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Abstract: Additional components of the IEEE 1900.4 system are defined in this amendment to
enable mobile wireless access service in white space frequency bands without any limitation on
used radio interface (physical and media access control layers, carrier frequency, etc.).
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of
the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote
fairness in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy
of any of the information or the soundness of any judgments contained in its standards.

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

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

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase,
market, or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint
expressed at the time a standard is approved and issued is subject to change brought about through developments in the
state of the art and comments received from users of the standard. Every IEEE Standard is subjected to review at least
every five years for revision or reaffirmation, or every ten years for stabilization. When a document is more than five
years old and has not been reaffirmed, or more than ten years old and has not been stabilized, it is reasonable to
conclude that its contents, although still of some value, do not wholly reflect the present state of the art. Users are
cautioned to check to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon his or
her 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.

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

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Recommendations to change the status of a stabilized standard should include a
rationale as to why a revision or withdrawal is required. Comments and recommendations on standards, and requests
for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

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

This introduction is not part of IEEE Std 1900.4a-2011, IEEE Standard for Architectural Building Blocks Enabling
Network-Device Distributed Decision Making for Optimized Radio Resource Usage in Heterogeneous Wireless Access
Networks—Amendment 1: Architecture and Interfaces for Dynamic Spectrum Access Networks in White Space
Frequency Bands.

Multimode reconfigurable devices are increasingly being adopted within the wireless industry. The choice
among various supported air interfaces on a single wireless device is already a reality today, with devices
offering, for example, second and third generation cellular radio access technologies and IEEE 802®
wireless standards. Last but not least, devices and networks with dynamic spectrum access capabilities that
allow the use of spectrum resource simultaneously among different systems are emerging and will be part
of the radio eco space. Furthermore, there has been an advocated need for these devices and networks being
capable of operation in white space frequency bands to improve spectrum usage.

This amendment IEEE Std 1900.4a-2011 as well as the original IEEE Std 1900.4-2009 define an overall
system architecture and information exchange between the network and devices that will allow the devices
to optimally choose among the available radio resources including white space frequency bands and
simultaneously use several of these resources. This IEEE Std 1900.4a-2011 also facilitates cost-effective
and multi-vendor production of wireless access system, including cognitive base stations and terminals,
capable of operation in white space frequency bands without any limitation on used radio interface, as well
as, accelerates commercialization of this system to improve spectrum usage.

The IEEE 1900 Standards Committee was established in the first quarter 2005 jointly by the IEEE
Communications Society and the IEEE Electromagnetic Compatibility Society. The objective of this effort
is to develop supporting standards dealing with new technologies and techniques being developed for next
generation radio and advanced spectrum management. On March 22, 2007, the IEEE Standards Association
Standards Board (SASB) approved the reorganization of the IEEE 1900 effort as Standards Coordinating
Committee 41 (SCC41) on Dynamic Spectrum Access Networks (DySPAN). The IEEE Communications
Society and Electromagnetic Compatibility Society were sponsoring societies for this effort, as they had
been for the IEEE 1900 effort. On December 8, 2010, IEEE SASB authorized that all activities of SCC41
be transferred to the Communication Society and that SCC41 be disbanded. The IEEE Communications
Society Standards Board is the sponsor for all projects previously sponsored by SCC41. In February 2007,
the IEEE 1900.4 working group was launched, originating from the IEEE 1900.B study group, and entitled
“Architectural Building Blocks Enabling Network-Device Distributed Decision Making for Optimized
Radio Resource Usage in Heterogeneous Wireless Access Networks.”

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply compliance to any applicable regulatory requirements.
Implementers of the standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.
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Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official [IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance of
amendments, corrigenda, or errata, visit the IEEE Standards Association web site at
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

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

Errata

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

Interpretations

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

Patents

Attention is called to the possibility that implementation of this standard may require 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 rights in connection therewith. A patent holder or patent applicant has filed a
statement of assurance that it will grant licenses under these rights without compensation or under
reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses. Other Essential Patent Claims may exist for
which a statement of assurance has not been received. The IEEE is not responsible for identifying Essential
Patent Claims for which a license may be required, for conducting inquiries into the legal validity or scope
of Patents Claims or determining whether any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-
discriminatory. Users of this standard are expressly advised that determination of the validity of any patent
rights, and the risk of infringement of such rights, is entirely their own responsibility. Further information
may be obtained from the IEEE Standards Association.
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IEEE Standard for Architectural Building Blocks
Enabling Network-Device Distributed Decision
Making for Optimized Radio Resource Usage in
Heterogeneous Wireless Access Networks

Amendment 1: Architecture and Interfaces for
Dynamic Spectrum Access Networks in White
Space Frequency Bands

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

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

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

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

' 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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IEEE Std 1900.4a-2011
Amendment 1: Architecture and Interfaces for Dynamic Spectrum Access Networks
in White Space Frequency Bands

1. Overview

1.1 Scope
Change the paragraph as shown below:

The standard defines the building blocks comprising (i) network resource managers, (ii) device resource
managers, and (iii) the information to be exchanged between the building blocks, for enabling coordinated
network-device distributed decision making that will aid in the optimization of radio resource usage,
including spectrum access control, in heterogeneous wireless access networks. The standard is limited to
the architectural and functional definitions at a first stage. This standard enables mobile access service in
white space frequency bands without any limitation on used radio interface (physical and media access
control layers, carrier frequency, etc.) by defining additional components of the IEEE 1900.4a system. The
corresponding protocols definition related to the information exchange will be addressed at a later stage.

1.2 Purpose
Insert new paragraph as shown below:

The purpose is to improve overall composite capacity and quality of service of wireless systems in a
multiple Radio Access Technologies (RATs) environment, by defining an appropriate system architecture
and protocols that will facilitate the optimization of radio resource usage, in particular, by exploiting
information exchanged between network and mobile Terminals, whether or not they support multiple
simultaneous links and dynamic spectrum access.

This standard facilitates cost-effective and multi-vendor production of wireless access system, including
cognitive base stations and terminals, capable of operation in white space frequency bands without any

limitation on used radio interface, as well as, accelerates commercialization of this system to improve
spectrum usage.

3. Definitions, acronyms, and abbreviations

3.1 Definitions
Insert new definitions after 3.1.25 as follows:

3.1.26 back-up white space frequency band: Part(s) of white space frequency bands where the secondary
radio system is not currently operating, but to which the secondary radio system can switch in a timely
manner, preferably, without degradation of the quality of services provided by the secondary radio system.

3.1.27 cognitive base station (CBS): A base station capable of operating in white space frequency bands.

3.1.28 cognitive base station (CBS) Measurement Collector: The entity that collects CBS context
information and provides it to CBSRM.

3.1.29 cognitive base station (CBS) Reconfiguration Controller: The entity that controls reconfiguration
of CBS based on requests from CBSRM.
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IEEE Std 1900.4a-2011
Amendment 1: Architecture and Interface for Dynamic Spectrum Access Networks
in White Space Frequency Bands

3.1.30 cognitive base station (CBS) Reconfiguration Manager: The entity that manages CBS and
Terminals for network-terminal distributed optimization of spectrum usage.

3.1.31 cognitive base station (CBS) registration information: This term is used to refer to the
information related to the owner of the CBS (such as name, address and phone number) and the CBS
identification.

3.1.32 operating white space frequency band: Part(s) of white space frequency bands where the
secondary radio system is currently operating.

3.1.33 protected white space frequency band: Part(s) of the white space frequency bands where primary
radio system is currently operating as indicated in the white space data base and/or detected by using
spectrum sensing and/or determined by other means in accordance with the radio regulations.

3.1.34 silent period: This term refers to a period of time where a transmitter stops transmitting in specific
white space frequency bands. A silent period is characterized by a duration and (a set of) frequency bands.

3.1.35 spectrum sensing: The act of measuring information indicative of spectrum occupancy (information
may include frequency ranges, signal power levels, bandwidth, location information etc.). Spectrum
sensing may include determining how the sensed spectrum is used.

3.1.36 white space: Part(s) of spectrum allocated to a particular radio system (primary radio system) in
particular location(s) that may be temporary unused by this primary radio system in some location(s) and
thus allowed by radio regulations to be used by another radio system(s) (secondary radio system) on a
temporary secondary basis without causing harmful interference to the primary radio system, where
harmful interference and protection mechanisms are defined in the radio regulations.

3.1.37 white space data base: A data base that provides information on currently available white space
resources in particular location(s).

3.1.38 white space frequency band: Any frequency band where white space may exist as defined by the
radio regulations.

3.1.39 white space manager: The entity that enables collaboration between IEEE 1900.4a system and
IEEE 1900.4 system, provides regulatory context information to CBS Reconfiguration Manager (CBSRM),
records the statuses of the cognitive base station (CBSs) connected to it, and enables communication
between CBSRM and white space database.

3.1.40 white space resource management: management of white space resource usage performed by the
CBS Reconfiguration Manager (CBSRMs) and the Terminal Reconfiguration Manager (TRMs) for the
purpose of self-coexistence inside one secondary system and for coexistence between different secondary
systems. White space resource management includes classification of white space resources by the
CBSRM(s) and the TRM(s), exchange of the classification results between the CBSRM(s) and the TRM(s),
and coordination of white space resource usage between several CBSRM(s).

3.2 Acronyms and abbreviations

Insert the following abbreviations to 3.2 Acronyms and abbreviations in alphabetical order as follows:

CBS cognitive base station
CBSRM CBS Reconfiguration Manager
CBSMC CBS Measurement Collector
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CBSRC CBS Reconfiguration Controller
WSM White Space Manager
WS white space

4. Overall system description

Insert new subclause 4.4 after 4.3 as follows:

4.4 |EEE 1900.4a overview

IEEE Std 1900.4a™-2011 uses IEEE Std 1900.4™-2009 as a baseline. It concentrates on dynamic
spectrum sharing use case of IEEE Std 1900.4-2009. IEEE Std 1900.4a-2011 defines additional entities and
interfaces to enable efficient operation of white space wireless systems. Figure 2 and Figure 3 introduce the

IEEE 1900.4a system.

White space
wireless system A

| WSM A I

White space
wireless system B

I WSM B I

e ittt e R

|CBSRM AI [cBsSRMBI1| | | [ cBSRM B2 |
CBS A CBS Bl CBS B2
WS RAN A WS RAN B

Terminal W

Terminal X

Terminal Y

Terminal Z

[ TRM W |

[ TRM X |

[ TRMY |

[ TRM Z |

WSM — White Space Manager

RAN — Radio Access Network

CBS — Cognitive Base Station

CBSRM - CBS Reconfiguration Manager
TRM — Terminal Reconfiguration Manager
WS — White Space

Figure 2—IEEE 1900.4a system overview

In Figure 2, the White Space Manager (WSM) provides regulatory context information to Cognitive Base
Station Manager (CBSRM), and enables communication between CBSRM and white space database.
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The CBSRM is the entity that manages CBS and Terminals for network-terminal distributed optimization
of spectrum usage. The key functions of the CBSRM specific to dynamic spectrum access in white space
frequency bands are: management of spectrum sensing, e.g., by coordinating silent periods for
measurements, classification of white space frequency bands, coordination of white space frequency bands
usage with CBSRMs of the same RAN for radio resource management and with CBSRMs of other RANs
for coexistence.

Within the dynamic spectrum sharing use case, IEEE Std 1900.4a-2011 use cases identify two stages of
operation: white space wireless system start-up and white space wireless system operation. These stages
occur during the three scenarios: sharing spectrum with non-IEEE 1900.4 system, sharing spectrum with
IEEE 1900.4 system, and sharing spectrum with other IEEE 1900.4a system.

White space
wireless system B

I WSM B I

operator A

[cBSRMBI | | | [ CBSRM B2 |
CBS BI CBS B2
WS RAN B

[l >

CBS A
WS RAN A

. WSFB1: WSFB2: : WSFB3 |

Terminal W Terminal X Terminal Y Terminal Z

[TRMW || | [TRMX || |[TRMY | ||| TRM Z |

WSM — White Space Manager

RAN — Radio Access Network

CBS — Cognitive Base Station

CBSRM - CBS Reconfiguration Manager
TRM — Terminal Reconfiguration Manager
WSFB — White Space Frequency Band

F1 — Frequency band 1

Figure 3—IEEE 1900.4a system overview: collaboration with IEEE 1900.4 system

Figure 3 shows the interaction between white space wireless system and heterogeneous wireless system. In
this case, WSM enables collaboration between IEEE 1900.4a system and IEEE 1900.4 system. Especially,
a CBS deployed in a CWN can operate in a white space frequency band or in another frequency band; and
a terminal can connect either only to systems operating in a white space frequency band or to both systems
operating in a white space frequency band and systems operating in a band other than white space
frequency band.
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5. Requirements

5.1 System requirements
5.1.1 Reconfiguration managers

There shall be an entity inside the packet-based network, called Network Reconfiguration Manager (NRM),
responsible for managing the CWN and Terminals for network-terminal-distributed optimization of
spectrum usage.

There shall be an entity inside the CBS, called CBS Reconfiguration Manager (CBSRM), responsible for
managing the CBS and Terminals for network-terminal-distributed dynamic spectrum access in white space
frequency bands.

There shall be an entity inside the Terminal, called Terminal Reconfiguration Manager (TRM), responsible

for managing the Terminal for network-terminal-distributed optimization of spectrum usage including
dynamic spectrum access in white space frequency bands.

5.1.2 Context awareness

5.1.2.1 Context information collection entities

There shall be entities on network side, inside CBSs, and inside Terminals responsible for context
information collection.

5.1.2.2 RAN context information
Context information collection entity on network side shall collect RAN context information.

RAN context information may include the following (see Annex B for more details):

— RAN radio resource optimization objectives
— Operator capabilities

— RAN radio and transport capabilities

— RAN configuration

— RAN measurements

The NRM shall be able to obtain RAN context information from context information collection entity on
network side.

The NRM may receive RAN context information from context information collection entity on network
side periodically and/or in response to request from the NRM and/or on event.

Context information collection entity on network side may be implemented in a distributed manner.

RAN context information may be collected by an entity inside CBS.
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5.1.2.3 CBS context information
Context information collection entity inside the CBS shall collect CBS context information.

CBS context information may include the following (see Annex B for more details):

— CBS radio and transport capabilities
—  CBS configuration

— CBS measurements

—  CBS location information

—  CBS registration information

— CBS state

— Neighbouring CBSs.

The CBSRM shall be able to obtain CBS context information from context information collection entity
inside the CBS.

The CBSRM may receive CBS context information from the context information collection entity inside
CBS periodically and/or in response to request from the CBSRM and/or on event.

CBSRM shall be able to request context information collection entity inside CBS to request CBS to
perform specific measurements according to specific timing. Context information collection entity inside
CBS shall be able to request CBS to perform specific measurements according to specific timing.

CBSRM shall be able to request context information collection entity inside CBS to request CBS to
implement silent periods. Context information collection entity inside CBS shall be able to request CBS to
implement silent periods.

5.1.2.4 Terminal context information
Context information collection entity inside the Terminal shall collect terminal context information.

Terminal context information may include the following (see Annex B for more details):

—  User subscriptions

—  User preferences

— Application parameters including QoS requirements

— Application measurement capabilities

— Application measurements

—  Terminal capabilities

—  Terminal configuration

—  Terminal measurements including active link measurements and observed channel measurements
—  Terminal location information

—  Terminal registration information.
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The TRM shall be able to obtain terminal context information from context information collection entity
inside the Terminal.

The TRM may receive terminal context information from the context information collection entity inside
Terminal periodically and/or in response to request from the TRM and/or on event.

TRM shall be able to request context information collection entity inside terminal to request terminal to
perform specific measurements according to specific timing. Context information collection entity inside
terminal shall be able to request terminal to perform specific measurements according to specific timing.
TRM shall be able to request context information collection entity inside terminal to request terminal to
implement silent periods. Context information collection entity inside terminal shall be able to request
terminal to implement silent periods.

The TRM shall be able to maintain classification of WS frequency bands.

The TRM should distinguish protected, operating, and back-up WS frequency bands.

5.1.2.5 Regulatory context information and communication between CBSRM and white
space database

There shall be an entity on network side responsible for providing regulatory context information to
CBSRM and enabling communication between CBSRM and white space database.

Regulatory context information may include the following (see Annex B for more details):
—  Frequency bands allowed for secondary usage

— Radio interfaces allowed in particular frequency bands

—  Primary user protection requirements in particular frequency bands.

Communication between CBSRM and white space database may include the following:

— Providing white space database information (information on frequency bands currently available
for secondary usage) to CBSRM

— Providing CBS context information (CBS location and registration information) to white space
database

— Providing terminal context information (Terminal location and registration information) to white
space database.

5.1.2.6 Exchange of context information

5.1.2.6.1 Exchange of context information between NRM and TRM
The NRM and the TRM shall exchange context information.

The NRM shall send RAN context information related to its RANs to the TRM.
The NRM may send RAN context information related to other RANs to the TRM.

The NRM may send terminal context information related to other Terminals to the TRM.
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The NRM may send this context information to the TRM periodically and/or in response to request from
the TRM and/or on event.

NRM should be able to send this context information to a specific set of TRMs in order to avoid inefficient
usage of radio resource.

Determination of such specific set of TRMs may be based on the following:

— TRMs of Terminals operating within given geo-localized area
— TRMs of Terminals operating in given frequency bands

— TRMs of Terminals operating within specific coverage area
The TRM shall send terminal context information related to its Terminal to the NRM.
The TRM may send terminal context information related to other Terminals to the NRM.

The TRM may send this context information to the NRM periodically and/or in response to request from
the NRM and/or on event.

5.1.2.6.2 Exchange of context information between CBSRM and TRM

The CBSRM and the TRM shall exchange context information.

The CBSRM shall send CBS context information related to its CBS to the TRM.

The CBSRM may send CBS context information related to other CBSs to the TRM.

The CBSRM may send terminal context information related to other Terminals to the TRM.

The CBSRM may send this context information to the TRM periodically and/or in response to request from
the TRM and/or on event.

The CBSRM should be able to send this context information to a specific set of TRMs in order to avoid
inefficient usage of radio resource.

Determination of such specific set of TRMs may be based on the following:

— TRMs of Terminals operating within given geo-localized area
— TRMs of Terminals operating in given frequency bands

— TRMs of Terminals operating within specific coverage area
The CBSRM shall be able to send CBSRM classification of WS frequency bands to its TRM(s).
The TRM shall send terminal context information related to its Terminal to the CBSRM.
The TRM may send terminal context information related to other Terminals to the CBSRM.

The TRM may send this context information to the CBSRM periodically and/or in response to request from
the CBSRM and/or on event.
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The TRM shall be able to send TRM classification of WS frequency bands to its CBSRM.
5.1.2.6.3 Exchange of context information between several NRMs

Several NRMs may exchange RAN context information related to their RANs and terminal context
information related to their Terminals.

The NRMs may exchange this context information periodically and/or in response to request from each
other and/or on event.

5.1.2.6.4 Exchange of context information between several CBSRMs
Several CBSRMs may exchange CBS context information related to their CBSs, terminal context
information related to their Terminals, regulatory context information, and white space database

information.

The CBSRMs may exchange this context information periodically and/or in response to request from each
other and/or on event.

5.1.2.6.5 Exchange of context information between several TRMs

Several TRMs may exchange RAN context information, CBS context information, and terminal context
information.

The TRMs may exchange this context information periodically and/or in response to request from each
other and/or on event.

5.1.2.6.6 Exchange of context information between NRM and CBSRM
The NRM and the CBSRM may exchange context information.

To enable such context information exchange, there shall be an entity on network side responsible for
exchanging context information between NRM and CBSRM.

The NRM may send RAN context information related to its RANs and terminal context information related
to its Terminals to the CBSRM via such entity on network side.

5.1.3 Decision making
5.1.3.1 Framework for NRM and CBSRM decisions

There shall be an entity inside the packet-based network within the operator’s control responsible for
generating spectrum assignment policies.

The NRM shall be able to obtain spectrum assignment policies.
Spectrum assignment policies shall adhere to regulations.

Spectrum assignment policies shall express operator needs and/or radio resource usage objectives related to
dynamic spectrum assignment.

The NRM shall make spectrum assignment decisions compliant with received spectrum assignment
policies.

10 Documents

Copyright © 2011 IEEE. All rights reserved.
Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 02:36:07 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1900.4a-2011


http://www.avadocuments.com/doc/ieee-1900-4a-2011
http://www.avadocuments.com/doc/ieee-1900-4a-2011

IEEE Std 1900.4a-2011
Amendment 1: Architecture and Interface for Dynamic Spectrum Access Networks
in White Space Frequency Bands

The NRM shall provide information on its dynamic spectrum assignment decisions to the entity inside the
packet-based network within the operator’s control responsible for generating spectrum assignment
policies.

The NRM shall make spectrum sharing decisions compliant with its spectrum assignment decisions and
with received spectrum assignment policies.

The CBSRM shall make spectrum sharing decisions compliant with received regulatory context
information and white space database information.

5.1.3.2 NRM radio resource selection policies

The NRM shall be able to generate NRM radio resource selection policies.

The NRM shall provide NRM radio resource selection policies to the TRM.

The NRM may have means to specify geo-location-based radio resource selection policies to TRM.

NRM should be able to send NRM radio resource selection policies to a specific set of TRMs in order to
avoid inefficient usage of radio resource.

Determination of such specific set of TRMs may be based on the following:
— TRMs of Terminals operating within given geo-localized area

— TRMs of Terminals operating in given frequency bands

— TRMs of Terminals operating within specific coverage area

The TRM shall make decisions on Terminal reconfiguration compliant with received NRM radio resource
selection policies.

If specified by NRM radio resource selection policies, TRM of geo-localization-capable Terminal shall
make decisions based on Terminal location.

The NRM shall generate NRM radio resource selection policies compliant with its spectrum assignment
decisions, its spectrum sharing decisions, and received spectrum assignment policies.

5.1.3.3 CBSRM radio resource selection policies
The CBSRM shall be able to generate CBSRM radio resource selection policies.

If NRM radio resource selection policies are received from NRM, CBSRM radio resource selection policies
shall be combined with the NRM radio resource selection policies.

The CBSRM shall provide CBSRM radio resource selection policies to the TRM.

The CBSRM should be able to send the CBSRM radio resource selection policies to a specific set of TRMs
in order to avoid inefficient usage of radio resource.

Determination of such specific set of TRMs may be based on the following:

— TRMs of Terminals operating within given geo-localized area

— TRMs of Terminals operating in given frequency bands
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— TRMs of Terminals operating within specific coverage area

The TRM shall make decisions on Terminal reconfiguration compliant with received CBSRM radio
resource selection policies.

If specified by CBSRM radio resource selection policies, TRM of geo-localization-capable Terminal shall
make decisions based on Terminal location.

If specified by CBSRM radio resource selection policies, TRM shall request information collection entity
inside terminal to request terminal to perform specific measurements according to specific timing.

If specified by CBSRM radio resource selection policies, TRM shall request context information collection
entity inside terminal to request terminal to implement silent periods.

The CBSRM shall generate CBSRM radio resource selection policies compliant with its spectrum sharing
decisions and received regulatory context information and white space database information.

5.1.3.4 Collaboration between reconfiguration managers
5.1.3.4.1 Collaboration between several NRMs
Several NRMs may collaborate in the process of radio resource usage optimization.

To support such collaboration, the NRMs may exchange spectrum assignment policies, RAN
reconfiguration decisions, and NRM radio resource selection policies.

The NRMs may exchange spectrum assignment policies, RAN reconfiguration decisions, and NRM radio
resource selection policies periodically and/or in response to request from each other and/or on event.

5.1.3.4.2 Collaboration between several CBSRMs
Several CBSRMs may collaborate in the process of radio resource usage optimization.

To support such collaboration, the CBSRMs may exchange CBS reconfiguration decisions and CBSRM
radio resource selection policies.

The CBSRMs may exchange CBS reconfiguration decisions and CBSRM radio resource selection policies
periodically and/or in response to request from each other and/or on event.

Several CBSRMs shall have capability to coordinate the silent periods of theirs CBSs and terminals.

Several CBSRMs shall have capability to coordinate WS frequency bands usage for self-coexistence inside
one secondary system and for coexistence between different secondary systems.

5.1.3.4.3 Collaboration between several TRMs
Several TRMs may collaborate in the process of radio resource usage optimization.

To support such collaboration, the TRMs may exchange NRM radio resource selection policies, CBSRM
radio resource selection policies, and terminal reconfiguration decisions.

The TRMs may exchange NRM radio resource selection policies, CBSRM radio resource selection
policies, and terminal reconfiguration decisions periodically and/or in response to request from each other
and/or on event.
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5.1.3.4.4 Collaboration between NRM and CBSRM

The NRM and the CBSRM may collaborate in the process of radio resource usage optimization.

The NRM and the CBSRM may exchange RAN reconfiguration decisions, NRM radio resource selection
policies, and RAN context information periodically and/or in response to request from each other and/or on

event.

To enable such collaboration, there shall be an entity on network side responsible for communication
between the NRM and the CBSRM.

The NRM may send RAN reconfiguration decisions to the CBSRM via such entity on network side.
5.1.4 Reconfiguration

5.1.4.1 RAN reconfiguration

There shall be an entity on network side responsible for RAN reconfiguration.

The NRM shall send RAN reconfiguration requests to the entity on network side responsible for RAN
reconfiguration.

Following received RAN reconfiguration requests, the entity on network side responsible for RAN
reconfiguration shall control reconfiguration of RANS.

The entity on network side responsible for RAN reconfiguration may be implemented in a distributed
manner.

5.1.4.2 CBS reconfiguration
There shall be an entity inside the CBS responsible for CBS reconfiguration.

The CBSRM shall send CBS reconfiguration requests to the entity inside the CBS responsible for CBS
reconfiguration.

Following received CBS reconfiguration requests, the entity inside the CBS responsible for CBS
reconfiguration shall control reconfiguration of CBS.

5.1.4.3 Terminal reconfiguration
There shall be an entity inside the Terminal responsible for terminal reconfiguration.

The TRM shall send terminal reconfiguration requests to the entity inside the Terminal responsible for
terminal reconfiguration.

Following received terminal reconfiguration requests, the entity inside the Terminal responsible for
terminal reconfiguration shall control reconfiguration of Terminal.

If a maximum time interval for terminal reconfiguration is specified by NRM radio resource selection
policies, reconfiguration of Terminal shall be performed within this time interval starting from the time
when these NRM radio resource selection policies are received.

If a maximum time interval for terminal reconfiguration is specified by CBSRM radio resource selection
policies, reconfiguration of Terminal shall be performed within this time interval starting from the time
when these CBSRM radio resource selection policies are received.
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5.2 Functional requirements

5.2.1 NRM functionality

Insert the 5.2.2 immediately after 5.2.1 as shown below:

5.2.2 CBSRM functionality

The CBSRM shall have capability to make dynamic spectrum sharing decisions.

The CBSRM shall have capability to request reconfiguration of its CBS corresponding to these dynamic
spectrum sharing decisions. Actions should be taken by the CBSRM in the case where reconfiguration is

not possible.

The CBSRM shall have capability to request such reconfiguration of its CBS that the CBS transmission
doesn't cause harmful interference to primary radio systems.

The CBSRM may have the capability to request reconfiguration of its CBS according to a reconfiguration
request received from a NRM.

The CBSRM shall have capability to generate the CBSRM radio resource selection policies.
There shall be no conflict in the CBSRM radio resource selection policies.

The CBSRM radio resource selection policies and the NRM radio resource selection policies shall be
combined, if the NRM radio resource selection policies are received from the NRM.

The CBSRM radio resource selection policies shall be defined in a way that they correspond to a targeted
group of Terminals (could be composed of any number of Terminals).

The targeted group of Terminals should be defined based on the needs of CWN radio resource usage
optimization objectives, Terminal location, and radio resource usage patterns of the Terminals.

The CBSRM radio resource selection policies shall guide TRMs in Terminals’ reconfiguration decisions.

The CBSRM may specify the CBSRM radio resource selection policies referring to specific geo-location-
based terminal measurements.

The CBSRM shall have capability to specify and control the time interval within which Terminal
reconfiguration shall be performed.

The TRM shall perform Terminal reconfiguration within this time interval.

The CBSRM shall have capability to control Terminal(s) spectrum sensing using CBSRM radio resource
selection policies.

The CBSRM shall have capability to request Terminal(s) to implement silent periods.

The CBSRM shall have capability to evaluate the efficiency of the current CBSRM radio resource selection
policies.

These evaluation results shall be made available to the CBSRM to assist in improving the efficiency of the
future CBSRM radio resource selection policies.

The CBSRM shall have capability to control its CBS spectrum sensing measurements.
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The CBSRM shall have capability to request its CBS to stop transmission for a specific time period (silent
period).

The CBSRM shall have capability to coordinate silent periods of its CBS with other CBSRMs.

The CBSRM shall have capability to receive, process, and store the following context information:

— RAN context information
—  CBS context information

—  Terminal context information

The CBSRM shall have the capability to use this context information for radio resource usage optimization
purposes.

Several CBSRMs may collaborate to guide cooperative and/or collaborative spectrum sensing.

The CBSRM may have the capability of forwarding requests for RAN context information coming from the
NRM to its context information collection entity.

The CBSRM functions should have capability to perform the following in cooperation with each other:

—  Make dynamic spectrum sharing decisions

— Request reconfiguration of the CBS

— Generate the CBSRM radio resource selection policies

— Evaluate the efficiency of the current CBSRM radio resource selection policies

—  Perform spectrum sensing management

The CBSRM should have capability to cooperate with the NRM for radio resource usage optimization
purposes.

The CBSRM should have capability to cooperate with the other CBSRM for radio resource usage
optimization purposes.

CBSRM shall register its CBS ID and location to WSM upon startup.

CBSRM shall send its CBS ID and CBS state (included in the CBS Context Information) to WSM when its
state changes.

CBSRM shall have the capability to query the WSM for getting the list of neighboring CBSs.
CBSRM shall have the capability to query the WSM for getting the state of a particular CBS.
The CBSRM shall have the capability to register its CBS to the white space database upon start-up.

The CBSRM shall have the capability to de-register its CBS from the white space database before
shutdown.

Renumber 5.2.2 TRM functionality and change text as follows:

5.2.3 5:2.2 TRM functionality
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The TRM shall have the capability to make dynamic spectrum sharing and distributed radio resource usage
optimization decisions, as well as, to support dynamic spectrum assignment decisions reeetved-frem of the
NRM.

The TRM shall have the capability to request reconfiguration of its Terminal corresponding to these
decisions. Actions should be taken by the TRM in cases where reconfiguration is not possible.

The TRM shall have capability to request such reconfiguration of its Terminal that the Terminal
transmission doesn't cause harmful interference to primary radio systems.

The TRM shall have capability to control its Terminal spectrum sensing measurements.

The TRM shall have capability to request its Terminal to implement silent periods.

The TRM shall have the capability to receive, process, and store the following context information:

— Terminal context information

—  CBS context information

—  RAN context information

The TRM shall have the capability to use this context information for radio resource usage optimization
purposes.

The TRM shall have the capability to select RANs for exchanging the NRM radio resource selection
policies and context information between the NRM and the TRM.

The TRM shall have the capability to maintain classification of WS frequency bands. The TRM should
distinguish protected, operating, and back-up WS frequency bands.

The TRM shall have the capability to send TRM classification of WS frequency bands to its CBSRM.

TRM functions should have the capability to perform the following in cooperation with each other:

—  Make dynamic spectrum sharing and distributed radio resource usage optimization decisions
— Request reconfiguration of its Terminal

—  Select RANSs for exchanging the NRM radio resource selection policies and context information
between the NRM and the TRM

—  Perform spectrum sensing management

—  Perform WS resource management

The TRM should have capability to cooperate with the other TRM for radio resource usage optimization
purposes.

The TRM may have the capability to register its terminal to the white space database upon start-up.

The TRM may have the capability to de-register its terminal from the white space database before
shutdown.
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Insert new subclause immediately after 5.2.3 as follows:
5.2.4 WSM functionality
WSM shall have capability to provide regulatory context information to CBSRM.
Regulatory context information may include the following:
— Frequency bands allowed for secondary usage

— Radio interfaces allowed in particular frequency bands

—  Primary user protection requirements in particular frequency bands
WSM shall have capability to enable communication between CBSRM and white space database.

The WSM shall have the capability to abstract the heterogeneity that may arise due to different WS
databases.

Communication between CBSRM and white space database includes the following:

— Providing CBS context information (CBS location and registration information) to white space
database

Communication between CBSRM and white space database may include the following:

— Providing white space database information (information on frequency bands currently available
for secondary usage) to CBSRM

— Providing terminal context information (Terminal location and registration information) to white
space database

With respect to communication between CBSRM and white space database, the WSM may have capability
to receive and process requests from CBSRM and to respond to these requests.

WSM shall have capability to enable context information exchange between NRM and CBSRM.

WSM shall record the statuses of the CBSs connected to it.

6. Architecture

6.1 System description

Replace figure (formerly known as Figure 2) with the renumbered Figure 4 as follows:
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RAN - radio access network RMC — RAN Measurement Collector
WS RAN — white space RAN TMC — Terminal Measurement Collector
CBS — Cognitive Base Station CBSMC — CBS Measurement Collector
OSM - Operator Spectrum Manager RRC — RAN Reconfiguration Controller

NRM — Network Reconfiguration Manager ~ TRC — Terminal Reconfiguration Controller
TRM — Terminal Reconfiguration Manager = CBSRC — CBS Reconfiguration Controller
CBSRM - CBS Reconfiguration Manager WSM — White Space Manager

Figure 4—System architecture
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