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Abstract: Technical guidelines are provided in this recommended practice for analyzing the
coexistence or, alternatively, the interference between radio systems, operating in the same
spectrum assignment or between different spectrum assignments.
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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 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. When a document is more than five years old and has not been
reaffirmed, it is reasonable to conclude that its contents, although still of some value, do not wholly reflect the present
state of the art. Users are cautioned to check to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the
advice of a competent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason,
IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an instant
response to interpretation requests except in those cases where the matter has previously received formal consideration.
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. Comments 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 1900.2-2008, IEEE Recommended Practice for the Analysis of In-
Band and Adjacent Band Interference and Coexistence Between Radio Systems.

Introduction to IEEE SCC 41 and the IEEE 1900 series of standards

This recommended practice was developed under the auspices of IEEE Standards Coordinating Committee
41 (Dynamic Spectrum Access Networks, or DySPAN) (formerly IEEE 1900 Standards Committee on
Next Generation Radio and Spectrum Management). SCC 41 (DySPAN) serves as a forum for the
exchange of information in the area of dynamic spectrum access networks and to act as a sponsor for
related standards projects. Taken together, current and future activities under the SCC 41 (DySPAN) will
provide standards and recommended practices for addressing the many facets and issues introduced by
DySPAN. Individual standards activities are designated as a series of p1900.x projects and include:

— Recommended practice for interference and coexistence analysis (this recommended practice)

— Recommended practice for dependability and conformance evaluation of regulatory compliance
for radio systems with dynamic spectrum access

— Standard architectural building blocks enabling distributed decision making for optimized radio
resource usage in heterogeneous wireless access networks

— Standard terms, definitions, and concepts for advanced radio spectrum management
— Other topics to be determined

Use and interpretation of this recommended practice (prepared by the IEEE P1900.2 Working Group) is
expected to be aided and facilitated by referring to the products of the other, complementary projects under
SCC 41 (DySPAN), as they are completed and published.

Introduction to IEEE Std 1900.2

Perhaps the critical question to be answered when analyzing interference is, at what point is there harmful
interference among radio systems coexisting in common spectrum assignments? As it is commonly used,
harmful interference is a broad concept, combining the physical facts of a situation with the economic
perspective and values of the stakeholders involved. This document seeks to bring greater understanding
and precision to the term and to apply more objective criteria to its assessment, particularly in a dynamic
and changing coexistence environment.” This recommended practice addresses several elements necessary
for making an analysis of the potential for harmful interference. It seeks, wherever possible, to require a
scientific and objective approach for an interference and coexistence analysis. It is hoped that by stating
and clarifying assumptions and by providing a normalized structure for engineering analysis that the
determination of the relative importance of the benefits and risks will be facilitated.

*The imprecise nature of the concept is best addressed by first determining the facts, differing assumptions that might be made, and
then allowing the relevant decision-making authority to make its decision within the range of credible conclusions. This standard
primarily serves to identify the agreed on facts and to propose thresholds and objective criteria for a specific scenario.

In the International Radio Regulations (see IRR, Appendix 5 [B18]), and relevant ITU-R recommendations, the terms “harmful,”
“permissible,” and “accepted interference” are defined, demonstrating the consensus of that body that levels of interference exist that
are acceptable under conditions of static spectrum assignment. (See the international radio regulations of the ITU-R 1.166,
ITU-R 1.167, ITU-R 1.168, and ITU R 1.169.) This standard is intended to extend to spectrum assignments that may change
dynamically, perhaps rapidly in time, depending on traffic or other local conditions, among a number of radio systems, coexisting in a
common spectrum assignment.
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Stated simply, an interference and coexistence analysis involves answering questions, such as:

—  Where am [?

—  Who else is around me?

— What do I have to worry about?

— What are my rights and responsibilities relative to others?
—  What can help us get along?

This recommended practice provides a structure and describes a method for analyzing the interference
between radio services under a variety of coexistence scenarios. Many variables to be used in this analysis
will be detailed. The annexes provide helpful supportive material and examples of analysis using this
document.

One reason for the analytical structure specified in this document is to provide an objective and uniform
framework for assessing and analyzing interference and coexistence. From this framework, an
understanding is gained of assumptions, dependencies, and relative importance of the variables of the
problem.

In the end, a thorough interference and coexistence analysis provides an invaluable support when
considering the acceptance of new technologies or systems that are to coexist in common, shared spectrum
assignments.

Having this understanding of the physical reality and the technical facts, economic analysis or even a
political formulation may be more effectively applied. To use the vernacular, you can figure out who pays
whom and how much to make life good. Companies can also anticipate customer satisfaction and warranty
costs for products that will be coexisting in dynamically assigned spectrum assignments.

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.

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
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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.icee.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/. 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/.

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 are reasonable or non-
discriminatory. Further information may be obtained from the IEEE Standards Association.

Participants

At the time this recommended practice was completed, the P1900.2 Working Group had the following

membership:
H. Stephen Berger, Chair
Kalle R. Kontson, Vice Chair
Alexe E. Leu, Secretary
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IEEE Recommended Practice for the
Analysis of In-Band and Adjacent Band
Interference and Coexistence Between
Radio Systems

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

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

1. Overview

1.1 Relationship to traditional spectrum management

The introduction to the 2005 edition of the ITU-R National Spectrum Management Handbook states:

Society’s increasing use of radio-based technologies, and the tremendous opportunities for social
development that these technologies provide, highlight the importance of radio-frequency
spectrum and national spectrum management processes. Technological progress has continually
opened doors to a variety of new spectrum applications that have spurred greater interest in, and
demand for, the limited spectrum resource. Increased demand requires that spectrum be used
efficiently and that effective spectrum management processes be implemented. In this framework,
modern data handling capabilities and engineering analysis are important to accommodate the
variety of potential users seeking access to the spectrum.

Radio communications is heavily used in a growing number of services such as national defense,
public safety, broadcasting, business and industrial communications, aeronautical and maritime
radio communications, navigation, and personal communications. Radio communication links, as
opposed to wireless telecommunications, are necessary in a dynamic or mobile environment,
where wire-line telecommunication may not be available, or where telecommunications have been
disrupted, such as in emergency or natural disaster situations. Radio communication systems may
operate from satellites or from terrestrial platforms.

If the spectrum is to be used efficiently, its use must be coordinated and regulated through both
national regulations and the Radio Regulations of the International Telecommunication Union

. Documents
Copyright © 2008 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 02:32:35 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1900.2-2008


http://standards.ieee.org/IPR/disclaimers.html
http://www.avadocuments.com/doc/ieee-1900-2-2008
http://www.avadocuments.com/doc/ieee-1900-2-2008

IEEE Std 1900.2-2008
IEEE Recommended Practice for the Analysis of In-Band and Adjacent Band Interference and Coexistence
Between Radio Systems

(ITU). The ability of each country to take full advantage of the spectrum resource depends heavily
on spectrum management activities that facilitate the implementation of radio systems and ensure

minimum interference. To this end, administrations should, as appropriate, make use of
computerized spectrum management systems.

The demand for spectrum continues to increase dramatically, and with it, the importance of efficient
spectrum management is increasing. Fixed, universal rules to coordinate spectrum are not efficient. The
most efficient spectrum allocation is not fixed to a single set of rules for all locations and situations nor is it
static over time. Optimally spectrum management would be adaptive to specific situations and variable to
the specific conditions at a given time and place. Dynamic and adaptive management of spectrum is now
possible. The development of computer science, radio engineering, and related disciplines has reached the
point where spectrum usage can now be controlled automatically by coexisting radio systems in real time.
This replaces the manual method in which human radio-frequency (RF) planners used static frequency
assignments.

1.2 Introduction to this recommended practice

Interference between systems occurs when operation of one system affects the performance of another
system." Two or more radio systems successfully coexist when the level of performance of all systems is
judged to be acceptable. There may be some interference, but it is generally judged to be within acceptable
limits.

Emerging technologies such as cognitive radio, ad hoc wireless networks, as well as dynamic and adaptive
systems complicate the interference and coexistence analysis. For example, if a network can reroute data so
loss of a particular link has no impact on end-to-end user performance, does loss of that link constitute
interference? If it is judged to be interference, does it constitute harmful interference? If so, what is the
appropriate remedy?

This recommended practice provides a structure for interference and coexistence analysis. The purpose of
providing such a structure is to guide the analyst in considering all relevant issues in a systematic way.
Furthermore, a uniform structure makes the comparison of different analyses easier. When different
analyses utilize a common structure and method of analysis the reasons for similarities or differences in
conclusions are more quickly identified. Thus, focus may be brought to the critical elements, where more
data or further analysis may either confirm results or aid in the understanding of differing conclusions.

1.3 Scope

1.3.1 Formal scope?

This recommended practice will provide technical guidelines for analyzing the potential for coexistence or
in contrast interference between radio systems operating in the same frequency band or between different
frequency bands.

1.3.2 Discussion of scope

This is a recommended practice for analyzing the interference and coexistence among radio systems. It
establishes a structured framework for analyzing interference and coexistence. It also establishes a
structured document format for presenting the analysis to others.

' Although the focus of this standard is interference and coexistence of radio systems, other kinds of systems utilize spectrum and are
dependent on spectrum for their operation. The analytical methods proposed in this standard may be used when analyzing scenarios,
including spectrum-dependent systems other than radio systems.

The formal scope is the scope approved in the Project Authorization Request for this project.
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This recommended practice does not establish interference criteria. It does not propose judgments on what
constitutes interference or on what constitutes harmful interference. It does, however, indicate a number of
effects and conditions that should be considered to provide a complete interference and coexistence
analysis.

Subclause 5.3 of this recommended practice outlines the report section and subsection® headings for a
report of a recommended analysis of interference and coexistence. This may be used as the framework for a
report complying with this recommended practice.

Annex D through Annex G provide sample analyses, in accordance with the structure and method of this
recommended practice.

1.4 Purpose

1.4.1 Formal purpose*

New concepts and technologies are rapidly emerging in the fields of spectrum management, policy-defined
radio, adaptive radio, and software-defined radio. A primary goal of these initiatives is to improve spectral
efficiency. This recommended practice will provide guidance for the analysis of coexistence and
interference between various radio services.

1.4.2 Discussion of purpose

By standardizing the framework and documentation structure for interference and coexistence analysis, this
recommended practice enables side-by-side comparisons of the analyses presented by various parties. It
thereby may streamline the process of determining whether interference and harmful interference have or
will occur. Furthermore, this document provides a framework within which differing analysis can be
understood, considered, and resolved.

In the case of any particular standardized radio systems that may coexist or interact with others
dynamically, it may be desirable to develop standard interference and coexistence criteria. The structured
framework described in this document should be used by the authors of such standards. However, this
recommended practice does not state or attempt to define any particular interference or coexistence criteria.

1.5 Rationale

A reader may ask why this recommended practice was created. This recommended practice has been
developed in response to the emergence of new radio technologies and changes in spectrum policy and
regulation. Changes in regulations have the potential to enable flexibility in services, radio access
technology, and spectrum assignments. Together these changes have the potential to significantly improve
spectral efficiency and communications performance through exploiting:

— Flexibility
— Dynamic, autonomous, and adaptive behavior
— Awareness, cognition, and intelligence

— Networking

*In this document, clause and subclause refer to portions of this document. Section and subsection refer to portions of an analysis
report, prepared in compliance with this recommended practice.
“The formal purpose is the purpose approved in the Project Authorization Request for this project.
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— Coexistence and sharing of radio resources

However, present spectrum management practices do not provide effective techniques for identifying
interference among these types of advanced radio devices or for managing their access to the radio
spectrum dynamically. This may create barriers to the introduction of these new radio technologies. At the
same time, premature standardization of fixed interference criteria could also stifle innovation, since the
sophisticated, complex behaviors of future environmentally aware and cooperative radio systems and
services will continue to develop over time.

The application of the techniques outlined in this recommended practice will facilitate the continuing
deployment of advanced radio technologies and thereby improvement in spectral efficiency and
communications system performance.

Questions of interference may arise regarding actual or proposed radio systems. Normally there is a two-
step process to understand and answer these questions. First, there is a technical debate to determine
whether interference has occurred or will occur. Second, there is a broader, more general debate over what
constitutes an acceptable level of interference, which includes issues such as regulatory history, public
policy, and economic tradeoffs. The second debate often seeks to determine whether the interference,
determined in the first debate, rises to the level of harmful interference or if system effects on coexisting
systems require corrective action.

The process can be highly contentious. In the technical debate over interference, it often emerges that the
differing conclusions of disputing parties derive from differing assumptions rather than from faulty
analysis. When controversy arises, analysts will typically differ in one or more of the following areas:

—  What scenarios and use cases should be assumed?
— What should be considered an interference event?
—  What constitutes harmful interference?

— Who owns the margin?’

When differing viewpoints are anticipated, the analyst should take care to treat these questions with
particular care. In the broader debate over whether interference is harmful, it often emerges that the
disputing parties have different and incompatible definitions of harm. Merely determining the points on
which the parties agree and disagree can require substantial investigation. Therefore, using a common
structure and clearly identifying assumptions greatly assists in guiding discussion to the critical issues.

A well-prepared analysis answers the following questions:
—  Why is this analysis being done?
— What are the questions being addressed?
— What need is being served?

If the possibility of significant misunderstanding exists about the scope of an analysis, the analysis report
should clearly define areas that are being considered and, also, those areas beyond its scope.

*Margin is used here generically to refer to any of a number of buffers that exist to allow some protection to the desired level of
operation. Various margins are maintained to allow products to vary, for example due to manufacturing variation, the influence of
temperature, or other environmental factors. Providing some margin or buffer is necessary, if a desired level of service or reliability is
to be provided, over a foreseeable but uncontrollable set of variables. Some examples of the types of margin that are discussed at
various places in this recommended practice are design margin, operating margin, interference margin, safety margin, system margin,
protection margin, fading margin, and reliability margin. Although each of these margins defines a different quantity, all of them serve
to allow variation to not unduly influence some desired requirement.
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2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments or corrigenda) applies.

ANSI C63.14-1998, American National Standard Dictionary for Electromagnetic Compatibility (EMC),
Electromagnetic Pulse (EMP), and Electrostatic Discharge (ESD) (Dictionary of EMC/EMP/ESD Terms
and Definitions).°

ITU-R Handbook on National Spectrum Management, 2005 edition.’

NIST Technical Note 1297, Guidelines for Evaluating and Expressing the Uncertainty of NIST
Measurement Results, Sept. 1994.°

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The glossary in Annex H and
The Authoritative Dictionary of IEEE Standards Terms [B12] should be referenced for terms not defined in
this clause.

3.1.1 adaptive radio: A type of radio in which communications systems have a means of monitoring their
own performance and a means of varying their own parameters by closed-loop action to improve their
performance.

3.1.2 co-channel: The condition that exists when one transmitter operates in the same channel as a second
transmitter.’

3.1.3 coexistence: The ability of two or more spectrum-dependent devices or networks to operate without
harmful interference.

3.1.4 cognitive radio/cognitive radio node: (A) A type of radio in which communication systems are
aware of their environment and internal state and can make decisions about their radio operating behavior
based on that information and predefined objectives. The environmental information may or may not
include location information related to communication systems. (B) Cognitive radio [as defined in (A)] that
uses software-defined radio, adaptive radio, and other technologies to automatically adjust its behavior or
operations to achieve desired objectives

3.1.5 cooperative (device or system): Devices or systems that can coordinate their use of spectrum.

SANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor,
New York, NY 10036, USA (http://www.ansi.org/).

" ITU-R publications are available from the International Telecommunications Union, Place des Nations, 1211 Geneva 20,
Switzerland (http:/www.itu.in/).

8 For information on how to purchase FCC and NIST publications, contact the Superintendent of Documents, US Government Printing
Office, Washington, DC 20402 USA.

°In frequency bands that do not have fixed channel allocations, a determination must be made as to how much overlap constitutes a co-
channel situation and alternately when two signals are operating in adjacent channels.
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3.1.6 dynamic spectrum management: A system of spectrum management that dynamically adapts the
use of spectrum in response to information about the use of that spectrum by its own nodes and other
spectrum-dependent systems.

3.1.7 electromagnetic compatibility: The condition that prevails when devices or networks perform their
individually designed function in a common electromagnetic environment without causing or suffering
unacceptable degradation due to electromagnetic interference to or from other equipment in the same
environment.

3.1.8 interference event: A circumstance in which a quantified threshold level of interference has been
exceeded. Interference events are specified in terms of the relevant variables for a specific scenario, e.g.,
time, frequency, amplitude, and performance metrics.

3.1.9 noncooperative (device or system): Devices or systems that operate independently of a source
device or system with regard to the use of spectrum.

3.1.10 recipient device: A device being analyzed as to its potential for receiving interference from a source
device or system.

NOTE—An analysis seeks to determine the level of impact on these devices. The protection need not be a legal
requirement but may arise from ethical or social concerns.

3.1.11 recipient system: A system being analyzed as to its potential for receiving interference from a
source device or system.

NOTE—An analysis of a recipient system will often study the potential for system impact and may build on an analysis
of the potential for interference to individual devices in the system.

3.1.12 software-controlled radio: A type of radio where some or all of the physical layer functions are
software controlled.

3.1.13 software-defined radio (SDR): (A) (Normative) A type of radio in which some or all of the
physical layer functions are software defined. (B) (Informative) U.S. Federal Communications Commission
Definition [1]: A radio that includes a transmitter in which the operating parameters of frequency range,
modulation type or maximum output power (either radiated or conducted), or the circumstances under
which the transmitter operates in accordance with Commission rules, can be altered by making a change in
software without making any changes to hardware components that affect the radio frequency emissions.
(C) (Informative) ITU-R Definition (including the notes) [2] [3]: A radio in which RF operating parameters
including but not limited to frequency range, modulation type, or output power can be set or altered by
software, and/or the technique by which this is achieved.

NOTE 1—Excludes changes to operating parameters that occur during the normal preinstalled and predetermined
operation of a radio according to a system specification or standard.

NOTE 2—SDR is an implementation technique applicable to many radio technologies and standards.
NOTE 3—Within the mobile service, SDR techniques are applicable to both transmitters and receivers.

3.1.14 source device: A device being analyzed as to its potential for interference to recipient devices or
systems.

NOTE—In some previous documents in the field, these devices were called secondary devices.

3.1.15 source system: A system being analyzed as to its potential for interference to recipient devices or
systems.
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NOTE—An analysis of a source system will often focus on the combinatorial effects of the source devices that
compose the system and will build on an analysis of the potential for interference from the individual source devices in

the system.

3.1.16 spectrum utilization: The spectral space denied to other potential users.

3.2 Acronyms and abbreviations

AM
ANSI
AREPS
ATSC
CDF
CDMA
CFR
C/
CW
dB

dB SPL
dBmO
DSA
DTV
DTX
E3
EMC
ETSI
f

FDD
FDP
GSM
HFA
iDEN
IEC
IEEE
ISO
JTC
LOS
MIMO
N
NADC
OLOS
OSI

P

PAR
PC
PCS
PEP
P-MP
Q
QAM
RBW
RF
RMS
RSE

amplitude modulation

American National Standards Institute
Advanced Refractive Effects Prediction System
Advanced Television Systems Committee
cumulative distribution function

code division multiple access

Code of Federal Regulations
carrier-to-interference

carrier wave

decibel

decibels referenced to a sound pressure level of 20 uPa
power level in dBm relative to zero transmission level point
dynamic spectrum access

digital television

discontinuous transmission

electromagnetic environmental effects
electromagnetic compatibility

European Telecommunications Standards Institute
frequency

frequency division duplex

fractional degradation of performance

Global System for Mobile

High-frequency average

Integrated Digital Enhanced Network
International Electrotechnical Commission
Institute of Electrical and Electronics Engineers
International Organization for Standardization
Joint Technical Committee

line of sight

multiple in multiple out

noise

North American Digital Cellular

obstructed line of sight

open systems interconnection

transmit power or forward power (Watts)
peak-to-average ratio

personal computer

personal communications services

peak envelope power

point to multipoint

quality factor

quadrature amplitude modulation

resolution bandwidth

radio frequency

root mean square

relative spectrum efficiency
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Rx receiver

SDR software-defined radio

S/N signal-to-noise ratio

SPE standard parabolic equation

SPL sound pressure level

SUE spectrum utilization efficiency

TDMA time division multiple access

TDD time division duplex

TV television

Tx transmitter

UARFCN UTRA absolute radio frequency channel
UKAS United Kingdom Accreditation Service
UMTS Universal Mobile Telecommunications System
UTRA Universal Terrestrial Radio Access
VoIP Voice over Internet Protocol

WAPE wide-angle parabolic equation

4. Key concepts

4.1 Interference and coexistence analysis

This document provides a method for performing an interference and coexistence analysis. An interference
analysis and coexistence analysis are complementary and related concepts.

An interference analysis starts with energy introduced by a source system and studies the effect of that
energy from the most basic physical layer through higher levels until the impact of that energy on recipient
systems is understood. A coexistence analysis starts at the system level, and studies the ability of a recipient
system to communicate or accomplish its intended useful effect in the presence of interference introduced
by a source system. A coexistence analysis is focused on system level performance issues, seeking a
comprehensive understanding of benefits and impacts of coexistence, including an understanding of
mitigations of interference and the user behavior.

The differing approach of an interference analysis, in contrast to a coexistence analysis, is useful in
assuring that a case is completely understood. Starting from the energy introduced by the source is most
helpful in identifying all the potential impacts. A focus on system performance and moving down toward
the impact of energy is often more helpful in giving a meaningful context to the impact of that energy.

4.2 Measurement event

A measurement event defines the basic quantities measured in order to analyze the interference or
coexistence. A measurement event is a single instance of a sample to be used to characterize the state of
interference. It is a data sample, measured or calculated, using a specified set of parameters. In some cases,
the measurement event may capture multiple variables or the same variable from multiple devices at the
same time and contain their values. Therefore, a measurement event may contain multiple values. The
measurement sample is selected to provide a context for interference events. A measurement event may be
as simple as the average power received from a source over an interval of time. However, no matter how
simple or complex, it must be well defined by radio system variables, such as the frequency bandwidth,
averaging time, or other system variables, such as a time period during which a specified quality of service
will be measured.
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4.3 Interference event

An interference event is a measurement event in which a source device or system has a quantifiable
performance effect on the recipient device or system or for the user of a recipient device or system. The
concept of an interference event is used in the analysis for determining the amount and severity of
interference. Interference events are therefore a subset of the measurement events. An interference event is
scenario dependent. Depending on the service, performance degradation can be manifested in many ways.
For example, as lower data throughput, lower voice quality, video distortions, decreased battery life,
increased incidence of blocked or dropped links, delay, reduced system capacity, reduced interference
margin, or reduced capability of the recipient system to adapt to new conditions or advance with new
technology. An individual interference event may not in itself be deemed harmful. The definition of when
interference events degrade performance to an unacceptable level is termed, harmful interference, and is
dealt with when defining the criteria for harmful interference for an analysis.

4.4 Harmful interference

Harmful interference is the level at which the analysis deems interference events have created unacceptable
interference. The level shall be defined in terms of interference events across time and/or users or systems
that cause an unacceptable degradation of the recipient system’s performance, in the judgment of the
analyst. This threshold will be used when determining whether harmful interference has occurred. The
analysis of a system may involve more than one threshold. The analysis shall state the reasons for selecting
the harmful interference criteria used in the analysis.

Determining when interference events become excessive is a difficult value judgment. It may be that
different analyses are in general agreement except for specific thresholds defined in the criteria. The
viewpoint of those connected with the recipient system often is different than those connected to the source
system. When this is the case and the differing analyses use the structure proposed in this recommended
practice, then the debate may be quickly focused on the critical points of difference. This facilitates the
comparison of analyses, understanding differences in conclusions and recommendations and, ultimately,
the decision-making process.

4.5 Physical and logical domains

Communication systems have often been described in terms of a physical layer and several higher layers.
This document refers instead to the physical domain and the logical domain. The physical domain covers
the transmission and reception of the radio signals, including power, antenna effects, noise, signal
modulation, coding, interference, sensitivity, intended and unintended emissions, and radio performance.
The logical domain covers all the behaviors of the higher OSI (Open Systems Interconnection) layers.'”
Examples of issues that may attract significant interest are medium access control, packetization,
retransmission, routing, scheduling, services, and system performance. System performance may include,
for example, capacity, blocking, power consumption, link/system reliability, quality of service, and excess
delay. The logical domain considers of other device and system behaviors that interact with the
communication system, such as battery management algorithms and location-dependent control algorithms.

Interference analyses have traditionally focused on the physical domain. Such studies consider how the RF
energy emitted by one system affects other systems. One major new aspect of interference and coexistence
analysis raised by the new radio technologies is whether to broaden the scope of the traditional physical
domain to also include the logical domain.

A canonical example of such a question was stated earlier in this introduction (see 1.2): [I/f a network can
reroute data so loss of a particular link has no impact on end-to-end user performance, does loss of that

"ISO/IEC 7498-1:1994 [B17].
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link constitute interference? In one view, no interference has occurred because no user experiences reduced
performance. In another view, the rerouting capacity of the network represents a designed-in safety margin
for tolerating a variety of effects such as link congestion and node mobility as well as against external
interference. This safety margin is part of the user’s expected performance. Degradation of that margin due
to operation of another radio system reduces the statistically expected performance of the network going
forward, and therefore, interference has occurred.

Such questions must be considered as part of an interference and coexistence analysis. However, these
questions must often be answered on a case-by-case basis. This recommended practice is designed to
permit physical and logical domain behaviors to be properly considered in analyzing an interference and
coexistence scenario. The structured framework described in this recommended practice should be applied
to both physical domain effects, to logical domain effects, or to both, considered together, as appropriate in
a particular situation.

5. Structure of analysis and report

5.1 Structure for analysis

An interference and coexistence analysis considers the effects of one radio system (the source device or
system) on the operation of one or more other radio systems (the recipient device or system).

The analytical framework adopted in this recommended practice consists of four cascaded, interdependent
steps: scenario definition, establishment of interference and coexistence criteria for the recipient system,
definition of variables or behaviors used in modeling, and the modeling, measurement or analysis itself.

Figure 1 depicts the analytical process and structure recommended by this recommended practice. The
structured approach depicted in the figure is recommended to serve as both a logical, step-by-step
procedure to be followed in conducting the analysis and an organization template for the documentation of
the entire analysis. Clause 5 through Clause 10 provide guidance on the performance and documentation of
each of these steps.

5.1.1 Scenario definition

The deployment, usage and architectures contemplated for the recipient and source systems are described in
the scenario definition step. For example, the recipient system may be a broadcast service, for which there
is a known, fixed transmitter configuration requiring protection of receive-only, independently-operated
nodes, distributed across wide geographical areas around the transmitter with little or no capability to
predict or measure precise receiver locations. The source may be a mobile ad-hoc network that has GPS to
provide location information for each node.
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. . eyn Clause 6
Scenario definition u

Cases for analysis

Clause 7

Criteria for interference

Measurement event

Interference event

Harmful interference

Measurement Interference event

event and
Variables and ha’"‘tfr“‘:;:;irlf:;ence
behaviors Clause 8
Modeling and
. Clause 9
analysis
Clause 10

Figure 1 —Overview of the interference and coexistence analysis process

5.1.2 Establishment of interference and coexistence criteria

Interference and coexistence criteria for the subject system are established and described in this step. The
goal is to provide realistic criteria for the defined scenario(s).

In some instances, purely physical domain, discrete criteria may be appropriate, such as the maximum
interference power in a single link. For the broadcast service example, as just described in 5.1.1, the
appropriate criteria may involve statistical analysis of a signal-to-interference ratio over a region. In other
instances, more subtle criteria invoking logical domain variables may be established. These criteria may
include effects such as dropped calls in a cellular network, reduced service quality, or reduction of overall
throughput in an ad hoc digital communications network.
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In this step, issues such as erosion of system margin or diminished system capacity are addressed. This
recommended practice provides standard definitions and a categorization of these logical domain effects to
assist in making clear and supportable arguments for what constitutes harmful interference.

5.1.3 Selection of relevant variables or behaviors

In this step, the variables or behaviors of the source or recipient systems that are relevant to the particular
scenarios and interference criteria are selected for use in the analysis, modeling, measurement, or testing of
the interference situation. The selected behaviors are defined precisely, such as by using pseudo-code or
other algorithmic representation, to fully represent the systems’ interactions and reactions to interference.

In many past analyses, purely physical domain variables have been considered in the models, simulations,
or calculations. Such analyses only consider such variables as transmitter power, location, and frequency,
as these are assumed to be the only key variables. Newer analyses, addressing new adaptive systems and
spectrum-sharing concepts, also consider the logical domain behaviors. These analyses may include such
issues as frequency abandonment algorithms, networked spectrum sensing information, or integration
protocols. These logical domain variables may be dominant in determining the behavior of the systems and
the coexistence outcome. For cases in which logical domain behavior is operating in either the source or the
recipient systems, such variables should be considered.

5.1.4 Modeling, analysis, measurement, and testing

In this step of the analysis, the effects of the source(s) on the recipient(s) is modeled, analyzed, measured,
or tested for appropriate ranges of the variables. From this analysis, a declaration is made based on the
established criteria regarding whether harmful interference has occurred or will occur.

5.2 Process flow—divergence, reduction, and convergence

The analysis process is initially characterized by divergence. A study question may have many possible use
cases. Each use case has multiple frequency relationships, and each frequency relationship potentially has
many system relationships. The range of choices introduced at each step leads to a combinatorial growth in
the number of cases.

Periodic reduction steps help bound the number of cases being advanced for treatment. A matrix reduction
step may be introduced at any stage of the analytical process. When the important cases for analysis can be
identified early in the process, this may allow several steps in the analysis to be combined. In other cases, it
is necessary to identify explicitly multiple cases and to perform some part of the analysis before the more
critical cases can be identified. It is critical that the important cases are identified, as there will typically be
too many possibilities for an analysis to deal with all possible cases. An exhaustive analysis would require
an extraordinary effort to accomplish.

At the end of an analysis, the cases are converged to a summary and conclusion of the findings. The
convergence may be done in several steps or in a single, final step at the end of the analysis.
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Definition
Interference .. Interference .. “Interference
Criteria Criteria Criteria

Variable .. Variable .. Variable
Selection Selection Selection

Matrix reduction }
v
[ Modeling, simulation and analysis j

Figure 2 —An interference and coexistence analysis initially is characterized by
successive stages of divergences with recursive reduction steps and concludes
with converging and summarizing the findings.

Figure 2 illustrates an initial divergent characteristic of an interference and coexistence analysis followed
by recursive reduction steps and concluding with convergence to a summary and conclusion.

All analyses begin with a study question. Many study questions might be applied in multiple scenarios, and
so there is a divergence at this first step in the process. Each scenario or use model has multiple frequency
relationships (e.g., in-band, low-frequency adjacent band, or high-frequency adjacent band). Each
frequency relationship may have many system relationships. For example, many different types of
incumbent systems may be currently operating in the proposed frequency band or in each adjacent band. It
will be common to have a great many potential cases for analysis at the end of the scenario definition
process. Matrix reduction steps during or at the end of this phase of the analysis will be a common
occurrence to reduce the number of cases to a manageable level.

Looking further it will become clear that each system relationship may have multiple types of interference
(e.g., audio interference, operational interruption, reduction of operating margin, and increased latency or
jitter). Each type of analysis may be analyzed on more than one level (e.g., user perceptible interference,
increased bit errors, carrier to interference ratio, and quality of service).

A full treatment of all possibilities will seldom be possible. Therefore, the matrix of possible cases may be
reduced to a manageable number of critical cases for detailed analysis. The cases for detailed analysis are
selected using some guiding logical process. In some cases, the defining or “corner cases” are selected,
where it can be argued that when these are understood, all other cases are also understood. In other
situations, the most critical cases may be selected, with the argument that other cases are of relatively minor
concern. Other selection logic may be used but should be clearly stated and defensible if challenged.
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At the end of the process, the findings are converged, sometimes in multiple steps, until a single summary
and conclusion(s) can be proposed.

5.3 Report structure

5.3.1 Quick reference guide

Table 1 provides a “quick reference” of the report structure for an analysis, in tabular form. It was
developed as a tool to assist analysts as they prepare their reports, following this recommended practice. A
complete discussion of what should be contained in each section of the report is provided in the main body
of this recommended practice.

NOTE—In this recommended practice, clause and subclause are used to refer to this document, whereas section and
subsection are used to refer to portions of the report of an analysis developed following this recommended practice.

5.3.2 Introductory material

An executive summary section should be placed as the first section or near the first section of a report. The
executive summary should provide a brief summary of the problem and the findings of the analysis. It
should give the reader an understanding of the scope and purpose of the analysis performed, the major
assumptions and decisions, the analysis, measurements or modeling performed, and a summary of the
findings.

After the executive summary should be a section on findings, providing a top-level summary of findings.
This provides a presentation of the core outcome(s) of the analysis. The full details and supporting data are
placed in the body and the closing summary section of the analysis.

6. Scenario definition

6.1 General

This recommended practice recommends that an interference and coexistence analysis begin by describing
its context. Why is this analysis being performed? What is being proposed that needs analysis? What are
the underlying assumptions? What are the assumptions and focus areas being analyzed? By answering
these and similar questions in the early part of an analysis, other analysts and the readers may quickly
understand both what will be done and if the analysis addresses their issues of interest.

As depicted in Figure 3, the scenario definition, which described in this clause, delivers one or more, at
times many, cases for analysis. Each case will look at the potential for interference from the source
device(s) or system(s) in the proposal in a specific recipient situation. Each case for analysis is then
delivered to succeeding steps in the analysis for determination of interference event(s), harmful interference
criteria, variable identification, and finally modeling and analysis.
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Table 1—Structure of an interference and coexistence analysis report

Report section Clause Description
L Executive summary 532 Give a short overview of the analysis.
11. Findings 532 What is the conclusion of the analysis?
111. Scenario definition 6
A.  Study question E‘ What is the question or proposal being analyzed?

B. Benefits and impacts of
proposal

| EI

What are the benefits and impacts of this proposal?

C. Scenario(s) and usage model

o)
N

Where and how might this proposal be applied?

1. Frequency relationships

a
ENIE
—

What is the frequency context being considered?

2. Usage model

=)
:l;
[\S)

In what ways will the subject being studied be used?

3. Characteristics of usage model

I
~
%)

What are the characteristics of the usage model(s)?

a. Spatial and power
characteristics

How closely will devices be used in relationship to each
other? What transmit power is allowed? What are the
characteristics of the transmission waveform?

b. Temporal characteristics

How frequently will each device transmit? When
transmitting, how long does it transmit? Is the
transmission governed by a fixed frame period?

¢. Frequency characteristics

What frequency band and bandwidth will be used?

d. Other orthogonal variables

M o o
R | W H H
NS o

Are there other variables that will separate transmissions,
like coding, MIMO, or antenna polarization?

4. System relationships

6.4.4

a. Systems considered

%
S
>
—

What systems share the same band? What systems operate
in adjacent bands? What other equipment might be
affected by the transmission?

b. Protection distance

%
>
»
)

What protection distance is required or assumed for this
analysis?

Geographic area for analysis

R
he
R
)

What geographic area is being analyzed?

Impact of interference

If there is interference, what are the consequences?

Interference mitigation

il

If there is interference, what can be done about it?

=lelale

Baseline

N
hY
N
N

What interference already exists?

D. Case(s) for analysis

What specific case will be moved forward for further
analysis?

1V. Criteria for interference

A. Interference characteristics

What are the characteristics of the interference? What
kind of interference is of concern?

1. TImpacted level

N

At what level will the interference be measured, C/I, bit
errors, user perception?

B. Measurement event

~J
~J R ~ N
E |._ E=NE

What parameters will define a measurement event?

C. Interference event 7.4 When does a measurement event become an interference
event?
D. Harmful interference criteria 7.5 At what point do interference events become harmful

interference?

V. Variables

VI Analysis: modeling, simulation,
measurement and testing

Perform the modeling, simulation, or analysis.

A.  Selection of the analysis
approach

ER=B

Provide an explanation for the approach selected.
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B. Matrix reduction 9.3 | Which cases need to be modeled, simulated, or analyzed?
C. Performing the analysis [9.4] This subsection contains the models, simulations, or

description of the analysis applied, including models,
simulations measurements, or testing for the cases
selected.

D. Quantification of benefits and Quantify the benefits and interference.

interference

E.  Analysis of mitigation options What are the mitigation options?

F.  Analysis uncertainty What is the uncertainty of the analysis?

What is the conclusion of this analysis? Present the
findings and summarize the results.

VIIL Conclusion and summary

_.
e
e

Summarize the benefits and impacts.

A.  Benefits and impacts

._.
S
o

B. Summation Summarize the analysis.

6.2 Study question

The process starts with a clear statement of the question to be studied. This study question will often be in
the form of a proposal. What new system, regulation, or operating policy is being proposed for analysis?

6.3 Benefits and impacts of proposal
If the analysis is being done to explore a proposed innovation, regulation, policy,'' or new technology, a
description of the anticipated benefits and impacts should be placed in this section of the report.

A description of the anticipated benefits and impacts from the innovation, regulation, policy, or technology
under study should be included in this section of the report. The anticipated benefits and impacts may affect
many different parties and affect them in different ways. The parties benefited and the parties impacted
should be identified. This discussion is particularly important when the parties benefiting are different from
those that are impacted.

The description in this subsection should summarize the more detailed discussion of the benefit and
interference impact developed in 10.1. This report section should make as explicit as possible the tradeoff
between benefits and impacts and provide the analyst the opportunity to state their assessment of the value
and cost of the proposal.

6.4 Scenario(s) and usage model

The scenario(s) being analyzed are described in this report section. A scenario description shall include a
description of the source device(s) and system(s); the recipient device(s) and system(s); how they will be
used; as well as the system users and the environment in which they will operate. The usage model should
be described in a general way. This description may address, for example, questions such as follows: Does
the scenario assume a home, office, public, or industrial environment? What kinds of equipment are most
commonly used together in the scenario being addressed? What services will be provided, e.g., voice
communications, entertainment, personal communications, data, or mission critical or life critical real-time
data? Characteristics of the services such as reliability, range, delay, and interaction with other services or
networks should also be described.

Each scenario will contain one or more usage models. A well-prepared usage model answers at least the
following questions:

" In this document, the term “policy” is used generally to mean a radio policy for use in a policy-defined radio. Other uses of the term
“policy,” such as “policy makers,” are clear by their context. See IEEE Std 1900.1-2008 [B15] for a specific definition of this use of
policy.
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— What frequency bands are involved?

— What kind of use environment is being considered, e.g., home, office, industrial, or hospital?
— What device population and population density is anticipated?

— How will these devices be used?

— What is the distribution of the systems’ transmitters and receivers?

The answers to these questions will allow the analyst to identify the important variables necessary for the
analysis.

Scenario Definition

Define Study Question

Benefits/Impacts of Proposal

Frequency Frequency Frequency
Relationships Relationships Relationships

Baseline

Mitigation Mitigation
Options Options

Select Cases Selected for Analysis

Continue with Analysis

Figure 3 —Process diagram of the scenario definition clause

The scenario provides the understanding from which the technical variables of the analysis are derived.
Once the analyst has defined the scenario, it is possible to identify the radio services involved, their
characteristics, and the potential interactions. The scenario definition sets the stage for the following steps
of the analysis:
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— Defining the interference criteria
— Identifying variables and behaviors

— Performing the modeling and analysis

6.4.1 Frequency relationships

The following frequency regions, depicted in [Figure 4} should be considered for each analysis:

— Co-channel

— Adjacent channel (directly adjacent channels)

— In-band, nonadjacent channels (noncontiguous, in-band channels)
— Band edge (near-band edge and out-of-band)

— Out-of-band (far out-of-band)

Types of
Interference
Out of
In Band Band
[
Adjacent Non-Adjacent Far
Co-channel Channels Channels Band Edge Out-of-Band

Figure 4 —Frequency relationships

The analysis should quantitatively specify the frequency boundaries defining each region. For each
frequency region, a review is necessary of the types of systems operating in that region. In 6.4.4, the
various types of equipment operating in each frequency region and their characteristics, which are relevant
to the question being studied, should be identified.

6.4.2 Usage model

This subsection of the report defines what usage models are to be considered in the analysis. When
beginning an analysis, a great many usage models can be envisioned. Typically, after some consideration, a
few usage models are found to be sufficient to define the question being studied. These defining models
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may be the most significant or difficult or they may define the boundary for the analysis. The configuration
and operation of both the source and recipient systems should be explicitly defined.

If there are usage models that are worse than those selected for study, the analysis will describe why those
are rejected. Some possible reasons for rejecting a use model or an entire scenario may be that it occurs too
infrequently, it is beyond the purpose of a particular analysis for other reasons, or the consequences of
interference are of less practical significance than the cases selected.

The material provided in this subsection of the report provides the foundation for the interference event
determination in 7.4.

6.4.3 Characteristics of usage model

After explaining in 6.4.2 how users will use the system, the technical characteristics of that usage model
should be identified. This sub-section of the report states how the use model interacts with the technology
being considered.

Both the source and recipient system characteristics should be explicitly defined.

NOTE—A technology likely to be used in implementing DySPAN is software-defined radio (SDR) technology. SDRs
are reconfigurable, which means many parameters documented in the analysis could be subject to change in the field,
either inadvertently or by hackers. Describing the reconfiguration controls and security measures used to protect the
devices and networks using them will be very important for a full treatment and understanding of a scenario, but SDR
security is beyond the scope of this document.

6.4.3.1 Spatial and power characteristics
This subsection shall contain a description of the following characteristics:

— Spatial distribution of transmitters and receivers
— Mobility of devices
— Transmission power and power control
1) Power limits
2) Dynamic power control (as applicable)
— Directionality of antenna and control of directionality
— System range and coverage
— Operating margins expected or used in system planning

In cases where an adaptive user will coexist with a recipient device or system, the variables that allow for
spatial reuse of spectrum are very important. For example, in a situation where the recipient device or
system transmits on a relatively static basis, such as a broadcast service, the dynamic user is required to
operate with the spatial and power limits required by the recipient device or system’s transmission and
reception characteristics and spatial distribution.

Both the source and recipient system spatial characteristics should be explicitly defined.
6.4.3.2 Temporal characteristics

This subsection of the report shall contain a description of the following characteristics:

— Transmitter and receiver temporal characteristics (continuous, packetized, time division, carrier
sensed) and temporal distributions
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— Acquisition and abandonment time of dynamic systems (if applicable)
— TDMA parameters (if applicable)

— Time division or frequency division duplexing (if applicable)

— Timescale of cooperation

— Time-dependent traffic parameters.

Source and recipient devices may have distinct traffic characteristics over time. The source may have peak
traffic usage at a period of the day when the recipient is generally off or operating below capacity. When an
adaptive user will be operating with a recipient device or system that transmits periodically rather than
continuously, the opportunity may exist for frequency channels to be used during quiet periods between the
recipient device’s or the system’s transmission. In such a situation, the temporal characteristics of the
recipient device or the system’s transmission, and the expectation of the receivers during non-transmission
intervals, becomes significant. The time required to detect a recipient device’s or a system’s signal and to
abandon the channel is a major concern. In addition, source system transmissions during intervals expected
to be quiet by the recipient receiver may decrease the recipient battery life due to processing of the
unexpected signals. The source transmissions also may block a recipient from receiving signals from other
transmitters or block the recipient from replying to a signal due to unexpected channel occupancy.

Sources and recipients may cooperate to avoid interference over very different timescales. Longer
timescales allow manual frequency and siting coordination. Shorter timescales may allow coordination
through automated sense and avoid techniques. In some cases, it may be possible to interleave
transmissions on an ongoing basis. When this occurs, multiple systems can operate in an ongoing fashion,
separated by the temporal characteristics of their transmission.

Both the source and recipient system temporal characteristics should be explicitly defined.

6.4.3.3 Frequency characteristics
This subsection of the report shall contain a description of the following characteristics:

— Channel plans

— Regulatory frequency limits

— Spurious and out-of-band emissions

— Intended frequency range of operation

— Device frequency capability or possible frequency range of operation
— Other frequency characteristics

Both the source and recipient system frequency characteristics should be explicitly defined.

6.4.3.4 Other orthogonal variables

This subsection of the report shall contain a description of other relevant orthogonal variables that may
affect coexistence:

— Polarization
— MIMO
— CDMA techniques

— Diversity
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