
64-QAM, rate: 2/3 18.3 262
64-QAM, rate: 3/4 19.7 38
64-QAM, rate: 5/6 20.9 404
256-QAM, rate:\d/2 21.5
256-QAM(Tate: 2/3 25.0
256-QAM, rate: 3/4 272
256-QAM, rate: 5/6 29.0
256-QAM, rate: 7/8 312
4D-TCM 48QAM 194
4D-TCM 192 QAM 27.5
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9.14 Receiver requirements

9.14.1 Receiver minimum sensitivity

Required Signal-to-Noise Ratio = the Reference Normalized SNR as shown in Table 228 for a BER
performance of 2x10~* where the values include 1.1 dB, 1.3 dB, 1.5 dB, and 1.7 dB decoder implementation
margins for QPSK, 16-QAM, and-64-QAM, and 256-QAM modulations, respectively

9.15 Multiple-input, multiple-output (MIMO)
9.15.1 Overview

Multiple-input, multiple-output (MIMO) system has attracted a great deal of attentiomsince the mid-1990’s.
It consists of multiple antennas at both transmitter and receiver, and are 4 breakthrough in wireless
communication system design. Not limited to time and frequency dimensiaens, MIMO exploits the spatial
dimension created by multiple antennas to achieve improvements in capacity-and reliability. Moreover, the
improvements come with neither addition of bandwidth nor increment ¢f power, therefore, making MIMO a
highly spectral efficient and reliable technique.

The MIMO channel can be made more robust against fading(channels than each of its single-input-single-
output (SISO) components by exploiting spatial diversity) Furthermore, MIMO channel creates the
possibility to increase the transmission rate comparedito SISO channel through spatial multiplexing;
however, these two features cannot be fully exploited at the same time. A fundamental trade-off between
rate increment and robustness against fading existsand must be decided according to the users needs.

The MIMO technique described hereafter isumore appropriate for the link between A-BS and A-CPEs
existing in the wireless network backboneef A-WRAN systems. On the other hand, implementing MIMO
on the links between A-BS and S-CPEs.8¥ A-CPEs and S-CPEs is technically more challenging. This is due
to the fact that the lower operating,frequencies inherent to the TVWS bands require antennas with bigger
physical sizes than the ones requited by existing wireless communication systems operating at higher parts
of the frequency spectrum.

9.15.2 MIMO pilot allocation

9.15.2.1 Overview

The pilot jnsertion pattern for two antennas and four antennas is shown in Figure 160a and Figure 106D,
respectively” The pilot pattern shall be repeated every 7 OFDM symbols and 7 subcarriers in the time and
frequéncy domains, respectively. The pilot pattern is always the same, independent of the channel
bafidwidth. The pilot pattern shall also be the same for the DS and US.

9.15.2.2 Pilot allocation for two antennas

The pilot insertion pattern for two antennas is shown in Figure 160a. The following physical pilot

indices, Py, after the last frame preamble in every DS subframe, shall be used instead of the logical indices
0,1,...,6.

P, =—840+ 7k + pilot _subcarrier _offset+ DC _ flag, k=0,1,2,...,239
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where

k is the running subcarrier index from 0 to 239.

pilot_subcarrier_offset is the subcarrier offset to control the beginning of first pilot subcarrier within
each OFDM symbol. The pilot_subcarrier_offset for antenna 0 is 0, 3, 5, and
1 for (OFDM symbol index mod 7) = 0 2 4 and 6 respectively. The

pilot_subcarrier_offset for antenna 1 is 2, 6, and 4 for (OFDM_symbol_index
mod 7) = 1, 3, and 3, respectively. The OFDMA symbol of index 0 should be
the first OFDMA symbol in every DS or US subframes.

DC _flag is used to count the DC subcarrier in the calculation of pilot subcarrier index.
When K is equal or larger than 120, the value is set to 1.
Antenna 0 Antenna 1
OFDMA Symbol OFDMA Symbol
0 1 2 3 4 5 6 0 1 2 3 4, 5 6

0 0
B 1 B 1
g g
=1 -1
" "

3 3

4 ¢

5 5

6 6

Data Pilot

Null
subcarrier

Figure 160a—Rilot pattern for two TX antennas

subcarfier subcarrier

O

9.15.2.3 Pilot allocation for four antennas

The pilot insertion pattern forfour antennas is shown in Figure 106b. The following physical pilot indices,
Py, after the last frame préamble in every DS subframe, shall be used instead of the logical indices 0, 1, ...,
6.

P, =—840+7k+ pilot _subcarrier _offset+ DC _ flag, k=0,1,2,...,239
where
K is the running subcarrier index from 0 to 239.

is the subcarrier offset to control the beginning of first pilot subcarrier within
each OFDM symbol. The pilot_subcarrier_offset for antenna 0 is 0 and 3 for
(OFDM_symbol_index mod 7)= 0 and 4, respectively. The

piln'r cnhrarripr_nff:nt for antenna 1 is 1 and 4 for (ﬂFDI\/I_qymhnl_indpy

pilot_subcarrier_offset

mod 7) = 1 and 5, respectively. The pilot_subcarrier_offset for antenna 2 is 2
and 5 for (OFDM_symbol_index mod 7) = 2 and 6, respectively. The
OFDMA symbol of index 0 should be the first OFDMA symbol in every DS
or US subframes.
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DC_flag is used to count the DC subcarrier in the calculation of pilot subcarrier
index.When k is equal or larger than 120, the value is set to 1.

Antenna 0 Antenna 1
OFDMA Symbol N OFDMA Symbol
0o 1 2 3 4 5 6 0 1 2 3 4 5 6
0 0
ko 1 8 1
& &
(8] o
S 2 = 2
w w
3 3
A\ A\
4 4
5 5
6 6
Antenna 2 Antenna 3
OFDMA Symbol OFDMA Symbol
0 1 2 3 4 5 6 0 1 2 3 4 5 6
0 0
ko 1 8 1
] &
[S] o
S 2 S 2
w w
3 3
A\ A\

Data Pilot Null
subcarrier subcarrier subcarrier

Figure 106b—Pilot pattern for four TX antennas

9.15.3 Space time coding (STC)

9.15.3.1 Overview

The MIMO technique described in this clause is common to both PHY-OM1 (Clause 9) and PHY-OM2
(Clause 9a) of the PHY considered in this standard.
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9.15.3.2 Transmit diversity using two antennas (Alamouti O-STBC)

Improvement in wireless link robustness against the deleterious effects of fading is achieved by the use of
Orthogonal Space-Time Block Codes (O-STBCs) through exploitation of the extra degrees of freedom
provided by the multi-input, multi-output (MIMO) channel.

Let us consider a wireless communications system with two antennas at the transmitter side and a single
antenna at the receiver side. Additionally, let both transmit antennas, namely antenna one and two, be spaced
at least half-wave length from each other and from which two symbols S; and s, are respectively transmitted
(simultaneously) at a given symbol period T. If during the following symbol period '32* and Sl*, where ©
represents complex conjugation operation, are now transmitted respectively from antenna one and two, Wwe
can represent the encoding scheme in the following manner:

Gy = ; (16)
where the columns of the above encoding matrix represent the transmit antennassthe Tows correspond to the

symbol periods and s,, is the symbol taken from a complex constellation C with me {1,2}.

Considering that the channel remains constant across two consecutive.Symbol periods, i.e., a block fading
channel, we can write

hy(t) =hy(t+T) =h; (17)
hy(t) = hy(t+T) = hy
where

T is the symbol period
h; and h, are the channel paths betweenthe transmit antenna and the receive antenna

Thus received signals are expressed\by
rp =hys; 1 hysy o my
1y =hysy  hysy 1 my

Here, n; and n,.ate’zero-mean white complex Gaussian distributed noise values with variance Gzn/Z per
dimension.

9.15.3.8 Jransmit diversity with array-interference gain
9¢¥5:3.3.1 Overview

The technique disclosed in this subclause is full rate based on array-interference constructive aggregation.
Its objective is to improve the link reliability over conventional transmit diversity, i.e., Space-Time Block

the form of added array gain. As a result, the overall gain (diversity gain + array gain) reduces the bit-error
probability (BEP) as compared to the diversity gain only yielded by conventional STBCs based systems.

208
Copyright © 2015 IEEE. All rights reserved.

© IEEE 2015 - All rights reserved


https://iecnorm.com/api/?name=eca699ef3cd9bf3eefed1ae4a91bfbc0

ISO/IEC/IEEE 8802-22:2015/Amd 2:2017(E)

IEEE Std 802.22b-2015
IEEE Standard for Wireless Regional Area Networks
Part 22: Cognitive WRAN MAC and PHY Specifications: Policies and Procedures for Operation in the TV Bands
Amendment 2: Enhancement for Broadband Services and Monitoring Applications

9.15.3.3.2 Transmit diversity with array-interference gain for two antennas
9.15.3.3.2.1 Overview

In this subclause we describe the structure of a 2 transmit (TX) antennas (n; = 2) transmit diversity TDD

system exploiting transmit array interference. Since the system is based on TDD,_both transmitter and
receiver operate in the same frequency channel, however, in different time-slots. In addition, in a TDD
communication system, transmitter and receiver alternate their roles, i.e., the transmitter in time “T,” is the
receiver in the consecutive time “T,,;;”. A direct consequence of the aforementioned is that both transmitter
and receiver can estimate the wireless channel H during the time in which they are acting as receiver.

The vector H = [h; h,] represents the multiple-input-single-output (MISO) channel between the base station
and the single antennae receiver (RX) white space device. In the analyses presented hereafter, H is
considered to be quasi-static.

Symbols vectors are transmitted through H and noise is added at the receiver as shown in-Figure 160c. The
transmitter is composed of two blocks, namely, “array gain maximization” and “transniit vector selector.”
The aforementioned blocks are described in the following subclauses.

In two TX antenna systems, a total of two unique transmit vectors Gy, for m'e 40,1} exists. Each Gy, yields
a single interference, which is aligned to the original signal thus impfovifig system robustness towards
fading. The total interference has components coming from all antenna¥ in the array thus it is hereafter
called aligned array interference I,,,. It should be noted that I, 4, where m € {0,1}, are functions of the
fading channel H, and both TX and RX can estimate H due to the'\teCiprocity of uplink/downlink.

TX Antenna Array

Array GaindWlaximization

m
\ ’
\ d ’

Trandmit Vector,Selectnr
hl\&l ¢fh2

RX Antenna
n—m0 —

Figure 160c—Transmit diversity with array-interference gain for
two TX antennas (TX side)

E€Hannel estimation is performed by the channel estimator block (see . for implementation of the receiver
stde) based on pilots. The estimation is then provided to the array gain maximization block.

The array gain maximization block in TX performs

arg max(ly,), vme {0,1}

in order to compare all the I, and selects the one that has the maximum value.
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Then, the array gain maximization block at the transmitter sends m inherent to the maximum array

interference to the transmit vector selector block, which selects Gy, to be transmitted over the channel H
since Gy, will yield the maximum array gain.

9.15.3.3.2.2 Array gain maximization block

In the array gain maximization block, the array interference I, is stored as a function of H.

—  Array Interference I
lao=h'h, +h h,

— Array Interference I
la==h'h, —h h]

In order to select the most aligned interference, the array gain maximization block performs

arg max(ly,),vme {0,1}

The array gain maximization block at the TX directly sends m to the collo€ated transmit vector selector
block. For the following implementation examples, consider that m is represented by 3 bits.

9.15.3.3.2.3 Transmit vector selector block
—  Transmit G, =[ s s] if mis ‘000’
—  Transmit G, =[s-s] ifmis ‘001’
where
S is a symbol taken from a complex constellation C
9.15.3.3.3 Transmit diversity with-attay-interference gain for four antennas

9.15.3.3.3.1 Array gain maximization block

For four TX antennas, thef® are eight unique G,, together with their respective I,,, as well as wy, m

{0,1,2,3,4,5,6,7}.
lao = h'h, hsh) +h'h, +h hy +h'h, +h h; +hh +hhl +hh, +hh; +hh, +hh;
lai=—hih,-—h h) —h'h, —h h; —hh, —h,h; —h;h, —h h; + h'h, +h h] +hh, +h,h;
lax£Shhy —h hy —h'h, —h h; —h h, —h,h; —h;h, —h,h; + h'h, + h h] +h;h, +h h,
tas=-h'h, —h h; —h'h, —h h; —h h, —h,h, —h;h, —h,h; + h'h, +h h; +hh, +hh;
las=—h'h, —h h, —h h, —h,h; —h;h, —h,h; +h'h, + h h) +h'h, +h h+hh, +hh
las=—h'h, —h h; —h h, —h,h; —h;h, —h,h; + h'h, + h h] +h'h, +h h; +hh, +hh;
las=—h'h, —h h] —h h, —h,h; —h’h, —h,h; +h'h, +h h; +h'h, +h h; +hh, +hh;

Tar=—hh, —h N, —hh —hh —hh —hh +hh, + 00 +hh, + 0 +hh, +hh,
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In order to select the most aligned interference, the array gain maximization block performs

arg maX(I Am )a vm € {03 13 25 39 43 55 63 7}

at the transmitter.

9.15.3.3.3.2 Transmit vector selector block

—  Transmit G, =[s s s s] ifmis ‘000’;

—  Transmit G, =[ s -s s -s] if mis ‘001;
—  Transmit G, =[s s -s-s] ifmis 010’;
—  Transmit G; =[s-s -s s] ifmis ‘011;
—  Transmit G, =[s s s-s] ifmis “100’;
—  Transmit G, =[s s-s s] ifmis ‘101”;
— TransmltG =[s-s s s] ifmis ‘110°;

— Transm1tG|7:[-s s s s]ifmis 1117%;

The above procedure partially (transmitter side only) describes hgwAt6 obtain diversity added with array gain
for systems with multiple antennas at the transmitter side. Not¢ that the transmitter steps described here must
be followed by the receiver steps described in H.1.2.

If more than one antenna is available in the receivér tetminal, maximum ratio combining (MRC) can be
utilized to significantly enhance link reliability. Eof Simplicity, in the following example consider that the
number of antennas available at the receiver is 2¢The technique, however, can be utilized for any number of
receive antennas.

In order to use MRC, little modification is necessary to what has been presented. The array gain
maximization block, now, performs

arg max(lu, + 1), Yme {0,1}

for two TX antennas,and

arg maX(IAm + I:Am)’vme {09152’3545576’7}

foryfour TX antennas. Here, I, is the array interference in the first RX antenna, given in the previous
clauses and I’ represents the array interferences in the second RX antenna. Since the channel to the
Second RX antenna is given by H = [h3 hy], for two TX antennas, and H = [hs hg h; hg], for four TX
antennas, I’ 5 ,,, becomes

o P
II-\U—II3II4 R
|A1:—h3h4 —h3h4

or
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lao=hh, +h,h, +hh, +h.h +hh +hh+h'h +hhl+hh +hh+hh +hh
lni = —h’h, —h.h’ —h’h, —h.h) —h’'h, —h.h’ —h’h, —h h} +h’h, +h.h"+h'h +h,h
la2 =—h'h, —h.h —h’h, —h.h' —h’h, —h.h’ —h'h, —h.h +hh, +hh +h'h +hh
lns = —hh, —h.h! —h'h, —h.h! —h'h, —hh  —h'h, —h h+h'h, +hoh +h'h +hh

las = —=h’h, —h.h) —h'h, —h.h' —h'h, —h b +h’h, +hh +hh +hh +hh +hh
las=—h'h, —h.h. —h'h, —h.h: —h’h, —h h +h’h, +h.h +h'h +hh +hh +hh
las = —h’h, —h.h; —h'h, —h.h> —hh, —hh! +hlh, +hh? +hlh +hoh! +h'h +h
a7 =—h’h, —h.h; —h’h, —h.hS —hih, —hh +h'h, +hhe +hCh +hh! +hoh, +h b

The array gain maximization block at the transmitter sends m to the collocated transmit veetap'selector
block.

9.15.4 Spatial multiplexing

9.15.4.1 Overview

The MIMO technique described in this clause is common to both Mode 1 (Clause 9) and PHY-OM2
(Clause 9a) of the PHY considered in this standard.

9.15.4.2 Spatial multiplexing using two antennas

Previous subclauses have described methods to improve_wiseless link robustness against the deleterious
effects of fading. Two spatial diversity techniques werd:described, namely Alamouti Code and a form of
transmit diversity, which exploits the antenna array\anterference to obtain extra diversity gain. One
application example of the aforementioned technigiies is link-range extension between CPEs in order to
service a wider geographical area. This is funddmental whenever the antennas of both CPEs are positioned
relatively low due to the strong signal attenuation characteristic to near ground wave propagation.

This subclause, however, describes a higlly spectral efficient technique that significantly enhances the A-
WRAN system throughput. Spatial multiplexing transmits independent and separately encoded signals, i.e.,
streams, from each transmit antenna, therefore reusing (or multiplexing) the space dimension. In A-WRAN
systems, enhanced data rate enables CPEs with bandwidth-hungry applications, e.g., such as wireless video
transmissions for monitoringypurposes, or it can increase the density of CPEs with data rate comparable to
legacy IEEE 802.22 standard.

Let us consider the 2X2 wireless communications depicted in Figure 160d. The channel gains between the
ith transmit anenna and the jth receive antenna h;; is represented by the MIMO channel matrix

- [hm hm]
haq haal
Additionally, let both transmit antennas, namely antenna one and two, be spaced at least half-wave length
from each other and from which two symbols s; and s,, taken from an arbitrary complex constellation C, are
simultaneously transmitted. Representing the transmitted symbols by the vector s = [s; 52]T and the noise at
the recejve antennashyn=[n, ny T also illnstrated in Fignre 160d we can represent the received signals as

i it E A )

or
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y=H's+n (19)

Here, n; is the zero-mean white complex Gaussian distributed noise with variance 0'2n/2 per dimension and T
denotes transpose operation.

L

Figure 160d—Schematic representation of spatial multiplexing.technique

9.15.4.3 Spatial multiplexing using four antennas

Previous subclauses have described spatial multiplexing with two TX and two RX antennas. This subclause
illustrates the same technique, however, for four Tx and four RX datennas.

Consider a 4x4 wireless communications system. The charinel”"gains between the ith transmit antenna and
the jth receive antenna h; ; is represented by the MIMO charnel matrix

hi1 hiz hiz hia
h’:ﬂ-
hEI 1 h:i 2 hE 3 h3,4
h’4_.1 h4 2 h4 3 h’4_.4

Similarly to the 2x2 case, let all afitennas be spaced at least half-wave length from each other from where
four symbols Sy, Sy, S3, Sy, taken.from the arbitrary complex constellation C are simultaneously transmitted.
The transmitted symbols veetor is S = [S1 Sy S3 S4]T and the noise at the receive antennas is N = [W; W) W3
W4]T with the received signals also given by y = H's + n.

9a. PHY~Operation Mode 2 (PHY-OM2)

This elause specifies the basic technologies for the standardization of the PHY for A-WRAN systems. The
specification is for a system that uses vacant channels to provide wireless communication.

The system reference frequency is the center frequency of the channel in which the transmitter and the
receiver equipment operates. Annex A lists the frequencies corresponding to the channels used for A-

WRAN operation in various regulatory domains.
The PHY specification is based on an OFDMA scheme where information to (DS) or from (US) multiple

CPEs are modulated on orthogonal subcarriers using Inverse Fourier Transforms. The main system
parameters are provided in Table 231a.
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Table 231a—System parameters for A-WRAN

Parameters Specifications Remark
Frequency range 54~862 MHz
Channel bandwidth 6,7, or 8§ MHz According to regulatory domain (see
Annex A).

Data rate (6 MHz case, 3.61 to 18.05 up to 25.27 Mbit/s for See Table 231e.

1/16 CP case) SISO and single channel operation case | The single channel and single spatial
57.77 to 288.85 up to 404.39 Mbit/s for | stream is mandatory. Others cases
4 stream MIMO and 4 channel operation | should be optional.
case

Spectral Efficiency 0.60 to 3.01 up to 4.21 bit/(s-Hz) for See Table 231e.

(6 MHz case, 1/16 CP
case)

SISO and single channel operation case
2.41to 12.05 up to 16.85 bit/(s-Hz) for 4
stream MIMO and 4 channel operation
case

Payload modulation

QPSK, 16-QAM, 64-QAM, 256-QAM
(optional), MD-TCM (optional)

BPSK used fotypreambles, pilots, and
CDMA codes

Transmit EIRP 4W maximum for CPEs. 4W maximum | Maximwn EIRP for BSs may vary in
for BSs in the USA regulatory domain. otherwégulatory domains.

Multiple Access OFDMA

FFT Size (NFFT) 1024

Cyclic Prefix Modes

1/4,1/8, 1/16, 1/32

Duplex

TDD

The following subclauses provide details on the various aspects of the PHY specifications.

9a.1 Symbol description

9a.1.1 OFDM symbol mathetatical representation

The RF signal transmitted” during any OFDM symbol duration can be represented mathematically as

follows:

' [ 2 27KAf (1T, l
s(1) =NRe UL E 2(_]{.‘:_1 KA (=T p )

k=—Ny /2

where
t is the time elapsed since the beginning of the current symbol, with 0<t<Tgyp
Tsym  is the symbol duration, including cyclic prefix duration
Re(-)~ 1s the real part of the signal
fe is the carrier frequency
Cy is a complex number; the data to be transmitted on the subcarrier whose frequency offset
index is K, during the current symbol. It specifies a point in a QAM constellation.
Af is the subcarrier frequency spacing
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Tep is the time duration of cyclic prefix
Nt is the number of used subcarriers (not including DC subcarrier)

9a.1.1.1 Time domain description

TIIC ‘LilllC L‘lUllldill bigual ib gcucul‘tcd ‘Uy 1al\i115 ALIIC illVCl 1Y) FUuliCI ilallbellll Uf ALIIC 15115‘[11 I‘Il‘l“l VC\/‘LUI. TIIC
vector is formed by taking the constellation mapper output and inserting pilot and guard tones. At the
receiver, the time domain signal is transformed to the frequency domain representation by using a Fourier
transform.

Let Tgpy represent the time duration of the IFFT output signal. The OFDM symbol is formed by inserting’a
cyclic prefix of time duration T¢p (shown in Figure 160e), resulting in a symbol duration of Tgypi=TgpT
+Tcp.

cp T FFT

SYM

Figure 160e—OFDM symbol format

The specific values for Tggr, Tep, and Tgyy are given in 9a.32. The BS determines these parameters and
conveys the Tp-to-Tgpr ratio to the CPEs using the FCH.

The time at which the FFT window starts within the symbol period for reception at the CPE is determined by
the local synchronization strategy to minimize intgr-symbol interference due to pre- and post-echoes and any
synchronization error; therefore, it is impleméntation dependent.

9a.1.1.2 Frequency domain descrigtion

In the frequency domain, an OFDM symbol is defined in terms of its subcarriers, which are classified as
follows: data subcarriers, pilot subcarriers, and guard and null (including DC) subcarriers. The classification
is based on the functionality-of the subcarriers. The DS and US may have different allocations of subcarriers.
The total number of subcariiers is determined by the FFT/IFFT size. The pilot subcarriers are distributed
across the bandwidth(The exact location of the pilot and data subcarriers and the symbol’s subchannel
allocation is determined by the particular configuration used. All the remaining guard/null subcarriers carry
no energy and are located at the center frequency of the channel (DC subcarrier) and at both edges of the
channel (guard,subcarriers).

9a.1.2 Symbol parameters
94.1:2.1 Subcarrier spacing

The BS and CPEs shall use the 1024 FFT mode with the subcarriers spacing specified in Table 231b. The
subcarrier spacing, AF, is dependent on the bandwidth of the channel (6 MHz, 7 MHz, or § MHz).

period (Trpr) vatues forthe

dDIC U OW UOCd Dd £ dlld C OITCSPOI1d £

different channel bandwidth options.
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Table 231b—Subcarrier spacing and FFT/IFFT period values for different bandwidth
options

6 MHz based channels 7 MHz based channels | 8 MHz based channels

Basic-sampling frequency, 56 6.53 746
F, (MHz)
Inter-carrier spacing 5468.75 6380.208... 7291.6...

AF (Hz)= F, /1024

FFT/IFFT period, 182.857... 156.734... 137.142...
Trrr(us)=1/ AF

Time Unit (ns) 178.571... 153.061... 133.928.¢
TU:TFFT/1024

9a.1.2.2 Symbol duration for different cyclic prefix modes

The cyclic prefix duration, T¢p, could be one of the following derived values\Irp1/32, Trpr/16, Trpr/S,
and Tgpr/4. The OFDM symbol duration for different values of cyclic prefix'i§ given in Table 231c.

Table 231c—Symbol duration for different cyclic prefixes and bandwidth options

CP=Typr/32 | CP=Typi/16 | CP=Tgp/8 | CP=Tppy/4

Tsym 6 MHz 188.571... 194.285... 205.714... 228.571...

(:HTSI;FT”CP 7 MHz 161.632.., 166.530... 176.326... 195918...
8 MHz 141.428<. 145.714... 154.285... 171.428.

9a.1.2.3 Transmission parametefs

Table 231d shows the different parameters and their values for the three bandwidths..

Table 231d—OFDM parameters for the three channel bandwidths

TV channel bandwidth (MHz) 6 7 8
Total number of subcarriers, Nypy 1024

Number of guard subcarriers, Ng 192 (96,1,95) for DS

(L, DC, R) 184 (92,1,91) for US
Number of used subcarriers 832 for DS

Np=Np+ Np 840 for US

Number of data subcarriers, Ny, gi o 2; Z 58 ;?)I 5 ;

Number of pilot subcarriers, Np 8 gi iég tf“gi 8 g
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9a.1.3 OFDMA basic terms definition
9a.1.3.1 Tile, slot, and data region

In DS, a tile consists of 4 successive active subcarriers and 4 OFDM symbols as shown in Figure 160f. In
US, atile consists of 4 snccessive active subcarriers and 7 OFDM svmbols as shown in Fieure 160¢

k i+ i+2 43 € OFDMA symbol index

» time

[@
O
&

O

4 OFDM symbols

QO
0000
0000

4 subcarriers

frequency

Figure 160f—Tile configuration(for DS

k kHL kR2 T3 k+4 S k6 €-OFDMA symbol index

O

‘ » time

QOOG
0800
elef7]e
oJeleie)
000

0000
Q000

4 subcarriers

frequency

7 OFDM symbols

Figure 160g—Tile configuration for US
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A slot is the minimum possible data allocation unit. A slot requires both a time and subchannel dimension.
In DS, a slot consists of 16 subcarriers and 4 OFDM symbols (or 4 DS tiles) as shown in Figure 160h. In US,
a tile consists of 8 subcarriers and 7 OFDM symbols (or 2 US tiles) as shown in Figure 160i.

00Q00!
000

O
4 DS tiles

©0000O0
00QQ,

elelele;

-

-

00000000
0000
00000000

|
1

Frequency (subchannel)

N
@)
N
O
21
w
<
3
o
=3
(4]

Figure 160h—Slot configuration for DS

STeJelelelel5}
'O000000
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10 UOGDOO‘D
'OOOOOOO
iOOOOOOO'

requency (subchannel)

Figure 160i—Slot configuration for US
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A data region is a 2D allocation of a group of contiguous subchannels, in a group of contiguous OFDMA

symbols. All the allocations refer to logical subchannels. A 2D allocation may be visualized as a rectangle,
such as the 8x5 rectangles shown in Figure 160;.

OFDMA symbol

=] symbol offset

4
dld

o

tegiaon

subchannel offset  |emm—]

subchannel

slot

Figure 160j—Example of a data region that'defines an
OFDMA allocation (DS)

9a.1.3.2 Data mapping

MAC data shall be processed as described in 9a.7 and shall be mapped to a data region (see 9a.1.3.1) for DS
and US using the algorithms defined below.

a) DS:
1) Segment the data into blocks sized to fit into one slot.
2) Each slot shall span one subchannel in the subchannel axis and 4 OFDM symbols in the time

axis, as per the slot definition in 9a.1.3.1. Map the slots so that the lowest numbered slot
occupies the lowest nyimbered subchannel in the lowest numbered symbol.

3) Continue the mapping so that the subchannel index is increased. When the edge of the data
region is reached, continue the mapping from the lowest numbered subchannel in the next
available symbol.

Figure 160k illustrates the order in which OFDMA slots are mapped to subchannels and OFDMA
symbols i DS.

OFDMA
symbol

<L

slot(DS)

subchanngel

Figure 160k—Procedure of slot allocation to the burst (data region) in DS
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