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Introduction

(This introduction is not a part of IEEE 802.16.2/D2-2001, Recommended Practice for Coexistence of Fixed
Broadband Wireless Access (BWA) Systems.)

This Recommended Practice provides guidelines for minimizing interference in fixed broadband wireless
access systems. Pertinent coexistence issues are addressed. , and rRecommended engineering practices pro-
vide guidance for system design, deployment, coordination and frequency usage. This document covers fre-
quencies of 10–66 GHz frequencies in general, but it is focused on 23.5–43.5 GHz. If followed by
manufacturers and operators, it should allow a wide range of equipment to coexist in a shared environment
with acceptable mutual interference.

Other non-IEEE standards committees and regulatory bodies have done similar studies and developed guide-
lines or rules. In Annex D, work from some of these bodies has been summarized.

This document was developed by the IEEE 802.16 Working Group on Broadband Wireless Access, which
is responsible for Wireless Metropolitan Area Network (WirelessMAN™) Standards and Recommended
Practices. Primary development was carried out by the Working Group’s Task Group 2. When the draft of
this standard passed Working Group Letter Ballot and Sponsor Ballot, Task Group 2 was Chaired by Philip
Whitehead. J. Leland Langston was the original Task Group 2 Chair, from May 1999 until July 2000. Sub-
sequently, Andy McGregor served in that capacity until November 2000.

Muya Wachira served as Technical Editor of the draft that passed Working Group Letter Ballot, and Paul
Beastall served as Technical Editor through Sponsor Ballot. Earlier, Vito Scaringi served as Technical Editor,
bringing the document to its first Working Group Letter ballot. Yet earlier, Rebecca Chan served as Technical
Editor. Much of the editorial work was completed by an editorial committee including Rémi Chayer, Jack Gar-
rison, Barry Lewis, Paul Thompson, Philip Whitehead, and Robert Whiting.

At the time the draft of this standard passed Working Group Letter bBallot, the IEEE 802.16 Working Group
on Broadband Wireless Access had the following Officers:

Roger B. Marks, Chair, Broadband Wireless Access Group
Brian G. Kiernan, Vice Chair

J. Scott MarinCarl J. Bushue, Secretary

Louis Olsen served as Vice Chair during the initial development of this document, until September 2000.

At the time the draft of this standard passed Working Group Letter ballot, the IEEE 802.16 Working Group
on broadband Wireless Access had the following members

:The following members of the IEEE 802.16 Working Group on Broadband Wireless Access participated in
the Working Group Letter Ballot in which the draft of this standard was approved:
Copyright © 2001 IEEE. All rights reserved. iii
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<list of members TBD>

The following members of the balloting committee voted on this standard:

When the IEEE-SA Standards Board approved this standard on DD MMM 2001, it had the following
membership:

Donald N. Heirman, Chair
James T. Carlo, Vice Chair
Judith Gorman, Secretary

Song An
Reza Arefi
Jori Arrakoski
Arun V. Arunachalam
Eli Avivi
Ian Baragar
C. R. Baugh
Carlos Belfiore
Anader Benyamin-Seeyar
Tom Bilotta
Baruch Buskila
Dean Chang
Naftali Chayat
Rémi Chayer
Mary Condie
José Costa
Bruce Currivan
Amos Dotan
Brian Eidson
Carl Eklund
David Falconer
George Fishel
Adrian Florea
Robert Foster
Avraham Freedman
G. Jack Garrison
Richard Germon
Phil Guillemette

Zion Hadad
Baruch Halachmi
Michael Hamilton
Srinath Hosur
Coleman Hum
Wayne Hunter
Eric Jacobsen
Hamadi Jamali
Jacob Jorgensen
Inchul Kang
Mika Kasslin
Brian Kiernan
Itzik Kitroser
Allan Klein
Jay Klein
Tom Kolze
Demosthenes Kostas
John Langley
Yigal Leiba
Barry Lewis
John Liebetreu
Lars Lindh
Fred Lucas
Scott Marin
Roger Marks
Andy McGregor
Ronald Meyer
Andrew Middleton

Anton Monk
William Myers
Uzi Padan
Yunsang Park
Brian Petry
Brian Petry
Moshe Ran
Stanley Reible
Guy Resheff
David Ribner
Eugene Robinson
Walt Roehr
Durga Satapathy
Glen Sater
Vito Scaringi
David Schafer
Menashe Shahar
Chet Shirali
George Stamatelos
Ken Stanwood
Paul Thompson
David Trinkwon
Nico van Waes
Muya Wachira
Philip Whitehead
Chaoming Zeng
Juan-Carlos Zuniga

Jim Carlo
Jose M. Costa
Guru Dutt Dhingra
Thomas Dineen
Mary DuVal
Vern Dubendorf
Richard Eckard
John Eng
Avraham Freedman
Simon Harrison

Vic Hayes
Robert Heile
Charles Jackson
Hamadi Jamali
Brian Kiernan
Gregory Luri
James Scott Marin
Roger Marks
Peter Martini
Andy McGregor

Roderick McMullin
Robert O'Hara
Roger Pandanda
Ken Peirce
Walt Roehr
Jon Rosdahl
Jaideep Roy
John Viaplana
Don Wright
Oren Yuen

Chuck Adams
Mark D. Bowman
Clyde R. Camp
Richard DeBlasio
Harold E. Epstein
H. Landis Floyd
Jay Forster*
Howard M. Frazier

James H. Gurney
Raymond Hapeman
Richard J. Holleman
Richard H. Hulett
Lowell G. Johnson
Joseph L. Koepfinger*
Peter H. Lips

Paul J. Menchini
Daleep C. Mohla
Robert F. Munzner
Ronald C. Petersen
Malcolm V. Thaden
Geoffrey O. Thompson
Akio Tojo
Howard L. Wolfman
iv
 Copyri
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*Member Emeritus

Also included is the following nonvoting IEEE-SA Standards Board liaisons:

Satish K. Aggarwal, NRC Representative
Alan H. Cookson, NIST Representative
Donald R. Volzka, TAB Representative

                                                        Jennifer McClain Longman
IEEE Standards Project Editor
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Recommended Practice for 
Coexistence of Fixed Broadband 
Wireless Access Systems

1. Overview

This document provides recommended practice for the design and coordinated deployment of fixed Broad-
band Wireless Access (BWA) systems to control interference and promote coexistence. This Recommended
Practice is divided into 9 nine sections clauses. Subclause 1.1 provides the scope of the RPecommended
Practice. SectionClause 2 lists references to other standards that are useful in applying this Recommended
Practice. SectionClause 3 provides definitions and acronyms abbreviations that are either not found in other
standards, or have been modified for use with this Recommended Practice. SectionClause 4 provides a sum-
mary of fixed BWA coexistence Practice recommendations and guidelines. SectionClause 5 provides an
overview of fixed BWA systems including system architecture and medium overview. SectionClause 6 deals
with equipment design parameters, including radiated power, spectral masks and antenna patterns, and
includinges limits for both in-band and out-of-band fixed BWA system emissions through parameters
including radiated power, spectral masks and antenna patterns. Also included in SectionClause 6 are recom-
mended tolerance levels for certain receiver parameters, including noise floor degradation and blocking per-
formance, for interference received from other fixed BWA systems as well as from other systems.
SectionClause 7 provides the methodology to be used in the deployment and coordination of fixed BWA sys-
tems, including band plans, separation distances, and power spectral flux density limits to facilitate coordi-
nation and to enable successful deployment of fixed BWA systems with tolerable interference.
SectionClause 8 consists of interference and propagation evaluation/ examples of coexistence in a point-to-
multipoint (PMP) environment, indicating some of the models, simulations and analysies used in the prepa-
ration of this Recommended Practice. SectionClause 9 describes some of the mitigation techniques that
could be employed in case of co-channel interference between systems operating in adjacent areas, as well
as, or in case of undesired signals caused by natural phenomena and other unintentional sources.

1.1 Scope

The intent of this document is to define a set of consistent design and deployment recommendations, which
that promote coexistence for fixed BWA systems. The recommendations have been developed and substanti-
ated by analyseis and simulations specific to the deployment and propagation environment appropriate to
terrestrial fixed BWA inter-system interference experienced between operators licensed for fixed BWA.
These recommendations, if followed by manufacturers and operators, will facilitate a wide range of equip-
ment to coexist in a shared environment with acceptable mutual interference. 

IEEE Draft
Local and Metropolitan Area Networks–
Copyright © 2001 IEEE. All rights reserved. 1
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The scope of this Recommended Practice includes the examination of interference between systems deployed
across geographic boundaries in the same frequency blocks and systems deployed in the same geographic area
in adjacent frequency blocks. This document emphasizes coexistence practices for pPoint-to-mMultipoint sys-
tems. This Recommended Practice does not cover coexistence issues due to intra-system frequency re-use
within the operator’s authorized band, and it does not consider the impact of interference created by fixed BWA
systems on non-BWA terrestrial and satellite systems.

In the event that local and/or ITU international rRadio rRegulations have more stringent requirements than
the recommendations contained within this document, then those “local regulations” take precedence.

This document was developed using input from IEEE 802.16 and several other sources.  It is intended to be
generally applicable to a wide range of fixed broadband wireless systems. 

2. Normative References

This Recommended Practice shall be used in conjunction with the following:  

IEEE 802.16.1, Telecommunications and Information Exchange Between Systems - LAN/MAN Specific
Requirements - Local and Metropolitan Area Networks - Part 16: Standard Air Interface for Fixed Broad-
band Wireless Access Systems.

3. Definitions and acronymsabbreviations

For the purposes of this Recommended Practice, the following terms and definitions apply. The
Authoritative Dictionary of IEEE Standards Terms should be referenced for terms not defined in this clause.

Other standards documents ([e.g., [B1]BX])1 employ comparable definitions and acronymsabbreviations to
those that follow. However, while comparable, they are not identical differ in a number of cases.

3.1 Definitions

3.1.1 authorized band: The range of frequencies over which an operatory band, which a license holder is
permitted to operate its radio transmitters and receivers.

3.1.2 automatic transmit power control (ATPC): A technique used in BWA systems to adaptively adjust
the transmit power of a transmitter to maintain the received signal level within some desired range.

3.1.3 base station (BS): A generalized equipment set providing connectivity, management, and control of
the subscriber station.

3.1.4 broadband: Having instantaneous bandwidths greater than around 1  MHz and supporting data rates
greater than about 1.5 Mbit/s.

3.1.5 broadband wireless access (BWA): The delivery of broadband service between a BS and an SS using
wireless technology. Broadband wireless access usually has connection capabilities higher than the Primary
Rate.

1The numbers in brackets correspond to those of the bibliography in Annex G.
2 Copyright © 2001 IEEE. All rights reserved.
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3.1.6 cross-polar discrimination (XPD): The XPD of an antenna for a given direction is the difference in
dB between the peak co-polarized gain of the antenna and the cross-polarized gain of the antenna in the
given direction.

3.1.7 digital modulation: Digital modulation is the process of varying one or more parameters of a carrier
wave (e.g., frequency, phase, amplitude or combinations thereof) as a function of two or more finite and dis-
crete states of a signal.

3.1.8 downlink: A flow of information that exists in the downstream.The direction from a base station to the
subscriber station

3.1.9 downstream: The direction from a base station to the subscriber station.

3.1.10 DS-3: A North American Common Carrier Multiplex level in a TDM system having a line rate of
44.736 Mbit/s.

3.1.11 fixed wireless access: Wireless access application in which the location of the SS end-user termina-
tion and the BS network access point to be connected to the end user are fixed in location.

3.1.12 frequency block: A portion of radio spectrum assigned to an operator.  A frequency block would nor-
mally be considerably larger than any individual radio channel. This term is usually considered to be synon-
ymous with authorized band.

3.1.13 frequency division duplex (FDD): A duplex scheme where transmission occurs simultaneously on
in which the uplink and downlink path using transmissions use different frequencies but are typically simul-
taneous.

3.1.14 Frequency Range 1: For purposes of this document, Frequency Range 1 refers to 10 to 23.5 GHz.

3.1.15 Frequency Range 2: For purposes of this document, Frequency Range 2 refers to 23.5 to 43.5 GHz.

3.1.16 Frequency Range 3: For purposes of this document, Frequency Range 3 refers to 43.5 to 66 GHz.

3.1.17 frequency re-use: A technique for employing a set of frequencies in multiple, closely-spaced times
within cells/ and/or sectors in close proximity for the purpose of increasing network traffic capacity.

3.1.18 frequency slot: The smallest element of a frequency band plan that can be aggregated to form a block
assignment.

3.1.19 harmonized transmissions: This is when two The use, by multiple operators, of use a compatible
frequency bandplan (FDD) or time slot structure (TDD) such transmission plan so that the base stations from
two different operators can share an antenna site, so as to and minimize interference. For FDD systems, this
implies that each operator’s base station transmits in adjacent different the same frequency sub-blocks (typi-
cally on a different channel) and that their terminals transmit in the corresponding paired sub-blocks. For
TDD systems, harmonization implies frame, slot, and uplink/downlink direction synchronization.

3.1.20 inter-cell link (ICL): Inter-cell links may use wireless, fiber, or copper facilities to interconnect two
or more BS units, typically using wireless, fiber, or copper facilities.

3.1.21 mesh: A wireless network topology, known also as multipoint-to-multipoint, in which a number of
subscriber stations within a geographic area are interconnected and can act as repeater stations., in a manner
that This allows a variety of routes between the core network and any subscriber station. There are no Mesh
systems do not have base stations in the conventional point-to-multipoint sense.
Copyright © 2001 IEEE. All rights reserved. 3
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3.1.22 multi-carrier system: A system usingThe use of two or more carriers to provide service from a sin-
gle transmitter.

3.1.23 multipoint (MP): A generic term for point-to-multipoint and multipoint-to-multipoint and varia-
tions/or hybrids of these. Multipoint is a wireless topology where in which a system provides service to mul-
tiple, geographically distributed, subscriber stations located within the coverage area and the subscriber
stations are in geographically different locations with respect to each other. The sharing of resources may
occur in the time domain, frequency domain, or both.

3.1.24 multipoint-to-multipoint (MP-MP): See meshMESH.

3.1.25 OC-3: One hierarchical level in the Synchronous Optical Network (SONET) transmission standard.
The line rate for this level is 155.52 Mbit/s.  

3.1.26 occupied bandwidth (Bo): For a single carrier, it Bo is the width of a frequency band such that,
below its lower and above its upper frequency limits, the mean powers radiated are each equal to 0.5% of the
total mean power radiated by a given emission. This implies that 99% of the total mean emitted power is
within this band, and hence this bandwidth is also known as the 99% bandwidth.

When a multi-carrier transmission uses a common amplifier stage, the occupied bandwidth of this composite
transmission is defined by the following relationship:

BOM = 1/2 BOU + 1/2 BOL + (FOU – FOL)

where:

BOM = Occupied bandwidth of the multi-carrier system
BOU = Single-carrier Occupied Bandwidth of the uppermost sub-carrier
BOL = Single-carrier Occupied Bandwidth of the lowermost sub-carrier
FOU = Centreer frequency of the uppermost sub-carrier
FOL = Centreer frequency of the lowermost sub-carrier

NOTE—This multi-carrier definition will give a bandwidth which is slightly wider than the multi-carrier 99% power
bandwidth e.g.,. For example, for 6 identical, adjacent carriers, Bo will contain 99.5% of the first carrier, 99.5% of the
last carrier and 100% of the four middle carriers = and therefore 99.8333% of total mean power.

NOTE—This definition applies to most analog and simple digital emissions (QAM, QPSK, etc), but its applicability to
other more complex modulation structures (e.g., OFDM, CDMA) is still to be determined.

3.1.27 out-of-block emissions (OOB emissions): Emissions from the edge of the authorized bandwidth up
to 200% of the occupied bandwidth from the edge of the authorized bandwidth. These emissions occur both
above and below the authorized bandwidth.

3.1.28 point-to-multipoint (PMP): A system that establishes connections between a single specified point
and more than one other specified points. In wireless systems, a topology wherein a base station simulta-
neously services multiple, geographically separated subscriber stations and each subscriber station is perma-
nently associated with only one base station.

3.1.29 point-to-point: A topology in which a radio link is maintained between two stations.

3.1.30 power flux density (pfd): The radiated power flux per unit area, expressed as Watts/m2.

3.1.31 power spectral flux density (psfd): The radiated power flux per unit bandwidth per unit area. It is
often expressed in Watts/MHz/m2.
4 Copyright © 2001 IEEE. All rights reserved.
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3.1.32 radiation pattern envelope (RPE): The RPE is a graph that represents the maximum sidelobe levels
of an antenna over the specified band. 

3.1.33 repeater station (RS): A repeater station other than the BS that includes radio communication equip-
ment facing two or more separate directions within a system. Traffic received from one direction may be
partly or wholly re-transmitted in another direction. Traffic may also terminate and originate at the repeater
station.

3.1.34 service areas: A geographic area in which an operator is authorized to transmitfor which BWA
licenses are issued.

3.1.35 spectrum dis-aggregation: Some regulators allow a license holder to sSegregateion of their spec-
trum, to permit several operators access to sub-portions of a the licensee’s authorized band.

3.1.36 spurious emissions: Emissions greater than 200% of the occupied bandwidth from the edge of the
authorized bandwidth.

While the above this definition is commonly used in the specific to this Recommended Practice, the Interna-
tional Telecommunications Union (ITU) Radio Regulation (S.145) defines spurious emission as follows:

“Emission on a frequency or frequencies which are outside the necessary bandwidth and the level of which
may be reduced without affecting the corresponding transmission of information. Spurious emissions
include harmonic emissions, parasitic emissions, intermodulation products and frequency conversion prod-
ucts, but exclude out-of-band emissions.”

3.1.37 subscriber station (SS): A generalized equipment set providing connectivity between subscriber
equipment and a base station.

3.1.38 synchronized transmissions: Harmonized TDD transmissions. This implies both operators use the
same frame, slot and up/down direction synchronization. That is the same TDD frame structure (same frame
length, timeslot positions and base-transmit timeslots) and also that the timing of the frames is closely
aligned, so that emissions from slot 1 on operator 1 only overlap with slot 1 of operator 2, etc.

3.1.39 terminal equipment (TE): Terminal Equipment encompasses a wide variety of apparatus at cus-
tomer premises, providing end user services, and connecting to subscriber station equipment (SS) via one or
more interfaces. Dependent on the end-user applications (which could include telephony, video and data)
these interfaces may be standardized or custom–specific.

3.1.40 time-division duplex (TDD): A duplex scheme where uplink and downlink transmissions occur at
different times while sharing but may share the same frequency.

3.1.41 uplink: A flow of information that exists in the upstream.

3.1.42 upstreamuplink: The direction from a subscriber station to the base station.

3.1.43 unwanted emissions: Comprise oOut-of-band emissions, spurious emissions, and harmonics.

3.1.44 virtual block edge: A reference frequency used as a block edge frequency for testing of unwanted
emissions, so as to avoid effects of RF block filters.

3.1.45 wireless access: End-user radio connection(s) to core networks.
Copyright © 2001 IEEE. All rights reserved. 5
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3.2 AcronymsAbbreviations

AdjCh adjacent channel
ATPC automatic transmit power control
AZ azimuth
BER bit error ratio
BFWA broadband fixed wireless access
Bo occupied bandwidth
BRAN Bbroadband Rradio Aaccess Nnetwork (an ETSI Project)
BS base station
BTA business trading area
BW bandwidth
BWA broadband wireless access
CDF cumulative distribution function
CDMA code division multiple access
CEPT Conférence Européenne des Administrations des Postes et des Télécommunications (European

Conference of Postal and Telecommunication Administrations)
C/I carrier-to-interference ratio
C/N carrier-to-noise ratio
C/(N+I) carrier-to-noise and interference ratio
CoCh co-channel
COFDM coded orthogonal frequency division multiplex
COPOL co-polarized
CRABS cellular radio access broadband services
CROSSPOL cross-polarized
CS central station (used in Annexes only); or

. Also channel separation (in Section 6.1.3 only.)
CW continuous wave
dBc decibels relative to the carrier level
dBi gain relative to a hypothetical isotropic antenna
DRS data relay satellite
DS-3 44.736 Mbit/s line rate
D/U desired carrier-to-undesired carrier ratio
EL elevation
EIRP effective isotropic radiated power
EIRPSD effective isotropic radiated power spectral density
EMC electromagnetic compatibility
EMI electromagnetic interference
EN European Norm
ERC European Radiocommunication Committees
ETSI European Telecommunications Standards Institute
FCC Federal Communications Commission (U.S.A.)
FDD frequency division duplex
FDMA frequency division multiple access
FSPL free space path loss
FWA fixed wireless access
GSO Ggeostationary orbit
IA interference area
IC Industry Canada
ICL inter-cell links 
IEC International Electrotechnical Commission Committee
IEEE The Institute of Electrical and Electronics Engineers, Inc.
IF intermediate frequency
IILS in-band inter-cell link station
6 Copyright © 2001 IEEE. All rights reserved.
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I/N interference-to-thermal noise ratio
ISO International Organization for Standardization
ISOP interference scenario occurrence probability
ITU International Telecommunication Union
ITU-R International Telecommunication Union – Radiocommunications Sector
LAN local area network
LMCS local multipoint communication system
LMDS local multipoint distribution service
LOS line of sight
MAC medium access control
MAN metropolitan area network
MCL minimum coupling loss
MP multipoint
MP-MP multipoint-to-multipoint
MWS multimedia wireless systems
NFD net filter discrimination
OC-3 155.52 Mbit/s line rate
OFDM orthogonal frequency division multiplexing
OOB out-of-block
OMT ortho mode transducer
PCS personal communication service 
pfd power flux density
PIM passive intermodulation
PLL phased locked loop
PMP point-to-multipoint
ppm part per million (10-6)
PSFDpsfd power spectral flux density
PSDpsd power spectral density
PTP point-to-point
QAM quadrature amplitude modulation
QPSK quadrature phase shift keying
RA Radiocommunications Agency
RABC Radio Advisory Board of Canada
RF radio frequency
RPE radiation pattern envelope
RS repeater station
RSS Radio Standards Specifications
RXx receive
SONET synchronous optical network
SRSP Standards Radio Systems Plan
SS subscriber station
TBD to-be-determined
TDD time division duplex
TDM time division multiplexing
TDMA time division multiple access
TE terminal equipment
TS terminal station
TXx transmit
VSWR voltage standing wave ratio
XPD cross-polar discrimination
XPI cross-polar isolation

4. Summary of fixed BWA Ccoexistence Practice recommendations and 
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guidelines

4.1 Document philosophy

Radio waves permeate through legislated (and even national) boundaries and emissions spill outside spec-
trum allocations. Coexistence issues between multiple operators are therefore inevitable. 

There are also Electromagnetic interference (EMI) issues based on also arise from natural phenomena (e.g.,
lightning) and man made human-generated EMI, which consists of intentional (e.g., RF transmitters) and
unintentional (e.g., fluorescent lights and electrical machines) sources, which. These are addressed in Sec-
tion 9.10. 

The resolution of Resolving coexistence issues is an important factor for the fixed BWA industry. The Rec-
ommendations in section 4.2 are provided for consideration by operators, manufacturers, and administra-
tions, and will to promote coexistence. Practical Iimplementation within the scope of the current
recommendations will assume that some portion of the frequency spectrum (at the edge of the authorized
bandwidth) may not be unusableable to be utilized. As well, there may be Furthermore, some locations
within the service area that cannot be used may not be usable for deployment. Coexistence will rely heavily
on the good-faith collaboration between spectrum holders to find and implement for economical solutions to
be implemented.

The document analyzes coexistence using two scenarios:

— A Cco-channel (CoCh) scenario in which two operators are in either adjacent territories or territories
within radio line of sight of each other and have the same spectrum allocation, and

— An Aadjacent Channel (AdjCh) scenario in which the licensed territories of two operators overlap
and they are assigned adjacent spectrum allocations.

Coexistence issues may arise simultaneously from both scenarios as well as from multiple operators having
the same these scenarios involving multiple operators.

As a starting point for the consideration of tolerable levels of interference into fixed BWA systems, ITU-R
Recommendation F.758-2 [B2][2] details two generally accepted values for the interference-to-thermal noise
ratio (I/N) for long-term interference into fixed service receivers. When considering interference from other
services, it identifies an I/N value of –6 dB or –10 dB matched to specific requirements of individual sys-
tems. This approach provides a method for defining a tolerable limit that is independent of most characteris-
tics of the victim receiver, apart from noise figure, and has been adopted for this Recommended Practice.
document

The acceptability of any I/N value needs to be evaluated against the statistical nature of the interference envi-
ronment. In arriving at the Recommendations in this document this evaluation has been carried out for an I/
N value of –6 dB.

SectionClause 9 provides interference mitigation measures, which that can be utilized to solve coexistence
problems. Because of the wide variation in the distribution of users/ subscriber station and base stations dis-
tribution, radio emitter/receiver parameters, localized rain patterns, and the statistics of overlapping emis-
sions in frequency and time, it is impossible to prescribe in this document which of the mitigation measures
are appropriate to resolving a particular coexistence problem. In the application of these mitigation mea-
sures, there should be identification of individual terminals or groups of terminals for modification is prefer-
able to rather than the imposition of pervasive restrictions.
8 Copyright © 2001 IEEE. All rights reserved.
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Implementing the measures suggested in Recommendations 8–10 in section 4.2 using the suggested equip-
ment parameters in SectionClause 6 will, besides improving the coexistence conditions, generally have a
generally positive effect on intra-system performance. Similarly, simulations performed in the preparation of
this Recommended Practice suggest that most of the measures undertaken by an operator to promote intra-
system performance will also promote coexistence.

It is outside the scope of this document to make recommendations, which that touch on intra-system matters
such as frequency plans, frequency reuse patterns, etc.

4.2 Recommendations

Recommendation 1: 

Adopt a criterion of “6 dB below receiver thermal noise (i.e., I/N ≤ –6 dB) in the victim receiver” crite-
rion as being an acceptable value level of interference from a transmission of an operator in a neighboring
area, which is “acceptable” (i.e. I/N ≤ –6 dB). The document recommends this value in recognition of the
fact that it is not practical to insist upon an “interference-free” environment. Having once adopted this
value, there are some important consequences:

— Each operator acknowledges that he or she is willing to accepts a 1 dB degradation (the difference
in dB between C/N and C/(N + I)) in his or her receiver sensitivity, i.e. the difference in dB
between C/N and C/(N + I). In some regard, an I/N of –6 dB becomes the fundamental criterion
for “coexistence.”

— The very nature of the MP system is that receivers have to must accept interference from intra-sys-
tem transmitters of the same system. Although a good practice would be to reduce the intra-system
interference level to be well below the thermal noise level (see Recommendation 6 below), it is
expected that it would this is not always be feasible. The actual level of external interference could
be in many cases higher than the limit stated above and still be not controlling, or comparable to the
operator’s intra-system interference. Thus, there is some degree in of interference allocation, which
that could be used to alleviate the coexistence problem.

— Depending upon the particular deployment environment, an operator’s receiver may have interfer-
ence contributions from multiple CoCh and AdjCh operators. Each operator should include design
margin in his or her system, which is capable of simultaneously accepting the compound effect of
interference from all other relevant operators.The design margin should be included preemptively at
initial deployment, even if the operator in question is the first to deploy in a region and is not experi-
encing interference. All parties should recognize that, in predicting signal levels, which that result in
the –6 dB interference value, it is difficult to be precise in including the aggregating effect of multi-
ple terminals, the effect of uncorrelated rain, etc. Therefore, all parties should be prepared to investi-
gate claims of interference even if the particular assessment method, which was used to substantiate
the -6 dB value, predicts that there should not be any interference.

Recommendation 2:

Each operator should take the initiative to collaborate with other known operators prior to initial deployment
and at prior to every relevant system modification. This recommendation should be followed even if an oper-
ator is the first to actually deploy in a region. To encourage this behavior for co-channel interference, the this
document introduces the concept of using power spectral flux density values to “trigger” different levels of
initiatives taken by an operator to give notification to other operators. The specific trigger values and their
application to the two deployment scenarios are discussed in Recommendations 5 and 6 below and in Sec-
tionClause 7. 
Copyright © 2001 IEEE. All rights reserved. 9
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Recommendation 3:

In the resolution of coexistence issues, in principle, incumbents/ and first movers should coordinate with
operators who deploy at a later time. In resolving coexistence issues, it is legitimate to weigh the capital
investment an incumbent operator has made in his or her system. It is also legitimate to weigh the capital
investment required by an incumbent operator must make for a change due to coexistence versus the capital
investment costs that the new operator will incur.

The logic behind this Recommendation is that some coexistence problems cannot be resolved simply by
modifyingications to the system of a new entrant into a region. Rather, they require the willingness of an
incumbent to make modifications as well. It is recognized that this Recommendation is especially challeng-
ing in the AdjCh scenario where the overlapping territories means imply that the incumbent and the late-
comer may be competing for the same clients. The reality of some spectrum allocations are such that AdjCh
operators will be allocated side-by-side frequency channels. As is seen below, this is an especially difficult
coexistence problem to resolve without co-location of the operator’s cell sites. 

Recommendation 4:

No coordination is needed in a given direction if the transmitter is greater than 60 km from either the service
area boundary or the neighbor’s boundary (if known) in that direction. Based on typical fixed BWA equip-
ment parameters and an allowance for potential LOS interference couplings, subsequent analysis indicates
that a 60 km boundary distance is sufficient such that to preclude the need for coordination is not required.
At lesser distances, coordination may be required, but it this is subject to a detailed examination of the spe-
cific transmission path details that may provide for interference link excess loss or blockage. This coordina-
tion criteria is viewed to be necessary and appropriate for both systems that conform to this Recommended
Practice document and those that do not comply with this document.

Recommendation 5: 

(This Recommendation applies to co-channel cases only.) 

Recommendation 2 above introduced the concept of using power spectral flux density “triggers” as a stimu-
lus for an operator to take certain initiatives to collaborate with his or her neighbor. It is recommended that
the national regulators specify the applicable trigger values for each frequency band, failing which the fol-
lowing values may be adopted.:

The coordination trigger values (see Annex B) of –114 (dBW/m2)/MHz (24, 26 and 28 GHz bands) and –111
(dBW/m2)/MHz (38 and 42 GHz bands) are employed in this document in the initiative procedure described
in Recommendation 6 below. The evaluation point for the trigger exceedance may be at either the victim oper-
ator’s licensed area boundary, the interfering operator’s boundary, or at a defined point in between dependin-
gant to some extent on the specific geographic circumstances of the BWA licensing. These values were derived
as that power spectral flux density values which, if present at a typical point-to-multipoint base station antenna
and typical receiver, would result in approximately the –6 dB interference value cited in Recommendation 1.
It should be emphasized that the trigger values are useful only as thresholds for taking certain actions with
other operators; they do not make an absolute statement as to whether there is, or is not, interference potential.
Where there is In cases of significant deployment of point-to-point systems as well as alongside point-to-mul-
tipoint systems, and where protection of the point-to-point systems is mandated, tighter psfd trigger levels
maywill be appropriate (e.g. For example, –125 (dBW/m2)/MHz at 38 GHz band is applied by some admin-
istrations to protect point-to-point links).
10 Copyright © 2001 IEEE. All rights reserved.
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Recommendation 6: 

(This Recommendation applies to co-channel cases only.) 

Apply tThe “triggers” of Recommendations 5 and 6 should be applied prior to deployment and prior to each
relevant system modification.  Should the trigger values be exceeded, then the operator should try to modify
the deployment to meet the trigger or, and failing this, which the operator should coordinate with the affected
operator. Three existing coordination procedures are described in Annex D, Annex E, and Annex F.

Recommendation 7:

For same area /adjacent channel interference cases, analysis and simulation indicate that deployment will
needmay require an equivalent guard frequency between systems operating in close proximity and in adja-
cent frequency blocks. It is convenient to think of the “guard frequency” in terms of “equivalent channels”
related to the systems operating at the edges of the neighboring frequency blocks. The amount of “guard fre-
quency” depends on a variety of factors such as “out of block” emission levels and in some cases is linked to
the probability of interference in given deployment scenarios. SectionClause 8 provides insight into some
methods that can be employed to assess these situations, while SectionClause 9 describes some possible
interference mitigation techniques. These mitigation techniques include frequency guard bands, recognition
of cross polarization differences, antenna angular discrimination, spatial location differences, and frequency
assignment substitution.

In most co-polarized cases, where the transmissions in each block are employing the same channel band-
width, the guard frequency should be equal to one equivalent channel. Where the transmissions in neighbor-
ing blocks employ significantly different channel bandwidths, then it is likely that a guard frequency equal to
one equivalent channel of the widest bandwidth system will be adequate. However, analysis suggests that,
under certain deployment circumstances, this may not offer sufficient protection and that a guard frequency
equal to one channel at the edge of each operator’s block may be required. Where administrations do not set
aside guard channels, the affected operators willwould need to reach agreement on how the guard channel is
apportioned between them. It is possible that by , with careful and intelligent frequency planning, coordina-
tion, and/or use of orthogonal polarization or other mitigation techniques, all or partial use of this guard
channel may be achieved. However, in order to minimize interference conflicts and at the same time maxi-
mize spectrum utilization, cooperative deployment between operators will be essential. This recommenda-
tion strongly proposes that this be the case.

Recommendation 8:

Utilize antennas for the base station and subscriber stations at least as good as shown in Section 6.2. The
coexistence simulations which led to the Recommendations contained herein revealed that a majority of
coexistence problems are the result of main-beam interference. The side lobe levels of the base station anten-
nas are of a significant, but secondary influence. The sidelobe levels of the subscriber antenna are of tertiary
importance. In the context of coexistence, therefore, antennas, such as those presented in Section 6.2 are suf-
ficient. It should be emphasized that utilizing antennas with sidelobe (and polarization) performance better
than the minimum will not degrade the coexistence performance and, in fact, are is an effective mitigation
technique for specific instances. In many cases, intra-system considerations may place higher demands on
antenna performance than those required for inter-system coordination.

Recommendation 9:

Utilize an emission mask at least as good as that described in Section 6.1.3. The utility of emission masks for
controlling adjacent channel coexistence issues is strongly dependent upon the separation of the two emitters
in space and in frequency. In the case where there is of large spatial separation between emitters, the oppor-
tunity exists for an interfering emitter to be much closer to a receiver than the desired emitter. This unfavor-
able range differential can overwhelm even the best emissions mask. Likewise, emission masks are most
Copyright © 2001 IEEE. All rights reserved. 11
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effective when at least 1 guard channel exists between allocations. The emission mask presented in Section
6.1.3 is most appropriate for the case where there is in which a one guard channel separates between alloca-
tions and emitters are a modestly separatedion of emitters. For cases where with no guard band is provided,
it is recommended that co-location of harmonized base station emitters be considered before trying to
improve emission masks. 

Recommendation 10:

Limit maximum EIRP in accordance with recommendations in Section 6.1.1 and use SS power control in
accordance with recommendations in Section 6.1.1.5, respectively. The interests of coexistence are served
by reducing the amount of EIRP emitted by base , SS, and repeater stations. The proposed maximum EIRP
spectral density values are significantly less than allowed by some regulatory agencies but should be an
appropriate balance between constructing robust fixed BWA systems and promoting coexistence.

Recommendation 11:

In conducting analyses to predict power spectral flux density and for coordination purposes, the following
should be considered:

a) Calculations of pPath loss to a point on the border should consider:

—    Clear air (no rain) plus relevant atmospheric absorption

—    Intervening terrain blockage

b) For the purpose of calculating psfd trigger compliance level, the psfd level at the service area bound-
ary should be the maximum value which occurs at some elevation point up to 500 m above local ter-
rain elevation. Equations B.2 and B.3 in Annex B can should be used to calculate the psfd limits.

c) The aActual electrical parameters (e.g., EIRP, antenna patterns, etc.) should be used.

d) Clear sky propagation (maximum path length) conditions should be assumed. Where possible, use
established ITU-R Recommendations relating to propagation (e.g. Recommendation ITU-R P. 452
[B3][3]). 

4.3 Suggested guidelines for geographical and frequency spacing 

This subclausesection and SectionClause 8, indicate some of the models, simulations, and analysis used in
the preparation of this Recommended Practice. While a variety of tools can may be used, it is suggested that
the scenarios studied below should be considered when coordination is required.

Guidelines for geographical and frequency spacing of fixed BWA systems that would otherwise mutually
interfere are given in Section 8.1 of this document, for each of a number of interfering mechanisms. This
section subclause summarizes the overall guidelines, taking into account all the identified interference mech-
anisms. 

The two main deployment scenarios are as follows:

— Co-channel systems that are geographically spaced

— Systems that overlap in coverage and (in general) require different frequencies of operation

The most severe of the several mechanisms that apply to each case determines the guideline spacing, as
shown in Table 1:  
12 Copyright © 2001 IEEE. All rights reserved.
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The guidelines are not meant to replace the coordination process described in SectionClause 7. However, in
many (probably most) cases, by following these guidelines will provide, satisfactory psfd levels will be
achieved at system boundaries. The information is therefore valuable as a first step in planning the deploy-
ment of systems.

NOTES
1—The dominant interference path is that which requires the highest guideline geographical or frequency spacing
2—The 12 km value is based on a BS at a typical 50 m height. For other values, the results change to some extent but are
always well below the 60 km value calculated for the PMP – PMP case.
3—The single guard channel spacing is based on both interfering and victim systems using the same channel size.
Where the transmissions in neighboring blocks employ significantly different channel bandwidths then it is likely that a
guard frequency equal to one equivalent channel of the widest bandwidth system will be adequate. However analysis
suggests that, under certain deployment circumstances, this may not offer sufficient protection and that a guard fre-
quency equal to one channel at the edge of each operator’s block may be required.
4—The single guard channel spacing for mesh to PMP is based on both interfering and victim systems using the same
channel size. This and may be reduced in some circumstances. Where the transmissions in neighboring blocks employ
significantly different channel bandwidths, then it is likely that a guard frequency equal to one equivalent channel of the
widest bandwidth system will be adequate. However, analysis suggests that under certain deployment circumstances this
may not offer sufficient protection and that a guard frequency equal to one channel at the edge of each operator’s block
may be required.
5—In a case of harmonized FDD band plans and/or frequency reassignable TDD systems, the BS-to-BS case ceases to
be dominant.

5. System overview

Broadband Wireless Access (BWA) is a term generally refersring to a range of fixed radio systems, used pri-
marily to convey broadband services between users’ premises and core networks. The term “broadband” is
usually taken to mean the capability to deliver significant bandwidth to each user. In ITU terminology, and in
this document, broadband transmission refers to transmission rate of greater than around 1.5 Mbit/s, though
many BWA networks support significantly higher data rates. The networks operate transparently, so users
are not aware that services are delivered by radio. 

A typical fixed BWA network supports connection to many user premises within a radio coverage area. It
provides a pool of bandwidth, shared automatically amongst the users. Demand from different users is often
statistically of low correlation, allowing the fixed BWA network to deliver significant bandwidth-on-demand
to many users, with a high level of spectrum efficiency. Significant frequency re-use is employed.

The range of applications is very wide and evolving quickly. It includes voice, data, and entertainment services
of many kinds. Each subscriber may require a different mix of services, which ; this mix is likely to change
rapidly as connections are established and terminated. Traffic flow may be unidirectional, asymmetrical, or
symmetrical, again changing with time. In some territories, systems delivering these services are referred to

Table 1—Summary of the guidelines for geographical and frequency spacing

Dominant interference path
(note 1) Scenario

Spacing at which interference is 
below target level (generally 6 dB 

below receiver noise floor)

PMP BS to PMP BS Adjacent area, same channel 60 km (note 5)

Mesh SSs to PMP BS Adjacent area, same channel 12 km (note 2)

PMP BS to PMP BS Same area, adjacent channel 1 guard channel (notes 3 and 5)

Mesh SSs to PMP SS Same area, adjacent channel 1 guard channel (note 4)
Copyright © 2001 IEEE. All rights reserved. 13
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as Multimedia Wireless Systems (MWS) in order to reflect the convergence between traditional telecommu-
nications services and entertainment services.

These radio systems compete with other wired and wireless delivery means for the “last first mile” connec-
tion to services. Use of radio or wireless techniques result in a number of benefits, including rapid deploy-
ment and relatively low “up-front” costs.

5.1 System Architecture

Fixed BWA systems often employ multipoint architectures. The term multipoint includes point-to-multipoint
(PMP) and multipoint-to-multipoint (MP-MP). Within The IEEE, 802.16 Working Group on Broadband
Wireless Access (see Reference) 802.16 is developing standards for PMP systems with base stations and sub-
scriber stations communicating over a fully specified air interface. A similar PMP standard is being developed
within the “HIPERACCESS” topic within ETSI Project BRAN [B4][4]. Coexistence specifications for MWS
(which includes the requirements for HIPERACCESS) are being prepared by the ETSI TM4 committee
[B5][5]. In addition, a number of proprietary fixed BWA systems exist for which the air interface is not stan-
dardized.

5.1.1 PMP systems

PMP systems comprise base stations, subscriber stations and, in some cases, repeaters. Base stations use rel-
atively wide-beam antennas, divided into one or several sectors providing up to 360-degrees coverage with
one or more antennas. To achieve complete coverage of an area, more than one base station may be required.
The connection between BSs is not part of the fixed BWA network itself, being achieved by use of radio
links, fiber optic cable, or equivalent means.

Links between BSs may sometimes use part of the same frequency allocation as the fixed BWA itself. Routing
to the appropriate BS is a function of the core network. Subscriber stations use directional antennas, facing a
BS and sharing use of the radio channel. This may be achieved by various access methods, including frequency
division, time division or code division.

5.1.2 MP systems (Mesh)

Multipoint-to-multipoint (MP-MP) systems have the same functionality as PMP systems. Base stations pro-
vide connections to core networks on one side and radio connection to other stations on the other. A subscriber
station may be a radio terminal or (more typically) a repeater with local traffic access. Traffic may pass via one
or more repeaters to reach a subscriber. Antennas are generally narrow-beam directional types, with means for
remote alignment. 

5.2 System components

Fixed broadband wireless access systems typically include base stations (BS), subscriber stations (SS), sub-
scriber terminals equipment, core network equipment, inter-cell links, repeaters, and possibly other equip-
ment. A reference fixed BWA system diagram is provided in Figure 1Figure 1. This diagram indicates the
relationship between various components of a BWA system. BWA systems may be much simpler and contain
only some elements of the network shown in Figure 1Figure 1. A fixed BWA system contains at least one BS
and a number of SS units. In the figure, the wireless links are shown as zigzag lines connecting system ele-
ments.
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Inter-cell links may use wireless, fiber, or copper facilities to interconnect two or more BS units. Inter-cell
Links (ICLs) may, in some cases, use in-band point to point (PTP) radios that provide a wireless backhaul
capability between base stations at rates ranging from DS-3 to OC-3. ICLs may share a common infrastruc-
ture, such as the switch, with the PMP system. Additionally, ICL radios may be able to operate under the
auspices of the PMP licence. Such PTP links may operate under the auspices of the PMP license.

Antennas with a variety of radiation patterns may be employed. In general, a subscriber station utilizes a
highly directional antenna. 

Some systems deploy repeaters. In a PMP system, repeaters are generally used to improve coverage to loca-
tions where the BS(s) have no line of sight within their normal coverage area(s), or alternatively to extend
coverage of a particular BS beyond its normal transmission range. A repeater relays information from a BS
to one or a group of SSs. It may also provide a connection for a local subscriber station. A repeater may
operate on the same downlink frequencies downstream as those frequencies that it uses, facing the BS, or it
may use different frequencies (i.e. demodulate and re-modulate the traffic on different channels). In MP-MP
systems, most stations are repeaters, which that also provide connections for local subscribers.

Figure 1—Reference Diagram
Copyright © 2001 IEEE. All rights reserved. 15
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The boundary of the fixed BWA network is at the interface points F and G of Figure 1. The F interfaces are
points of connection to core networks and are generally standardized, being points of connection to core net-
works. The G interfaces, between subscriber stations and terminal equipment, may be either standardized or
proprietary.

5.3 Medium overview

Electromagnetic propagation over Frequency Ranges 1 through 3 (10-66 GHz) is characteristic of a rela-
tively non-dispersive medium, which exhibits, with occasional but increasingly severe rain attenuation as
frequency increases. Absorption of emissions by terrain and man-madehuman-generated structures is severe,
leading to the normal requirement for optical line-of-sight between transmit and receive antennas for satis-
factory performance. Radio systems in this frequency regime are typically thermal or interference noise-lim-
ited (as opposed to multipath-limited) and have operational ranges of a few kilometers due to the large free-
space loss and the sizable link margin which has to be reserved for rain loss. At the same time, the desire to
deliver sizable amounts of capacity promotes the use of higher-order modulation schemes with the attendant
need for large C/I for satisfactory operation. Consequently, the radio systems are vulnerable to interference
from emissions well beyond their operational range. This is compounded by the fact that the rain cells,
which produceing the most severe rain losses are not uniformly distributed over the operational area thus
This creatinges the potential for scenarios where in which the desired signal is severely attenuated but the
interfering signal is not.

5.3.1 Interference scenarios

5.3.1.1 Forms of interference

Interference can be classified into two broad categories: co-channel interference and out-of-channel interfer-
ence. These manifest themselves as shown in Figure 3 Figure 2.

Figure 2 illustrates Tthe power spectrum of the desired signal and co-channel interference in a simplified
exampleis shown. Note that the channel bandwidth of the co-channel interferer may be wider or narrower
than the desired signal. In the case of a wider co-channel interferer (as shown), only a portion of its power
will fall within the receive filter bandwidth. In this case, the interference can be estimated by calculating the

Figure 2—Forms of interference
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power arriving at the receive antenna and then multiplying by a factor equal to the ratio of the filter’s band-
width to the interferer’s bandwidth.

An out-of-channel interferer is also shown. Here, there are two sets of parameters, which determine the total
level of interference:

— A portion of the interferer’s spectral sidelobes or transmitter output noise floor falls co-channel to the
desired signal; i.e. within the receiver filter’s passband. This can be treated as co-channel interference.
It cannot be removed at the receiver; its level is determined at the interfering transmitter. By charac-
terizing the power spectral density of sidelobes and output noise floor with respect to the main lobe
of a signal, this form of interference can be approximately computed in a similar manner similar to the
co-channel interference calculation, with an additional attenuation factor equal due to the suppression
of this spectral energy with respect to the main lobe of the interfering signal. 

— The main lobe of the interferer is not completely suppressed by the receiver filter of the victim
receiver. No filter is ideal, and residual power, passing through the stopband of the filter, can be
treated as additive to the co-channel interference present. The level of this form of interference is
determined by the performance of the victim receiver in rejecting out-of-channel signals, sometimes
referred to as “blocking” performance. This form of interference can be simply estimated in a man-
ner similar manner to the co-channel interference calculation, with an additional attenuation factor
equal due to the relative rejection of the filter’s stopband at the frequency of the interfering signal.

Quantitative input on equipment parameters is required to It cannot be determined which of the two forms of
interference from an out-of-channel interferer will dominate without quantitative input on equipment param-
eters.

5.3.1.2 Acceptable level of interference

A fundamental property of any millimetricer-wave fixed BWA system is its link budget, in which the range
of the system is computed for a given availability, with given rain fading. During the designed worst-case
rain fade, the level of the desired received signal will fall until it just equals the receiver thermal noise,
kTBF, (where k is Boltzmann's constant, T is the temperature, B is the receiver bandwidth, and F is the
receiver noise), plus the specified signal-to-noise ratio of the receiver. A way to account for interference is
to determine the quantity C/(N + I), the ratio of carrier level to the sum of noise and interference. For
example, consider a receiver with 6 dB noise figure. The receiver thermal noise is –138 dBW/MHz. Inter-
ference of –138 dBW/MHz would double the total noise, or degrade the link budget by 3 dB. Interference
of –144 dBW/MHz, 6 dB below the receiver thermal noise, would increase the total noise by 1 dB to –
137 dBW/MHz, or degradeing the link budget by 1 dB.

For a given assumed receiver noise figure and antenna gain in a given direction, the link budget degradation
parameter can be related to a received power flux density tolerance. In turn, this tolerance can be turned into
separation distances for various scenarios.
Copyright © 2001 IEEE. All rights reserved. 17
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5.3.1.3 Interference paths

5.3.1.3.1 Victim BS

Figure 4Figure 3 shows main sources of interference where the victim receiver is a fixed BWA base station,
having with a sectoral-coverage antenna.

The victim BS is shown as a black triangle on the left, with its radiation pattern represented as the ellipses. The
desired SS transmitter is shown on lower right of figure. In the worst case, the desired signal travels through
a localized rain cell, hence the desired signal could be and is received at minimum signal strength. Thus, inter-
ference levels close to the thermal noise floor are significant.

The letters in Figure 3 illustrate several cases of interference to a base station:

Case A shows BS-to-BS interference where in which each BS antenna is in the main beam of the other.
This case could occur commonly, as sector coverage angles tend to be wide—up to 90 degrees; i. In fact, a
victim BS wcould tend to see the aggregate power of several BSs. In addition, BS antennas tend to be ele-
vated, with a high probability of line-of-sight path to each other. As rain cells can be very localized, it is
quite conceivable that the interferer travels on a path relatively unattenuated by rain, while the desired sig-
nal is heavily attenuated. BS-to-BS interference can be reduced by ensuring that there is no co-channel BS
transmission on frequencies being used for reception at other BSs. This is possible with FDD through
cooperative band planning, whereby vendors agree to use a common sub-band for BS transmissions and
another common sub-band for BS reception.

Case B shows SS-to-BS interference where in which each antenna is in the main beam of the other. As SS
antenna gain is much higher than the BS antenna gain, this might appear to be the worst possible case. How-
ever, fixed BWA PMP systems can safely be assumed to employ upstream uplink adaptive power control at
subscriber stations. (Power control is required to equalize the received signal strength arriving at a BS from
near and far SSs on adjacent channels. Note that active control of downlink downstream power control from
BS transmitters is usually not employed, as the BS signal is received by a variety of SSs, both near and far, and
power control would tend to create an imbalance in the level of signals seen from adjacent sectors.) Assuming
that the subscriber station in Case B sees clear air, it can be assumed to have turned its power down, roughly
in proportion to the degree of fade margin of its link. Note, however, that power control is imperfect, hence so
the degree of turndown may be less than the fade margin. The turn-down compensates for the fact that the SS

Figure 3—Interference sources to a fixed BWA BS
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antenna has such high gain, so the net effect is that Case B may not be more severe than Case A. In addition,
the narrow beamwidth of a SS antenna ensures that Case B is much less common an occurrence than Case A.
However, Case B interference cannot be eliminated by band planning. Case B also covers interference gener-
ated by terrestrial point-to-point transmitters.

Case C is similar to Case B, except the interferer is assumed to see a rain cell, hence it and therefore does
not turn down its power. However, as the interferer’s beamwidth is narrow, the interference also must also
travel through this rain cell on the way to the victim receiver; hence, the net result is roughly the same as
Case B. Because power control tracks out the effect of rain, interference analysis can be simplified: we need
consider either Case B or Case C but not both. Thus Case B should be used, as it is more conservative with
imperfect power control; i.e., the turn-down will tend to be less than the fade margin, so the net received
power at the victim receiver is several dB higher than Case C.

Case D is similar to Case C, except the interference is stray radiation from a sidelobe or backlobe of the
SS antenna. In the worst case, the SS antenna sees rain towards its intended receiver, hence itand therefore
does not turn down its power. Modeling of this case requires assumptions of the sidelobe and backlobe
suppression of typical SS antennas. These assumptions mustneed to take into account scattering from
obstacles in the mainlobe path appearing as sidelobe emissions in real-world installations of SS antennas;
an antenna pattern measured in a chamber is one thing; while the effective pattern installed on a rooftop is
another. If effective sidelobe and backlobe suppression exceeds the power turn down assumption for clear
skies, then Case B dominates and Case D need not be considered. The only exception is where Case D
models a source of interference, which that is not a fixed BWA system, but a point-to-point transmitter or a
satellite uplink. In these cases, the transmit parameters may be so different from a fixed BWA subscriber
station that the interference could be significant.

Case E is another case of BS-to-BS interference. In this case, the interfering BS’s main beam is in the vic-
tim’s sidelobe or backlobe. There is a reflexive caseIn a related scenario, (not shown), of the interfering
BS’s sidelobe is in the victim’s main lobe. As fixed BWA systems tend to use employ intensive frequency
reuse, it is likely that Case A concerns will dominate rather than over Case E.

Case F covers BS-to-BS backlobe-to-backlobe or sidelobe-to-sidelobe. The low gains involved here ensure
that this is only a problem only for co-deployment of systems on the same rooftop. Like all sources of BS-to-
BS interference, this can be virtually eliminated in FDD via a coordinated band plan.

Case G covers interference from an SS antenna to the victim BS’s sidelobe or backlobe. Referring to the
commentary concerning Cases B and C, we need only consider the clear air case, but and assume the inter-
ferer has turned down its power. As BS antennas see wide fields of view, Case B is expected to dominate and
Case G need not be considered.

Finally, Case H covers interference from a satellite downlink or stratospheric downlink. This case is not
included in this Recommended Practice. 

With the above simplifying assumptions, the dominant sources of interference which require detailed model-
ing are shown in Figure 4below.
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Case A will tend to dominate unless there is a harmonized band plan for the use of FDD. It will be of con-
cern for unsynchronized TDD or unharmonized FDD. Case B is always a concern. Case D is probably of
less concern than Case B where when the interferer is a fixed BWA system, but could be significant if the
interferer is a higher-power point-to-point transmitter or satellite uplink. Case F is only a concern only for
co-sited BSs, and can be largely mitigated by the use of a harmonized band plan with FDD. 

5.3.1.3.2 Victim subscriber station

Figure 6Figure 5 shows the main sources of interference to a subscriber station having a narrow beamwidth
antenna.

The victim subscriber station is shown along with its (ellipses) radiation pattern. The BS supplying the
desired signal is shown on center left and interferers in remaining locations. The victim SS cases are funda-

Figure 4—Simplified model for interference to a fixed BWA BS

Figure 5—Interference sources to a fixed BWA subscriber station
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mentally different from the victim BS cases because the antenna pattern is very narrow. If the desired signal
is assumed to be attenuated due to a rain cell, then interference arriving in the main lobe must also be
assumed to be attenuated. The letters in Figure 5 illustrate several cases of interference to a subscriber sta-
tion:

Case A covers SS-to-SS interference where the beams are colinear (which is relatively rare). In these cases,
the interferer is generally far away from the victim; therefore, it mustmay be assumed that the rain cell atten-
uating the interference as it arrives at the victim is not in the path from the interferer to its own BS. In this
case, the interferer sees clear air and turns down its power.

Case B covers BS-to-SS interference.

Case C covers the case of a narrow-beam transmitter (fixed BWA or point-to-point) or satellite uplink which
is at full power, due to rain in its path, but radiatesing from its sidelobe towards the victim. This case is more
likely to occur than Case A because it could occur with any orientation of the interferer.

Case D covers BS-to-SS interference picked up by a sidelobe or backlobe of the victim. This case could be
common because BSs radiate over wide areas, and this case could occur for any orientation of the victim.

Case E covers SS-to-SS interference picked up by a sidelobe or backlobe of the victim. Similar to reasoning
in the victim BS cases B and C, the worst case can be assumed to be clear-air in the backlobe with the inter-
ferer having turned its power down.

Case F covers interference from a satellite downlink or stratospheric downlink. This case is not included in
this Recommended Practice. 

6. Equipment design parameters

This SectionClause provides recommendations for equipment design parameters which significantly affect
interference levels and hence coexistence. Recommendations are made for the following fixed BWA equip-
ment: base station equipment, subscriber station equipment, repeaters and inter-cell links (including PTP
equipment). 

Recommendations are for both transmitter and receiver portions of the equipment design. The recommended
limits are applicable over the full range of environmental conditions for which the equipment is designed to
operate, including temperature, humidity, input voltage, etc.

Note—That the following design parameters apply to Frequency Range 2 (23.5–43.5 GHz), unless otherwise indicated.

6.1 Transmitter design parameters

This section subclause provides recommendations for the design of both subscriber and base station trans-
mitters, which are to be deployed in fixed broadband wireless access systems. Recommendations are also
made for repeaters and inter-cell links.

6.1.1 Maximum EIRP spectral density limits

The degree of coexistence between systems is directly related to depends on the emission levels of the vari-
ous transmitters. Thus, it is important to recommend an upper limit on transmitted power, or, more accu-
rately, a limit for the equivalent isotropically radiated power (EIRP). Since point-to-multipoint systems span
very broad frequency bands and utilize many different channel bandwidths, for coexistence purposes a better
Copyright © 2001 IEEE. All rights reserved. 21
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measure of EIRP for coexistence purposes is in terms of power spectral density (psd) expressed in dBW/
MHz rather than simply power in dBW.

The following paragraphs provide recommended EIRP spectral density limits. These limits apply to the
mean EIRP spectral density produced over any continuous burst of transmission. (Any pulsed transmission
duty factor does not apply.) The spectral density should be assessed with an integration bandwidth of
1 MHz; i.e., these limits apply over any 1 MHz bandwidth.

In preparing this Recommended Practice, emission limits from current (July 2000) US FCC (Part 101 sec-
tion 101.113), Industry Canada (SRSP 324.25 [B6][6], SRSP 325.35 [B7][7], and SRSP 338.6 [B8][8]), and
ITU-R regulations and recommendations ([B9][B9], [B10][B10], [B11][B11], [B12][B12]) were
reviewed.Table 2Table 2 depicts some example regulatory EIRP spectral density limits.

Although it is possible that the regulatory limits may be approached in the future, these emission limits are
significantly higher (e.g., 15 dB) than supported by most currently available equipment. They are also signif-
icantly higher than those utilized by the coexistence simulations, which considered reasonable cell sizes, link
budgets and availabilities and were the basis for the recommendations contained in this Recommended Prac-
tice. Table 2Table 2 compares regulatory limits to those used in simulations. Typical parameters used for the
BS and in coexistence simulations for this Recommended Practice are as follows:

Tx Power:   +24 dBm (–6 dBW)
SS Antenna Gain: +34 dBi
BS Antenna Gain: +19 dBi
“Carrier Bandwidth”:  28 MHz (+14.47 dB-MHz)

It is recommended that any regulatory limits be viewed by the reader as future potential capabilities and that,
where possible, actual deployments should use much lower EIRP spectral density values as suggested in
Sections 6.1.1.1 through 6.1.1.4. If systems are deployed using the maximum regulatory limits, they should
receive a detailed interference assessment, unless they are deployed in isolated locations, remote from adja-
cent operators. The assessment is needed to check consistency with the one guard channel recommendation
for the same area/adjacent channel case (see Recommendation 7 in Section 4.1). 

Table 2—Comparison of typical regulatory and coexistence Practice simulation EIRP
spectral density values

Terminal Example regulatory limits
(dBW/MHz)

Simulation assumptions
(dBW/MHz)

BS +14 –1.5

SS +30 +13.5

PTP +30 +25.0

Repeater facing BS +30 Not Performed

Repeater facing SS +14 Not Performed

MeshMESH +30 0
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6.1.1.1 Base station (BS)

A BS conforming to the recommendations of this Recommended Practice should not produce an EIRP
power spectral density exceeding +14 dBW/MHz. However, it is strongly recommended that a maximum
EIRP power spectral density of 0 dBW/MHz be used in order to comply with the one guard channel recom-
mendation for the same area/adjacent channel case (see Recommendation 7 in Section 4.1). The spectral
density should be assessed with an integration bandwidth of 1 MHz; i.e., these limits apply over any 1 MHz
bandwidth. 

NOTE—For the specific sub-band 25.25–25.75 GHz, the recommended BS EIRP spectral limits as stated in ITU-R Doc-
ument 9/2 [B9] [9]and Addendum 1 to Document 9/2 should be observed, and These are stated as follows: 

a) The e.i.r.p. EIRP spectral density of the emission in the direction of any GSO location (specified in
Recommendation ITU-R SA. 1276) should not exceed the following values in any 1 MHz band for
the elevation angle θ above the local horizontal plane (see Notes 1, 2, 3 and 4):

+8 dB dBW for 0° ≤ θ ≤ 20° (1)

+14–10 log (θ/5) dBW for 20° < θ ≤ 90 (2)

b) The e.i.r.p. EIRP spectral density of the emission should not exceed the following values in any 1
MHz band for the elevation angle θ above the horizontal plane (see Note 3):

+14 dBW for 0° ≤ θ ≤ 5° (3)

+14–10 log (θ/5) dBW for 5° < θ ≤ 90° (4)

…

NOTES
1—Recommendation ITU-R SA.1276 identifies the following geostationary DRS orbital positions: 16.4E°, 21.5°, 47°E,
59°E, 85°E, 90°E, 95°E, 113°E, 121°E, 160°E, 177.5°E, 16°W, 32°W, 41°W, 44°W, 46°W, 49°W, 62°W, 139°W, 160°W,
170°W, 171°W, and 174°W.
2—The e.i.r.p. EIRP spectral density radiated towards a geostationary DRS location should be calculated as the product
of the transmitted power spectral density and the gain of the omnidirectional or sectoral antenna in the direction of the
DRS.  In the absence of a radiation pattern for the base station antenna, the reference radiation pattern of Recommenda-
tion ITU-R F.1336 should be used.  The calculation should take into account the effects of atmospheric refraction and the
local horizon.  A method for calculating the separation angles is given in Annex 2 (of ITU-R Document 9/2 [B9]).
3—At elevation angles below the local horizontal plane, no e.i.r.p. EIRP limitations are required, other than those spec-
ified in RR Article S21.
4—In the case of a base station employing single frequency operation in which the same frequency is used for both
transmission and reception on a time division basis, the e.i.r.p. EIRP spectral density limit in recommends 1.1 can be
relaxed by 7 log (1/η) dB, where η(0 < η < 1) is the proportion of time when a base station is emitting transmitting sig-
nals. However, this relaxation should not exceed 3 dB even for a small η

6.1.1.2 Subscriber station (SS)

A SS conforming to the recommendations of this Recommended Practice should not produce an EIRP spec-
tral density exceeding +30 dBW/MHz. However, it is strongly recommended that a maximum EIRP power
spectral density of +15 dBW/MHz be used in order to comply with the one guard channel recommendation
for the same area/adjacent channel case (see Recommendation 7 in Section 4.1). Note the stated limits apply
to the SS operating under faded conditions (rain attenuation). Power control is recommended for unfaded
conditions, as described in Section.6.1.1.5 

NOTE—For the specific sub-band 25.25–25.75 GHz, the recommended SS EIRP limits as stated in ITU-R Document 9/
2 [B9] should be observed, and are summarized as follows: 
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Transmitter of an SS in a fixed BWA system or transmitters of point-to-point fixed stations: Where practicable, the
e.i.r.p. EIRP spectral density for each transmitter of an SS of a fixed BWA system, or transmitters of point-to-point fixed
stations in the direction of any geostationary (GSO) Data Relay Satellite (DRS) orbit location specified in ITU-R Rec-
ommendation ITU-R SA.1276, should not exceed +24 dBW in any 1 MHz.

6.1.1.3 Repeater station  

There are sSeveral possible types of repeaters are possible (see Section 5.2, System Components ). From the
point of view of EIRP spectral density limits, two recommendations are given, according to the direction
faced by the repeater and type of antenna used. The first recommended limit applies to situations where a
repeater uses a sectored or omni-directional antenna, typically facing a number of SSs. The second case
applies where a repeater uses a highly directional antenna, typically facing a BS or single SS.

Fixed BWA repeater stations systems deploying directional antennas and conforming to the equipment
requirements of this Recommended Practice should not produce an EIRP spectral density exceeding
+30 dBW/ MHz. However, it is strongly recommended that a maximum EIRP power spectral density of
+15 dBW/MHz be used in order to comply with the one guard channel recommendation for the same area/
adjacent channel case (see Recommendation 7 in Section 4.1). 

Fixed BWA repeater stations deploying omni-directional or sectored antennas and conforming to the equip-
ment requirements of this Recommended Practice should not produce an EIRP spectral density exceeding
+14 dBW/ MHz. However, it is strongly recommended that a maximum EIRP power spectral density of
0 dBW/MHz be used in order to comply with the one guard channel recommendation for the same area/adja-
cent channel case (see Recommendation 7 in Section 4.1). 

6.1.1.4 In-band inter-cell links station (IILS)

When point-to-point in-band inter-cell links IILSs are employed, if the recommendations for SS EIRP and
unwanted emissions provided in Sections 6.1.1.2 and 6.1.3, respectively, are followed, the coexistence envi-
ronment described elsewhere in this Recommended Practice should apply. If aAn operator who elects to uti-
lize such a link an IILS, which that does not conform to the foregoing recommendations, one should be
sensitive to situations where coexistence issues can arise. 

6.1.1.5 Upstream Uplink power control 

A SS conforming to the equipment design parameters recommended by this Recommended Practice should
employ upstream uplink power control of with at least 15 dB of dynamic range. Simulation results described
in other sections of this document demonstrates that such a range is necessary in order to facilitate coexist-
ence. 

6.1.1.6 Downstream Downlink power control

This Recommended Practice assumes that no downstream active downlink power control is employed. How-
ever, it is recommended that the minimum power necessary to maintain the links be employed. And iIn all
cases, the recommended limits given in Section 6.1.1 should be met.

6.1.2 Frequency tolerance or stability 

The system should operate within a frequency stability of +/- 10 parts per million. 

NOTE—This specification is only for the purposes of complying with coexistence requirements. The stability require-
ments contained in the PHY air interface specifications may be more stringent, particularly for the base station. In addi-
tion, it is highly recommended that the SS transmit frequency be controlled by using a signal from the downstream
downlink signal(s).
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6.1.3 Out-of-block unwanted emissions

Unwanted emissions produced by an operator’s equipment and occurring totally within an operator’s autho-
rized band are only relevant only for that operator and are not covered in this Recommended Practice.
Unwanted emissions from an operator into adjacent bands must should be constrained to avoid giving unac-
ceptable interference to users of adjacent spectrum. Recommended emission limits are given below.

As indicated in Figure 7Figure 6, single-carrier or multi-carrier transmissions, whose occupied bandwidth is
totally within the authorized band, will nevertheless emit some power into adjacent bands. These unwanted
emissions include out-of-band (OOB) emissions (within 200% of the emission occupied bandwidth (Bo) of
the authorized band edge) and spurious emissions (beyond this 200% point).

The spectral density of uUnwanted emissions spectral density at the input to the antenna port should be
attenuated by at least A (dB) below the total mean output power Pmean as follows:

1) For a single-carrier transmitter (see Annex A, Section A.1.2, Single-carrier test) :

In any 1.0 MHz reference bandwidth, outside the authorized band, and removed from the authorized band
edge frequency by up to and including +200% of the occupied bandwidth (i.e., 2 Bo),: at least A = 11 + 40
foffset/Bo + 10 log10 (Bo), (dB), where Bo is in MHz and foffset = is the frequency offset (in MHz) from the
authorized band edge. Attenuation greater than A = 50 + 10 log10 (Bo) (dB) is not required. An absolute
transmit level below –70 dBW/MHz is not required.

2) For a multi-carrier transmitter or multi-transmitters (excluding OFDM) into sharing a common
final stage amplifier (see Annex A, Section A.1.3):

Each of the carriers individually must should pass the single-carrier limit above and in addition the following
limits apply.:

The mask is to be the same as in (1), using the occupied bandwidth that is defined for multi-carrier transmit-
ters in section 3.1. The total mean power is to be the sum of the individual carrier/transmitter powers.

NOTE—Several transmitters into a common non-active antenna cannot use the multi-carrier mask for the composite sig-
nal. In this case, the appropriate mask applies to the individual transmitter.

3) In any 1.0 MHz band which is removed from the identified edge frequency by more than
+200% of the occupied bandwidth:

Emissions shall should not exceed an absolute level of –70 dBW/MHz.

Figure 6—Unwanted emissions
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Figure 8Figure 7 provides is an example of how the unwanted emission mask would be applied to a hypo-
thetical 50 MHz single carrier, located at the edge of the authorized band with a mean power of 0 dBW.

— The in-band spectral density will be 0 – log10(50) = –17 dBW/MHz

— The first section of the equation “A = 11 + foffset/Bo + 10log10(Bo)” starts 11 dB below this in-band
spectral density and falls linearly with offset frequency from the band edge

— In this example, the attenuation ‘A’ reaches a value of –67 dB shortly before a 50 MHz offset and at
that point the attenuation floor of “A = 50 + 10log10(Bo)” starts and continues at this value tilluntil a
‘2Bo’ offset. In this example, the second adjacent channel attenuation is thus –50 dBc.

— Beyond the ‘2Bo’ frequency offset, the spurious emission absolute limit of –70 dBW/MHz starts and
continues out indefinitely.

In other examples (e.g., in the above example, if the mean power was –10 dBW), the absolute emission limit
of –70 dBW/MHz may be reached before the attenuation floor of “A = 50 + 10log10(Bo)” is reached, and. Iin
this case, the absolute emission limit takes precedence.

NOTE—Unwanted emission in Europe

Within Europe, the ETSI limits of EN 301 390 [B13][13] should be applied. This which has limits that are
10 dB more stringent than CEPT/ERC Recommendation 74-01 [B14][14] for noise-like emissions over cer-
tain frequency bands. 

NOTE—Within the +/-250% of the channel, a specific spectrum mask applies. This which should be taken from the
appropriate standard documented by ETSI.

According to ETSI EN 301 390 V1.1.1 (2000-12) [B13][13] section 4.1.3, the following requirements
should be used in Europe:

Figure 7—Example of application of unwanted emission limit

NOTE—Unwanted emission in Europe
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The CEPT/ERC Recommendation 74-01 [B14][14] shall apply applies for spurious emissions in the fre-
quency range 9 kHz to 21.2 GHz and above 43.5 GHz.

For spurious emissions falling in the range 21.2 GHz to 43.5 GHz, the tighter limits shown in Figure
9Figure 8 and Figure 10Figure 9 shall apply to both base and subscriber stations. In this frequency range,
where the –40 dBm limit shown in Figure 9Figure 8 and Figure 10Figure 9 applyies, allowance is given for
no more than 10 discrete (CW) spurious emissions which are permitted to exceed the limit up to –30 dBm.

Figure 8—Systems for channel separation 1 < CS2 ≤ 10 MHz
2The acronymabbreviation “CS” refers to “Channel Separation.”
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In the same figures, for comparison, the less stringent limits from CEPT/ERC Recommendation 74-01
[B14][14] are also shown.

6.2 Antenna parameters

The following antenna parameters apply to Frequency Range 2 (23.5–43.5 GHz), unless otherwise indi-
cated.

In considering coexistence, the operator needs to consider the antenna radiation pattern in the azimuth (AZ)
and elevation (EL) planes relative to the required coverage footprint. For purposes of consistency and ease of
implementation, the ability to select either horizontal or vertical polarization without the need for concern
for differences in the RPE’s is considered very important. Hence, the AZ and EL RPE’s are independent of
polarization. The polarization discrimination is specified in the tabular and graphical form below.

6.2.1 Polarization

Two linear polarization orientations, horizontal and vertical, are recommended. The required polarization
purity is captured in the specification of antenna cross-polar discrimination (XPD) in 6.2.2the next section.
Also, the Radiation Pattern Envelopes (RPEs) of this recommendation, described later, are independent of
polarization. 

6.2.2 Base  station antenna

6.2.2.1 Electrical classes

The performance of BS antennas is divided into two electrical classes. Depending on the deployment envi-
ronment, the specific antenna class may be chosen to provide suitable coverage.

Figure 9—Systems for channel separation 1 < CS3 ≤ 10 MHz
3The acronymabbreviation “CS” refers to “Channel Separation.”
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The distinguishing factor between the classes is the severity of interference into other transceivers. Although
it is outside the scope of this document to address intra-system interference, selection of antennas may be prin-
cipally determined by interference arising from within an operator’s own network rather than from external
sources.

a) Electrical Class 1

Electrical Class 1 antennas, which are characterized by moderate sidelobe performance, are recommended
for operation in environments in which interference levels are typical.

b) Electrical Class 2

Electrical Class 2 antennas are meant for operation in environments in which interference levels could be
potentially significant and cause problems under certain conditions. In such conditionsenvironments, Class 2
antennas with higher levels of discrimination in side lobes and back lobes need to may be deployed to pro-
vide acceptable performance of the system and mitigate inter-system interference.

6.2.2.1.1 Azimuth radiation pattern envelopes

This section subclause describes radiation pattern envelopes for the two Electrical Classes of antenna.

The radiation pattern envelope is specified in terms of a variable α that is half the azimuth -3 dB beamwidth
of the antenna. Sector sizes for these RPE tables range from 15o to 120o.

Figure 11Figure 10 and Figure 12Figure 11 illustrate the recommended azimuth co-polar and cross-polar
RPEs for the two Electrical Classes of antenna. Some specific data points are provided in Table 3 and
Table 4; between these pint, linear interpolation is used.

Figure 10—BS RPE in the azimuth plane—Electrical Class 1
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Table 3—BS RPE in the azimuth plane—Electrical Class 1

Angle
(degrees)

Class1 co-polar
(dBrel)

Class1 cross-polar 
(dBrel)

0
α + 5
α + 15

2α
3α
180

0
0
—
–20
–30
–30

–25
—
–30
—
—
–30

Table 4—BS RPE in the azimuth plane—Electrical Class 2

Angle
(degrees)

Class2 co-polar
(dBrel)

Class2 cross-polar 
(dBrel)

0
α + 5
α + 15
2.44α

3α
180

0
0

–20
–24
–35
–35

–28
—
–30
–35
—
–35

Figure 11—BS RPE in the azimuth plane—Electrical Class 2
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6.2.2.1.2 Elevation radiation pattern envelopes

The Elevation Radiation Pattern Envelopes (RPEs) should be specified both above and below the local hori-
zon, to provide isolation, improve coexistence, and to ensure efficient use of radiated power. The pattern
below the horizon should be specified as a minimum in order to reduce coverage nulls that would require an
increase in radiated power by the SS antenna. 

The elevation RPE below the horizon is specified in terms of β, where 2β is the 3 dB beamwidth in the ele-
vation plane.

This specification will follows accepted practices for the specification of elevation radiation pattern enve-
lopes that provide for the 0o angle to be directed at the local horizon, the 90o angle directed overhead, and
the –90o angle directed downward.

It may be necessary in practical deployments to use electrical or mechanical tilt, or a combination of both, to
achieve the required cell coverage, taking into account the surrounding terrain, for example.

Figure 13Figure 12, Figure 14Figure 13, and Figure 15Figure 14 illustrate the recommended elevation RPEs
for Classes 1 and 2. Some specific data points are provided in Table 5, Table 6, and Table 7; between these
points, linear interpolation is used.

Figure 12—BS elevation co-polarized maximum above the horizon
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Table 5—BS elevation co-polarized maximum above the horizon

Angle
(degrees)

Class1 co-polar
(dBrel)

Class2 cross-polar 
(dBrel)

0
β
15
90
180

0
0

–18
–30
–30

0
0

–18
–30
–35

Figure 13—BS co-polarized minimum below the horizon
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6.2.3 Subscriber station

Fixed BWA systems employ SS antennas that are highly directional, narrow-beam antennas. Although it is
not as important for coexistence as the BS RPE, the RPE of the SS antenna is a factor in determining inter-
system interference.

Table 6—BS co-polarized minimum below the horizon

Angle
(degrees)

Class 1 & 2 co-polar minimum
(dBrel)

0
–β
–2β
–3β
–5β
–7β
–10β
–15β
–30β
–90

–3
–12
–16
–20
–26
–30
–33
–40
–80
–80

Figure 14—BS cross-polarized maximum above and below the horizon
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6.2.3.1 Radiation pattern envelope

Figure 16Figure 15, Figure 17Figure 16, and Figure 18Figure 17 show the RPEs of co- and cross-polar pat-
terns for classes 1, 2 and 3. Some specific data points are provided in Table 8, Table 9, and Table 10;
between these pint, linear interpolation is used.The required side lobe level and front-to-back ratio of the SS
antenna depends on the coexistence scenario, C/I requirements of the radios, rain region, and the pattern of
BS antenna pattern. It is recommended here that all of the above-mentioned parameters be taken into consid-
eration in choosing the right class of antenna. 

In Table 8, Table 9, and Table 10, 2αa is the 3 dB (or half-power) beamwidth of the antenna. It is also
assumed that the same RPE should apply to both E- and H-plane. There is, however, no requirement on the
symmetry of the antenna patterns as long as they meet the following RPEs. 

   

Table 7—BS co-polarized minimum below the horizon

Angle
(degrees)

Class1 co-polar
(dBrel)

Class2 cross-polar
(dBrel)

–180
–90
–5β
–2β

0
–2β
5β
90
180

–30
–30
—
—
–25
—
—
–30
–30

–35
—
–30
–28
–28
–28
–30
—
–35

Figure 15—SS RPE Class 1
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Table 8—SS RPE Class 1

Angle
(degrees)

Class1 co-polar
(dBrel)

Class1 cross-polar
(dBrel)

0
α

4.99
5
10
60
100
180

0
0
—
–14
–20
–27
–45
–45

–27
—
–27
–30
–35
—
–45
–45

Figure 16—SS RPE Class 2
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6.2.4 Mechanical characteristics

This section subclause discusses the recommended minimum requirements regarding antenna mechanical
requirements for typical environments. However, for harsher environments, e.g. such as hurricane-prone
areas, a more robust antenna systems may be required.

6.2.4.1 Wind and ice loading

Wind loading, as specified in this document for the BS, results in mechanical deformation or misalignment
that would cause the radiated pattern to be altered and, hence, affect the coexistence characteristics. Anten-

Table 9—SS RPE Class 2

Angle
(degrees)

Class2 co-polar
(dBrel)

Class2 cross-polar
(dBrel)

0
α

4.99
5
10
60
100
180

0
0
—
–14
–22
–35
–54
–54

–27
—
–27
–30
–35
—
–54
–54

Figure 17—SS RPE Class 3
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nas should meet the system operational requirements when subjected to the expected wind and ice loading in
the geographical installation area. The angular deviation of the antenna main beam axis during specified
operational conditions should not be more than 0.5 degrees. The antenna can exceed this deviation during
survival conditions, but it should return to its original pointing direction after the survival adverse condition
ceases. In any case, the minimum design operational wind load should be 112 km/hr, and the minimum
design survival wind load should be 160 km/hr. These minimum specified loads may be increased substan-
tially in many geographical areas.  If potential ice buildup is a factor, the ice thickness should be considered
radial, with the density assumed to be 705 kg/m3. Consideration of ice buildup on the radome face depends
on the material of the radome and whether a heater is utilized. Radome ice should be considered on a case by
case basis. 

6.2.4.2 Water tightness

Water tightness is important in eliminating unwanted attenuation that would not necessarily might be non-
uniform over the antenna aperture and. This could change the pattern and non-uniformly reduce the distance
over which the BS would operate. In this regard, the antenna should be designed to ensure that water ingress
is negligible.

6.2.4.3 Temperature and humidity

The antennas must should not suffer performance degradation when subjected to temperature or humidity
extremes, which , as this could potentially cause interference. Therefore, antennas should be designed to
operate within the recommendation of this document over the full temperature and humidity range for which
the system is intended to be deployed. 

6.2.4.4 Radomes and heaters

If radomes are used, all recommended antenna limits included in this Recommended Practice should be met,
i.e. with the radomes installed. This includes radome heaters where they are required.

6.2.4.5 Labeling

With respect to coexistence, labeling aids in the proper installation of the antenna. Proper labeling aids in
installing the correct antenna with the correct radiation characteristics. Antennas should be clearly identified
with a weatherproof and permanent label(s) showing the antenna type, antenna frequency range, antenna
polarization, and, serial number(s). It should be noted that integrated antennas may share a common label
with the outdoor equipment. 

Table 10—SS RPE Class 3

Angle
(degrees)

Class3 co-polar
(dBrel)

Class3 cross-polar
(dBrel)

0
α
5
10
60
80
100
180

0
0

–18
–30
–40
—
–58
–58

–30
—
–30
–40
–50
–60
—
–60
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6.2.4.6 Mechanical adjustment assembly

The sector antennas described in this specification typically have a wide azimuth pattern and a narrow eleva-
tion pattern. The mechanical tilting assembly should accommodate adjustments in elevation and azimuth,
consistent with the overall system design requirements. 

6.2.4.7 Vibration

Due to narrow azimuth and elevation beamwidth, the SS antennas should be highly stable and undergo little
mechanical deformation due to wind and other sources of vibrations. 

6.3 Receiver design parameters

This section subclause provides recommendations for the design of both subscriber and base station receiv-
ers, which are to be deployed in fixed broadband wireless access systems. The parameters for which recom-
mendations are made are those that affect performance in the presence of interference from other fixed BWA
systems.

6.3.1 Co-channel interference tolerance

The simulations performed in support of the recommendations included in this Recommended Practice doc-
ument assumed an interference signal level not exceeding 6 dB below the receiver noise floor causing a
noise floor degradation of 1 dB. This was chosen as an acceptable degradation level upon which to operate a
fixed BWA system while allowing interference levels to be specified in an acceptable manner. The following
subsections subclauses recommend minimum design standards to allow for interference.

There will be detailed differences for aThese simulations do not account for an operator’s specific equipment
and frequency band. These can be readily estimated by an operator based on his or her own system parame-
ters.Operators should adjust the results to account for their own system parameters.

6.3.1.1 Base station 

The base station receiver is expected to be might be subjected to adjacent channel interference and co-chan-
nel interference from other fixed BWA systems operating in close proximity to the reference system. There-
fore, the base station receivers must should be designed with proper selectivity and tolerance to interference.

6.3.1.2 Subscriber station

The SS receiver may might be subjected to adjacent channel interference and co-channel interference from
other fixed BWA systems operating in the close proximity to the reference system. Therefore, the receivers
intended for SS terminal applications should be designed with the proper selectivity and tolerance to interfer-
ence.

6.3.1.3 Link availability in a joint C/N + C/I transmission environment 

Simulation results described in other sections of this document indicate that limiting co-channel interference
impairments will likely occur as the result of some-one major interference conflict. Such worst case impair-
ments are expected to be rare, as they require a boresight alignment between interference and victim antennas.

The simulation results indicate that the proposed receiver interference tolerance of a 1 dB threshold impair-
ment is sufficient in terms of establishing acceptable coordination design objectives. However, the possibil-
ity still remains that multiple interferer's can exist and may add to the threshold impairment. The following
example examines the significance of these interference sources.
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The system design model is based on the “typical” parameters for fixed BWA at 26 GHz as identified in
Section 6.1.1. A 4-QAM modulation system is assumed with an excess bandwidth of 15% and a receiver
noise figure of 6 dB. Availability objectives of 99.995% for a BER = 10-6, based on a threshold C/N =
13 dB, translate to a maximum cell radius of R = 3.6 km in ITU-R rain region K with a corresponding
interference-free fade margin of 26 dB. Worst case H-POL transmission has been assumed.

For I/N = –6 dB, C/I = 19 dB and the effective receiver threshold is impaired by approximately 1 dB such that
the limiting C/N is now 14 dB. A 3 dB impairment to threshold (C/I = 16 dB) would move the C/N require-
ment to 16 dB. Figure 19Figure 18 illustrates the reduction in availability as C/I increases, referenced to R
fixed at 3.6 km. It is apparent that link availability degrades modestly as C/I increases. At C/I = 16 dB, avail-
ability has degraded to only 99.9925%.

Figure 20Figure 19 indicates the necessary reduction in cell radius R that would be required to maintain
availability at 99.995%. At C/I = 16 dB, R is reduced to 3.25 km, a reduction of 10%. Consequently, if sys-
tem operation in a strong interference environment is anticipated, a system design with modestly reduced
cell dimensions may be prudent.

Figure 18—Availability vs versus C/I for a fixed cell radius
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It is thus concluded that the selected I/N = –6 dB is a conservative metric for specification of interference
criteria.

6.3.2 Adjacent channel desired to undesired signal level tolerance

Where coordination between operators cannot be guaranteed, it is recommended that an operational receiver
be capable of withstanding the exposure of relatively high power adjacent channel carriers. The recom-
mended numerical values below, are based on the emission mask in section 6.1.3, QPSK modulation, and
single-carrier operation. Where coordination between the victim and interfering operators is possible, the
occasions where likelihood of this kind of interference is experienced may be reduced.

This recommendation has a direct impact on coexistence referenced to the estimation of guard band require-
ments discussed extensively elsewhere in this Recommended Practice. The coexistence criteria assume that
adjacent channel carrier interference, as defined by net filter discrimination (NFD), establishes the require-
ments, and that interfering signals have not degraded the NFD. Thus, the following tests can only be only
indirectly related to the emission level masks and the guard band criteria recommended elsewhere in this
Recommended Practice.

A possible test can be defined in terms of a desired carrier (D)-to-undesired carrier (U) ratio, D/U. The D carrier
emissions should correspond to the signal characteristics normally expected to be present at the victim receiver
input port.

6.3.2.1 Base station and subscriber station D/U tolerance

This test should be performed with both desired and undesired signals having the same modulation charac-
teristics and equal transmission bandwidths. With both the desired D and undesired U signals coupled to the
input of the victim D receiver, set the input level of the desired signal such that it is 3 dB above the nominally
specified BER performance threshold.

6.3.2.1.1 First adjacent channel D/U

Set the undesired carrier frequency so that it corresponds to a one channel bandwidth frequency offset and at
a D/U = –5 dB.

Figure 19—Radius vsversus C/I for a fixed availability
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The measured BER performance of the D receiver should not exceed that specified for nominal threshold
performance.

6.3.2.1.2 Second adjacent channel D/U

Set the undesired carrier frequency so that it corresponds to a two channel bandwidth frequency offset and at
a D/U = –35 dB.

The measured BER performance of the D receiver should not exceed that specified for nominal threshold
performance.

Examples of suitable test methods can be found, such as those in ETSI conformance testing procedures (see
Annex A.3).

Where coordination between operators cannot be guaranteed, it is recommended that an operational receiver
be capable of withstanding the exposure of relatively high power adjacent channel carriers.
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7. Deployment and coordination 

This section subclause provides a recommended structure process to be used to co-ordinate deployment of
fixed BWA systems in order to minimize interference problems.

NOTE—National regulation and/or international agreements may impose tighter limits than the following and will shall
take precedence in this case.

This methodology should will facilitate identification of potential interference issues and should, if the
appropriate recommendations are followed, will minimize the impact in many cases, but compliance with
this process will not guarantee avoiding the absence of interference problems.

NOTE—In the following, “coordination” implies, as a minimum, implies a simple assessment showing the likelihood of
interference, and i It may imply a detailed bi-lateral negotiation between operators to mitigate problem areas for the ben-
efit of both systems.

7.1 Co-frequency/adjacent area

7.1.1 Methodology 

Coordination is recommended between licensed service areas where both systems are operating co-channel,
i.e., over the same fixed BWA frequencies, and where the service areas are in close proximity, e.g., the short-
est distance between the respective service boundaries is less than4 60 km. The rationale for 60 km is given
in Section 7.1.2. The operators are encouraged to arrive at mutually acceptable sharing agreements that
would allow for the provision of service by each licensee within its service area to the maximum extent
possible.

Under the circumstances where a sharing agreement between operators does not exist or has not been con-
cluded, and whose where service areas are in close proximity, a coordination process should be employed. In
addition to the procedure described below, two alternative coordination procedures are described in Annex
E(based on a different I/N) and Annex F (based on a two-tier psfd approach).

Fixed BWA operators should calculate the power spectral flux density (psfd) at their own service area
boundary. Power spectral flux density (psfd) should be calculated using good engineering practices, taking
into account such factors as propagation loss, atmospheric loss, antenna directivity toward the service area
boundary, and the curvature of Earth. The psfd level at the service area boundary should be the maximum
value for elevation point up to 500 m above  local terrain elevation. No aggregation is needed, because prin-
cipal interference processes are direct main beam to main beam coupling. Refer to the section 7.1.2 for a
rationale behind the psfd levels presented in this process. 

The limits here refer to an operator’s own service boundary, since that is known to the operator and will fre-
quently be the same as the adjacent operator’s service boundary. In cases where the two boundaries are sep-
arate (e.g., by a large lake), dialog between operators, as part of the coordination process, should investigate
relaxing the limits by applying the limits at the adjacent service boundary. In cases where there is an inter-
vening land mass (with no licensed operator) separating the two service areas, a similar relaxation could be
applied, h. However, in this case, caution is needed since both existing operators may have to re-engineer
their systems, if a new licensee is awarded at a future time for service later begins in this intervening land
mass.

4In the event an operator using case of sites of very high elevations relative to local terrain, that could produce interference to BWA ser-
vice areas beyond 60 km may be affected., this The operator should coordinate with the affected licensee(s).
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Deployment of facilities which generate a psfd, averaged over any 1 MHz at their own service area bound-
ary, less than or equal as to that stated in Table 11, averaged over any 1 MHz at their own service area
boundary are not should not be subject to any coordination requirements. 

7.1.2 Coordination trigger

As described above, distance is suggested as the first trigger mechanism for coordination between adjacent
licensed operators. If the boundaries of two service areas are within 60 km of each other, then the coordina-
tion process is recommended. 

The rationale for 60 km is based upon several considerations, including radio horizon calculations, propaga-
tion effects, and power flux density levels (the latter is discussed in section 7.3).

The radio horizon, defined as the maximum line-of-sight distance between two radios, is defined (see
Figure 20) as:

(5)

where

Rh = radio horizon (km)
h1 = height of Radio 1 above clutter (m)
h2 = height of Radio 2 above clutter (m).

Table 12 presents the horizon range for different radio heights above average clutter. Note that if the antenna
is erected on a mountain (or building), then the “height of radio above clutter” will probably also include the
height of the mountain (or building).

The worst-case interference scenario involves two base stations, as thesey are typically located on relatively
high buildings/ or infrastructures and hence have greater radio horizon distances than subscriber stations. A
typical height for a base station is 65 m above ground level, or 55 m above clutter, assuming an average clut-
ter height of 10 m over the whole path length. This produces a radio horizon of 60 km. There will be cases
where the base station equipment may be located on higher buildings, which would produce a greater radio
horizon. However, these base stations tend to tilt their antennas downward which. This effectively reduces

Table 11—Maximum psfd limits

Frequency band psfd (dBW/m2)/MHz

24,26,28 GHz –114

38,42 GHz –111

Rh 4.12 h1 h2+( )=

Figure 20—Geometry of radio horizon
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the amount of power (interference) that can be directed towards the adjacent base station and therefore
reduces the interference. The following subsections subclauses examine power levels in further detail.

7.2 Same area/adjacent frequency

As stated in Recommendation 7, deployments will usually need one guard channel between nearby transmit-
ters. Where administrations do not set aside guard channels, the affected operators willwould need to reach
agreement on how the guard channel is apportioned between them. Where channel sizes are different, the
guard channel should be equal to that of the wider channel system. This document does not consider the case
where an operator deploys multiple channel sizes within his or her allocation.

7.3 Use of power spectral flux density (psfd) as a coexistence metric

This section subclause addresses the maximum power flux density that can be tolerated as a result of co-
channel interference originating from an adjacent licensed operator. For the purposes of the Recommenda-
tions in this document, the amount of interference generally considered acceptable or tolerable is a level
which produces a degradation of 1 dB to the system’s C/N This degradation is usually taken into consider-
ation during the original link budget exercise. For the noise floor to increase by 1 dB, the interference power
level must be 6 dB below the receiver’s thermal noise floor.

In Annex B, a typical psfd calculation is shown at the frequenciesy of 28 and 38 GHz. The psfd limit can be
applied in different ways that affect the probability of interference and t. Two examples are given in Annex E
and Annex F.

The 38 GHz band has been used extensively for individual point-to-point radio links for a number of years in
many countries. More recently, the band has also been used to provide point-to-point links in support of
fixed broadband wireless access systems. Thus, it is important that these point-to-point radio receivers be
afforded an equal opportunity to co-exist with point-to-multipoint equipment in a shared frequency environ-
ment. Where there is significant deployment of point-to-point links as well as point-to-multipoint systems,

Table 12—Horizon range for different radio heights AGL (in kilometers)

Height of Radio 2 
above clutter(m)

Height of Radio 1 above clutter(m)

10 20 30 40 50 60 70 80 90

10 26 31 36 39 42 45 47 50 52

20 31 37 41 44 48 50 53  55 58

30 36 41 45 49 52 54 57 59 62

40 39 44 49 52 55 58 61 63 65

50 42 48 52 55 58 61 64 66 68

60 45 50 54 58 61 64 66 69 71

70 47 53 57 61 64 66 69 71 74

80 50 55 59 63 66 69 71 74 76

90 52 58 62 65 68 71 74 76 78
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and protection of point-to-multipoint systems is mandated, tighter psfd trigger levels will may be appropriate
(e.g. –125 (dBW/m2)/MHz at 38 GHz band is applied by some administrations to protect point-to-point
links).

7.4 Deployment procedure 

This section identifies that there will be a need for oOperators toshould develop a “turn-on” procedureal
methodology for use during transmitter activation, the objectives being the avoidance of inadvertent interfer-
ence generation. The “turn-on” operator is highly encouraged to communicate with other known operators
who may be affected. It is expected that operators will independently develop their “turn-on” procedures but
it is outside the scope of this document to provide specifics.

8. Interference and propagation evaluation/examples of coexistence in a 
PMP environment

8.1 Guidelines for geographical and frequency spacing between fixed BWA sys-
tems

The following subsections subclauses indicate some of the models, simulations and analysis used in the
preparation of this Recommended Practice. While a variety of tools can be used, it is suggested that the sce-
narios studied below be considered when coordination is required. 

8.1.1 Summary

This section subclause provides guidelines for geographical and frequency spacings of fixed BWA systems
that would otherwise mutually interfere. The guidelines are not meant to replace the coordination process
described in section Clause 7. However, in many (probably most) cases, by following these guidelines, satis-
factory psfd levels will be achieved at system boundaries. The information is therefore valuable as a first step
in planning the deployment of systems. 

The actual psfd levels can then be calculated or measured, as appropriate, and any adjustments to system
layout can then be made. These adjustments should be relatively small, except in unusual cases.

8.1.2 Interference mechanisms

Various interference mechanisms can reduce the performance of fixed BWA systems. Although intra – sys-
tem interference is often a significant source of performance degradation, it is not considered in this analy-
sis. Its reduction to acceptable levels requires careful system design and deployment, but these are under
the control of the operator, including the decision as to who may decide what constitutes an acceptable
maximum level. Thus, only inter-system interference mechanisms are considered, where inter-operator
coordination may be appropriate, have to be are considered here. 

In each frequency band assigned for fixed BWA use, different types of systems may be deployed, some con-
forming to IEEE 802.16 standards and some designed to other specifications. Therefore, we consider a wide
range of possibilities in determining the likely interference levels and methods for reduction to acceptable
levels.

There are two main scenarios, each with several variants:

— Co–channel systems that are geographically spaced

— Systems that overlap in coverage and (in general) require different frequencies of operation
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The various potential BS-SS-RS interference paths must need to be considered to determine how much inter-
ference will occur. Between any two systems, there may be several interference mechanisms may be operat-
ing simultaneously (see section 5.3). The geographical or frequency spacing (or both) necessary to reduce
interference to acceptable levels is then determined by the most severe mechanism that occurs. 

A number of techniques have been used to estimate inter-system interference:

— Worst case analysis

— Interference Area method

— Monte Carlo simulations

Each of these is described below. The most appropriate method depends on the interference mechanism. In
each case, geographical or frequency spacing between systems has been varied in the calculations until the
interference is below an acceptable threshold. These values are shown in the tables of results as guidelines
for nominal geographical or frequency spacing.

8.1.3 Worst-case analysis

Some interference mechanisms arise from a single dominant source and affect each victim in a similar way.
A relatively simple calculation of the worst-case interference can then be made, using realistic values for
system parameters and ignoring additional radio path terrain losses. An example is the interference from a
single dominant BS into the victim BS of an adjacent system.

8.1.4 Simulations

There are many cases where a simple worst - case analysis is of limited use. Where there are many possible
interference paths between a particular type of interferer and the associated victim stations, the worst case
could be very severe but may also be very improbable. Planning on the basis of the worst case would then be
unrealistic. An example is the interference between subscriber stations of different operators in the same
geographical area. Most interference will be negligible, but a certain small proportion of cases could have
very high interference levels. 

Monte Carlo simulations provide a means of assessing the probability of occurrence of a range of interfer-
ence levels at victim stations. The recommended geographical or frequency spacing is then a compromise, in
which an acceptably small proportion of cases suffer interference above the recommended limit (e.g.. For
example, 1% of randomly positioned SSs would might suffer interference above the desired level). 

A model of an interference scenario is created using realistic parameters, in which the placement of fixed BWA
stations (usually the SSs) can be randomly varied. Other randomly varied parameters may be included, such
as buildings and terrain factors, may be included. The simulation is run many times and the results plotted as
a probability distribution. 

8.1.5 Interference area (IA) method

In some scenarios, it can be shown that specific parts of the coverage area will suffer high levels of interfer-
ence, whilest other areas are not affected. The Interference Area (IA) is the proportion of the sector coverage
area where interference is above the target threshold. This is equivalent to the probability that a randomly
positioned station (within the nominal coverage area) will experience interference above the threshold. In
several scenarios, the interference area value is a small percentage and the locations are predictable.
Although high levels of interference do occur, they are sufficiently localized to be acceptable.

The interference area may be determined by running a simulation program, in which victim or interfering
stations are randomly positioned. For each case where in which the desired interference limit is reached or
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exceeded, a point is marked on a diagram. After a large number of trials, the interference area value can be
calculated and is easily identified on the diagram. Figure 21 provides an example.

8.1.6 ISOP (Interference scenario occurrence probability)

Although not used in this document, the concept of ISOP may be interesting in some cases. The ISOP anal-
ysis is an extension of the IA method, in which a calculation is made of the probability that at least one vic-
tim SS will be inside the IA. The probability may be averaged across a wide range of different frequency and
polarization assignment cases and therefore may not be representative of a specific deployment.

Further information on both the ISOP method and the IA method can be found in ERC Report 99 [B15][15].

8.1.7 Simulations and calculations

Table 13 summarizes the simulations and calculations undertaken for this Recommended Practice. The most
appropriate method has been selected, dependent on the scenario and interference path. 

8.1.8 Variables

In the simulations, a number of parameters have been varied in order to test the sensitivity of the results to crit-
ical aspects of system design. In particular, antennas with various RPEs have been evaluated. It is concluded
that, although many results are improved by use of more tightly specified antennas, the absolute value (prob-
ability of interference) tends to be quite low with all the antennas considered. On this basis, good practice is
to choose the best antenna possible, consistent with system economics.

In some configurations, the intra system interference considerations will dominate the decision on antenna
RPEs. Effective frequency re-use between cells will demand the use of antennas whose intra-system
requirements can provide satisfactory inter-system interference levels.

Figure 21—Example of interference area diagram (BS-SS adjacent area case)
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Table 13—Summary of the simulations and calculations

Path
(note 1) FDD or TDD Scenario Method

Spacing at which interference is 
below target level (generally 6 
dB below receiver noise floor)

SS to BS FDD/TDD Adjacent area, same 
channel

Monte Carlo
simulation

40 km
BS-BS (different system)

BS to SS FDD/TDD Same area, adjacent 
channel(s)

Monte Carlo
simulation

1 guard channel
(note 2)

SS to BS FDD/TDD Same area, adjacent 
channel

Monte Carlo
simulation

1 guard channel
(note 2)

BS to SS FDD/TDD Same area, adjacent 
channel

Interference Area 
(IA)

1 guard channel =
0.5–2% IA
(note 2)

BS to BS FDD/TDD Same area, adjacent 
channel

Monte Carlo 
simulation

1 guard channel
(note 2)

SS to SS TDD Same area, adjacent 
channel

Monte Carlo
simulation

1 guard channel
(note 2)

SS to SS TDD Same area, adjacent 
channel

Monte Carlo
simulation

Low probability if BS-BS >35 
km (different system)

SS to BS FDD/TDD Same area, adjacent 
channel

Interference Area 
(IA)

3 5 km
BS-BS (different system)

BS to BS
(multiple

interferers)

FDD/TDD Same area, adjacent 
channel

Monte Carlo
simulation

60 km
(note 3)

Mesh to PMP 
BS

FDD /TDD Adjacent area, same 
channel

Monte Carlo 
Simulation

12 km
BS to mesh edge

Mesh to PMP 
SS

FDD /TDD Adjacent area, same 
channel

Monte Carlo 
Simulation

Low probability if mesh edge to 
BS > 12 km

Mesh to PMP  
BS

FDD/TDD Same area, adjacent 
channel

Monte Carlo 
Simulation

1 guard channel
(Note 4)

Mesh to PMP 
SS

FDD/TDD Same area, adjacent 
channel

Monte Carlo 
Simulation

1 guard channel
(Note 4)

NOTES
1—All scenarios represent interference paths between two different PMP systems, unless otherwise stated.
2—The single guard channel result is derived from an analysis in which the channel size of interfering and victim
stations is the same. Where channel spacings are considerably different across the frequency block boundary, analy-
sis suggests that one equivalent guard channel may be necessary at the edge of each operator's block.
3—The results from the multiple BS interference simulation are based on an adverse terrain assumption and on the
use of omni-directional BS antennas. The victim BS is assumed to be at a high location, with clear line of sight to all
interfering BSs. Results taking account of terrain and building losses and sectored BS antennas are for future analy-
sis. 
4—The single guard channel is a conservative figure. Even with zero guard channels, a large proportion of simula-
tion runs produced much lower interference than the desired threshold. Thus, by careful design or by use of intelli-
gent interference mitigation, the guard channel could be reduced or eliminated.
48 Copyright © 2001 IEEE. All rights reserved.

This is an unapproved IEEE Standards Draft, subject to change.



IEEE
FIXED BROADBAND WIRELESS ACCESS SYSTEMS  IEEE P802.16.2-2001

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
8.1.9 Results of the analysis

Simulations have been undertaken for many of the interference mechanisms described below. A summary of
each method and its results is given in Annex C.

8.1.10 Co-channel case

8.1.10.1 BS-to-BS co-polar, single and multiple interferes

This scenario only occurs where the victim BS receiver is co-channel to the interfering BS transmitter. The
BS-to-BS interference is not necessarily the worst case but, when interference occurs, it affects a large number
of users at the same time. Mitigation, by moving or re-pointing the BS or by changing frequency, can be very
disruptive to a system. Therefore, a relatively “safe” value should be applied to co- channel, co-polar geo-
graphical spacing. Shorter distances are possible but will increase the probability of interference. Therefore it
is recommended that these be verified by more detailed analysis. 

Occasionally, the normal recommended geographical spacing will not be sufficient, due to adverse terrain
conditions. Where one station is on a local high point, which is much higher than the mean level of the sur-
rounding terrain, it is recommended that a specific calculation or measurement be made of the interference
level and the necessary geographical spacing derived from this.

The results for this case are derived from worst-case analysis (for a single interferer and a typical set of system
parameters) and from simulation. This analysis has used parameters that are typical of fixed BWA systems. 

For systems with multiple BSs, typical frequency reuse arrangements can lead to multiple sources of interfer-
ence on a given channel/polarization. The level of interference can therefore be higher than that for a single
interferer.

8.1.10.2 SS-to-BS, co–channel case

In this case, single and multiple SSs must need to be considered. Dependingent on the system design, the
number of SSs which transmit at any one time may be low (or only one) from a given cell sector. However,
interference can often arise from several cells, especially when rain fading occurs selectively (i.e., where a
localized storm cell attenuates some radio paths but not others). 

In the case of mesh systems, there may be several interferers on a given channel, although only a small num-
ber will transmit simultaneously and very few will be visible at a particular BS. simulation (. Monte Carlo
modeling) is needed may be useful to analyze this case of multiple interferers.

8.1.10.3 SS-to-SS, co-channel case

Interference between SSs in adjacent areas has, in general, a low probability of occurrence. In PMP systems,
it usually occurs in specific areas. Its level could be low or high, depending on circumstances. If co-channel
PMP cells are at or beyond the minimum recommended “safe” distance, SS interference has a low probabil-
ity but, in a few cases (in localized interfered areas) could be at a higher level than that experienced by a BS
(due to the higher gain antenna gain of the subscriber station).

For the mesh to PMP case, the results are similar to PMP to PMP, except that interference is generally lower,
due to the use of lower gain mesh SS antennas.

8.1.11 Overlapping Area Case

In thise overlapping area case, significant spatial separation between interferer and victim cannot be
assumed and coexistence relies upon the following: 
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— Frequency separation between interferer and victim

— Frequency discrimination of the transmitter and receiver 

The worst-case scenarios that can be envisaged, if used to derive the protection criteria, would result in
excessive frequency separations between systems operating in adjacent frequency blocks. In effect, exces-
sive guard bands, with the consequential loss of valuable spectrum, would result. This can be avoided
through the use of statistical methods to assess the impact of guard bands on a deployment as a whole and
The calculations can be repeated many times to build up a reliable picture.

8.1.11.1 BS-to-BS interference

In PMP systems without harmonization, this type of BS-to-BS interference is evaluated by use of a simula-
tion program. It is clear that an interfering BS could be relatively close to a victim BS, but the level of inter-
ference depends on the relative locations of the BS’s of the two systems (, which affects the antenna pointing
direction). Analysis shows that a single guard channel between systems will in general be a good guideline
for uncoordinated deployment when the systems employ similar channel spacings. Where channel spacings
are considerably different, then one equivalent guard channel may be necessary at the edge of each opera-
tor’s block.

8.1.11.2 SSub-to-BS interference

In PMP systems, this type of SS-to-BS interference is may be evaluated by use of a simulation program. It is
clear that an interfering SS could be relatively close to a victim BS, but the level of interference depends on
the relative locations of the BSs of the two systems (which affects the antenna pointing direction), on the use
of automatic transmit power control (ATPC), and on possible differential rain fading. TAnalysis of this case,
is analyzed in Annexes C.3 and C.13, and shows that a single guard channel between systems will in general
be a good guideline for uncoordinated deployment. Where channel spacings are considerably different, then
one equivalent guard channel may be necessary at the edge of each operator’s block.

Where the interferer is a mesh system, the antenna pointing directions are more random and possible multi-
ple interferers have to be considered. An analysis of this situation, is in Annex C.11, and shows that the same
one channel guard band is a good guideline for uncoordinated deployment.

8.1.11.3 SS-to-SS, same area case

This problem has to may be analyzed by use of simulations (Monte Carlo modeling). In general, the proba-
bility of interference occurring is low but, when it does occur, the level can be high. Unlike the BS–to-SS case,
the high levels of interference are not in predictable parts of the cell(s). Mitigation is by use of guard bands,
improved antennas and (in mesh systems) by re-routing so as to avoid the worst pointing directions of anten-
nas. 

An analysis of this case can be found in Annex C.5 for the PMP case and in Annexes C.12 and C.13 for the
mesh-PMP case. Theis case without harmonization is analyzed. and The analysis shows that a single guard
channel between systems will in general be a good guideline for uncoordinated deployment. Where channel
spacings are considerably different, then one equivalent guard channel may be necessary at the edge of each
operator’s block.
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9. Mitigation techniques 

9.1 General

This section subclause describes some of the mitigation techniques that could be employed in case of co-chan-
nel interference between systems operating in adjacent areas. As each situation may be is unique, no single
technique can be effective for all cases., and iIn certain circumstances, the application of more than one mit-
igation technique may be more effective.

In general, analyses to evaluate the potential for interference as well as and any possible mitigation solution
should be performed prior to systems implementation. Coordination with adjacent operators could signifi-
cantly lower the potential for interference. Best results would may be obtained if full cooperation and com-
mon deployment planning is achieved.

9.2 Frequency band plans 

By retaining spare frequencies for use only when interference is detected, some potential co-channel and
adjacent channel problems can be eliminated.

A similar frequency plan for the uplink- and downlink could help to reduce interference for FDD systems.
The most problematic interference occurs between base stations, primarily because base stations are typi-
cally located on high buildings/ or other structures, and therefore, they tend to have good clear line of sight
(LOS) with neighboring base stations. Base stations typically operate over 360 degrees, and base stations are
always transmitting.

Harmonized base stations that transmit in the same sub-band do not interfere with each other when located
in adjacent areas and enable site sharing when located in the same area. 

Frequency exclusion provides another, albeit very undesirable, approach for avoiding interference. This
involves dividing or segregating the spectrum so that neighboring licensees operate in exclusive frequencies,
thus avoiding any possibility for interference. This should and must be considered an absolute last resort,
where all other remedial opportunities have been completely exhausted between the licensed operators.

When tackling coexistence between systems operating in adjacent frequency blocks in the same or overlap-
ping areas, similar equipment channelization schemes at the block edges help to facilitate coexistence
between interfering subscriber stations and victim base stations. The effect is to reduce the guard band
required between the frequency blocks due to the similarity of the interferer and victim system characteris-
tics. Additionally, similar characteristics could lead to similar cell coverage areas. This may helping to mini-
mize the potential for numerous overlapping cells.

9.3 Service area demarcation

If regulators define a service area demarcation boundary in an area of low service demand or in areas that
provide natural terrain blockage or separation, then interference across the boundary will tend to be reduced. 

9.4 Separation distance/power

One of the most effective mitigation techniques that can be employed is to increase the distance between the
interfering transmitter and the victim receiver, thus lowering the interfering effect to an acceptable level. If
the distance between the interferer and the victim cannot be increased, then the transmitter power can be
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lowered to achieve the same effect. However, both these options are not always viable due to local terrain,
intended coverage, network design, or other factors.

Another possible, but less desirable, option is to increase the transmit power levels of the SSs within a cell or
sector in a given service area to improve the signal to interference level into the base station receiver. Operat-
ing the SSs ‘hot’ at all times may help to address the adjacent area interference, h. However, it may introduce
other interference scenarios that are equally undesirable, therefore, so caution should be exercised if this
approach is taken.

When tackling coexistence between systems operating in adjacent frequency blocks in the same or overlap-
ping areas, similar operating PSDpsd levels help to facilitate coexistence between interfering base stations
and victim subscriber stations.

In addition to the Recommendation (see Recommendation 10 in Section 4.1) for upstream uplink power con-
trol, downstream downlink power control is an additional, optional feature that would reduce interference
from BSs.

9.5 Co-siting of base stations

Careful planning is required for co-sited antennas. When tackling coexistence between FDD systems operat-
ing in adjacent frequency blocks in the same or overlapping areas with defined uplink and downlink fre-
quency bands, co-siting of base station transmitters help to facilitate coexistence 

9.6 Coexistence with PTP systems

In order to facilitate coexistence between P-MP systems and P-TP systems operating in adjacent frequency
blocks in the same area, a minimum separation and angular decoupling is needed between the P-TP site and
any base station site. To provide the maximum decoupling, the best possible P-TP antenna RPE performance
is preferable.

9.7 Antennas

9.7.1 Antenna-to-antenna isolation

In Practice practice, sector antennas that are directed to the same sector may be co-located. Careful planning
is required in this casefor co-sited antennas. Such co-location involves two primary configurations, depend-
ing on whether the antennas are mounted on the same mounting structure. In one case, there are multiple
antennas mounted at the same site on the same mounting structure that are directed to the same sector angle.
In the second case, there are multiple antennas mounted at the same site on different mounting structures that
are and directed to the same sector.

Antenna-to-antenna isolation is dependent on factors like site location, mounting configurations, and other
system level issues. Even with seemingly uncontrollable factors, there is a need for isolation between the
antennas directed to the same sector. For guidance, the antenna-to-antenna isolation for antennas, which are
co-pointed to the same sector with sector sizes of 90o and less should be 60 dB to 100 dB.

9.7.2 Orientation

In certain system deployments, sectorized antenna will beare used. A slight change in antenna orientation by
the interfering transmitter or victim receiver can help to minimize interference. This technique is especially
effective in the case of interference arising from main-beam coupling. However, as before with separation
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distance, although to a lesser degree, this mitigation technique may not be practical in certain deployment
scenarios.

9.7.3 Tilting

Similar to Like changing the main-beam orientation, the downtilt of either the transmitting antenna or
receiving antenna can also minimize the interfering effect. A small change in downtilt could significantly
change the coverage of a transmitter, hence thereby reducing interference to the victim receiver. However, in
some systems, the downtilt range could be quite limited either due to technical reasons, or economic rea-
sons., This could rendering this technique impractical.

9.7.4 Directivity

In problematic areas near the service area boundaries where interference is of concern, consideration can be
given to using high performance antenna with high directivity as opposed to a broader range sectorized
antenna or omni-directional antenna.

Another possible option is to place the base station at the edge of the service area or boundary, and deploy
sectors facing away from the adjacent licensed area. Interference is then avoided through the front to back
lobe isolation of the base station antennas, which. This can exceed 30 dB, to accommodate QPSK and 16 -
QAM modulation.

9.7.5 Antenna heights

In circumstances where adjacent licensed base stations are relatively close to each other, another possible
technique to avoid interference is to place the base station antenna at lower heights to indirectly create LOS
blockages to neighboring base stations. This solution will not be impractical in many cases, as it will signif-
icantly cause a reducetion in coverage area (i.e. mini-cell), h. However, under certain conditions, it may be
the best option available for addressing the interference issue.

9.7.6 Future schemes

In the Ffuture, alternative schemes may be available. For example, such as adaptive arrays or beam-steering
antennas, which can focus a narrow beam towards individual users throughout the service area in real-time
to avoid or minimize coupling with interfering signals. Beam shaping arrays, which create a null in the main
beam towards the interfering source, represents another possible approach towards addressing interference.

9.7.7 Polarization

Cross polarization can be effective in mitigating interference between adjacent systems. A typical cross-
polarization isolation of 25-30 dB can be achieved with most antennas today, which. This is sufficient to
counter co-channel interference for QPSK and 16-QAM modulation schemes. As with other mitigation tech-
niques, cross polarization is most effective when coordination is carried out prior to implementation of net-
works to accommodate all possible affected systems.

9.8 Blockage

Natural shielding, such as high ground terrain between boundaries, should be used to mitigate interference
where possible. When natural shielding is not available, the use of artificial shielding, such as screens, can
be considered.
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9.9 Signal processing

Using more robust modulation and enhanced signal processing techniques may help in deployment scenar-
ios where the potential for interference is high.

9.10 Electromagnetic interference(EMI)/ and Electromagnetic compatibility (EMC) 

There are mMany undesired signals, which will may affect the operation of a system. There are two major
sources of electromagnetic interference (EMI). One is the natural phenomena (e.g., lightning) and the other
is the human-generated made EMI, which consists of intentional (e.g., RF transmitters) and unintentional
(e.g., radiated spurious) sources.

9.10.1 Natural phenomena 

Lightning strikes to a tower can be very destructive to a transmitter/ and receiver if the unless proper precau-
tions are not taken. Since the nature of lightning is random and unpredictable, the following techniques do
not prevent failures or disturbances, but will minimize the potential damage:

Proposal 1: Installation of lightning arrestors is encouraged at the entry point in the equipment room/ or build-
ing and at any outdoor electronic unit.

Proposal 2: Grounding of as many points as possible on the transmission line is recommended. The main
points of interest are near the bottom of the tower before entering the equipment room/ or building, and at
the top of the tower near the outdoor electronic unit. It has been considered that gGrounding the coax cable
every 50 feet will mitigate voltage potential differences.

9.10.2 Man-made Human-generated EMI

The two Human-generated made EMI effects can be avoided by using with good design rules to comply with
regulatory requirements globally in the design of the product. Today, with most of the wireless communica-
tions systems (PCS, cellular, etc.) operating in a co-located areas, it would be necessary fixed BWA opera-
tors find it necessary to comply with the many stringent regulatory requirements for immunity stated in
many regulatory requirements. The fixed BWA systems products should be able to achieve the emission and
immunity requirements within its specific entry, and also for the environment in which the product is
intended to be used.

Proposal 3: The Fixed BWA products should be able to operate according to the ETSI standard EN 300 385
(new number EN 301 489-4) ‘ EMC standard for fixed radio links and ancillary equipment’ and the Bellcore
GR-1089-CORE ‘ Electromagnetic Compatibility and Electrical Safety – Generic Criteria for Network Tele-
communications Equipment ’. This will reduce the risk of EMI problems in an Intra-system environment
and also some of the unintentional radiators (e.g. TVtelevisons, radio receivers, test instruments, etc.) 

Proposal 4: In a fixed BWA inter-system environment, the a system many have to be located at a minimum
distance from the close to another operator’s equipment, to reduce interference to an acceptable level. 

Proposal 5: The product should be able to operate with a field strength of 10 V/m in the PCS and Cellular
bands. This would reduce interference with mobile phones at a distance of approximately 24 inches. see Fig-
ure 23Figure 22. 
54 Copyright © 2001 IEEE. All rights reserved.

This is an unapproved IEEE Standards Draft, subject to change.



IEEE
FIXED BROADBAND WIRELESS ACCESS SYSTEMS  IEEE P802.16.2-2001

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
Proposal 6: If co-locating the system with another intentional radiator (e.g. PCS, Cellular, etc.), it is
extremely important to determine what is the field strength within that environment. Take the proper precau-
tions, which may involve better shielding, (cable shielding, cabinet shielding, etc.), better placement of
antennas, use of notch or bandpass filters, etc.

9.11 Receiver sensitivity degradation tolerance

Receiver sensitivity determines the minimum detectable signal and is a key factor in any link design. How-
ever, as the level of receiver noise floor increases, the sensitivity degrades. This, in turn, causes reduction in
cell coverage, degradation in link availability, and loss of revenues. The factors contributing to the increase
in noise power divide into two groups,: internal and external. The Iinternal factors include, but are not lim-
ited to, the noise generated by various components within the receiver, intermodulation noise, and intra-net-
work co- and adjacent-channel interference. The external factor is caused by inter-network interference due
to coexistence. The amount of degradation in receiver sensitivity is directly proportional to the total noise
power added to the thermal noise, Σ I, consisting of intra- and inter-network (coexistence) components.

(6)

In order to reduce the inter-network contribution of coexistence in to Σ I, it is recommended that the effect of
any fixed BWA network on any other coexisting BWA network should not degrade the receiver sensitivity of
that fixed BWA network by more than 1 dB. This is the level that triggers the coordination process described
in section 7.1.

9.12 Subscriber TxX lock to prevent transmissions when no received signal 
present 

In the absence of a correctly received downstream downlink signal, the SS transmitter should be disabled.
This is intended to prevent unwanted transmission from creating interference that would prevent normal sys-
tem operation due to antenna mis-alignment. The SS should continuously monitor the received downstream
downlink signal and, if a loss of received signal is detected, no further transmissions are should be allowed
until the received signal is restored. If the received signal is lost, while the unit is transmitting, the unit is per-

Figure 22—Approximate field strength of a 600 mW cellular phone (P = 600mW)
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mitted to complete the current transmission. This gives the SS a mechanism to notify the base station of the
system fault.

9.12.1 Fail-safe

It is recommended that the subscriber and base station equipment have the ability to detect and react to fail-
ures, either software or hardware, in a manner to prevent unwanted emissions and interference. The follow-
ing is an example list of items the equipment should monitor:

TxX PLL phase-locked loop lock status
Power Amplifier drain voltage/current
Main power supply 
Microprocessor watchdog

The implementation of which items to monitoring, and preventative, and/or corrective actions are is consid-
ered to be vendor-specific and not intended to increase system cost. However, tThe intent is to prevent trans-
missions, which that may result in system interference due to individual SS failures.
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Annex A

(informative)

Test and measurement/hardware parameter summary

The text in A.1 and A.2 is based on the test and measurement procedures recommended in Canadian standards
RSS-191 [B17][B17].

A.1 Testing of unwanted emissions

Some transmitters may be frequency agile to cover several authorized bands and may deploy a band edge RF
filter only at the extremities. The option for spectrum segregation implies that operator segregation edge fre-
quencies may also occur within an authorized band. Thus unwanted emissions at authorized band edges or at
segregation band edges well inside the agility range of the transceiver may not benefit from the band edge
RF filter and may be more severe (or “worst-case”) compared to emissions at the extreme upper or lower
edges.

To facilitate assessing emissions at a generic mid-band segregation or authorized band edge, a virtual block
edge is defined and testing (the results are assumed to be valid across the complete operational band) should
be implemented at this virtual block edge. Unwanted emissions should be measured at the output of the final
amplifier stage or referenced to that point. In addition to active amplifiers, the final amplifier stage may con-
tain filters, isolators, diplexers, OMT ortho-mode transducer, etc. as needed to meet emission requirements.

A.1.1 Methodology

Single-carrier and multi-carrier requirements are described below. If multicarrier operations are intended,
then both requirements must should be met.  “Multicarrier” refers to multiple independent signals (QAM,
QPSK, …) and does NOTnot refer to techniques such as OFDM.

Single-carrier and multi-carrier tests should be carried out relative to a virtual block edge (defined in
Table A.1Table A.1). The virtual block edge is located within the assigned band (see Figure A-1Figure A.1
below). When a transmitter is designed to only operate in part of a band (e.g. because of Frequency Division
Duplexing), the virtual block edge should be inside the designed band of operation. The occupied bandwidth
of the carrier(s) must should be closer to the center of the block than the virtual block edge. The virtual block
edge is only to be used for testing and does not impact an actual implementation in any way. One virtual block
edge (at frequency fvl) should be inside the lower edge of the designed or assigned band and the other virtual
block edge (at frequency fvu) should be inside the upper edge of the designed or assigned band. 

Table A.1—Minimum separation between actual and virtual band edge for different bands

Band Minimum separation between actual and 
virtual block edge

24/26 GHz 10 MHz

28 GHz 40 MHz

38 GHz 10 MHz
Copyright © 2001 IEEE. All rights reserved. 57
This is an unapproved IEEE Standards Draft, subject to change.



IEEE P802.16.2-2001 DRAFT RECOMMENDED PRACTICE FOR COEXISTENCE OF

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
Unwanted emissions should be measured when the transmitter is operating at the manufacturer’s rated power
and modulated with signals representative of those encountered in a real system operation.
Unwanted emissions should  be measured at the output of the final amplifier stage or referenced to that
point. The measurement can be done at the transmitter’s antenna connector as long as there is no frequency
combiner in the equipment under test. It is important however that the point of measurement for this test be
the same as the one used for the output power test. The point of measurement and the occupied bandwidth
(Bo) should be stated in the test report.

Single-carrier and multi-carrier requirements are described below. If multicarrier operations are intended,
then both requirements must should be met. “Multicarrier” refers to multiple independent signals (QAM,
QPSK, …) and does NOTnot refer to techniques such as OFDM.

The purpose of specifying the tests relative to the virtual block edges is to avoid the attenuating effects of
any RF filters that may be included in the transmitter design, so that the spectrum mask limits of section
6.1.3 are applicable to any channel block.

Note that although testing is specified relative to the virtual block edges, the transmitter is expected to per-
form similarly for all frequencies within the designed band. Therefore, to reduce the number of test runs, the
Lower Virtual Block Edge can be in one assigned band and the Upper Virtual Block Edge can be in another
assigned band.

The search for unwanted emissions should be from the lowest frequency internally generated or used in the
device (local oscillator, intermediate or carrier frequency), or from 30 MHz, whichever is the lowest fre-
quency, to the 5th harmonic of the highest frequency generated or used, without exceeding 40 GHz. 

Figure A.1—Band edge definitions
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A.1.2 Single-carrier test

For testing nearest the lower virtual block edge, set the carrier frequency fL  closest to the lower virtual block
edge, taking into account any guardband used in the design of the equipment, record the carrier frequency fL,
the virtual block edge frequency fVL, the guardband (fLG) and plot the RF spectrum. Likewise, perform the
highest frequency test with the carrier frequency, fU, nearest the upper virtual block edge. Record the carrier
frequency, the virtual block edge frequency (fVU), the guardband (fUG) and the RF spectrum plot. The guard-
band is the frequency separation between the virtual block edge and the edge (99%) of the occupied emis-
sion.

The user manual should contain instructions, such as details on the minimum guardband sizes required to
ensure that the radios remain compliant to the certification process.

It is to be noted that the regulations may permit licensees to have more than one frequency block for their
systems. Equipment intended to have an occupied bandwidth wider than one frequency block per carrier
should be tested using such a wideband test signal for the section 6.1.3 requirement.

A.1.3 Multi-carrier test

This test is applicable for multi-carrier modulation (not OFDM). It applies equally to multi-transmitters into
a common power amplifier. Note that the multi-carrier transmitter mustshould be subjected to the single-car-
rier testing, described above, in addition to the tests specified below.

For multi-carrier testing, the single-carrier test method of A.1.2 is to be used except that the single carrier is
replaced by a multi-carrier modulated signal that is representative of an actual transmitter. The number of car-
riers should be representative of the maximum number expected from the transmitter, and be grouped side by
side nearest the lower virtual block edge, with lower guardband, fLG, if required by the design of the equip-
ment. Likewise test nearest the upper virtual block edge. Record their spectrum plots, the number of carriers
used and the guardband sizes (fLG, fUG), the carrier frequencies and the virtual block edge frequencies.

Notwithstanding the requirements in Table A.1the Table A.1, any equipment which uses the complete block
or multiple blocks for a single licensee can include the attenuating effect of any RF filters in the transmitter
design within the multi-carrier test, in which case the virtual and actual block edge frequencies will be the
same.

The user manual should contain instructions, such as details on the minimum guardband sizes required and
the maximum number of carriers or multi-transmitters permitted, to ensure that the radios remain compliant
to the testing process.

A.2 Measuring frequency stability 

As discussed in section 6.1.2, the RF carrier frequency should not depart from the reference frequency (ref-
erence frequency is the frequency at 20 C and rated supply voltage) in excess of +10 ppmparts per million.
The RF frequency of the transmitter should be measured:

a) At temperatures over which the system is designed to operate and at the manufacturer's rated supply
voltage. The frequency stability can be tested to a lesser temperature range provided that the trans-
mitter is automatically inhibited from operating outside the lesser temperature range. If automatic
inhibition of operation is not provided the manufacturer’s lesser temperature range intended for the
equipment is allowed provided that it is specified in the user manual. 

b) At 85% and at 115% of rated supply voltage, with temperature at +20 C.
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In lieu of meeting the above stability value, the test report may show that the frequency stability is sufficient
to ensure that the occupied bandwidth emission mask stays within the licensee’s frequency band, when
tested to the temperature and supply voltage variations specified above. The emission tests should be per-
formed using the outermost assignable frequencies that should be stated in the test report.

A.3 European conformance test standards 

ETSI has published a standard, in a number of parts, that deals in detail with the conformance testing proce-
dures for Fixed Wireless Access equipment. EN 301 126-2-1 to -5, titled “Fixed Radio Systems; Conform-
ance testing;”, has the following sub-parts:

Part 2-1: Point-to-Multipoint equipment; definitions and general requirements
Part 2-2: Point-to-Multipoint equipment;Test procedures for FDMA systems
Part 2-3: Point-to-Multipoint equipment;Test procedures for TDMA systems
Part 2-4: Point-to-Multipoint equipment;Test procedures for FH-CDMA systems
Part 2-5: Point-to-Multipoint equipment;Test procedures for DS-CDMA systems

Additionally drafting activity on a Part 2-6, catering for Multi-Carrier TDMA equipment, is complete.

Copies of the published standards are available for download from the ETSI Web Site.
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Annex B

(informative)

Power spectral flux density (psfd) calculations

Assuming a typical receiver noise figure of 6 dB, then the thermal noise power spectral density of the
receiver is calculated as follows:

(B.1)

where

No = Receiver thermal noise power spectral density (dBW/MHz);
kTo = Equipartition Law (–144 dBW/MHz);
NF  = Receiver noise figure (6 dB).

At 6 dB below No, the interference power level (Itol) into the receiver is –144 dBW/MHz (–138 – 6).

The spectral power flux density (psfd) at the antenna aperture is calculated as follows:

(B.2)

where

Pr = interference power level into receiver (–144 dBW/MHz);
Ae = effective antenna aperture;
λ = wavelength; and
G.= antenna gain.

B.1 20–30 GHz

Assuming an operating frequency of 28 GHz (λ = 0.011 m) and a typical base station antenna gain of
20 dBi, then the tolerable interference level is given as:  

PsfdBS   = –144 – 10Log(.0112) – 20 + 10 Log(4π) = –144 + 39 – 20 + 11 

= –114 (dBW/m2)/MHz

Note that the base station receiver is considered only in this analysis (not the subscriber station). This is pri-
marily due to the fact that BSs are typically located on high buildings/structures with omni-directional cov-
erage which tend to increase their probability of achieving line of sight (LOS) to adjacent licensed area
transmitters. SSs, on the other hand, tend to be situated at lower altitudes which reduces the probability of
LOS (due to obstacles/clutter) to adjacent area systems. Furthermore, SSs have highly directional antennas
(narrow beamwidths) which further reduces the probability that they will align with an interference source
from an adjacent area.  

No 10 kTo( ) NF+log=

No 144– 6+ 138 dBW/MHz= =

psfd Pr
Ae
------ Pr

λ2 
G
4π
------

-------------- Pr 10 λ2( ) G– 10 4π( )log+log–= = =
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A sample calculation is given below to determine the feasibility of meeting the psfd limit between a BS
transmitter and BS victim receiver. The formula for psfd is as follows:

(B.3)

where

PTxX  = transmitter power (–25 dBW/MHz) 
GTxX = transmitter antenna gain in the direction of the victim receiver (18 dBi)
R = range (60 000 m)
Alosses = atmospheric losses, ~0.1 dB/km

The values given in brackets represent typical fixed BWA parameters.

Using the radio horizon range of 60 km from above, the psfd at the victim base station receiver antenna is:

psfdvictim    = –25 + 18 – 10log(4π) – 20log(60 000) – 60*.1 = –120 (dBW/m2)/MHz

The –120 (dBW/m2)/MHz value is lower than the –114 (dBW/m2)/MHz tolerable level, therefore, the 60 km
range is considered reasonable as a first level trigger point. Note that the above psfd calculation assumes free
space propagation and clear line of sight, i.e. complete first Fresnel zone clearance.

B.2 38–43.5 GHz

Equation (B.2) shows a dependency of the psfd on the wavelength lambda (λ). Thus the psfd limit of –114
(dBW/m2)/MHz needs correction to the 38–43.5 GHz band. At 40 GHz, λ = 0.075 m and substituting into
Equation (B.2) (retaining other assumptions) gives –111 (dBW/m2)/MHz.

psfdvictim PTX GTX 10 4π( ) 10 R( ) Alosses–log–log–+=
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Annex C

(informative)

Description of calculations and simulation methods

For the simulations described below in Sections C.1 to C.3, typical fixed BWA 26 GHz transmission param-
eters, as identified in Section 6.1.1, were employed. For ITU rain region K, these result in a maximum cell
radius of R = 3.6 km and a corresponding rain fade margin of 25 dB. A clear sky cell edge ATPC of 15–
20 dB was employed for the TS*-to-BS interference analysis. As subsequently identified, unwanted emis-
sions were specified to be –20 dBc at a first adjacent carrier flanking and –49 dBc at a second adjacent car-
rier flanking. These values correspond to a numerical integration of the power within the adjacent channel
bandwidth based on the ETSI Type B emissions mask specified in [B18][18]. For simulations that take the
impact of correlated/uncorrelated rain fading into consideration, the diameter of a rain cell was specified to
be 2.4 km. This is in accordance with the rain cell model described in ITU-R recommendation P.452-2
[B3][3]. This model assumes a rain cell to be circular with a uniform rain rate within its diameter. Using this
model, the relative rain loss of both a victim and an interference transmission vector can be estimated. The
simulations described in Sections C.4 to C.7 employed comparable transmission criteria to that described
above, with the exception that the emissions coupling from a second adjacent carrier was –54 dBc.

Both ETSI Point-to-Multipoint Antenna RPE masks [B19][19], [B20][20] and the IEEE RPE masks defined
in Section 6.2 were employed in the simulations.

C.1 Subscriber to hub* (TS to CS), adjacent area, same frequency

These simulations examine interference sensitivity across a service area or Business Trading Area (BTA)
boundary. They examine the interference sensitivity between co-channel interference situations assuming an
uncoordinated alignment of interference and victim sectors. Interference impairment is appropriately
expressed in terms of power spectral flux density (psfd) defined in terms of (dBW/m2)/MHz. 

The simulation estimates consider only a clear sky environment, as this is the trigger threshold on which
operator coordination is recommended. The recommended boundary psfd trigger level for operator coordi-
nation is –114 (dBW/m2)/MHz. 

C.1.1 Simulation model (TS to CS)

Figure C.1Figure C.1 illustrates the simulation model. Two co-channel sectors are exposed to each other
across a boundary.

*Since some of the annexes come from outside sources, different terminology from that used in the main text may be found.
TS (Terminal Station) is equivalent to subscriber station (SS), CS (Central Station) and hub are both equivalent to base station (BS).
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As is typical with cellular system engineering analysis, TS locations are located on the periphery of the sec-
tors. The distance between the CS locations is D and the distance from an interference TS to the victim CS is
Ri. Randomly selected angle locations are set for the interference TS interference positions and each estab-
lish some angle ϕ relative to their boresight position and the victim CS. This establishes the TS antenna
angular discrimination to be expected from a specific interference link. 

As the operator assignments for sector location are assumed to be uncoordinated, the victim link CS boresight
angle is set at some value α and the interference CS boresight is set at some value β. Angle α establishes the
RPE antenna discrimination to be expected from the victim CS link.

To complete a simulation, both CS boresight angles are independently incremented in 5 degree spin inter-
vals. For each spin, the worst C/I estimate is computed from the 20 interference locations and entered into a
database. For each CS spin, the locations of the interference TS positions are modified by changing the ran-
dom number seed. A simulation, parameterized against D, thus consists of 5184 interference level estimates.
These values are sorted to provide a cumulative distribution function (CDF) estimate of psfd vs. D. 

C.1.2 Simulation results 

The main conclusions from this analysis are:

Typically, the simulation results indicate that at CS separation distances of less than 40 km, 7–10% of
deployments will require coordination. Beyond 40 km, there were no exposures that exceeded the –114
(dBW/m2)/MHz psfd trigger threshold. These simulations assumed an LOS coupling mechanism of the
interference signal vectors. When a distance proportional random blockage algorithm (80% @ 60 km) was
added to the simulations, the psfd coordination requirement reduced to 2–4% of the interference exposures
at less than a CS separation distance of 40 km. These prior conclusions are of course conditioned on the
transmission parameters employed in the simulations. Increased transmit EIRP would have a direct effect on
the coordination distance requirements.

The simulation results indicate that, in general, interference coordination requirements have a low sensitivity
to antenna sidelobe RPE beyond the main lobe. One exception was found to be the ETSI CS1 antenna. ETSI
CS1 antennas (sectored hub antennas) show much more rapid increase of psfd values above the threshold than
other types. These antennas should therefore be used with care and antennas with better sidelobe performance
are generally preferred. 

Figure C.1—Simulation Model for TS to CS
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While antennas with excellent sidelobe suppression were not identified as an absolute requirement for this
coexistence scenario, they may be a requirement for control of an operator’s intra-system interference control.
However, the specification of these requirements is outside the scope of this document.

C.2 Hub to subscriber (CS to TS), same area, adjacent frequency

These simulations address the case of multiple operators deployed in a given geographical area that are
employing adjacent frequencies. In this case, the most serious conflicts occur when two operators have
adjacent carriers of the same polarization. Dependent on an operator's ability to establish reserve carrier
assignments there may or may not be a guard band(s). Hence, the NFD protection ratio may be either
20dB (adjacent channel operation) or 49 dB (one guard channel). The simulations assume that both opera-
tors employ the same carrier bandwidth (assumed as 28 MHz for the analysis). Also assumed is that both
operators employ a comparable set of transmission parameters.

C.2.1 Simulation model (CS to TS)

Figure C.2Figure C.2 illustrates the simulation model. The interference CS is placed in the victim sector at
some parameterized distance S between the hub centers.

Relative angular position of the interference CS is set random for each rotational spin of sector alignments.
As the interference CS is always deemed to be within the victim sector, only the sector alignment of the
interference CS needs to be varied. Spin increments were taken at 5 degrees.

A rain cell of radius Rc = 1.2 km is positioned in the sector at some parameterized distance Drc. To ensure
that at least one victim link experiences the full rain attenuation loss, Drc is restricted to be within the range

Figure C.2—Simulation model for CS-TS
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of 1.2 km to 2.4 km. A worst-case value for Drc would tend to be 1.2 km. At this distance, the rain cell just
touches the victim sector, thus maximizing the number of TS locations that experience significant rain loss. 

For each rotational spin of the interference CS, the angular position of the rain cell is randomized. Angular
rotation is restricted to be within +/–45 degrees, thus ensuring that the full diameter of the rain cell is always
within the victim sector.

Twenty victim subscribers are selected for each rotational spin. For each spin, the rain loss of interference
and victim vectors is computed, based on the transmission geometry that establishes the distance within the
rain cell that the interference vector experiences rain attenuation. Victim signal levels are computed based on
the transmission parameters, link distance and rain loss. Interference signal levels are similarly computed but
with the inclusion of antenna angular discrimination, relative frequency polarization and NFD. A single
interference computation accounts for the contribution of each of the four CS sectors and each spin repre-
sents 20 independent C/I estimates. Thus a simulation is represented by 1440 C/I estimates. These are sorted
and employed to develop a CDF for C/I at given values for S and Drc.

C.2.2 Simulation results

The simulation results for a first adjacent flanking (zero guard band) were unsatisfactory. Under clear sky
conditions, the C/I impairment was found to be distance dependant and ranged from 2% to 10% at a C/I =
19 dB. At a C/I = 25 dB, the impairment range extended from 3% to 30%. The impairment was identified to
be distance dependent, with the worst cases occurring at small CS-CS separation distances. The minimum
separation distance examined was 0.3 km while the maximum was 2 km. Under rain fading conditions, the
simulation results became significantly more severe. Here, the simulations identified that in excess of 20%
of the exposures would experience a C/I < 19 dB and that in excess of 30% of the exposures would experi-
ence a C/I < 25 dB. Worst-case interference estimates were found to occur at CS separation distances of the
order of 0.6R. This is consistent with the simulation conclusions described in Section C.4.

As expected, the inclusion of a one-carrier bandwidth guard band demonstrates a significant improvement in
terms of the probability of C/I impairment. Under rain faded conditions, worst case C/I < 19 dB exposures
are less than 2% and for a C/I < 25 dB are less than 4%. As with the simulation results described in Section
C.1 above, the C/I performance was found to be relatively insensitive to antenna RPE outside the main lobe.”

C.3 Subscriber-to-hub (TS-to-CS), same area/adjacent frequency 

These simulations also address the case of multiple operators deployed in the same geographical area that
employ adjacent carrier frequencies. However, in this case there are now two sets of TS carriers that need to
be considered and both uplink groups apply adaptive transmit power control (ATPC), dependent on the rela-
tive values of link distance and rain attenuation. In the CS-to-TS analysis, both victim and interference CS
transmitters operate without power control. Consequently, transmit EIRP was balanced. However in this case
there could be a significant EIRP differential, dependant on distance and rain loss differential. 

The simulation analysis assumes that both operators employ equal bandwidth transmissions. Both operators’
transmissions are assumed to be co-polarized. The NFD selected for a simulation is in accordance with the
carrier separation specified for the simulation.
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C.3.1 Simulation model (TS-to-CS)

The layout model is as shown on Figure C.3Figure C.3 where it may be noted that the two sets of subscriber
stations likely experience different magnitudes of rain attenuation. Consequently, their ATPC and EIRP will
differ as a function of their distance from their serving TS and the adjustment for rain attenuation. It is now
convenient to consider the victim CS to be as illustrated on Figure C.4Figure C.4. The rain loss of each of
the 20 interference TS links is computed based on their exposure distance within the rain cell. The TxX
power of each interference TS is then ATPC adjusted to ensure that its combined distance and rain loss sig-
nal level suppression is such that it meets margin objectives. The signal level of each interference path into
the victim CS is then computed based on the transmission criteria of the link.    

Figure C.3—Layout Model
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To simplify the complexity of the analysis, it is assumed that victim TS locations are also area proportionally
located. Hence, 50% of the victim subscribers are at a distance > than 0.75R from the victim CS. An average
victim rain loss is then computed by sampling the intersection of the victim hub with the rain cell across 5
degree increments. Victim link rain loss is then set at this average and victim link transmission distance is
referenced to 0.75R. Victim link ATPC is then set accordingly. 

This methodology ensures a 50% TS estimate accuracy for victim link rain loss. However, if the rain loss
never exceeds the margin requirement, then all victim link received signals are at the margin requirement.
This is the case for many simulation configurations and is guaranteed for clear sky conditions. In such cases,
all victim TS signal vectors arrive at the victim CS at the margin RxX signal level.

C.3.2 Simulation results

As with the CS-to-TS case discussed above, interference levels were found to be unsatisfactory in the
absence of a guard band. C/I impairment probability was found to be comparable to the results identified in
Section C.2 for both clear sky and rain faded system scenarios. Similar to the preceding discussions, antenna
RPE characteristics outside the main lobe did not introduce a significant change in performance estimation
results. All of the preceeding excludes consideration of the ETSI CS1 antenna mask as it was not considered
subsequent to simulation results described in Section C.1.

C.4 Hub to subscriber (CS to TS), same area, adjacent channel, interference 
area method

This simulation derives the Interference Area (IA) for systems operating in the same area. It applies to FDD
and TDD systems. The Interference Area (IA) is the proportion of the sector area where interference is
above the target threshold, equivalent to the probability that a TS placed at random will experience interfer-
ence above the threshold. 

Analysis shows that the worst case is where the interfering CS is spaced approximately 0.6 times the cell
diagonal away from the serving CS and when a rain cell in the most adverse position reduces the wanted
signal. This is illustrated in Figure C.5Figure C.5. 

C.4.1 Simulation method

Figure C.5—Worst-Case Interference
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A large number of random TS positions are generated within the cell area. For each position, the wanted and
unwanted carrier levels are computed, based on angles, distances, antenna patterns and gains and the appro-
priate NFD. The TS positions where the C/I is below the required target are counted and plotted. The simu-
lation has been repeated using different antenna patterns, to determine the importance (or otherwise) of
using highly specified antennas.

C.4.2 Simulation results 

For a single channel guard band, in all cases the Interference Area is relatively small and its location is pre-
dictable. Typically, it occurs in the “shadow” of the interfering CS and is a narrow area following the cell
diagonal and ending at or inside the cell boundary. The exact shape depends on the choice of TS antenna
(smaller with a better antenna). For the parameters chosen, the IA was in the range 0.5% - 2%. Within the
IA, the interference level can vary from a level that degrades performance to one that is unworkable. In the
absence of rain fading, the IA is significantly reduced.

C.5 Subscriber-to-subscriber (TS-to-TS), same area, adjacent channel, TDD 
only

This simulation computes the C/I ratio at a victim TS, the interference arising from another TS in a cell,
which overlaps the coverage of the wanted cell. The interfering and victim antennas are directional. Wanted
and interfering cells may partly or wholly overlap. The geometry is shown in Figure C.6Figure C.6.

C.5.1 Simulation method

The overlap parameter (r) is set at a value between zero (cell sectors just touching) and 2.5. At a value of 2,
the victim and interfering CS locations are the same. The simulation places a number of terminals randomly

Figure C.6—Subscriber-to-subscriber (TS-to-TS), same area, adjacent channel, TDD only
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inside each cell. The program then computes whether or not there is mutual visibility between all pairs of
terminals. Mutual visibility is decided on the basis of a simple “rectangular” antenna RPE. Where there is
mutual visibility, the C/I ratio at the victim station is computed, allowing for uplink power control. The
results are added to the statistics and the simulation repeated a large number of times. Different values of r
are used to determine the probability of conflict (mutual interference) for various values of overlap of the
cells. The cumulative probability distribution of C/I values is then plotted for different values of the overlap
parameter (r).

C.5.2 Simulation results

The C/I ratio probability distribution curves, adjusted for system factors including the NFD (Net Filter
Discrimination) for one guard channel between systems, show the following results:

For small overlap values, the C/I ratio can be low but the probability is also very low

The maximum probability of conflict occurs at an overlap value of r = 2, where the probability rises to
approaching 10%. However, the C/I ratio is then at an acceptable level

Rain fading has a neutral or beneficial effect. 

C.6 Subscriber to subscriber (TS to TS), co–channel, adjacent area (TDD)

This simulation computes the C/I ratio at a victim TS, the interference arising from another TS in a cell in an
adjacent area. The interfering and victim antennas are directional. Wanted and interfering cells may partly or
wholly overlap. The geometry is similar to that shown in Figure C.6Figure C.6 for the TS to TS same area
case, but with larger values of cell offset.

C.6.1 Simulation method

The same Monte Carlo method is used as for the TS-to-TS same area case, with larger cell offset values and
with no NFD (i.e. the victim is co–channel to the interferer). Atmospheric attenuation is ignored in the cal-
culations.

C.6.2 Simulation results

The C/I probability curves show that at overlap values of as little as r = 5, the C/I values reach acceptable
levels and the probability of the highest values is still very low. This corresponds to a distance, which is
lower than that required to reduce CS–CS or CS–TS interference to an acceptable level. 

It is concluded that TS-to-TS interference is not the limiting case for adjacent area co-channel operation.
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C.7 Subscriber-to-hub (TS–to-CS), co- channel, adjacent area

This simulation applies both to the FDD and TDD case. It is based on the same Monte Carlo method as that
used for the adjacent channel simulations. The path geometry is shown in Figure C.7Figure C.7.

C.7.1 Simulation method

The Interference Area (IA) is constructed in a similar way to the hub to sub same area case. In this case, it is
the interfering TS that lies in the Interference Area, the victim being the distant BS. Atmospheric attenuation
and uplink ATPC are taken into account. Additionally, the effect of using different TS antennas is calculated.
The TS antenna patterns considered were drawn from the standard EN 301 215-2 [B20][20] and from the
work of ETSI WP-TM4 detailed in Annex D. Charts are also constructed of the probability of interference
against the cell offset value.

C.7.2 Simulation results

With the parameters chosen, the interference probability and the interference area fall to negligible values
when the offset (distance between hubs of the victim and interfering cells) reaches approximately 35 km.
This “worst case” result does not depend on the antenna RPE.

At lower values of offset the IA can be rather large. It drops sharply as the “worst case limit is approached.

It is concluded that for TS-to-CS co-channel operation an offset of approximately 35km is a good guideline
for uncoordinated deployment.

C.8 Hub-to-hub (CS-to-CS), co-channel, multiple interferers

This simulation considers the case of multiple CS interferers in a multi-cell deployment, interfering with a
victim CS (or other station) in a neighboring LMDS system deployment (Figure C.8). The victim station is
assumed to be on a high site, so that path obstruction due to intervening terrain is unlikely to occur. This is a

Figure C.7—Path geometry for TS-to-CS co-channel simulation (FDD and TDD)
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low probability situation but, where it occurs, it is important to note the likely value of interference that
could be received.

The original simulations also studied the case of multiple TS interferers.

The calculations determine the psfd at the boundary of the victim system deployment and so can be applied
to any type of victim station that has a wide enough antenna beam pattern to encompass all the interferers. 

C.8.1 Simulation method

 

The interfering system deployment (A) contains a number of BS sites that may be co-channel to the victim
station in (B). Calculation shows that up to 70 BS sites could be involved. The victim station is 60 km from
the boundary of the deployment (A) and on a high site 500 m above local ground level. Earth curvature is
taken into account but no additional building or ground obstruction is considered.

The simulation places the 70 interfering stations randomly over the area of (A) and pointing in random
directions. Realistic antenna RPEs and transmitter EIRPs are used. The sum of the power from all interferers
that are not over the horizon is taken into account in calculating the psfd along the 60 km locus and the
results plotted as cumulative probability distributions.

C.8.2 Simulation results

The multiple BSs produce unacceptable psfd levels at 60 km, when there is no additional path loss due to
buildings or terrain. With typical system parameters, the nominal psfd value of –114 (dBW/m2)/MHz
(derived in Annex B of this document) is exceeded by 7–12 dB.

Thus, in the case where terrain is unfavorable, additional measures may be needed to reduce the interference
to acceptable levels. This situation is likely to be unatypical and in most circumstances buildings, trees and
terrain will reduce the interference considerably.

Figure C.8—Simulation Geometry
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C.9 Mesh to PMP CS, co-channel, adjacent area

This simulation models a high-density mesh network interfering with a PMP CS sector (hub sector) placed
in the most severe position and pointed directly at the mesh. In a mesh network, there are potentially multi-
ple interferers on each channel, so that the signal from all possible contributing stations must be addeds
together at the victim station. The geometry is shown in Figure C.9Figure C.9.

C.9.1 Simulation method

The main attributes of the model are:

— Monte Carlo simulation with realistic MP-MP system parameters.

— Line-of-sight propagation probabilities calculated from Rayleigh roof height distribution function
[B33]as per CRABS WG3 report D3P1B.

— Interfering power summed at PMP base or subscriber using full 3D geometry to compute distances
and angles between lines of sight and antenna bore-sights.

— Effect of Automatic Power Control granularity (ATPC) included.

— PMP RPE’s for 24-28 GHz band to EN 301 215-2 V1.1.1 [B20][20]  with BS elevation profile
ignored for realistic worst case.

— MP-MP antenna RPE model for 24-28 GHz band simulates an illuminated aperture with side-lobes
to EN 301 215 V1.1.1. 

— Atmospheric attenuation to ITU-R P.676-3 [B23][23]. 

— Cloud and fog to ITU-R P.840-2 [B24][24]. 

— Rain attenuation to ITU-R P.838 [B25][25].

— Dry, storm and frontal weather patterns considered.

The interference target maximum level in the model is –144 dBW/MHz measured at the victim receiver
input. A large number of trial runs of the simulator tool (typically 10 000) are used to generate a histogram
of interfering signal against probability of occurrence. The deduced minimum spacing is based on the worst-

Figure C.9—Mesh to PMP CS, co-channel, adjacent area
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case value of interference. In practice this has a very low probability so that the results indicated below are
conservative.  

C.9.2 Simulation results

The results show that the required spacing between the mesh edge and the nearest hub location depends on
antenna heights of the hub and the mesh stations but is not significantly affected by antenna RPE. For typical
system parameters, quite modest geographical spacing is possible. For example, a hub, which is 50 m above
ground level, will require a geographical spacing of only 12 km from the mesh edge (service area boundary
of the mesh, assuming it is populated right up to the boundary). Most trial configurations gave much better
results (lower interference) so that by careful deployment, lower spacing is practical.

Rain fading was found to have negligible effect on the results, either for the case of the storm cell or a general
rain front (rain to one side of a line and dry on the other).

The guideline for PMP to PMP network separation 35 km will be conservative for a mesh deployment. A
reduced spacing will be possible without coordination and a further reduction will be possible by coordinating
with neighboring operators.

C.10 Mesh to PMP TS, co channel, adjacent area

This simulation is similar to that for the mesh to PMP CS case. It models a high-density mesh network inter-
fering with a PMP TS associated with a nearby CS sector (hub sector). The TS is pointed towards its serving
CS (hub). As with the CS case, there are potentially multiple interferers on each channel, so that the signal
from all possible contributing stations must be addeds together at the victim station. The geometry is the
same as that shown in Figure C.9Figure C.9.

C.10.1 Simulation method

The method is identical to that for the CS case, except that the antenna RPE for the PMP TS is different (TS
antenna RPE from EN 301 215-2 V1.1.1 [B20][20]) and the TS always points towards its own hub (CS). The
height of the TS antenna is varied to test sensitivity. Many trial runs (typically 10 000 for each set of param-
eters) are executed to produce a histogram as in the CS case.
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C.10.2 Simulation results

For all practical hub (CS) locations, TS heights and locations in the PMP cell, it was found that interference
levels were lower than those received by the corresponding hub (CS). Thus, the controlling factor is the
mesh to hub spacing. At the 12 km spacing determined for mesh to 50 m high hub, all TS interference is
below the target level of –144 dBW/ MHz, for any randomly selected mesh configuration.

Antenna RPE within the mesh was found to be noncritical.

Rain fading (storm cell or rain front) had negligible effect on the results.

C.11 Mesh to PMP CS, same area, adjacent frequency

This simulation uses a slightly modified model to that for the adjacent area case. The same full 3D geometry
is used in computations, except that the victim hub or TS is now inside the area occupied by the high-density
mesh network. Again, there are potentially multiple interferers on each channel, so that the signal from all
possible contributing stations must be addeds together at the victim station. 

C.11.1 Simulation method

Again a Monte Carlo simulation method is used, in which a large number of trial runs are computed using
realistic system parameters and varying the locations of the radio stations for each run. The results are pre-
sented in statistical form. The same CS antenna pattern is used as for the adjacent area case. The orientation
of the antenna in this case is not so important as it lies inside the mesh network. Full 3D geometry is taken
into account. The results are computed with various values of NFD (Net Filter Discrimination) appropriate
to adjacent channel operation and for frequency spacings of one or more guard channels. Dry conditions,
storm cells and rain fronts are considered in the calculations.

C.11.2 Simulation results

The results are available in chart form, showing the probability that the total interference exceeds a given
value. The target value for relatively interference free operation is again taken as –144 dBW/MHz measured
at the victim receiver input. 

For adjacent channel operation (no guard channel), the probability of exceeding the target interference level
is around 35%. This is too high for uncoordinated operation, although it indicates that with careful deployment
adjacent channel operation may sometimes be possible.

With one guard between the systems, the probability of exceeding the threshold falls to a negligible level
(less than 0.02%). Thus, it can be concluded that, in respect of CS interference, a single guard channel is a
suitable guideline for planning deployment of systems, without coordination.

C.12 Mesh to PMP TS, same area, adjacent frequency

This case is very similar to the same area CS case. The system geometry is nearly identical, except for the
typical antenna heights used for the PMP TS. The same full 3D geometry is used in computations, except
that the victim hub or TS is now inside the area occupied by the high-density mesh network. Again, there are
potentially multiple interferers on each channel, so that the signal from all possible contributing stations
must be addeds together at the victim station. 
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C.12.1 Simulation method

Again a Monte Carlo simulation method is used, in which a large number of trial runs are computed using
realistic system parameters and varying the locations of the radio stations for each run. The results are pre-
sented in statistical form. The same TS antenna pattern is used as for the adjacent area case. The orientation
of the antenna in this case is not so important as it lies inside the mesh network. Full 3D geometry is taken
into account. The results are computed with various values of NFD (Net Filter Discrimination) appropriate
to adjacent channel operation and for frequency spacing of one or more guard channels. Dry conditions,
storm cells and rain fronts are considered in the calculations.

C.12.2 Simulation results

The results are available in chart form, showing the probability that the total interference exceeds a given
value. The target value for relatively interference free operation is again taken as –144 dBW/MHz measured
at the victim receiver input. 

For adjacent channel operation (no guard channel), the probability of exceeding the target interference level
is around 12%. As with the CS case, this is too high for uncoordinated operation, although it indicates that
with careful deployment adjacent channel operation may sometimes be possible.

With one guard between the systems, the probability of exceeding the threshold falls to a very low level (less
than 0.35%). Thus, it can be concluded that, in respect of TS interference, a single guard channel is a suitable
guideline for planning deployment of systems, without coordination.

The interference mechanism is also very similar to that for the TS-to-TS case of PMP networks, so that a
result showing that a single guard channel is a satisfactory planning guideline is not unexpected. 

C.13 General scenario, same area, adjacent frequency

This simulation tests a general case of P-MP and mesh systems in the same area, in adjacent frequency
bands. It analyzes the cases of PMP CS to PMP CS, PMP TS to PMP TS, high-density mesh to PMP CS and
high-density mesh to another mesh.

Results from worst-case calculations for example systems operating in the adjacent frequency/same area
scenario show that under certain conditions a net filter discrimination of 97 dB could be required to ensure
interference-free operation in an adjacent channel. In Ppractice this is unrealizable. Therefore a small risk of
interference needs to be tolerated along with some frequency separation. In order to assess the level of risk
of interference with certain assumed frequency separations, Monte Carlo style analyses were carried out.
Operator deployments were considered with systems that employed identical channelization schemes and
system deployments with different channelization schemes. 

C.13.1 Simulation method

A Monte Carlo style analysis was carried out whereby the interfering stations were randomly distributed
around the victim station for numerous trials. An exclusion distance between the victim and interferer of
50 m was chosen (in order to avoid possibility of co-siting the two). The victim is pointing in the same direc-
tion throughout the simulation in order to randomize the directivity between victim and potential interferers. 

Interference was calculated for each trial and interference probability density function (PDF) and cumulative
distribution function (CDF) generated. 
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PMP Base stations are assumed to be transmitting at full power throughout the modeling, ATPC is deployed
for both PMP and mesh subscribers to counteract rain fading and different distances. In the first set of trials
it is assumed that the interferer and victim operate with the same channel spacing. In the second set of trials
it was assumed that the interferer channelization is four times the victim channelization scheme. In the case
where equal channelization is employed, a guard band of half the channel spacing is assumed at the edge of
each operator’s frequency band. In the case of unequal channelization schemes, the interferer channelization
was four times the victim channelization. In this scenario, two cases were investigated:

— A guard band at the edge of each operator’s block equal to half their respective channelization
scheme. 

— A guard band at the edge of each operator’s block equal to one channel of their respective channel-
ization scheme.

In assessing the off-frequency interference levels the transmitter emission masks of Figure C.10Figure C.10
were assumed, based upon EN301-213 [B18][18] (112 MHz systems) although modified for ultimate atten-
uation.

The interference limit of –146 dBW/MHz is consistent with an I/N = –10 dB based on the parameters in
Annex E.

Two interferer densities were assumed of 0.01 per km2  for PMP networks and 0.45 per km2  for high-density
(HD) mesh networks. It can be seen that only in the case of a high-density mesh network interfering with
another mesh network subscriber station is the interference limit exceeded in more than one per cent of trials. 

C.13.2 Simulation results

Table C.1 Table C.11 summarizes the simulation results:

Figure C.10—Transmitter masks based on EN 301 213 spectrum masks and –70 dBc floor
Copyright © 2001 IEEE. All rights reserved. 77
This is an unapproved IEEE Standards Draft, subject to change.



IEEE P802.16.2-2001 DRAFT RECOMMENDED PRACTICE FOR COEXISTENCE OF

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
It is concluded that where networks are operating with identical channel spacings, a guard band per operator
of one half the channel spacing is likely to be sufficient for reliable coexistence in the same geographic area. 

To ensure substantially interference free coexistence between two networks where there is a significant dif-
ference in the channel spacings deployed, a guard band equal to a single channel spacing will need to be
accommodated within each operator’s band.

Table C.11—Simulation Results

Channel 
spacing in 

each adjacent 
block

Guard
frequency width

Interference path and 
station type

Interference level 
exceeded for 1% of 

trials or less.
dBW/MHz

Interference 
limit

dBW/MHz

Identical 1 channel 
spacing equivalent

PMP Base to PMP Base –171

–146

PMP Sub to PMP Sub –164

HD Mesh to PMP Base –157

HD Mesh to Mesh –144

Non-
identical (Ratio 
4:1)

Sum of half of each 
non-identical 
channel spacing

PMP Base to PMP Base –147

PMP Sub to PMP Sub –142

HD Mesh to PMP Base –132

HD Mesh to Mesh –120

Non-identical 
(Ratio 4:1)

Sum of each non-
identical channel 
spacing

PMP Base to PMP Base –167

PMP Sub to PMP Sub –167

HD Mesh to PMP Base –156

HD Mesh to Mesh –146
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Annex D

(informative)

Work of other bodies

D.1 ETSI WP-TM4

ETSI Working Party TM4 is developing a Technical Report for publication titled “Rules for Coexistence of
P-TP and P-MP systems using different access methods in the same frequency band” [B30][30]. This report
covers the coexistence of Point-to-Multi-point FWA systems with other FWA systems and with Point-to-
Point systems deployed in the same frequency band and in the same (or near) geographical area. It examines
the interference scenarios and methodologies for evaluating interference, identifies critical parameters
required for standards and looks at mitigation methods.

Certain key assumptions are made regarding the deployment of P-MP systems reflecting the expectation that
a number of operators with frequency block assignments deploying a range of equipments utilizing different
multiple access methods and duplexing methods are possible. It is recognized that as a result of facilitating
coexistence between the operators, some deployment constraints may result. 

D.1.1 Interference classes

Based upon typical Fixed Service frequency plans a set of interference classes are identified. These are
summarized in Table D.12Table D.1.

Having identified the interference classes with typical frequency plans in mind, the range of interference sce-
narios are examined against a number of system possibilities to determine which interference classes are
appropriate for further study. For example in the case of two P-MP TDD systems deployed by adjacent oper-
ators all classes A1 to A4 above can be seen to be possible to a greater or lesser extent. For P-MP FDD sys-
tems, specific cases only of classes A1 to A4 are appropriate. For example, if sub bands are defined within

Table D.12—Interference Classes

P-MP to P-MP 
coexistence

P-MP to P-TP 
coexistence

Class A1 CS interferer into victim TS 
(down/down adjacency)

Class B1 CS interferer into victim PP 
receiver

(P-MP Down/PP Rx adjacency)

Class A2 TS interferer into victim CS 
(up/up adjacency)

Class B2 PP interferer into victim CS

(PP Tx/P-MP Up adjacency)

Class A3 CS interferer into victim CS 
(down/up adjacency)

Class B3 TS interferer into victim PP 
receiver
(P-MP Up/PP Rx adjacency)

Class A4 TS interferer into TS victim
(up/down adjacency)

Class B4 PP interferer into victim TS
(PP Tx/P-MP Down adjacency)
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the frequency band plan for uplink and downlink transmission directions then only classes A1 and A2 are
appropriate. In the case of P-MP and P-TP deployment classes B1 to B4 above all apply to some extent.

D.1.2 Deployment scenario assumptions

In order to evaluate the degree of coexistence between P-MP systems, the following assumptions are made:

— One cell from each of the two systems is considered, with a generic distance between hubs.

— The whole cell area is covered with the frequency channel adjacent to the frequency block (channel)
assigned to another operator.

— All radio paths are in perfect LOS.

D.1.3 Methodology

Using these assumptions all the potential interference scenarios are evaluated, disregarding the potential mit-
igation due to sector antenna, the usage of other frequency/polarization channels and cell pattern deploy-
ment. Expressions for the potential interference are developed using the concept of Net Filter Discrimination
(NFD) in order to estimate the amount of interference (coming from the interfering channel) falling within
the receiver filter of the useful system.

These expressions can then be used for each class of interference to assess the following “measures of
coexistence”:

— Class A1: the percentage of cell area (%KO) where the interference generated from the interferer CS
towards the victim TS produces a C/I smaller than a given C/I threshold.

— Class A2: the percentage of cell area (%KO) where the interference generated from an interferer TS
towards the useful CS produces a C/I smaller than a given threshold.

— Class A3: the minimum distance between the two CS’s (interferer and victim) in order to achieve the
C/I threshold.

— Class A4: the percentage of cell area (%KO) where the interference generated by an interferer TS
towards the victim TS’s produces a C/I smaller than a given threshold.

The methodology and the interference parameters summarized above enable evaluation of the coexistence
(interference) problems from both the analytical perspective (one simple equation) and the numerical point
of view (complete evaluation of C/I over the cell area, using a software tool).

D.1.4 Resultant considerations

In carrying out this evaluation a number of considerations have come to light associated with the interference
classes identified above. These are summarized as follows:

a) Class A1 and A2:

1) Site sharing improves coexistence possibilities.

2) Site sharing helps to reduce the guard band requirements (possibly zero)

3) Near site sharing helps also.

4) With no site sharing, at least one channel equivalent guard band required between adjacent
operator assignments.

NOTE—Pfd PFD is calculated at the service area boundary of the respective counterpart(s).
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5) Similar EIRP’s at the Central Station reduces interference.

b) Class A3:

1) Site sharing not possible, therefore minimum separation required.

2) Separation distance can be minimized with a guard band.

c) Class A4:

1) Exacerbated by a large number of terminal stations.

2) Guard band required.

Additionally it is noted that use of ATPC, equal channelization schemes and similar receiver performance
reduces the guard band requirements. Defined uplink and downlink frequency sub-band planning reduces
the number of interference scenarios for FDD P-MP systems.

d) Classes B1 and B2:

1) Site sharing not possible, therefore minimum distance and angular decoupling required.

2) Distance and angular separation can be minimized with a guard band.

e) Classes B3 and B4:

1) Site sharing not possible.

2) Geometrical decoupling impossible to achieve due to the spread of TS over the P-MP deploy-
ment area.

3) High frequency separation required, usually more than one channel equivalent guard band.

D.1.5 Worked examples

Finally the report provides a number of worked examples for P-MP systems in lower frequency bands and in
the 26 GHz band. These examples include FDD systems employing TDMA and FDMA methods and the
lower frequency example examines the impact of utilizing “standard” performance characteristics versus
“actual” or typical characteristics. The results show a range of possibilities ranging from zero guard band for
near identical systems with good co-operation between operators to the need for two equivalent channel
guard bands where non-identical systems are deployed and poor co-operation exists between operators. 

D.2 Industry Canada (IC)

Industry Canada, in consultation with manufacturers and service providers, has conducted studies dealing
with coordination between fixed broadband wireless access operators. Technical standards including maxi-
mum allowable EIRP, out-of block emission limits and coordination process have been established. Moreover,
a U.S./Canada bilateral arrangement is already in place for the 24/38 GHz band to facilitate frequency sharing
along the border.

The documents ([B6][6][B7][7][B8][8][B17][17][B31][31]) dealing with the above technical standards,
referred to as Standards Radio System Plan (SRSP), Radio Standards Specification (RSS) for the 24 GHz,
28 GHz and 38 GHz, and U.S./Canada Bilateral Arrangement for the 24/38 GHz bands, can be found in the
following website: at <http://strategis.ic.gc.ca/spectrum>.
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D.3 Radio Advisory Board of Canada (RABC)

The Radio Advisory Board of Canada (RABC) has also conducted technical studies dealing operator-to-
operator coordination issues.  A paper was issued as an input to the Industry Canada regulation.

This paper [32]entitled  “RABC Pub. 99-2: RABC Study Leading to a Coordination Process for Systems in
the 24, 28 and 38 GHz Bands” [B32] recommends a coordination process using distance as first trigger and
two psfd levels that trigger different actions by the operators.

If the boundary of two service areas is within 60 km of each other, then the co-ordination process is invoked.
Two psfd levels are proposed for co-ordination. The first one, level ‘A’, represents a minimal interference
scenario where either licensed operator does not require co-ordination. A second level, ‘B’, typically 20 dB
higher than ‘A’, represents a trigger for two possible categories: if the interference is above A but below B,
then co-ordination is required with existing systems only. If the interference is greater than level B, then co-
ordination is required for both existing and planned systems. Table D.1Table D.2 below summarizes psfd
levels A and B for the three frequency bands.

The much lower psfd levels at 38 GHz are to ensure protection to point-to-point systems allowed in this band
in Canada. The coordination procedure is graphically summarized in the Figure D.1.

Table D.1—Proposed psfd levels in the 24, 28 and 38 GHz bands

Frequency band (GHz) psfd Level A
((dBW/m2 )/MHz)

psfd Level B
((dBW/m2 /MHz)

24 –114 –94

28 –114 –94

38 –125 –105
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The paper can be found at  <http://www.rabc.otawa.on.ca/english/pubs.cfm>
and shows how the values were derived.

D.4 Radiocommunications Agency (UK-RA)

The UK-RA has commissioned technical studies dealing with BFWA inter-operator coexistence at 28 and
42 GHz. A report titled “BFWA coexistence at 28 and 42 GHz” and a companion extended study are pub-
licly available from the RA Web Site under the Business Unit/Research - Extra-Mural R&D project sec-
tion <http://www.radio.gov.uk/busunit/research/extramen.htm.>. The work studied the issues from the point
of view of a regulator wishing to put in place coexistence guidelines for BFWA operators to be licensed in
the UK. It addresses both interference scenarios and provides recommendations for psfd trigger levels and
guard frequencies based upon tolerable I/N of –10 dB and –6 dB.

Figure D.1—Coordination process recommended in RABC paper
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D.5 CEPT/ERC

The European CEPT has carried out work within its Spectrum Engineering Working Group concerning the
coexistence of FWA cells in the 26/28 GHz bands. The completed report, ERC Report 099 [B15][15], is
available from the European Radiocommunication Office at <http://www.ero.dk>. The report considers both
interference scenarios and concludes with recommendations regarding guard frequencies and separation dis-
tances. The concepts of Interference Scenario Occurrence Probability (ISOP) and Interfered Area (IA) fea-
ture extensively in the analyses documented.
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Annex E

(informative)

UK Radiocommunications Agency coordination process

E.1 Introduction

An approach has been proposed to derive guidelines in the UK for BFWA inter-operator coordination
between licensed areas that abut. It reduces the area in which an operator needs to take some coordination
action, allowing him to deploy in an unconstrained manner in greater parts of his or her licensed area than
suggested by the Recommendations in this Recommended Practice. This approach increases the risk of
unacceptable interference near the boundary and shares the burden of coordination between the operators
across the licensed area boundary. Additionally the deploying operator needs only consider the interference
impact of certain stations on a station-by-station basis. 

This is achieved by defining a boundary psfd trigger level applied on a single interferer basis in conjunction
with a coordination zone along the licensed area boundaries, shared equally between the operators. The sin-
gle interferer trigger limit has been tested in a Monte Carlo style simulation in order to test its adequacy and
assess the likelihood of harmful interference into a neighboring licensed area.

E.2 Coordination triggers

In effect, the coordination distance, which is based on EIRP and an interference threshold at the victim of
I/N = –10 dB, forms the first trigger for coordination action followed, if required, by calculation of bound-
ary psfd. If the boundary psfd exceeds the threshold then some further action is required to either re-engi-
neer the interfering station or to enter into a negotiation with the neighboring operator. 

The baseline coordination distance from the licensed area boundary is effectively half the minimum separa-
tion distance derived from a worst-case minimum coupling loss (MCL) calculation between typical inter-
ferer and victim systems detailed below. 

The boundary psfd trigger is based upon the acceptable I/N at the typical victim receiver but reflected back
to the boundary based on half the calculated MCL coordination distance. Therefore the licensed area bound-
ary psfd trigger is somewhat higher than the psfd at a victim receiver based on the acceptable I/N. Conse-
quently, a higher level of interference potential exists over parts of the neighboring licensed area but the
acceptability of this situation can be assessed by examining the probability of harmful interference.

E.3 Application of the coordination distance and psfd triggers

An operator calculates the required EIRP dependant coordination distance based on maintaining the psfd
boundary requirement using a free-space, LOS calculation. If his or her intended deployment falls outside the
required coordination zone then he or she needs take no further action. If his or her intended deployment falls
within the coordination zone then he or she needs to carry out a more complex calculation of the resulting psfd
at (or beyond) the licensed area boundary. This should take into account all relevant propagation factors, terrain
and clutter to establish whether his or her deployment will result in a psfd greater than the limit. For assessing
subscriber station interference, attention needs to be paid to the possibility of uncorrelated rain fading in certain
directions.
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If the psfd threshold is exceeded then he or she should take steps to reduce the EIRP in the direction of the
boundary by either re-pointing or introducing further blockage. Alternatively, depending on the demography
of the adjacent licensed area there might be the possibility of negotiation with the adjacent operator to agree
a new “virtual” license area boundary for the purposes of coexistence.

E.4 Trigger values

Using the methods detailed above and based upon the parameter values below, the following example psfd
levels have been derived for application at the licensed area boundary in the frequency bands identified:

28 GHz Band; –102.5 (dBW/m2)/MHz
40 GHz Band; –98.5 (dBW/m2)/MHz

These are associated with the following coordination distance requirements based on the typical EIRP’s
detailed below such that any deployment within this distance of the boundary requires a check of the resultant
boundary psfd. They are dependant upon the type of station:

For PMP hub (base station)
28 GHz Band; 27.5 km
40 GHz Band; 18 km

For subscriber stations
28 GHz Band; 16 km
40 GHz Band; 10 km

Statistical modelling of multiple interferer scenarios has shown that, when allowance is made for the lim-
ited probability of a line of sight path between interferers and victim, and of the deployment of down tilted
base station antennas in PMP networks, application of these limits can ensure substantially interference
free coexistence between adjacent service areas.

E.5 Worst-case interferer calculations

E.5.1 Base station to base station

Basic link budget equation:

where:

Prec is the interference power at the receiver input,
FSPL is the free space path loss = 20 log (4πRmin/λ),
Latmos is the atmospheric loss (0.16RmindB at 42 GHz or 0.12Rmin dB at 28 GHz),
Grec is the receiver antenna gain in the direction of the interferer,
and
Rmin is the minimum separation distance.

To meet the interference criterion for each band (I/N = –10 dB):

Prec EIRPtx FSPL– Latmos– Grec+=
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Rmin  = 36 km for 40.5 GHz, therefore coordination distance = 18 km.
Rmin  = 55 km for 27.5 GHz, therefore coordination distance = 27.5 km.

Antenna aperture:

Ae = Grec + 10log(λ2/4π)

= –35.24 dBm2 at 27.5 GHz and a 15 dBi antenna gain.

= –38.60 dBm2 at 40.5 GHz and a 15 dBi antenna gain.

Power spectral flux density:

psfd = Prec – Ae

Prec at 18 km for 40.5 GHz = –137.1 dBW/MHz
Prec at 27.5 km for 27.5 GHz = –137.7 dBW/MHz

Therefore boundary psfd:

For 27.5 GHz = –102.5 (dBW/m2)/MHz

For 40.5 GHz = –98.5 (dBW/m2)/MHz

E.5.2 Subscriber station interference

A maximum cell size Rmax, needs to be determined based upon the assumed parameter values. From the
maximum Base Station EIRP, Subscriber Station antenna gain and Nominal subscriber receiver operating
level a maximum path attenuation can be calculated.

Maximum path attenuation (FSPL + Atmospheric Loss + Rain Fade)  = 153 dB.

Therefore maximum cell size:

Rmax = 2.6 km for 40.5 GHz
Rmax = 4.1 km for 27.5 GHz

It is assumed that worst case interference occurs when the subscriber station is at the cell edge and looking
towards a serving base station at the boundary and beyond to a victim base station located within the neigh-
boring network by the coordination distance.

Therefore worst case distance:

For 40.5 GHz  = 20.6 km
For 27.5 GHz = 31.6 km

Max EIRP = 11.5 dBW/MHz, assuming the path in the cell is subject to rain fading, the effective EIRP at the
victim is assumed to be reduced by the cell radius multiplied by the rain attenuation figures assumed for the
frequency band under consideration.

Interfering power: 

Prec EIRPα FSPL– Latmos– Grec+=
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Therefore the interfering power at the victim base station is:

–147.4 dBW/MHz at 27.5 GHz
–146.3 dBW/MHz at 40.5 GHz

These two figures are both marginally below the interference limit assumed for each frequency band.

Allowing for the effective EIRP after rain fading, coordination distances can be calculated.

Coordination distance:

13 km at 27.5 GHz
8 km at 40.5 GHz

However it is possible that a combination of non-direct alignment close to bore-sight and of rain fading not
affecting the interference path could cause higher EIRP in the direction of the boundary.

Assuming a maximum EIRP from the subscriber station and a 10° off-boresight angle towards the bound-
ary, then by reference to the assumed antenna pattern, the maximum EIRP towards the boundary could be
–5.5 dBW/MHz.

Therefore coordination distance:

16 km at 27.5 GHz
10 km at 40.5 GHz

E.6 Parameter values used for trigger derivation and simulations

For the purposes of the calculating appropriate coordination zones, psfd trigger levels and Monte Carlo test-
ing, the following system, deployment and propagation parameter values were assumed:

Assumed parameters for interference analysis:

Nominal channel bandwidth: 28 MHz

Base station EIRP:  15 dBW = 0.5 dB W/MHz

Base station antenna gain: 15 dBi

Base station antenna radiation pattern: EN 301 215 class CS2

Base Station antenna downtilt 9 degrees

Subscriber station EIRP: 26 dBW = 11.5 dBW/MHz

Subscriber station ATPC assumed. RxX input level maintained at 5 dB above the
threshold for BER = 10-6.

Subscriber station antenna gain  32 dBi (PMP); 26 dBi (mesh)

Subscriber station antenna 3 dB beam width 4° (PMP); 9° (mesh)

Subscriber station antenna radiation pattern: EN 301 215 class TS1

Subscriber station receiver threshold (10-6 BER) –111 dBW (QPSK)

= –125.5 dBW/MHz

Nominal operating level (threshold +5 dB) –106 dBW

Receiver noise figure 8 dB (42 GHz)

7 dB (28 GHz)

Interference limit (kTBF – 10 dB) –146 dBW/MHz (42 GHz)
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–147 dBW/MHz (28 GHz)

Atmospheric Attenuation 0.16 dB/km at 42 GHz
0.12 dB/km at 28 GHz

Rain attenuation 7.2 dB/km at 42 GHz
4.6 dB/km at 28 GHz
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Annex F

(informative)

Industry Canada coordination process

In Canada, a dual power flux density (pfd) level coordination process is used to facilitate coordination of
fixed broadband wireless access systems (BWA) operating in the 24/28/38 GHz bands. The Canadian dual
pfd metric is identical in principle and value with the dual psfd metric utilized in Recommendation 5 of Sec-
tion 4.2 and the discussion of Section 7.3 because the Canadian psfd metric is always measured in a band-
width of 1 MHz. The dual pfd coordination process was developed to allow for flexible deployment of fixed
BWA systems without unnecessary constraints. In addition, the dual pfd process would be used only in cases
where mutual sharing arrangements between fixed BWA operators do not exist. The following is an excerpt5

of the coordination process being used in Canada for the 24 GHz range as shown in the document Standards
Radio System Plan 324.25 (SRSP 324.25) [B6][6]. (This document, along with the SRSP for the 28 GHz
band (SRSP 325.35) [B7][7], SRSP for the 38 GHz band (SRSP 338.6) [B8][8] as well as related Radio
Standards Systems Plan (RSS 191) [B17][17] can be found at in the website:<http://strategis.ic.gc.ca/spec-
trum>).

6. Inter-System Coordination

6.1 International Coordination

6.1.1 Usage of the band 24.25 - 25.25 GHz near the Canada/U.S. border is subject to the
provisions of the Interim Arrangement Concerning the Sharing Between Canada and the
United States of America on Broadband Wireless Systems in the Frequency Bands 24.25–
24.45 GHz, 25.05–25.25 GHz, and 38.6–0.0 GHz.  (Refer to Section 3 of this document.)

6.2 Domestic Coordination

6.2.1 Domestic coordination is required between licensed service areas6
 where the shortest

distance between the respective service area boundaries is less than 60 km .7 The operators
are encouraged to arrive at mutually acceptable sharing agreements that would allow for
the provision of service of each licensee within its service area to the maximum extent
possible.

6.2.2 When a sharing agreement does not exist or has not been concluded between opera-
tors whose service areas are less than 60 km apart, the following coordination process
shall be employed:

6.2.2.1 Operators are required to calculate the power flux density (pfd) at the service area
boundary of the neighboring service area(s) for the transmitting facilities. Power flux den-
sity is calculated using accepted engineering practices, taking into account such factors as
propagation loss, atmospheric loss, antenna directivity toward the service area boundary,
and curvature of the Earth. The pfd level at the service area boundary shall be the maxi-
mum value for elevation points up to 500 m above local terrain elevation. (See Appendix C
for a sample calculation of a pfd level.)

5The following text is subject to change without notice, readers should consult Industry Canada for the most current standards.
6Appendix A is provided as a guide to determine which service areas should be considered for coordination.
7In the event an operator uses sites of very high elevations relative to local terrain that could produce interference to service areas
beyond 60 km, the operator shall coordinate with the affected licensee(s).
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6.2.2.2 Deployment of facilities that generate a pfd less than or equal to –114 dBW/m2
 in

any 1 MHz (pfd A) at the other service area boundaries is not subject to any coordination
requirements.

6.2.2.3 Deployment of facilities that generate a pfd greater than pfd A (–114 dBW/m2
 in

any 1 MHz), but less than or equal to –94 dBW/m2
 in any 1 MHz (pfd B) at the other ser-

vice area boundaries, is subject to successful coordination between the affected licensees
in accordance with the following coordination process:

6.2.2.3.1 The operator must notify the respective licensee(s) of their intention to deploy
the facility(ies) and submit the information necessary to conduct an interference analysis. 

6.2.2.3.2 The recipient of the notification must respond within 30 calendar days to indi-
cate any objection to the deployment. Objection may be based on harmful interference to
existing systems8 only.

6.2.2.3.3 If there is no objection raised, the deployment may proceed.

6.2.2.3.4 If an objection is raised, the respective licensees must work in collaboration to
reach a suitable agreement before the deployment of facilities. It is expected that the time
frame to develop such an agreement should not exceed 30 calendar days.

6.2.2.3.5 Proposed facilities must be deployed within 120 calendar days of the conclusion
of coordination, otherwise coordination must be reinitiated as per section 6.2.2.

6.2.2.4 Deployment of facilities that generate a pfd greater than –94 BW/m2
 in any 1 MHz

(pfd B) at the other service area boundaries is subject to successful coordination between
the affected licensees.

6.2.2.5 The above process is described graphically in Appendix B of this document.

6.2.3 In any event, licensees are expected to take full advantage of interference mitigation
techniques such as antenna discrimination, polarization, frequency offset, shielding, site
selection, and/or power control to facilitate the coordination of systems.

6.2.4 All results of analysis on pfd and agreements made between licensees must be
retained by the licensees and made available to the Department on request.

6.2.5 If a licence is transferred, the sharing agreement(s) developed between the former lic-
ensees shall remain in effect until superseded by a new agreement between the licensees.

6.2.6 In the event a satisfactory agreement or successful coordination between the licens-
ees is not reached, the Department should be informed. In these cases, the Department
may impose appropriate technical limitations to facilitate reasonable implementation of
systems.

6.2.7 Licensees shall ensure that the pfd at the boundary of unlicensed neighboring service
areas does not exceed pfd B.

8Existing systems include systems that are operational prior to receipt of the notification, or systems that have previously been coordi-
nated.
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6.2.8 While coordination between adjacent block licensees operating in the same vicinity
may not be required in most cases, licensees may agree to coordinate certain installations
to avoid interference

Appendix A [(not reproduced)]

Appendix B 

The process to determine whether coordination is required for cases where a sharing
agreement between the licensees has not been concluded. The proposed coordination pro-
cess is shown in Figure F.1

Figure F.1—Proposed coordination process

1In the event an operator using sites of very high elevations relative to local terrain that could produce interference to service area
beyond 60 km, this operator shall coordinate with the affected licensee(s)
2PfdThe pfd is caluclated calculated at the service area boundary of the respective counterpart(s)
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Annex G

(informative)
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