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Forward

This millimeter wave Path Coordination Guide is fingt technical document published by the Wireless
Communications Association. The authors have,jiropinion, done a superb job of creating an interiee
prevention tool. This document, properly used usthtave a tremendous impact in helping to brimga
broadband communications solution forward properly.

Itis in order to acknowledge a number of subsshientributions. We would like to thank: the FE@ particular
— OET, for having the insight to initiate the 90 Gproceeding, Andrew Kreig, the president of the A(&nd his
staff) for creating and maintaining the energy flithin the organization, Lou Slaughter and Dr.d&bvberg for
initiating the 70 and 80 GHz proceeding, Mike Daolar being our NTIA observer and perhaps most irtgly
the authors.

The authors, Dave Stephenson sub-committee chaigdbn Lovberg, Joseph Marzin, Dr. Eldad Perahfi,
Perkins, Thomas Rosa and Thomas Wiltsey. Eadmesttmen contributed heavily. On the one handdlgart of
the job they do for their companies as leadingrietdygists. On the other hand however, our spéusaiks are
extended because most of the time for these kihgeogects is extracted from “evenings and week&raiwd it
becomes a personal contribution.

The millimeter wave technology base behind thisuthment represents a potential force to improve (antreate)
the high speed Gigabit class on and off rampsedilter optic backbone infrastructure so lackingniost places.
Most of us in the communications industry agree ihia really important opportunity and it needbé¢o
implemented correctly. We are dealing with a nesqfiency range that has a unique set of atmosphegiactions
and, therefore, a new set of interference charatitey. This guide, if properly used, can ensheat tve prevent
radio interference, even in largely uncharted tieryi

Doug Lockie
Co-Chair WCA Committee for Above 60 GHz Spectrusuks
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1 Introduction

This Path Coordination Guide provides methodolagy eriteria for properly coordinating point-to-pbnadio
systems in the 71-76 and 81-86 GHz millimeter waards. The Report and Order in FCC WT Docket 6146
allocated spectrum for such systems and implemeheedervice rules [1] It is worthwhile pointingtahat while
TSB-10F [2] provides the industry-standard methardpfath and frequency coordination in the microwla&eds, it
has not been updated to reflect the differenceadio propagation in the millimeter wave bands—djpeatly that
of correlated rain fading. Because of this, induptrticipants in the WCA 60+GHz Committee undektthe task
to develop such a guide for the 70-80 GHz millimetave bands.

Section 2 is an overview of the millimeter waveioeslystems including a description of anticipatedsiand
analysis of various interference scenarios thaldcoocur. Section 3 discusses interference cdlonksand
interference objectives, presents information appgation conditions that apply to these bandsyacoimmends
guidelines for automatic transmitter power coniydtems. Section 4 describes the link registradimh
coordination process. Section 5 discusses theepsdor coordinating links with the Radio Astrono8srvice
(RAS). Section 6 lists reference information relewvto development of this Guide, including a lhgtaphy and
lists of participants and interested parties.

Throughout this document, the use of automaticstratter power control (ATPC) is assumed. While FH@C has
not yet mandated its use in E-Band, computer simoulg of various deployments have shown this teplmito be
extremely effective in controlling interference &, ATPC, however, complicates the path cooraingtrocess.
Because of these reasons, we believe it is an apidieature which many manufacturers will impletriartheir
products and important to include in the path comatibn process.

1.1 Limitations on Document Scope

One of the objectives in creating this document egmapleting the first version in a relatively shpetriod of time
so that 70- and 80-GHz links could be coordinatedi deployed as soon as the first systems were actouéd. As
such, several important issues will need to beest#d in subsequent versions of this document.fifshand
perhaps most important is that the industry is etipg both clarifications and amendments to the B&&port and
Order [1]. As such, parts of this document maydrieebe revised and new sections added. Seconmdlghose to
exclude coordination of the 92-95 GHz band. Wtiikere are many similarities between the 90-GHz lzanttthe
70/80-GHz bands, an important difference is thatd®-95 GHz band permits unlicensed indoor usateiisi
corresponding challenges in path coordination.rdifni while the Report and Order permits the useraflog
modulation in these bands, it was the view of tagigipants (cf. Section 6.3) that systems withtdlgnodulation
would be deployed sooner than those employing gnaledulation. Thus, we deferred path coordinatibsystems
using analog modulation to a subsequent versidheolocument. Finally, the NTIA is still workingtiv the
National Radio Astronomy Observatories to finakb®rdination with transmitters in these (and otlemds.
Again, this document should be updated when thatgss is published (cf. [1] 1 27).

1.2 Areas for Further Study

During the preparation of this document we founeesal areas on the subject of radio propagatiom@menon
where we believe further research supported byiphlysieasurements will be required. These aredibelow in
decreasing order of importance:

1. Rain backscatter (cf. Section 3.5.7 and Appendix D)

2. Snow and Ice loss (cf. Section 3.5.6)

© 2004 Wireless Communications Association Intgamal Page 1
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3. Over-the-horizon loss (cf. Section 3.5.8)

Additionally, the path coordination process hashb#escribed in great detail in Section 4. Howether last step of
the path coordination process requires furtherysfofl Section 4.2.3.4).

© 2004 Wireless Communications Association Intgamal Page 2



Chapter2: System Overvier
WCA-PCG-7080-1, Rev. 1.0 June 2004

2 System Overview

The E-Band (71-76 and 81-86 GHz) fixed servicesudesd in this document generally refer to fixednpdo-point
radio systems used to convey broadband servicegéertuser’s premises and core networks or betwaigirys in
a Campus LAN.

The term “broadband” is usually taken to mean #ygability to deliver significant bandwidth to eacter. In this
document, broadband transmission generally refetrmbhsmission rate of greater than 100 Mbps, thangny
E-band networks will support significantly higheatd rates. The networks are designed to opesatsparently,
such that users are not aware that these senvrieeebvered by radio. A typical E-band networkynsapport
connections to many user premises within a geograpérea.

A significant difference between signal propagatbiE-band, relative to propagation in lower-freguyepoint-to-
point bands, is the narrower radiation pattern kxpee(beamwidth) afforded at E-band by antennasgifen size.
As a consequence, technical rules restricting splacse are generally relaxed in exchange fortstriwles
governing the spatial extent of transmitted beaBisaply put, operations in the band are parceledyggphically
more than spectrally, in much the same way as canwations over free space optical (laser) carridiigis new
paradigm precludes the use of conventional poimtittipoint broadcast architectures, but instedolna for hub-
and-spoke geometries using aggregated, multiplg{pe@ipoint network configurations.

The range of applications for E-band networks iy wéde and evolving quickly. It includes voiceatd, and
entertainment services of many kinds. Each customag require a different mix of services. Traffimw may be
unidirectional, asymmetrical, or symmetrical, ahi$ balance will change with time. These radidesys compete
with other wired and wireless delivery means farstfmile” connections to wired services. Useadio or wireless
techniques will result in a number of benefits)uding rapid deployment and relatively low “up-ftbeosts.

2.1 System Description

E-band systems are constrained by FCC rule to waseam transmissions, and thus will exclusively Eyppoint-
to-point architectures. The term point-to-poirtlides single-hop and multiple-hop linear connextias well as
star (hub-and-spoke), loop (ring), and mesh archites. Fixed broadband wireless access systantsthis band
may include hub stations as aggregation/de-agdgosgpbints, customer terminal stations and equigeare
network equipment, inter-cell links, and activepassive repeaters. Passive repeaters such asoper@sntennas
and billboard reflectors, however, are beyond ttope of this version of the Path Coordination Gui@eypical
campus-area network may include an umbilical “tfuimk from a remote location, establishing a lopaint of
presence which in turn acts as an aggregation anddeeds a multiplicity of dedicated “branch” kinkithin the
campus environment.

A reference E-Band system diagram is provided gufg 2-1. This diagram indicates the relation&igfween
various components of an E-band system. E-baridmgamay be much simpler and contain only someeziesof
the network shown in Figure 2-1. In Figure 2-E thireless links are shown as solid lines conngdistem
elements.

Inter-cell links may use wireless or fiber facéito interconnect two or more wireless hubs. dnebpoint-to-point
radios may be used to provide a wireless backlepalglity between hubs at rates ranging from OG6-Q€-192.

Some E-band network systems will employ repeat8rsh repeaters are generally used to extend artge
improve coverage to terminals with no direct lifiesight to a remote location. A repeater relaysrimation
between network terminals. An active repeateypgctlly no different from a typical radio, emplog all of the
same network management and clock and data recelaatyonics and characterized by receiver, tramsmand
antenna specifications. It may also provide a eatian for a local customer, for instance in theecaf an extended
loop deployment.
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Mesh systems have the same functionality as lostes)s, with extra path redundancy provided by elags
connectivity. A customer station may be a radimteal or (more typically) a repeater with localffic access.
Traffic may pass via one or more repeaters to reagstomer station.

Due to the narrow radiation pattern envelope ofiliebantennas, it will be possible in many caseefdoy parallel,
independent links between individual nodes. A sdeoy parallel link may act as a redundant backumection to
accommodate potential hardware failures, but msy laé used in the absence of failures to doublbahdwidth
capacity of a single network connection.

POINT OF MICRO NETWORK
PRESENCE (2.4/5.8/70 GHz)
(POP)

FIBER BACKB@NE

PRIMARY GIGABIT gy e
WIRELESS NETWORK =)

bISTRIBUTION,/ =S .
POINT GHz, 1 - 10 Gbps)

e

y,
: - DISTRIBUTION

SECONDARY Rl

NETWORK

Figure 2-1: Typical Deployment

2.2 Interfaces

The boundary of the E-band network at its connestio core fiber networks (points of presence)gamerally
standardized, such as optical fiber interfacesyogay852 nm (Ethernet) or 1310 nm (SONET) opticalrelengths.
The boundary at the customer connection may berestandardized or proprietary, and depending et#andwidth
provided, might include coax or Cat-5 for Fast Etie¢ or coax or fiber (for instance) for OC-12, (EgOC-48, or
10-GigE. Reference planes for E-band radio harehiveierfaces are shown for transceiver, antenrd, an
interconnect hardware in Figure 2-2 below. Integfaare the transceiver RF 1/O port (typically a\dRflange),
the antenna terminal interface (typically a WR-lEh@e), and RF interconnect interfaces (typicallR\A2 flanges).
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Figure 2-2: Hardware interfaces providing standardzed reference planes

For purposes of equipment certification, the radierface, “R”, is defined as the transceiver RR pguch that TX
power, signal and interference sensitivity, modatatype and filtering (to include band-edge andrgps
emissions), and ATPC range are specified and meddyr the transceiver manufacturer as referreldisogoort. The
characteristics of any internal diplexer or orthoela transducer are folded into the transceiverifspeston.

The antenna interface, “A”, is defined as the Rteama input, such that antenna gain and co- arsb-qolarization
radiation pattern envelopes are specified and meddwy the antenna manufacturer as referred tqtris

Scalar or spectral losses from any feedline orreatdixed or variable attenuator, diplexer or orthode transducer
between the transceiver and antenna are measutbd bgmponent manufacturer as referred to the oapt’s
input and output ports, and are described sepgriatéhe link coordination application.

2.3 Interference Scenarios

Within the E-band spectrum, harmonized transmisswaiii generally require geographical coordinatinare than
synchronization or frequency coordination. WhiteG-rules define four channels of equal bandwidthiwieach of
the 71-76 and 81-86 GHz bands, they allow for ckhaggregation without limit and without the impash of
guard bands within contiguous channels utilize@Isyngle transmitter. In cases where an operatmoses to
coordinate a bandwidth less than the full 5 GHzlakke in each band, the path coordinator can midetference
isolation using a manufacturer's measured emissipression curves when available, or by assurhimgpand-
edge emission suppression required by Part 101a)(®)( The discussion in this section will focusum-
channelized coordination with worst-case assumptairmaximal spectral overlap; i.e. co-channelrfetence
coordination.

The primary source of interference for narrow-bdatmand links is line-of-sight power directed ink@tmain lobe
or a sidelobe of a victim receiver. Other effextish as multipath and atmospheric stratificati@rat significant
for operation in this band due to the extremelymareams in which the radiation propagates. Ramdcatter
can be significant, but the narrow transmitted bedifiuse quickly resulting in scattered power filensities that
are generally too low to be of significance—exceyphie case of transmitters with very high EIRP.

A fundamental property of any millimeter-wave peiiotpoint system is its link budget, which deteresrihe path
availability for a specific deployment. During therst-case rain fade tolerated by a specific ra@jployment, the
level of the desired received signal will fall unttijust equals the receiver thermal noise, kTBRére k is
Boltzmann’s constant, T is the temperature, B ésréteiver bandwidth, and F is the receiver noged), plus the
specified carrier-to-noise ratio required by theeieer. The conventional method used to accouribferference is
to measure C/(1+N), the ratio of the carrier poleeel to the sum of interference and noise povirFar example,
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consider a receiver with a 6 dB noise figure, foick the thermal noise floor is -138 dBW/MHz. Iriggence
power at a level of -138 dBW/MHz would double tbtat noise, or degrade the link budget by 3 dBerfarence
power at a level of -144 dBW/MHz, or 6 dB below teeeiver thermal noise level, would increase tial noise
and thus degrade the link budget by only 1 dB.

For a given receiver noise figure and antenna igagngiven direction, the link budget degradatian be related to
a tolerance threshold for received interferencegyovin turn, this tolerance can be turned inte safparation
distances for various scenarios. For the pathdinator, Case A is always a concern, and is the fiogus of the
path coordination process, since this type of fatence cannot be eliminated by other means. (Basesl C can
be of significant concern in an unfavorable neampfeth geometry. Case D is a concern for co-srsatsmitters
unless there is a harmonized band plan for theUBE®D. It will always be of concern for unsynchived TDD
and un-harmonized FDD. Cases E and F are spasasarising in Hub-and-Spoke deployments; dueeto t
expectation that Hub-and-Spoke deployments wikdm@monplace, description of these cases is deemsariant.

2.3.1 Case A—Mainbeam- to-Mainbeam and Sidelobe-to-Mainbeam Interference in
Clear Weather

Case A shows link interference in which the maimb@é an interfering transmitter looks directly irttee mainbeam
of a victim receiver. FCC rules governing E-baixéd uses mandate very narrow beamwidths for batibraas,
ensuring that this situation represents a verygaoeirrence. However, this type of interferenaencé be
eliminated solely by band planning. As a mattegadd engineering practice, many point-to-pointeys will
employ automatic transmitter power control (ATPR&ach direction. In clear air, link power levietsm such
systems are generally turned down roughly in pridpoto the degree of rain fade margin built irtte tinks. The
turndown compensates for the high gain of the anatenand reduces the clear-air separation requiteme

When the interfering transmitter and victim receisee not boresighted, antenna discrimination plediby the
narrow radiation pattern envelope increases ismiand further reduces the clear-air separationiregent.
However, in some cases (Case A2), the path distasmeered by the interfering and victim links aign#icantly
different. In the worst case a longer interfering may operate without significant fade margirclear weather,
such that its power may rarely or never be turrmsindby its ATPC. Such unfavorable “near-far” degmient
geometries will identified during path coordinatiand a new applicant may be required to re-sitarsmitter or
otherwise mitigate interference prior to receivinghorization to operate.

Figure 2-4: Case A2—Interfering transmitter mainbeamcoincident with victim receiver mainbeam when
interfering link path is considerably shorter than victim link path

2.3.2 Case B—Main-Beam-to-Main-Beam Interference in Rain (Correlated Fadig)

Case B is similar to Case A, except the interfesigmal is assumed to propagate through a rairoodts way to its
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cooperative receiver, and therefore the interfetiagsmitter does not have its power turned dowarbATPC
function. Because the interferer’'s beamwidth iso&, the interference travels through the same cell on its path
to the victim receiver, hence the rain fade iseated. When path lengths from the cooperativeirtedfering
transmitters to the victim receiver are roughlyagthe net result is roughly the same as for @aaad any power
control tracks out the effect of rain. In thiusition the Case A interference analysis is morsewmative; given
imperfect power control, any turn-down will be lésan, or at most equal to, the fade margin, sméheeceived
power at the victim receiver in clear air may beesal dB higher than that in rain.

However, in cases of an undesirable “near-far” getoyn(Case B2), where the interfering path is digantly

shorter than the desired signal path, fading atbagnterfering path, though correlated, is stillah less than fading
along the desired path. The situation depicte@ase B2 is not significantly improved by the us@&®PC, since
the cooperative paths of both the victim and ietexf links cover longer ranges, such that both ATRELIits will
deliver maximum power to close their respectiv&dinThis case generally represents the mostetgtriscenario
for successful path coordination.

» 1
g T [ A R R B |
e e

:::::::::::::::::::::::::::::::

Figure 2-5: Case B—Correlated rain fading along equapaths from interferer and cooperative transmitter to
victim receiver

Figure 2-6: Case B2—Correlated rain fading along ungual paths from interferer and cooperative
transmitter to victim receiver

2.3.3 Case C—Sidelobe-to-Main-Beam Interference in Rain (Uncorrelated RaiFading)

Case C is similar to Case B, except the interfexémstray radiation from a sidelobe or backlobthefinterfering
antenna. In the worst case, the interfering tréattes{terminal “D”) sees rain towards its intendedeiver (“C")
and therefore does not turn down its power, bytat to the victim receiver (“A”) is clear (uncelated rain fade).
There are two situations to consider in this examnfihe first is when the angles between C-D arkl &e large.
This situation is most often resolved by the ofisdRPE suppression for both antennas. The sesontén the
angles are small enough such that the antennandisation is not sufficient to clear the interfecen However, this
is a rare occurrence since the narrow radiatiotepatenvelope mandated for E-band will usually yrgorrelated
rain fading; for instance, a link pointed 5° aweynh an interfering transmitter a distance of 1 raileay has a
minimum 36-dB antenna discrimination by FCC rulet the cooperative and interfering signal pathsnaxesr
separated by more than 150 m, or more than 5%edfyflical rain cell scale size as described by [9].
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Figure 2-7: Case C—lInterfering transmitter looking into sidelobe of victim receiver, during rain event
effecting interferer’s path alone

2.3.4 Case D—Sidelobe-to-Sidelobe Co-sited Transmitter Interference

Case D covers backlobe-to-backlobe and sidelolsidtzlobe interference. The extremely high degfetenna
isolation in these cases guarantees that thisdf/jmeerference is encountered only for multiplsteyn deployments
in very close proximity, for instance on a singbeftop (for purposes of definition, Case D and &ied” will
describe multiple deployments on a single rooftopiis situation can be virtually eliminated witarmonized
frequency-division duplexing (FDD) via a coordirditgand plan. In bucking situations where co-sitadsmitters
may employ different carrier frequencies which @sechannel to co-located receivers, successfuldadedination
will require that interference predictions be supgd by measurement, and that initial transmittéivation be
coordinated with existing licensees within the dedarea.

A related interference consideration is that aggiom signal backscatter from raindrops. For elpspaced
antennas in a near-parallel orientation, backschtim an interfering transmitter into a victim e#eer approximates
the transmitter’s self-interference, except thahwit a harmonized FDD band plan, the victim regemay not be
afforded any added isolation from a frequency dipteor ortho-mode transducer. Worst case raindatter ratios
of -55 dBc (cf. Section 3.5.7) will not alone supthe isolation (up to 115 dB) that could be regdibetween a
powerful transmitter and a sensitive receiver. &TiRirrelevant in this situation since transméteiill tend to
operate at maximum power during strong rain eve@imss-polarizing the victim link relative to thterferer in
principle provides additional isolation (rain inéatdepolarization is negligible for the short refien paths making
up most of the backscatter contribution), but sliles not allow for more than two transceiver nagtea rooftop.
On the other hand, as is true for general co-sitetbmitter interference, backscatter interferazaebe virtually
eliminated using harmonized FDD via a coordinataddplan.

© 2004 Wireless Communications Association Intéamaal Page 8



Chapter2: System Overvier
WCA-PCG-7080-1, Rev. 1.0 June 2004

Figure 2-8: Case D—Co-deployment of transmitters oa single rooftop in a hub-and-spoke geometry

2.3.5 Case E—Hub-and-Spoke Interference with Short-Range Links

Case E covers hub-and-spoke deployment where arsimgie link is adjacent to a long range link adepicted in
Figure 2-9. The interference in this case is exdhrection of transmission from the spoke terngirialhub
terminals. For a link with a short path length ttasmit power level of terminal B may be sethat minimum
ATPC power level, but the receive level at termifyahay still be significantly higher than requirfmt the threshold
C/N. This will cause increased levels of interfere at terminal C from terminal C. Such a situafmrces a larger
physical separation between terminals A and Cahtlb, which reduces the number of radios thabedocated at
the hub.

Figure 2-9: Case E—Spoke-to-hub interference with sirt-range link

2.3.6 Case F—Hub-and-Spoke Interference During Precipitation

Case F covers a short range link neighboring a tange link, but with the direction of transmissfoom hub
terminals to spoke terminals (opposite that of Gsend is depicted in Figure 2-10. In the cléath hub
terminals A and C have reduced their transmit pdeeninimum. Terminal B achieves a clear-air @ldl based
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on the interference path from C to B. In the r&@nminal A raises its transmit power a small amidarcompensate
for the rain attenuation on the short path. Teamh@raises its transmit power a much larger amtunbmpensate
for the rain attenuation on a much longer pathis Thuses the interference level between C amdifctease much
more than the carrier level between A and B. Tietsange link will suffer much more degradation! in rain
than the long range link in this scenario.

Figure 2-10: Case F—Hub-to-spoke interference duringrecipitation

2.3.7 Case G—Interference from Other Services

At the time of this writing, the 71-76 GHz and 86-8Hz bands are allocated for fixed, mobile, artdlkt®
services, but specific technical rules for satelihd mobile operations have not yet been pronedgatase G
considers interference from a future satellite dovror from a mobile services link. The formeiseacan be
virtually eliminated by coordination of fixed andtsllite services over non-overlapping ranges tif paclination;
e.g. fixed services constrained to path inclindtlenlination less than 25 degrees, satellite sesvic paths at
inclination/declination greater than 25 degreesr rRobile links over land, interference can be dowated through
restrictions on path inclination, in the same waygsatellite links (Case G), since restricted haniablines-of-sight
constrain practical mobile services implementatamges to distances that can be otherwise senibe iRart 15
regulated 57-64 GHz band, and air-to-ground apiiina can be accommodated for path inclinationvabo

25 degrees. Over water and in littoral regionsiZomtal paths are extremely unlikely to causerfetence with
fixed services, and need not be restricted.

Figure 2-11: Case G—Satellite or airborne transmitte interfering with fixed service receiver
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3 Technical Considerations for Path Design

3.1 Introduction

This section explains the considerations in catmdanterference to victim receivers. Interfereraffects are
determined a priori by the path coordinator, usirgmanufacturer’s radio emission spectra datatfzand
manufacturer’s stated static threshold (T) requéenand measured threshold-to-interference (THyesu
Theoretical T/I requirements are listed in TSB-IBFand serve as a basis for “reasonable” T/I simityilevels.
The path coordinator may reject a coordination estjon the basis of excessive receiver sensitivitlgterference
even if the radio is the first to be deployed igiven area.

For receivers of broadband digital modulation, THeratio typically depends on the thermal, noie-lspectral
characteristic of the digital signal, and not oa stability characteristics of the carrier frequenDigital interfering
signals cause thermal-like interference which iaseethe equivalent idle noise and degrade a vieti@iver’s static
threshold level.

E-band link performance is defined by path avalighjannual outage duration) and link fidelity (B
characteristics during available periods. Per TG-826 specification [3], a digital wireless lirkconsidered in a
failed or traffic disconnect state, and thus unatéé for performance prediction or verificatioftea and then
including a 10-second duration outage event. $Swahrterm outage events are unacceptable to mess ke
single exception being predictable rain outage.eMjproperly coordinated, interference has a minimphct on
the path availability (annual short-term outagej aat on the fidelity of an E-band wireless link.significant
consideration in E-band interference calculati@that due to the extremely narrow signal beamgated in the
FCC rules, rain fading is highly correlated betwa#arferer and victim signal paths. In generaik is a mitigating
effect and reduces the necessary separation déskateween transmitters.

3.2 Calculation of Interference Levels

FCC rules divide the upper and lower E-band segsriata four channels each; i.e. 71.00-72.25, 77250,
73.50-74.75, and 74.75-76.00 GHz in the lower band, 81.00-82.25, 82.25-83.50, 83.50-84.75, and
84.75-86.00 GHz in the upper band. Licensees eayest coordination on any channel or any number of
contiguous channels within each band, subject mal{galge radiation suppression on the edges ofathiggoious
band only (no guard bands), and subject to paiheshtel assignations with 10-GHz separation onlye T
interference analysis for E-band operations is aotetl on the basis of the full coordinated bandwide. the
carrier-to-interference ratio (C/l) is calculategithe ratio of the total carrier power to the tatédrference power in
the 71-76 GHz or 81-86 GHz band, or in the fractberither band affected by the application. Bageaon
manufacturer-provided data, for each potential chseterference a threshold-to-interference réfif)) shall be
determined that would cause 1.0 dB of degradatidhé static threshold (FBBER) of a protected receiver. For the
entire range of carrier power levels (C) betweendlear-air (unfaded) value and the fully-fadedictareshold
value, a successful coordination guarantees tkexfémence can never cause C/l to be less tharetheltof T/I,
except in special cases (such as very short lingas) where the availability of the affected reeeiwill always
remain acceptable despite the interference. Thkadelogy for performing these calculations arespreeed in
Section 4.

The advantages of using T/I-based criteria arettigtlifferences in thresholds, due to bit ratedutation technique
(transmission efficiency), coding gain and noiggife, are all taken into account, and that thelatestevel of
allowable interference can be easily determinedufyracting the T/l ratio from the $@Gtatic threshold of a
particular digital receiver. However, in any adtsituation, the value of T/l is a function of thietim receiver’s
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total bandwidth, the interfering signal’'s RF spantrbandwidth, and the separation between theiecérquencies.
For this reason, the T/l levels for specific reeeitypes must be measured against a variety ohpaténterferers,
and this data must be provided to the path cootalinmior to the coordination process.

For potential threshold degradation to all typesictfim receivers, only “I” or the specific interence signal level
must be calculated for all fading conditions. Thare many ways of setting up the calculation E®ceut the
results should be identical if the same parametersised.

Numerous parameters are necessary to performdbé@ed determination of anticipated interferengdeVels and
Cll ratios. For example, the following minimumaniation is necessary:

1. Latitudes, longitudes, ground elevations and argdvaights above sea level of applicant link aneiti!
victim link endpoints, such that all necessary patigths, azimuths, elevations, and discriminasiogles
can be calculated.

2. Gain, feed losses, RPE and polarizations of anteahboth systems, to define antenna gains and
discrimination values.

3. Manufacturer-stated T and T/I requirements, forcHjeel interference spectra as described below, for
determination of allowable interference levels.

4. Power into the transmitter antenna feed, to alletexnination of interfering power level.

These data are expected to be provided to thecpatitlinator by the installer or end user as a neupart of the
application for coordination.

To calculate faded interference thresholds, thedinator uses the T and T/I curves provided bytthesceiver
manufacturer to determine a value or spectral ciowthe interference power objective. Using tlpoit power of
the transceiver module provided by the transceianufacturer, the gain and radiation pattern empesfor both the
interfering and victim antennas provided by theeant manufacturer(s), and path coordinates prowigiete
installer or end user, the coordinator calculates& | for scenarios of (1) minimal fading, (2) rimadm fading of
the interfering transmitter (up to but not excegdime fully-faded receiver condition) and (3) fagliof the
interfering transmitter to the full-power limit @6 ATPC range (up to but not exceeding the fullgldd receiver
condition). In each scenario, the coordinatorfiegithat C/I exceeds T/l for each condition, taasounting for
correlated fading of C and I. The coordinator agamines “six-nines” rain-rate statistics (raiteraxceeded for
0.0001% of the time) based upon the ITU-R P.838}4rfodel for the local region. If the path lossrr this rain
rate is lower than that causing a “fully-faded”e&ed signal level for an interfering link or thél @tio of a victim
receiver, the path loss at the six-nines rain dmdis used as the maximum fading condition forposes of the
calculation. This provision is included to prea@utjection of a new path application based upirefade rate
that is beyond the range experienced in a givegrg@ic region or at least so rare as to represennreasonable
level of protection to incumbent links in that reigi

Figure 3-1 shows a level diagram relating C/I afidbased objectives. Note that the T/l objectirexsommended in
this Guide relate the receiver’s static thresholthefaded interference level, where C/I objectives for the
microwave band are typically stated in terms ofdefd interference [2]. It is important for thetpabordinator to
confirm that C/I objectives will be met over thenga of received RF levels from unfaded down tostiagic
threshold.

In calculating the faded interference level preserhe victim receiver due to an interferer wiged than maximal
overlap in these bands, the total faded interfexdenel is reduced by a factor equal to the ratithe receive filter's
bandwidth to the overlapping interfering signal dafth. Additional antenna cross-polarization disination
may also be accommodated in cases where the inbgrEnd victim links are cross-polarized.
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Figure 3-1: Signal Level diagram relating receivercarrier, threshold, and noise floor levels with
faded and unfaded interference objective levels

3.3 Objectives for Digital Modulation

3.3.1 Digital Transmitter Interfering with Digital Victim Receiver

At the outset, it is envisioned that digital radwai comprise the vast majority of use of the .ahd 81-86 GHz
bands in the fixed services. The interferenceyaiglin this case is based upon a comparison ahG#rvice with
manufacturer-specified T/l limits for a digital edeer. The static (non-faded) threshold of a digieceiver, T, is
defined for purpose of interference calculationthas manually faded (with attenuators) receiveieatevel that
produces a BER of 10 Digital receiver thresholds vary because ofedéfces in bit rate, modulation efficiency,
and noise figure.

Measurement of T/l requirements for a digital radiaccomplished by fading the receiver to thacstateshold

point, where a 1O BER is present on the link. Then the signal léséhcreased by 1 dB and interference is injected
until a BER of 1@ is again achieved on the link. The ratio of thiéidl power level of the desired received sigmal t
the interference power, as measured, is the Tid.rathe required value of T/l in general dependsh® particular
interfered (victim) receiver as well as the pafticunterfering signal. In principle, then, a cdvator would need to
know the T/I ratio as a function of modulation spem for all possible interferers into a digitatedver. While it
would be desirable to require a manufacturer toigeospecific T/l curves for all possible interfesesuch a
requirement is clearly impractical.

It is the intent of this Guide to establish stawddior the manufacturer whereby the T/l requirenfienspecific
equipment is to be provided relative to specifiggiiference spectra. One valuable reference it @uiive
measured against a narrowband interferer, suctoaklwe representative of an unmodulated carrieelatively
narrowband FM-video transmission. Another usedtgirence is the T/l for a broadband noise spectnast typical
of broadband digital wireless transmitters. Meaments from a like-system interferer will be mostamingful in
coordinating co-sited transmitters or dense melitgpearea networks using radios from a single rfacturer.
This Guide thus recommends that the manufactucasige to the coordinator for each radio type beiagrdinated
the following data: receiver static threshold, &¢Tirve using a swept CW interferer, T/I for a wehitoise source
band-limited at the receiver IF bandwidth and swejithin E-band channel limits) at differential nigency across
the receiver IF band, and like-signal interferewitd pseudo-random modulation at the maximum ojmanat data
rate of the transceiver pair. An appropriate sestip which may be used by a manufacturer to parfoese
measurements is shown in Figure B-1 of Appendix B.

The static threshold signal power (T) is one ofrtiast readily available parameters of a digitaloahd is
expected to be provided by a manufacturer in tledination application. Measurements of T/l requir
millimeter-wave test setup which may or may noti@@ntained by a manufacturer. If T/l values aresupplied by
a manufacturer for a receiver to be coordinatgmth coordinator may generate this information dagmon
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theoretical values of threshold C/N for common digiadio modulation schemes. Values of T/l argyidy 6 dB
greater than the theoretical threshold values bf @/der the assumption that the interferer is agtwease) thermal-
noise-like interference with a bandwidth less tbaequal to that of the desired signal. Theoretzal
requirements for most common digital modulationesohs are given in [2]. Some common schemes in€lol¢

or BPSK (C/N=13 dB), QPSK(13.5 dB), 4FSK (17.6 d&)d 16QAM(20.9 dB).

Coexistence issues require a definition of tolexabierference levels; a common approach definezeeptable
interference threshold level as that which resnlts 1 dB degradation to the static €IBER) threshold of a
protected receiver. This recommendation recogriteegact that it is not practical to insist upon“mterference-
free” environment. Having once adopted this recemuation, each licensee must accept a 1-dB degpadat
receiver sensitivity from an interfering link.

For this Guide, the receiver static threshold T #edthreshold-to-interference ratio T/l resultinghis 1-dB
threshold degradation will be measured by a tramscenanufacturer and provided on an equipment bgss to
the path coordinator to be used in interferencdiptiens. In addition, this Guide recommends asdgengineering
practice that in estimating path availability pereges, each path designer provide for a multighesure
allowance (MEA) amounting to an additional 3 dB idefation in receiver sensitivity, for a total irffe¥ence
degradation (TID) of 4 dB. This allowance accomated a number of simultaneous interferers operatingar-
threshold conditions.

Because of the statistical nature of the spat#tibution of deployments, and the wide variatiomadio transmitter
and receiver parameters and localized rain paftérissmpossible to prescribe in this document simgle
mitigation measure appropriate to resolving allgilie coexistence problems. In the applicatiomiifgation
measures, a case-by-case treatment is preferathle bmposition of pervasive restrictions. To thil, the FCC has
mandated that each operator rely upon an FCC-apgmath coordinator to coordinate with other kn@perators
prior to deployment and prior to implementing aakevant modification to deployed systems.

Implementing these measures will improve coexigerunditions and have a generally positive effacintra-
system performance. Similarly, simulations perfednn the preparation of this Guide suggest thattrabthe
measures undertaken by an operator to promotespstem performance (e.g. the use of ATPC) wilh glsomote
coexistence.

It is deemed outside the scope of this documentake recommendations that touch on intra-systertersauch as
frequency plans (e.g. harmonized FDD coordinatiatihpough such plans will inevitably prove valuatdea
coordinator managing a dense metropolitan areayent.

3.3.2 Analog Transmitter Interfering with Digital Victim Receiver

This section will be completed in a subsequentigarsf the document.

3.4 Objectives for Analog Modulation
This section will be completed in a subsequentigarsf the document.

Until this section on analog interference objeciaee written, path coordination activities may patvide the same
level of interference protection and certainty@sdigital systems.

3.5 Propagation Models

3.5.1 Free Space Pathloss

The fundamental equation for free space path ios#B) is
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20 D]ogl({ij
41D

where

A = wavelength in meters

D = path length of the link in meters

3.5.2 Atmospheric Absorption Losses

Specific attenuation due to water vapor and oxyagjggorption is described in [4]. Following the meH
procedures in [4], the specific attenuation (abhdéad temperature, pressure, and water vapor geasita function
of frequency is illustrated below in Figure 3-2.

Pressure = 1013hPa; Temperature = 15°C; water-vapor density = 7.591/m3
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Figure 3-2: Specific attenuation due to water vapoand oxygen absorption

To simplify path loss calculation, a value of 0B/kin should be used for specific attenuation duatteospheric
gases. This value also conforms with the NRAOtmwsthat the atmospheric attenuation be no mae th
0.4 dB/km for path loss calculations for RAS coasdion [5].

3.5.3 Precipitation Losses

3.5.3.1 Rainfall Model

The ITU models are chosen to predict rain fall féleand specific attenuation [7]. To calculatenrfall rate with
ITU-R P.837-4, the latitude, longitude, and peragetprobability of rain are parameters of the dat@mn. The use
of latitude and longitude eliminates the need afidedge of the rain region of a particular city dddition, rain
fall rate is now a smooth function of position Uslithe step functions caused by discrete rain nsgidgth other
models. Rain fall rate is a function of percentpggbability of rain, so the calculation based aregbitrary
percentage is possible. This is not the caseatiter models which only provide rain fall rate infation at
particular percentages.
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The ITU model and Crane model are compared in [[7]8], many models are compared including Cramet @CIR
(basis for ITU model). In general, the ITU modelsifound to be as accurate as other models. Howtbee
complexity of the ITU model was much lower thartted Crane model. The ITU models were chosen for
simulations in [9].

The figure below illustrates the rain fall rateniim/hr for the continental US for 99.999% probapi{ewvailability)
with the model from ITU-R P.837-4 in [6]. Througltdhis section, the terms probability and avallgbwill be
used synonymously.

Rain fall rate (mm/hr) for 99.999% availablility

S

latitude

w
(4]

longitude

40 60 80 100 120 140 160

Figure 3-3: Rain fall rate in mm/hr for 99.999% avalability
The table below gives the rain fall rate for seleitges at various rain availabilities. We nolat more significant

figures are provided in the table than make semse & physical perspective. However this was danthat these
values can serve to check different implementatadrike ITU equations.

Table 3-1: Rain fall rate at various cities

Rain Availability (mm/hr)
Location 99.9% 99.99% 99.999% 99.9999%
Boston 10.53 37.87 90.85 152.25
Chicago 10.94 44.07 101.09 163.77
Los Angeles 5.11 19.47 61.08 119.74
Miami 33.78 95.62 160.14 225.13
San Jose 9.69 38.87 93.99 156.19
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3.5.3.2 Calculation of Rain Attenuation
The specific rainfall attenuation is given by:
Ve = kR” (dB/km) (Equation 3-1)

where R is the rainfall rate in mm/hr. The frequency-dependefficentsk anda are given for linear

polarizations in [10]. Figure 3-4 and Figure 3-5 beldustrate the values for coefficierk@nda with horizontal
polarization and zero degree elevation angle.

Horizontal Polarization; Elevation = 0°
0.795

0.79

0.785

0.78

0.775

o coefficient

0.77

0.765

0.76

Frequency (GHz)

Figure 3-4: a coefficient as a function of frequency
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Horizontal Polarization; Elevation = 0°
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Figure 3-5: k coefficient as a function of frequency

Figure 3-6 below illustrates specific attenuation as a functioain fall rate as outlined in [10]. In the frequency

range 71-86 GHz, the results are not very sensitive to frequeoieyization, and elevation angle.
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Figure 3-6: Specific attenuation as a function ofain fall rate

Figure 3-7 below illustrates the specific attenuation in dBitkknNorth America for 99.999% rain availability. The

results are for center frequency of 86 GHz, horizontal polarizadiod an elevation angle of 0°.
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Specific attenuation (dB/km) for 99.999% availablility
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Figure 3-7: Specific attenuation for North Americafor 99.999% rain availability

Based on the same parameters and the rain fall rates from Taltlee3tdhle below gives specific attenuation for
several cities at various rain availabilities.

Table 3-2: Specific rain attenuation at various cies (in dB/km)

Rain Availability (mm/hr)
Location 99.9% 99.99% 99.999% 99.9999%
Boston 6.07 16.09 31.33 46.42
Chicago 6.25 18.06 33.98 49.07
Los Angeles 3.50 9.69 23.15 38.66
Miami 14.75 32.57 48.24 62.53
San Jose 5.70 16.41 32.15 47.33

3.5.3.3 Rain Cell Model

A rain cell approach can be used to model localized rain events,cabeésn [9]. With a rain cell model, only the
part of path in the rain cell experiences full rain attenuafidre region outside the rain cell is considered the debris
field and has lower specific attenuation than in the rain cell.
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e

Rain Cell } B

Figure 3-8: Rain cell model

The diameter of the rain cell is a function of the rainfall ratkiamiven as follows:

— -008
d. = 33R km (Equation 3-2)

where R is the rainfall rate in mm/hr. Figure 3-9 beloustilates the diameter of rain cell as a function of rain fall
rate as outlined in [9]. The size of the rain cell decreasé®aain fall rate increases.

Diameter of the Rain Cell (km)

|
|
1
0 50 100 150 200 250
Rain Rate (mm/hr)

Figure 3-9: Diameter of a rain cell

Within the rain cell, the specific attenuation is defined by (Equation 3-1). The specific attenuation in the debris
field decreases as the distance from the center of the rain cell incréaseguation for the attenuation between the
edge of the cell and a point outside the rain cell is give8]in4 more general formulation in terms of the specific
attenuation (in dB/km) is derived from the derivative ofdkéris field attenuation function. The specific
attenuation at a distandgin km) from the center of the rain cell is given as follows
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d

Vr ds< 4

dC
= _ d- A .
ex T (dB/km) (Equation 3-3)

i d

E d> /

Vr cosE) 2

wherer, is the scale length for rain attenuation, given by:
r. =600R 510 D™
m

ande is the elevation angle. Figure 3-10 below illustrates thieay specific attenuation versus distance (from
center of rain cell) curve for various rain rates.
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Figure 3-10: Rain rate attenuation versus distanc&om center of a typical rain cell

3.5.3.4 Calculation of Total Attenuation of a Path with Raincell Model

The calculation of total attenuation of a path can be dividedwdaases. The first case is where the path is
entirely in the rain cell. The second case is where all or ptregath is outside the rain cell.

Case 1: The Path is Entirely in the Rain Cell

The size of the rain cell is determined based on the desirechliaaté with (Equation 3-2). If the path lies
entirely with in the rain cell as shown in Figure 3-11, then (Equation 3-1) is used to determine the specific
attenuation from the rain fall rate. Multiplying the spedifitenuation by the length of the path gives the rain loss
for the path.
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Rain Cell

Figure 3-11: Path entirely in the rain cell

Case 2: Part of the Path is Outside the Rain Cell

The size of the rain cell is determined based on the desirefdltaste with (Equation 3-2). In this case the
path (segment AB in Figure 3-12) is divided into two sexgti For the part of the path within the rain cell (segment
DB in Figure 3-12), the approach in Case #1 is used to datethe rain loss.

For the part of the path outside of the rain cell (segmenindtigure 3-12), (Equation 3-3) is used to determine the
specific attenuation from the rain fall rate. For example, theifsp attenuation at point E in Figure 3-12 is
calculated based on the distaadeetween point E and point C (the center of rain). The oamadlong the segment
AD can be calculated by integrating the specific attenuation alenggtih as given in the equation below.

dC

R =|yv: dd indB
J; R cosE)

Rain Cell

Figure 3-12: Part of the path is outside the rain ell
For paths which are entirely in the debris field outsideaheaell, the path is comparable to segment AD and this

same approach is used. Similarly, paths in which the twoddrtte link are in the debris field but part of the path
passes through the rain cell, can be segmented and this same appeakch
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3.5.4 Precipitation Induced Depolarization

Depolarization on atmospheric propagation paths is descriljgd]inIn this recommendation, the calculation for
cross-polarization discrimination (XPD) is outlined forearth-space telecommunication system in the frequency
range of 8 — 35 GHz. The calculation includes a rain dependenatet an ice crystal dependent term. A
simplified terrestrial XPD model which excludes the ice crystalkethdent term is described in [12]. Further
modifications have been made to expand the applicable range of tHat@aisufor higher frequencies based on
further measurement data as described in [13].

The equations below calculate the XPD dependence on rain atterfoafi@yuencies between 71 and 86 GHz.
The calculation is based on the modification for higher freqesrini[13] and excludes the ice crystal dependent
term as in [12]. Since the only allowable polarization ia t@nd is linear, the equations below are only for linear
polarization. The polarization dependent term from the XPD wxjuiat [11] has been fixed to linear. The
calculation in [11] also contains a raindrop canting angleilsiston term. Since the variation in XPD is very small
with respect to raindrop canting angle, the worst case has ke fousimplicity.

Equation for calculating XPD [11]:
XPD=15+C, -C, +C,
Frequency dependent term [13]:
C, =26xlog,,(f) for f >35GHz

f: frequency (GHz)

Rain attenuation dependent term [13]:
C, =20xlog,,(CPA) for f >35GHz

CPA: co-polar attenuation (rain attenuation) (dB)

Elevation angle dependent term [11]:

-40logl co{iﬁj for 8 <60
C, = 180
121 for 8 >60°

0: path elevation angle (degrees)

Figure 3-13 below illustrates the XPD dependence on rain attemdiat two frequencies, 71 and 86 GHz. The
results are given for the worst case elevation angle, 0°.

For the deepest rain fades, the scattering should not reducihtoXess than 28 dB, just slightly less than the
industry-proposed antenna XPD requirement (assuming a besairatsle margin o£60 dB).

Actual antennas for this band are expected to have a maximum X#dh @uill occur in the boresight direction) of
no more than 30 to 35 dB. For rain attenuation in theer@nig=30 dB, or for all antenna discrimination angles
aside from the boresight direction, the antenna XPD will lsethem the atmospheric XPD shown in Figure 3-13.
Under any such conditions the reduction in XPD caused bysraigligible and may be ignored in interference
calculations. However, for interference calculations where rain atienwf more thar30 dB is assumed and
boresight alignment of both antennas is involved, the remtuetiXPD as a result of propagation through the rainy
atmosphere should be taken into account. The following exaitipitgate these concepts:

Example 1: We are interested in calculating the interference from a verticabtyiped transmitter into a
horizontally polarized receiver. The interfering antenna, aligritdits mainbeam towards the victim receiver, has
discrimination values of 0 dB on the VV pattern and 35 dBhe VH pattern. The victim antenna, aligned with its
mainbeam towards the interfering transmitter, has discrimmatifues of 0 dB on the HH pattern and 33 dB on the
HV pattern. The total crosspolar discrimination for V iktdn clear air is the lesser of (VV of the interfering
antenna plus HV of the victim antenna) or (VH of the intenfpentenna plus HH of the victim antenna). Thus
interference analysis in clear air would assume total V intcsttidiination of 33 dB. However, interference
calculations done under the assumption of 60 dB rain fade afdsired signal should only assume total
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discrimination of 28 dB as shown in Figure 3%13.

Elevation angle = 0°; Linear Polarization
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Figure 3-13: Atmospheric induced depolarization

Table 3-3: Discrimination Combinations for Examplel

Rainy
Interfering Antenna | Atmosphere Victim Antenna Total Worst Case Value
Total
Discrimination Discrimination Discrimination Discrimination

Pattern|(dB) Pattern|(dB) TX -->RX |(dB) TX -->RX [(dB)

vV 0 Co-pol| O HV 33 VH 33

vV 0 X-pol | 28 HH 0 VH 28 VH o8

VH 35 Co-polf O HH 0 VH 35

VH 35 X-pol [ 28 HV 33 VH 96

Example 2: We are interested in calculating the interference from a verticabyiped transmitter into a
horizontally polarized receiver. The interfering antenna, aligrittits mainbeam towards the victim receiver, has
discrimination values of 0 dB on the VV pattern and 35 dBhe VH pattern. The victim antenna, aligned with its
mainbeam 5° from the interfering transmitter, has discrindnatalues of 35 dB on the HH pattern, 45 dB on the
HV pattern, 35 dB on the VV pattern, and 45 dB on the ¥tiepn. The total crosspolar discrimination for V into H
in clear air is the lesser of (VV of the interfering antenna plW of the victim antenna) or (VH of the interfering
antenna plus HH of the victim antenna). Thus interference anatysliear air would assume total V into H
discrimination of 45 dB. The total co-polar discriminatfonV into V in clear air is the lesser of (VV of the
interfering antenna plus VV of the victim antenna) or (VHhef interfering antenna plus VH of the victim antenna).
Thus interference analysis in clear air would assume total Widiscrimination of 35 dB. The total crosspolar
discrimination is only 10 dB greater than the total diseration for the co-polarized case, and the maximum
potential reduction of XPD to 28 dB for up to 60 dB-aifh fade shown in Figure 3-13 is negligible.

! Strictly speaking the contribution of each combination shbeladded so that the total discrimination would be
26.2 dB here. However, by industry convention, path/frecpueaordination calculations typically take the lowest
value alone, and we propose to continue this conventiondof#86 GHz band.
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Table 3-4: Discrimination Combinations for Example2

Rainy
Interfering Antenna | Atmosphere Victim Antenna Total Worst Case Value
Total
Discrimination Discrimination Discrimination Discrimination

Pattern|(dB) Pattern|(dB) TX -->RX |(dB) TX -->RX |(dB)

vV 0 Co-polf O A% 35 A% 35

VV 0 X-pol | 28 VH 45 VvV 73 wW 35

VH 35 Co-poll O VH 45 VV 80

VH 35 X-pol | 28 \A% 35 \A% 98

VV 0 Co-poll O HV 45 VH 45

VV 0 X-pol | 28 HH 35 VH 63 VH 45

VH 35 Co-polf O HH 35 VH 70

VH 35 X-pol | 28 HV 45 VH 108

3.5.5 Fog Loss

The calculation for attenuation due to clouds and fog isnaatlin [14]. The figure below illustrates the specific
attenuation due to fog for a temperature of 15°C over the ddriggrjuencies from 71-86 GHz.

Temperature = 15°C
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Figure 3-14: Specific attenuation due to fog

As shown in the figure above, even in thick fog at 86 Gldzattenuation due to fog is less than 2dB/km. This is
significantly less than rain attenuation in these frequency tmrditherefore attenuation due to fog can be ignored
in the path loss calculation. In addition, for terrestired-bf-sight links attenuation due to clouds can be ignored

3.5.6 Snow and Ice Loss

In the lower millimeter wave bands, measurements have shownaditendue to snow and ice one to two orders of
magnitude lower than that of rain at similar effective precipitatates [15]. Based on these measurements, we
assume that the same holds true for E-band; further reseansydrois required. Rain attenuation will therefore
dominate and this propagation loss will be considered nbigifpr the purposes of availability calculations.
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3.5.7 RF Backscatter Due to Precipitation

Backscattered radiation from rain can cause self-interference or nelalpareiigterference in a co-sited network
geometry. The magnitude of the rain backscatter is considesehfihe monostatic case for co-sited geometries,
and then in a more general bistatic case. The bistatic casecisafative of scenarios in which transmitters are
located either on the same rooftop or on different rooftogisare separated by a short distance, say up to 600m. As
described in Section 2.3.4, the effects of rain backscatter mayreaeseer de-sensitization in bucking scenarios
where the signal from a powerful transmitter is reflectedamearby co-channel receiver. Note that the effects of
rain backscatter can be minimized via a harmonized frequency plan.

Co-Sited Backscatter

The detailed calculations for rain backscatter are provided in S&tloof Appendix D. The results of the analysis
are plotted in Figure 3-15. Taking into account the additipropagation loss to rainfall attenuation, the backscatter
return flattens out slightly for higher rain rates as shimihe figure.

A transceiver may require up to 115 dB of transmit/receivatisol; much more isolation than rain backscatter will
allow. This example isolation requirement derives from astréiter employing +35 dBm of output power with a
sensitivity of -60 dBm and a T/l requirement of 20dB.tdkmatic Transmitter Power Control is irrelevant in this
situation since transmitters will tend to operate at maximowvep during strong rain events. Cross-polarizing the
receive channel relative to the transmitter in principle providdgiadal isolation (rain induced depolarization is
negligible for the short reflection paths making up moshefbackscatter contribution), but still does not allow for
clustering transceiver nodes on a rooftop. Dual-band frequiivisyen duplexing can eliminate this self-
interference problem for a single transceiver; co-sited backscatdenence can likewise be eliminated by using
harmonized FDD via a coordinated band plan.

Rain Backscatter

-50.00

-556.00

-60.00

—— Backscatter Ratio (73.5 GHz)
—®— Backscatter Ratio (83.5 GHz)
- - 4 - -w/ attenuation (73.5 GHz, 2 ft. dish)
- - & - -w/ attenuation (83.5 GHz, 2 ft. dish)

-65.00 A

Backscatter Power Ratio (dB)

-70.00 A

-75.00 T T T
0.1 1 10 100 1000
Rain Rate (mm/hr)

Figure 3-15: Rain backscatter, power relative to tansmitted power
Near-Sited Backscatter

The bistatic rain-scattered interference geometry is shown ineFigy2. Detailed calculations for rain backscatter
for the bistatic case are provided in Section D.2 of Appendi¥ar this calculation, the scattering cross-section is
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assumed constant with angle; this should be true for anigtefews tens of degrees, but may be overly conservative
at larger angles.

An accommodation must also be added to the scattered power cafctdaimount for signal power attenuation in
rain; i.e. secondary scattering events. In heavy rain the ditbth effective scattering volume can be determined
not only by the geometrical factors but by the signal attemuat well. In the example shown in Figure 3-16, the
80 dB isolation predicted between two dishes separated by d8@10° is insufficient by itself (by 36 dB) to clear
a worst-case interfering transmitter with +35 dBm transmitgs@and receiver with an interference threshold at
-81 dBm. However, at 42 mm/hr, signal attenuation duaitois 16 dB/km, and the scattering volume is about
560m away, so the two-way path signal attenuation is 18Ad®ther 18 dB of isolation is required, which may be
realized if elevation differences between beams limit the overlaghaadhe interfering power level in the peak
scattering volume. A difference of only 1.2° in elevation add 22 dB or more of isolation in this case (following
recommended FCC radiation pattern envelope restrictions). tésamhtradiation cannot be cleared by these means,
beam cross-polarization or a harmonized frequency plan may beekquir

—78 T T T T T
R =42 mm/hr
G =50 dBi
d =100 m No rain attenuation
-k 0'(9) = O'(O) —
P
—-(dB)
P -B2r -
d =200 m
_84 - —]
d =400 m
8 | | . : |
N 10 20 I ED

6; (d?éugrees

Figure 3-16: Rain backscatter for bistatic case aa function of separation distance and pointing angl

3.5.8 Over-the-Horizon Loss

The National Spectrum Managers Association (NSMA) has developaarehensive over-the-horizon (OH) loss
model to calculate path loss for paths that are blocked by temraiher obstacles [16]. This model generally
follows the Longley-Rice approach of Tech Note 101 [17] amaléments diffraction from single and multiple knife
edges and rounded obstacles as well as troposcattering. Ths©ealculations are based on a profile of the path
in question generated from a database of digitized terrain. rofike pnay also include above-ground obstacles
where information about these is available. Although the geappabach of the NSMA model is applicable to
71-76 and 81-86 GHz, only the single-knife-edge diffracfortion is expected to work correctly in these bands.
The use of the single knife-edge model is recommended initvithythe understanding that this model will under-
predict the actual OH loss for a conservative approach. Inwthes, it is expected that actual measured OH loss
will be much greater than predicted by this model further redueipotential interfering signal. Further work is
needed on this model with respect to how the loss is calctitatedch of the modes and how the choice is made of
which mode is controlling for a particular path profileislexpected that the necessary modifications to the OH loss
model can be specified in a future revision of this document.

It is expected that the primary use of OH loss in the 7ant681-86 GHz bands would be to show non-interference
to observatories in the radio astronomy service (RAS). Tdteservatories may be quite sensitive to external
interference and may therefore require large coordination distartesadf-sight propagation is assumed. The

© 2004 Wireless Communications Association International eR&g



Chaptel3: Technical Considerations for Path De:
WCA-PCG-7080-1, Rev. 1.0 June 2004

effect of terrain blockage as calculated by the OH loss model maseleto reduce the necessary coordination
distance of a proposed fixed-service transmitter.

OH loss may also be used to enhance coordination among tatrestd-service millimeter-wave paths. Based on
the EIRP levels that are expected to be used initially in thesks bidwe length of potential paths of interference will
be short enough that OH loss will not often come into pl#tye shorter the interference path, the less likely it is to
be blocked by the intervening terrain. However, with incregBiRRP levels in the future, the length of potential
paths of interference will increase, and OH loss will become a imgortant tool to resolve the interference
potential.

3.5.9 Building Obstruction Loss

When diffraction over buildings may produce additional mss path of potential interference, the OH loss
calculations may be used to quantify the loss. The locati@hleights of buildings that would produce such
blockage may be identified from site surveys or may be retrigwetdaccurate GIS building databases, when
available.

For diffraction around the sides of buildings or otheckage situations, such as an antenna located inside a
building and directed out a window, the OH loss model nayoa a valid way to quantify the amount of additional
path loss. In these situations, the path coordinator mag maMitative judgments that the blockage is or is not
sufficient to mitigate a potential interference case. Of coursaluties of cases in this manner is subject to the
condition that the later-coordinated system is always resperisibcorrecting any actual harmful interference that
occurs. To facilitate consideration of shielding blockageeércthordination process, path registrants are expected to
provide an accurate description of the location of the antenna&l@ Main Street, shooting out a"1loor

window, north side”).

3.6 Building and Tower Sway

3.6.1 Building Sway

Minimizing the motion of tall buildings has always been dgiesequirement to preclude adverse health effects on
inhabitants. Early tall buildings were designed to bétstifesist sway due to high wind; modern tall buildings
incorporate dampers to counteract the effects of wind. For egathplJohn Hancock Tower in Boston uses a huge
block of concrete floating in a bed of oil, positioned by patar-controlled hydraulics to offset building sway.
Sydney's Chifley Tower utilizes a giant block of concrete haniginwires. Taipei 101 uses an 18-ft. diameter,
800-ton sphere that swings like a pendulum from the 92od. f Water tanks on the roofs of tall buildings,
necessary to ensure sufficient water pressure, are sometimes endginedsedserve as wind dampers.

Based on measurements made in tall buildovgs 30 stories in downtown Seattle [18], the following etvations
were made:
»  Of thirty-five buildings tested, thirteen exhibited swap(h moderate to high wind) > + 0.03° during about
10 hours per year.

» Itis impossible to predict actual sway behavior of a bujidiased solely on observation (detailed
construction details, and wind intensity and paths as irdketby surrounding structures is necessary).

Based on measurements made in buildiegsthan 30 stories high, in downtown Seattle [18], the follogyi
observations were made:

»  Of eleven buildings tested, none exhibited sway (from moderdtigh wind) of > + 0.03°.

» ltis impossible to predict actual sway behavior of a bujidiased solely on observation (detailed
construction details, and wind intensity and paths as irdketby surrounding structures is necessary).
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3.6.2 Tower Sway

In general, each individual tower is custom designed fomitiqular site, intended use and antenna load. Design
considerations include: soil type and size of the buildihgelovironmental impact due to tower shape, cellular or
microwave use (which sets limits on allowable bending, swaging twisting), number, size, weight, type, and
orientation of antennas (which affects static and dynamic loadimgg/ice loading, etc.

There are two basic types of towers: guy- and self-suppor@uyed towers are relatively slender structures that are
supported by cables anchored to the ground (see Figure 3Gudgéd towers cost the least of any tower type since
the structure requires the least metal; however, a very largénigditd is required for locating the guy cable anchors
(at a distance from the base as much as 80% of the tower h&gyhyed towers can be designed to accommodate
the full range of loading from light-duty microwave, cellyland land mobile radio antennas, to heavy-duty
microwave, broadcast, and cable television.

* An existing guyed tower may have sufficient stability for.5° ®eamwidth E-band antenna if the tower was
generously over designed and intended for supporting-fmpint microwave antennas (which generally
have beamwidths of about 2°). Mount the E-band antenna asslpassible on the tower.

» Existing guyed towers supporting only cellular or mobdldio antennas (which generally have beamwidths
>15°) are probably unsuitable for 0.5° beamwidth E-band aaterexpected tower movement would be
very high.

Self-supporting towers are generally available as either monopolbsee- or four-legged, lattice-braced, tapered
“boxes” (see Figure 3-17b and ¢). Monopoles have cross-settiatrare usually tubular or tapered along the pole
length. Both types of monopoles are intended for relatlighy loads and they sway, bend and twist appreciably.
However, their low cost (especially considering the smallitet that is required) makes the monopole attractive for
cellular applications because of the broad beamwidth of cellularre®emMost manufacturers rate the sway and
bend limits of their monopoles at 3 degrees at the topeghdle for 50 MPH winds. Note that the tapered monopole
bends much more at the top than near the base, and that neaettreelzadual swaying and bending will generally
be significantly less than the 3 degree specification.

» ltis unlikely that any existing monopole has sufficieabdity for supporting a 0.5° beamwidth E-band
antenna.

» If an attempt is necessary (i.e. there are no alternatives), theuBtband antenna as low as possible.

The three- or four- legged, lattice-braced, tapered “box” towebeatesigned to accommodate the full range of
loading from light to very heavy duty, and is a populaigiefor towers that include microwave antennas.

* Among existing towers, the three- or four-legged, lattiGebd, tapered “box” tower is probably the most
likely to successfully support an E-band antenna installagspecially if the tower is currently supporting
point-to-point microwave antennas. Existing towers supmponly cellular or mobile radio antennas are
probably unsuitable.

» Mount the E-band antenna as low as possible on the tower.

Guyed towers can 7, top LV/J_ The three-legged,
be designed for Since @ top>> 7, bot self-supporting
relatively high wind, —> for a tapered tower can be
freedom from monopole, there is designed for
bending, % less bending, sway, relatively high
sway, or 0 boy\ or twist near its freedom from
twist. base. bending, sway,
or twist.
VA4 Va4
(a) Guyed Tower (b) Tapered Monopole (c) Three-leged Self-Supporting

Figure 3-17: Types of Towers
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3.7 Antenna RPE Smearing Due to Geographic Coordinatenlaccuracy

The position of the transmitters at the two ends of adiilildictate the pointing direction of their antennas.
However, if the actual position of the transmitters is difféthan that reported to the path coordinator, the true
pointing angle of the antennas will be different than that catiedlby the path coordinator. In such a case, the
interference environment will not be accounted for properlyer&fore, uncertainty in the position of the transmitter
due to the error in the position measurement must be accdantadhe path coordination interference calculation.

Figure 3-18 below illustrates the reported position ofdmgitiers at two ends of a link. Also illustrated is the
possible area in which the transmitters (A & B) could actumlyocated based on position measurement error.
Though exaggerated by the figure, one can see that the patHinkthased on the reported position can be

different than the actual link. In one possible path, trattesn# could be located in the bottom right hand corner of
the error box and receiver B is located in the upper left hamecof the error box. In this case, the antenna of
transmitter A will be oriented such that it is pointed diseat receiver C and will cause much more interference than
expected.

o

position

! eas. errol

IA >
_ position _ |
“Meas. error

Figure 3-18: Diagram illustrating position error

In order to keep positioning error within reasonable bouesfollowing are the recommended accuracies for
coordinate measuremehts

»  For transmitters with >40dBW EIRP, horizontal accuracy of sentical accuracy, £5m
»  For transmitters with <40dBW EIRP, horizontal accuracy of A3entical accuracy+15m

In the case of a 3-meter GPS measurement error on each end ttieeliotal worst case error will be 6 meters. For
a path length of 500 meters, the worst case pointing oftsatrieported would be 0.7°. This error is comparable to
the half power beamwidth of an antenna in this frequency Iausi requiring this effect to be accounted for in the
path coordination process.

The maximum amount of pointing offset between the two efiddink is calculated as follows.

= tar{mj EélSOj in degrees
D-p,-p, T

p, : positionmeasuremererroratlocationl
p, :positionmeasuremererroratlocation2

D : pathlengthbetweerocationland2

The manner in which the position measurement error is incatgabinto the interference calculation is to expand the
boresight of the antenna pattern in the interference calculatiahg loyaximum amount of pointing offset in
positive and negative angles off boresight.

2 Note that WAAS-enabled GPS receivers are typically capable of safimohtal measurement accuracy.
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where g({/) is the gain of the normal antenna pattern gnhig the angle off boresight.

Figure 3-19 below illustrates the modification of an examplerara pattern by stretching the boresight of the
antenna. The example is for a 0.8° half power beamwidth antétina %% pointing offset (an exaggerated pointing
error to more clearly illustrate the effect).

Example antenna pattern
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Figure 3-19: Antenna pattern modified by pointing dfset

3.8 Recommended ATPC Behavior

Historically, the ATPC guidelines of TSB-10F have limited coordination advantage to 10 dB in an environment
where the link fade margins are typically 30 dB or greater.s Tfrautransmitter operates at its maximum ATPC
power for a given period of time, it does not directly carseutage of nearby receivers.

In contrast, the proposed ATPC operation in the 70/80 GiHdduses a much greater range of power adjustment
and greater coordination advantage. Based on the assumptitadthgtof the desired and interfering signal paths
will be closely correlated under rain fading conditions, @ntglatively small margin may be considered necessary
between the actual C/I produced by interfering links and thieatr&/N of the receiver. In this environment, should
a transmitter increase its power other than in response ttadaig it could directly cause an outage of nearby
receivers. Examples of path conditions that could cause suchR@ power increase are path obstruction, an
antenna becoming misaligned, and equipment malfunctions. Téwifg ATPC requirements for the 70/80 GHz
bands are proposed’to

» Limit the potential impact of ATPC activity on nearby links.

3 Although we have proposed a conservative approach to ATPQ(iNbased adaptation), we recognize that a
C/I+N-based approach may have superior performance. Howeveerfsitidies supported by measured data on
network stability of C/I+N-based approaches should be perfopmedto adopting this alternative.
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Allow ATPC to protect against rain outage while forcing coivecaction in response to other path problems.

Decouple ATPC activity among paths in an area by eliminatimgpincreases in response to increased
interference alone.

ATPC Guidelines for the 70/80 GHz Bands:

1.

The minimum ATPC dynamic range requirements and ATPC adaptat®as follows are recommended:

a. Minimum ATPC dynamic range = maximum(0, EIgiR — 23); note this means that transmitters whose
maximum output EIRP is <23 dBW need not employ ATPC.

b. The ATPC function shall set the C/N at the receiver to <T+10ndiBre T is the static threshold of the
receiver, or

c. Reduce the transmitter’s output power to the specified minigeugn, this situation occurs over a short
link range in clear air).

The ATPC system shall only increase the transmitter powessponse to path fading as identified by a
decrease in received signal level (RSL). The ATPC system shafionease the transmitter power in
response to measurement of a degraded BER.

The ATPC system shall implement a feedback loop such that thenB&urements control increases in
the power of the associated transmitter at the other end lifikherhe ATPC system shall not increase the
transmitter power in response to measurement of a decreased tR€loatl receiver alone.

Fading greater than 10 dB with respect to the installed R8hr(elr installation assumed) and the
associated ATPC activity shall be recorded to allow an operagithter confirm that the fading activity is
caused by precipitation or otherwise to troubleshoot the [irtks alarm is a warning only and may
automatically reset itself when the RSL returns to a normal.level

If a usable signal (e.qg., defined by BERS1D other metric) is not received for a period of 5 minutess, t
ATPC system shall return the transmitter power to itsrmim level and trigger an alarm. After this, the
transmitter should power up for no more than 1 second &@esgconds to determine if the link can be re-
established.
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4 Terrestrial Service Path Coordination Process

A technically sound and efficient path coordination process éms successful in the lower terrestrial microwave
bands for many years. This section recommends guidelines@eetipres to implement a similar process adapted
to the properties of the E-band while allowing for the Enpéntation of more efficient, automated processes such as
web-based link registration, centralized or shared data setseantceal-time interference analysis results.

4.1 Link Registration Parameters

The parameters required to register a new link are categorizedtio Administrative and Geographic information
or Antenna and Radio Equipment data. Geographic parametersisdeidoordinates, ground elevation, site name,
etc., while the administrative data identifies the licensee, steltiss, call sign, etc. Equipment parameters consist
of radio and antenna types and their associated specifications.

4.1.1 Measurement and Input of Site Coordinates

Obtaining accurate site coordinates for the desired link isarit a meaningful interference analysis against other
operational or planned links due to the short path distantiegpated for this band. Site coordinates are to be either
measured with a GPS device or obtained by professional sieysuethods. It is important to obtain site
coordinates at the intended location of the transmitting anteédumasequent changes to the intended antenna
location should be re-measured to obtain accurate coordinategretrensame building rooftop. All coordinates
should be given in NAD83 and reported to the hundredthssetond in latitude / longitude.

4.1.2 Administrative and Geographic Parameters

The following table details the administrative and geographanpaters to be submitted for each end of a particular
link.

Table 4-1: Administrative & Geographic Parameters

Data Field Units / Type Example
Site Name High Peak
Latitude DD-MM-SS.ss N/S 35-43-22.53 N
Longitude DDD-MM-SS.ss E/W 081-36-29.32 W
Ground Elevation m - AMSL 658.37
Antenna Location Detailed “10 Main Street, shooting out a"12
Description floor window, north side”
Call Sign WIA422
Licensee Virginia Energy
Station Class FXO
Link Status Proposed
Link ID VE00001
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Data Field Units / Type Example
Registration Date 01/22/04
Registration Time hh-mm-ss 13-04-12 UTC

4.1.3 Antenna and Radio Equipment Parameters

Table 4-2: Antenna and Radio Equipment Parameters

The following table identifies the required antenna and radigpegunt parameters for each transmitting or
receiving unit at each end of the link.

Data Field Units / Type Example
Antenna Manufacturer Andrew
Antenna Model HP-7080A
Antenna Gain dBi 50.0
Antenna Beamwidth degrees 0.6
Antenna Centerline m - AMSL 52.43
Radio Manufacturer Cisco
Radio Model 4800 GE
Modulation BPSK
Stability % 0.01
Transmit Powér(min / max) dBm 5.0/25.0
Emission Designator 1G25D7W
Emission Bandwidth GHz 1.25
Number of Channels 2
Channel Center Frequencies GHz 73,75, 83,85
Receiver Threshold dBm -70.0
Fixed Loss dB 3.0

4.1.4 Other Parameters Obtained from Radio and Antenna Vendor

In addition to the basic descriptions and specifications fiethtibove, antenna vendors must provide radiation

pattern envelopes that characterize the antenna performance in all afinexctibns for each polarity combination.
An example for RPE data is shown in Figure 4-1.

* The difference between minimum and maximum transmitter powezsents the ATPC range of the transmitter
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Figure 4-1: Sample antenna data
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The radio vendor must provide T/l values for their equiprf@amall pertinent frequency separations; an example is
shown in Figure 4-2 (refer also to Appendix B).
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Figure 4-2: Sample T/I curve data
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4.1.5 Parameters Supplied by Path Coordinator

The path coordinator provides (through data inputs and catmgagll of the associated parameters needed to
determine the various interference conditions with other limkise band. These parameters include distances,
bearings, discrimination angles, T/I objectives, calculated eremte levels, etc. These values determine specific
interference case predictions and allow the licensee to determinkntheiability based on the environment link
registration database. Once the proposed link has been shoatnceuse harmful interference to incumbent links,
the parameters shown in Table 4-3 are provided for each enel lofkh

In addition, while the basic parameters for links are supplettie licensee and equipment vendors, the path
coordinator typically is charged with maintaining the dataaetsupdating as needed. For example, when a new
radio is certified the path coordinator will typically enterredtessary specifications for the radio into the
appropriate data tables. Values for ATPC range, T/l curves, ee¢bieshold, etc. are updated or entered for use in
the appropriate interference analysis. Licensees are encourageddbtheipew equipment information from the
vendors as needed.

Table 4-3: Parameters supplied by the Path Coordirtar

Data Field Units / Type Example
Latitude DD-MM-SS.ss N/S 35-43-22.53 N
Longitude DDD-MM-SS.ss E/W 081-36-29.32 W
Transmit Power (maximurh) dBm 20.0
Transmit Frequency GHz 72.25
Polarization VorH \Y

4.2 Engineering Analysis

An interference analysis against a database of registered lirdised to determine whether frequencies and
polarizations may be assigned to a proposed new link. TDipeged link passes the frequency coordination process
if it can be determined not to cause harmful interference teceive harmful interference from any previously
registered links.

4.2.1 Objective of the Analysis

We recommend that the interference objectives for these bands beaidfined as follows:

For receivers employing digital modulation: based upon manufacturer data and
following the procedures in this Guide, for each potential case of interference a
threshold-to-interference ratio (T/1) shall be determined that would cause 1.0 dB of
degradation to the static threshold of the protected receiver. For the range of carrier
power levels (C) between the clear-air (unfaded) value and the fully-faded static
threshold value, in no case shall interference cause C/I to be less than the T/l so
determined unlessit can be shown that the availability of the affected receiver would still
be acceptable despite the interference.

Harmful interference should therefore be defined as interferencesathsgs C/I < T/I for any carrier power level C
between the clear-air (unfaded) value and the fully-faded statitithdeglue, and that also unacceptably degrades
the reliability of the affected link.

® The latitude and longitude are included here to identify thpantito which the other parameters apply.
® Note that the coordinated transmit power may be less thamitinat ower capability of the equipment.
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Because of the short path lengths that must be used to eigguyeréliable communications, the sole cause of deep
fading in these bands is rain attenuation. Rain fadingés diighly correlated among links in an area, meaning that
interfering signals may, to some degree depending on the ggahéte links, fade along with the desired signal.
By stating the interference objectives this way we can take advaritdgeoorrelated rain fading to enhance the
coordination possibilities. This is illustrated graphigal Figure 4-3.
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Figure 4-3: Interference objective

4.2.2 Interference Cases to be Analyzed Between Paths

Between a proposed link A-B and an environment link C-D taexein general, eight potential interference cases
that need to be resolved to say that A-B does not have imteckewvith C-D. These cases are Ainto C, A into D, B
into C, B into D, Cinto A, Cinto B, D into A, aridinto B. In the subsequent discussion it should bershood

that all of these cases must be analyzed for every pair of propodezhvironment links.

Depending on the duplexing architecture of the links (e.g. BOTDD) and the frequency segments used, some of
the eight combinations may naturally drop out. For exanfgdeth the proposed and environment links use a dual-
band FDD architecture by transmitting in one band segmerit@@t-81-86 GHz) and receiving in the opposite
segment, then the analysis is simplified because four of the @lages are automatically resolved based on
sufficient frequency separation. The receivers of the dual-babdr&flios must be able to operate without having
interference from their own transmitters, and therefore we caly saf@lime that there will always be sufficient
filtering on these radios so that “high into low” (81-861z into 71-76 GHz) interference, or vice versa, will not
occur.

As a result of variation in rain rates within rain cells, fordhation and movement of rain cells, there is a possibility
that interference paths and desired paths may be instantaneowuslgexp different fading conditions despite the
following analysis procedure. The desired path fading costdmntaneously be greater than the interference path
resulting in a short-time violation of the interference obyectiriteria. The result would be additional seconds of
unavailability of the victim receiver. We believe that thisetiéntial fading will only occur for small percentages of
time that are negligible with respect to the link availabilitgdets; however, our approach is subject to verification
by simulation or field data.
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4.2.3 Analysis Steps to Demonstrate Non-Interference

The following steps are the recommended approach to interferenceisindlije steps move generally from least to
most computationally complex and from least to most aggeessierms of assumptions about correlation of rain
fading between the desired and interfering signal paths. IBying these steps it is anticipated that nearly all
interference cases may be cleared with a simple distance search obasth &/1 calculation. It is hoped that only

a small number of cases are likely to require more detailed caloglatiking into account the correlated rain fading.

The steps in the interference analysis are:

1. Get feedback from the NTIA site for Federal Government LinksSettion 4.4.2) and RAS observatories
(cf. Section 5) to ensure the proposed sites will not irttenivith these entities.

2. Define a circular coordination zone as described in Section #2n8. collect the set of all potentially
affected links.

3. For each proposed transmitter, calculate the interference into eastenegjreceiver in the area that uses
the same band segment (e.g. 71-76 GHz or 81-86 GHz). Liewaisulate the interference from each
registered transmitter in the area into each proposed receivere dileedear-air calculations but may
include the atmospheric absorption loss of the area, nomhdligB/km. Cases that show interference
6 dB below the receiver thermal noise power or lower, inclutliageffect of any receiver filtering, may
be considered resolved and eliminated from further considerafio@se calculations are based on the
worst-case (and generally unrealistic) assumption that the dere is fully rain-faded, but the
interfering signal has no rain fading whatsoever. Many hmKse able to be cleared with this relatively
simple screen. The details of this step are described in S4c&2i@2. These calculations will take into
account the specific T/l requirements of the receivers.

4. For the cases remaining after step 3, consider the link geoametrgpply the appropriate geometric rules
of thumb as described in Section 4.2.3.3.1 through Setth8.3.3. As noted above, these screens are in
increasing level of computational complexity and increasing |ehvatsumption on the degree of rain-
fading correlation between the desired and interfering pathst défohe links should be cleared after this
step. These calculations will take into account the specifieglirements of the receivers.

5. For all remaining cases, the final step is to use the rain oeiéhto determine if clearing the interference
is possible. This is described in Section 4.2.3.4 anddllsinvolves placing a simulated rain cell over a
carefully selected set of geographic grid locations and vary@ggih rate over the full range of expected
rain rates to determine whether interference will occur. These caoglatill take into account the
specific T/l requirements of the receivers.

6. If the proposed link still cannot be cleared, additional aitagn options may be considered. These may
be undertaken at the discretion of the path coordinator andegaye additional fees:
» Cross polarization
» Terrain/Building/Clutter Blockage (OH Loss)
» Vertical antenna discrimination for boresight cases in the aziptatte
* Relocating the antenna

7. Get feedback from the FCC when links are deployed in US bardas and could possibly interfere with
links in Canada or Mexico (cf. Section 4.6).

8. If any cases cannot be satisfactorily resolved, the link malgencggistered.

4.2.3.1 Step #1: Circular Coordination Contour / Radius Seg&ch

Links from the database that are within a radius of the peaposw link should be considered for possible
interference while those beyond this radius may be eliminatezkafch radius of 100 km around the midpoint of
the proposed link is considered adequate to include all necessapnerent paths. Note that only GPS coordinates
are required for this step.

Although with the highest allowable EIRP (85 dBm), viittresight-to-boresight coupling of large antennas, and
under line-of-sight propagation conditions, interferenchasretically possible beyond 100 km, the occurrence of
such a case is considered highly unlikely. Such a case woulderbqgth exact boresight-to-boresight alignment of
antennas with very narrow beams and also that the long piatieidérence not be blocked by terrain. It is felt that
the likelihood of such a situation is negligible for patbrcination purposes.
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4.2.3.2 Step #2: Assume Fading is Entirely Uncorrelated Amog Paths

Under the worst-case assumption that when the desired sigeslttathe static threshold, the interference signal
does not fade at all, we can show non-interference by requiengterfering signal to be T/l below the receiver
threshold:

I Actual < TSatic - (T / I )Required

For all of the possible interference cases between the proposezhgdtie environment paths within the search
radius of Step #1 above, calculate the interference level based acttial parameters of the links and using the
maximum ATPC power of the interfering transmitter. Efiaie (resolve) the cases that satisfy the above equation
and keep for further analysis the cases that do not.

Example 3: Table 4-4 shows typical parameters for boresightleoized interference from a 60 dBm ATPC-
equipped transmitter into a similar receiver, and Table 4-5stimwdistances that are necessary to avoid
interference as a function of the discrimination angle, FCCredjiRPE assuming line-of-sight propagation with
absorption loss of 0.4 dB/km.

Table 4-4: Parameters for Example 3

Case Parameters
Interfering Transmitter Power (dBm) 10
Interfering TX Antenna Mainbeam Gain (dBi) 50
Interfering TX EIRP (dBm) 60

Interfering TX Maximum ATPC Power Reduction (dB) 7
Interfering TX Antenna Discrimination Angle (deg) 0
Interfering TX Antenna Discrimination (dB) 0

Victim RX Bandwidth (MHz)] 1000

Victim RX Noise Figure (dB) 8

Victim RX Thermal Noise Power (dBm) -76

Interference Objective for 1 dB Threshold Degradation (dBm) -82
Victim RX Antenna Mainbeam Gain (dBi) 50

Atmospheric Absorption Loss (dB/km) 0.4

Desired Path Length (km) 2
Desired Path Loss (dB)[ 136.7
Desired Transmitter Power (dBm) 10

Desired TX Antenna Mainbeam Gain (dBi) 50
Desired TX EIRP (dBm) 60

Carrier Level (dBm)| -26.68

Victim RX C/N @ 10"-6 BER (dB) 14

Victim RX T/1 (dB) 20

Victim RX Threshold @ 10"-6 BER (dBm) -62
Victim RX Fade Margin (dB)| 35.32
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Table 4-5: Required Coordination Distances for Exarple 3

Victim RX Victim RX
Antenna Antenna Required |Coordination
Discrimination [Discrimination [Path Loss |Distance Interference
Angle (deg) (dB) (dB) (km) Criteria
-180.0 55 137.00 1.900]I<T-(T/1)
-30.0 55 137.00 1.900[I<T-(T/1)
-29.9 50 142.00 3.200]I<T-(T/1)
-20.0 50 142.00 3.200]I<T-(T/1)
-19.9 45 147.00 5.300{I<T-(T/I)
-15.0 45 147.00 5.300{I<T-(T/I)
-14.9 40 152.00 8.200]I<T-(T/1)
-10.0 40 152.00 8.200{I<T-(T/I)
-9.9 36 156.00 11.300{I<T-(T/I)
-5.0 36 156.00 11.300{I<T-(T/1)
-4.9 0 192.00 63.800|I<T-(T/I)
0.0 0 192.00 63.800]I<T-(T/I)
4.9 0 192.00 63.800]I<T-(T/I)
5.0 36 156.00 11.300{I<T-(T/1)
9.9 36 156.00 11.300{I<T-(T/1)
10.0 40 152.00 8.200{I<T-(T/I)
14.9 40 152.00 8.200{I<T-(T/I)
15.0 45 147.00 5.300]I<T-(T/1)
19.9 45 147.00 5.300]I<T-(T/)
20.0 50 142.00 3.200{I<T-(T/I)
29.9 50 142.00 3.200]I<T-(T/1)
30.0 55 137.00 1.900]I<T-(T/I)
180.0 55 137.00 1.900]I<T-(T/1)

4.2.3.3 Step #3: Apply Geometric Rules-of-Thumb on Correlaéd Fading

For some link geometries we can assume full or partial cornelatitink fading to reduce the expected effect of
interference and increase the density of link assignments. rRaghise near enough in azimuth that they are affected
by the same rain cell and thus have correlated rain fading. Tépe ohazimuths where this applies may be defined
by centering a 2-km rain cell on the appropriate endpoint fggean following text). As shown in Figure 4-4

below, the included angle is:

6=2xtan*(1/d)
where:

0 = included angle in radians
d = desired path length (km) corresponding to the victim receiv

Included Angle 6

1km
d ¥

Rain Cell

Figure 4-4: Included angle to assume correlated fanlg

Note that the minimum rain cell diameter is 2.1 km per [Q]Kijure 3-9). Further, for most practical path lengths,
this angle will be large enough to reach discrimination andgtesenthe antenna RPE is down 45 to 50 dB.

To begin the process described in the following subsectpmy the geometric rules-of thumb to the list
of cases remaining after the worst-case calculations of Stepir. fétr a case where Rule #1 or Rule #2
or both apply, see if the clear-air C/I satisfies the condition

C/ I Actual 2 T/ I Required

If so, resolve the case because the C/I will be the same or bettarrain fading. If Rule #1 applies to the

© 2004 Wireless Communications Association International eHlég



Chapteld: Terrestrial Service Path Coordination Pro
WCA-PCG-7080-1, Rev. 1.0 June 2004

case geometry, then the C/I calculation may use the low ATPC e interfering transmitter;
otherwise, the C/I calculation should use the high ATPC pofte interfering transmitter. Here, the
calculation should always use the low ATPC power of the tréiesron the victim path.

Next, for a case where Rule #3 applies, see if the T/l criteria is satisfied at clear air and under the rain
rates that cause:

1. The victim link carrier level to reach the static threshold,
2. The victim link ATPC to begin to increase the transmitter grow
3. The interfering link ATPC to reach maximum power.

If C/l > T/l at all of these points, then the case is resolved.

In addition the geometry of links may support the conclugtiat the desired signal path and the
interference signal path would be subject to rain fading attie sate in dB/km. These geometric
arguments lead to the following suggested rules-of-thumtaking correlated rain fading into account in
the interference analysis process. These rules should be appledcases remaining after Step #2 of the
analysis to resolve as many more as possible.

4.2.3.3.1 Rule #1: Approximately Collinear Desired and Interfering Rgation Paths

If the interference path from interfering transmitter to viatgoeiver is within the included anddearound the
boresight direction of the interfering transmitter antennd,the victim receiver is further from the interfering
transmitter than its associated receiver, then any rain cell thascan®\TPC power increase of the interfering
transmittemmust also cause attenuation of the interference path that wouldftglst the ATPC power increase. In
the Figure 4-5 below, the interference at D from transmittender clear-air conditions is the highest that will
occur, and under clear-air conditions, transmitter A will begugs reduced ATPC power. Therefore, using ATPC
has the effect of significantly reducing the necessary coordinditence in the boresight direction of the antenna
versus the distance that would be required for a fixed-poesesriitter.

In this geometry, the interference calculations may use the |IdnCATower of the interfering transmitter.
Otherwise, the high ATPC power should be used.

—_—

Figure 4-5: Correlated fading geometry - ATPC powelincrease at A does not increase interference at D

4.2.3.3.2 Rule #2: Interference Entering Victim Antenna Near Boresigtediion

Interference entering a victim receive antenna from an interferingntitiar near the boresight direction and further
away than the victim receiver’s associated transmitter will be atediloy rain as much or more than the desired
signal. As shown in Figure 4-6, a rain cell that occurtherdesired link (C to D) and attenuates the desired signal
will also attenuate the interference signal by an equal amourtheFuore, a rain cell that occurs beyond the
desired link may attenuate the interference signal while not afiettindesired signal. This case is illustrated in
Figure 4-7. Therefore, the interference level and C/I raticatfeatalculated under clear-air conditions are worst-
case values that will not be degraded in rain.
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When the interference enters the victim antenna within included @rajlound the boresight azimuth of the victim
receive antenna, a clear-air calculation thate{l> T/lreqireaWill sShow that the interfering transmitter does not
cause harmful interference to the receiver.

Figure 4-6: Correlated fading geometry - desired ginal fading equal to interference signal fading

Figure 4-7: Correlated fading geometry - desired ginal fades less than interfering signal

4.2.3.3.3 Rule #3: Desired and Interfering Propagation Paths withiaia Gell

The link geometry may indicate that the interference should fatie aame rate in dB/km as the desired signal,
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such as when the desired path and the interference path are kétkamte rain cell. This situation is illustrated in
Figure 4-8. Here, the amount of attenuation is proportimntide distance traveled through the rain, and the
difference in attenuation between the desired link and the interéepath is proportional to the ratio of the
distances. Based on a minimum 2-km rain cell diameter, thisatideuis recommended when the interfering link,
the victim link, and the path of interference are all located mvithkm of the victim receiver.

For this situation, C and | may be plotted together to aealye C/I that exists with the rain fading. Figure 4-9
shows an example of such a plot for an arrangement of linksevthe victim link is longest and the path of
interference is shortest, with the interfering link in betw@dninks within a 1-km radius of the victim receiver).

Both links in this example are using ATPC that operatesiB-tor-dB fashion to hold the link carrier level at 10 dB
above threshold. For the links not to interfere, C/I rbesgreater than T/I for the range of rain rates that cause C to
fade from the clear-air value to the static threshold. It shioellnoted that the worst C/I in this example does not
occur at either endpoint (clear-air or threshold) but rathketween at a rain attenuation rate of 44 dB/km. In
general it is necessary to analyze the entire range of fadingd€time receiver. However, with this type of ATPC
this amounts to checking two additional “critical points” defl by the operation of the ATPC on the interfering and
victim links. The additional points that could, dependinghe geometry, have the minimum C/I value are where
the ATPC of the victim link begins to increase the transmjtbever and where the interfering link ATPC reaches
maximum power. An analysis of this behavior is provide8ection 4.2.6.

Figure 4-8: Correlated fading geometry — equal rateof-fading (dB/km) of interference and desired sigals
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Figure 4-9: Equal-rate (dB/km) fading example

4.2.3.4 Step #4: Detailed Simulation of Rain Cells

If the proposed transmitter fails previous screening sthpdirtal step is to incorporate a rain cell model into the
interference screen. A simple, but computationally exhaustiveoappis placing a rain cell in the clear air
coordination area. The clear air coordination area is dividedargtid with TBD-km spacing. The center of the
rain cell is placed at each grid point and the interference corsldi@nchecked. In addition, the interference
conditions are checked over the entire range of rain rates at eapoigtidIf the interference conditions are
acceptable at all grid points and rain rates, the proposed ttwrsmacceptable.

In another approach it may be possible to solve an optimizatadiem to find the rain cell location and rain rate
which causes the worst C/I. A set of equations may take ftbeviiag form (referring to Figure 4-6 and
Section 4.2.4):

Minimize: Cep — lpp :
Constraints:
CCD = Pt,C - Lt,C +Gt,C - I-p,CD +Gr,C - Lr,C - RCD
CAB = Pt,A - Lt,A + Gt,A - Lp,AB +Gr,A - Lr,A - RAB
I AD — Pt,A - Lt,A +Gt,A - Lp,AD +Gr,D - Lr,D - RAD _QAD

C/N of AB and CD constrained to acceptable levels above threshold.
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Rain cell location constrained to clear air coordination area.
Rain fall rate constrained between 0 and the maximum rate se@pmrtinks.

R is the rain attenuation and Q is the antenna discriminagiovebn interfering terminals. The antenna gains,
antenna discrimination, transmitter and receiver losses, antbpadis are all known. The transmit power of
terminal A and C are set in accordance to the ATPC algorithrehwiill be a function of the rain attenuation. The
ATPC algorithm will set the transmit powers such that thé & links CD and AB are constrained to acceptable
level above threshold. The rain attenuation will be a funcfdhe position of the terminals, the position of the rain
cell and the rain fall rate. Since the rain attenuation is ainearlequation and the ATPC algorithm is also a non-
linear function, this will be a non-linear optimization Iplem.

4.2.4 Calculating the Carrier-to-Noise Ratio of a New Link

C/N is the ratio of the carrier level to the receiver thermalenposver. As shown in Figure 3-1, a minimum C/N is
required to demodulate the digital signal and meet a bit-eateBER) requirement of 0 Margin above this
minimum C/N must be included in the link budget to accéamadditional attenuation that occurs in rain.

The Carrier Level or Received Signal Level of a link may be calcutested
C=P-L+G,-L,+G, -L,

Where:

C = Carrier Level (dBm)

P, = Transmitter Power (dBm)

L, = Transmitter Fixed Losses (dB)

G; = Transmit Antenna Gain (dBi)

L, = Path Loss (dB)

G = Receive Antenna Gain (dBi)
L, = Receiver Fixed Losses (dB)

The transmitter and receiver fixed losses may be zero for equiplesighs where the transmitter output is
connected directly to the antenna without the use of any additramsmission line.

4.2.4.1 Pathloss

The pathloss in E-band is made up of free space loss, absdgsses by water vapor and atmospheric gases, and
rain attenuation:

L, =9245+20x%log,,(d) + 20xlog,,(f) + Lz +L

Where:
L, = Path Loss (dB)
d = distance (km)

+ Lfog + Lrajn

gases

f = frequency (GHz)

Lgases= Absorption Loss due to water vapor and oxygen (dB)
L+, = Loss due to mist and fog (dB)

Lain = rain attenuation (dB)

The loss of gases other than oxygen and water vapor may bderedsnegligible. Under clear-air conditions (zero
fog and rain losses) and using a nominal 0.4 dB/km foematpor and oxygen absorption, the path loss simplifies
to:
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L, =9245+20x%log,,(d) + 20xlog,,(f) + 04xd

4.2.4.2 Transmit Power Levels based on ATPC

An ATPC-equipped transmitter increases its power in resporsath fading. From a low or nominal power level
used under clear-air conditions, the transmitter may increase pativéncreasing path fading until the maximum
ATPC power is reached. The amount of path fading detectedfar#ed receiver must always be greater than or
equal to the amount of ATPC power increase above the nominal pow

4.2.4.3 Noise Level

The receiver thermal noise power (N) limits the operating rahtieeaeceiver. The receiver thermal noise power N
may be calculated as N=kTB where k is Boltzmann’s constanthE ieteiver noise temperature, and B is the
receiver bandwidth. In decibel form and assuming that manuéastwill state the receiver noise performance as a
noise figure, the receiver thermal noise power may be calculated as:

N = -114+10xlog,,(B) + NF

where:
N = Receiver Thermal Noise Power (dBm)
B = Receiver Bandwidth (MHz)
NF = Receiver Noise Figure (dB)

4.2.4.4 Example C/N Calculation
Based on the above discussion, Table 4-6 shows an examp&Nrdalculation for the E band.

Table 4-6: Example Link C/N Calculations

System Parameters
Frequency (GHZ) 785
Path Length (knj) 2)o
Atmospheric Absorption Loss (dB/kin) 0.4
Free Space Path Loss (qIB) 136.4
Total Path Loss (dB) 137|2
Transmitter Power (dBm) 10.0
Maximum ATPC Power Reduction (dB) 1.0
TX Antenna Mainbeam Gain (dBi) 50.0
Clear Air EIRP (dBm 53.p
RX Antenna Mainbeam Gain (dBi) 50.0
Carrier Level (dBn1) -34.p
RX Bandwidth (MHz 1000.p
RX Noise Figure (dB) 80
RX Thermal Noise Power (dBin) -76.0
Clear Air C/N (dB) 41.8

4.2.45 Rain Outage Calculation of the New Link

A procedure for determining the path attenuation due to ratrigtexceeded for a percentage of time may be found
in the ITU Recommendations. Specifically, the rain rate exceed@dXo of the year is determined from ITU-R
P.837-4 based on the geographic coordinates of the linkspeuific attenuation (dB/km) corresponding to this rain
rate may then be found from equations in ITU-R P.838lowaig ITU-R P.530-10, an effective path length is
determined by multiplying the actual path length by a distaater, and the path attenuation exceeded for 0.01% of
the time is estimated as the product of the specific attenudtiskni) multiplied by the effective path length (km).
ITU-R P.530-10 also gives power law relationships to ertedp the 0.01% rain attenuation to other time
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percentages of interest between 1% and 0.001% of the time. p@aitcenavailability corresponds to the time
percentage that the rain attenuation exceeds the fade margin, thpsddadlure may be used to predict the path
performance. In doing these computations, however, it stbeukept in mind that the TID should be subtracted
from the rain fade margin to get the usable margin (cf. Se8t ).

The ITU procedure finds the path attenuation that is expectesl ézceeded for a percentage of time. By
calculating the attenuation corresponding to the link religihilifective, the procedure can determine the target fade
margin for the design of the link. To extrapolate to tireepntages other than 0.01%, for latitudes greater than or
equal to 30°, we have the equation:

P _ 0_12p—(o.546+0.043|og10 p)

001
and for latitudes less than 30°, we have the equation:

P _ O_O7p—(o.855+o.139|ogm p)

001
where:

p = a time percentage between 1% and 0.001%

A, = Path attenuation exceeded for time percentage p
A0.01 = Path attenuation exceeded for 0.01% of the time
F = rain fade margin

Often we are interested in determining the reliability percentagethresponds to the fade margin of a certain link
design — thus working the rain outage calculation in the sifgdirection. Once the path attenuation exceeded for
0.01% of the time, vy, is found, an iterative calculation may be used to find theréliability. By changing the

time percentage p incrementally in the appropriate equation abevakheliability percentage at which the path
attenuation Aequals the link fade margin may be determined.

4.2.5 Calculating the Carrier-to-Interference Ratio of a New Link

Cll is the ratio of the carrier level to interference powerthénpresence of interference, C/I objectives are
established to limit the performance degradation to an acceptablatank@u each potential case of interference it
is necessary to calculate the actual interference level and C/I rationfarison to the interference objective. The
interference level may be calculated as:

| =R -L +G,-L,+G, -L, -DISC

Where:
| = Interference Level (dBm)
P, = Transmitter Power (dBm)
L, = Transmitter Fixed Losses (dB)
G; = Transmit Antenna Gain (dBi)
L, = Path Loss (dB) between the interfering transmitter andwietceiver
G = Receive Antenna Gain (dBi)
L, = Receiver Fixed Losses (dB)
DISC = Total Antenna Discrimination (dB)
Calculation of the interference level includes the total antennardisation term to account for the fact that in a

particular interference case off-boresight discrimination may béahlairom either or both antennas. The total
antenna discrimination term also accounts for the cross-polarizzdivantage, if appropriate.

4.2.5.1 Interference Calculations with Offset Carrier Frequencies

By convention, calculation of the actual interference level anda@d does not take into account frequency offset.
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Instead, any difference in operating frequency is considerée iimterference objective for the case. Therefore, a
higher interference level (lower C/I) may be considered acceptaldédjtrent channel cases versus co-channel
cases, depending on the filtering of the receiver and the poe&rapdensity of the transmitter.

The recommended practice for this Guide (see Appendix B) me¥a the measurement of broadband noise,
narrowband (CW), and like-hardware T/l thresholds dutiegcertification process for new equipment, and the
dissemination of these data to the path coordinator on ameepiiftype basis. Using these data as available, the
coordinator is able to adjust applicable interference levels asmjgieoto specific interfering transmitter and victim
receiver types. The explicit co-frequency, adjacent frequency, andmpyed frequency analysis is best treated by
specific example, and then extended to the more general case.

In a representative case illustrated in Figure 4-10, an apptieasimitter is on-off keyed at 1.25 Gbps with a carrier
frequency of 72.25 GHz and a transmit filter envelope sparih®bz of spectrum bandwidth between 71.25 and
73.25 GHz. This modulation type maintains an unsuppressedr at 10 dB above the transmitter’'s band-
averaged Power Spectral Density per 100-MHz resolution bandwidith coordinator will look for potential
interference from this transmitter as a broadband noise souredsanas a narrowband (CW) emitter at its carrier
frequency. Continuing the example, suppose a previouslyioated receiver in the vicinity of the applicant
transmitter receives in the band 72.5 GHz to 74.5 GHz. Thefawuarer of this receiver has provided the static
threshold (T) level and threshold-to-interference ratio @ultyes for his equipment, allowing the coordinator to
perform an equipment-specific analysis in this case. Botlwahenitter and receiver have a 2-GHz operating
bandwidth, but the spectral overlap is only from 72.53@% GHz, or 38% of the full transmitter bandwidth.tHis
specific case, the narrowband (CW) emitter (at 72.25 GHz) ssdeubf the sensitive band of the receiver, but (see
Figure B-3 in Appendix B) the T/I data are still typicallyailable to provide specific clearance of the interfering
tone. Assuming the receiver manufacturer has provided T/l degaragdr offsets between -50% and +50% of his
operating bandwidth, the coordinator has access to exact interfénezsteolds for this case. Because half of the
transmitter power is in the unsuppressed carrier tone, anchttiier tone is outside of the receiver operating band,
the interferer is treated as a broadband transmitter at hedfauftital operating power level. If the receiver
manufacturer has only provided co-channel (fully-overlapped)dirand noise data, the partial spectrum overlap is
treated by reducing the interferer’s carrier level by anotherB .3ad38%).

To extend this specific case to general cases of zero, partial, gpefatral overlap and cases where the applicant
and prior-coordinated radios have different fundamental emgb@mdwidths, the coordinator will first normalize
the applicant transmitter’s carrier power to the same spectral kthdws the potential victim’s receiver, then clear
interference against the receiver broadband T/l curve at the appe@bstiute spectral overlap. As a
Recommended Practice for the coordinator, whenever the modulatemittanoutput includes any tone for which
the integrated power in a 100 MHz spectral bandwidth is mare#hdB (TBR) above the band-averaged PSD, the
tone is cleared separately using the receiver manufacturer's CWHangve. In cases where the transmitter
bandwidth is smaller than the receiver bandwidth and entirebpioea within the sensitive band of the victim
receiver, no power normalization is performed and the likeakibth curve will be used.
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Figure 4-10: Example of applicant OOK transmitter partially overlapped in frequency with a prior
coordinated receiver

4.2.5.2 Total Antenna Discrimination

The total antenna discrimination is calculated based on the @gaross-pol antenna patterns published by the
manufacturer. The interference calculations use the worst-caseal{geashination) combination of pattern values
as shown in Table 3-3 and Table 3-4. Antenna manufacturécaltygprovide radiation pattern data that is
measured in a single plane. Most commonly, the data is gitd the horizontal plane, and sometimes vertical
plane data is also provided. To a good approximation, fregumordination may assume that for parabolic dish
antennas, the vertical plane discrimination data, if not proyidedentical to the horizontal plane data. Itis
anticipated that the total antenna discrimination will initifyevaluated based on horizontal plane discrimination
angles. For cases that cannot be resolved with horizontahdisation, the vertical discrimination may then be
taken into account as an additional step. Vertical discriminatiomst likely to prove valuable in resolving
interference cases when an antenna is aligned on boresight inigmntad plane but not in the vertical plane.

4.2.5.3 Example Interference Calculation

Table 4-7 shows an example interference calculation into theflif&lae 4-6. For boresight-to-boresight antenna
coupling, and assuming no blockage between the interferingietid entennas, a distance of 19.7 km is required
between the antennas to meet a clear-air C/l objective of 20 dBucA greater coordination distance would be
required to limit the interference to 6 dB below the receiventhenoise power and thereby limit the potential
threshold degradation to 1 dB. On the other hand, usii®RCAto reduce the power of the interfering transmitter as
seen by the victim receiver would significantly reduce the necessarglination distance.
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Table 4-7: Example Interference Calculations

Case Parameters

Frequency (GH2) 78]5

Carrier Level (dBnf -34.p

Atmospheric Absorption Loss (dB/kin) (0.4
Interfering Transmitter Power (dBin) 10.0
Interfering TX Antenna Mainbeam Gain (dBi) 50.0
Maximum ATPC Power Reduction (dB) 0.0

Interfering TX EIRP (dBn) 600

Victim RX Antenna Mainbeam Gain (dBi) 50.0
Total Antenna Discrimination (dB) 0.0

Clear Air Interference Level at 5 km Distance (JBm -36.3

Clear Air C/l at 5 km Distance (dB) 4.2
Distance to meet 20 dB Clear Air C/I (m) 1p.7

4.2.6 Analysis of Interfering Transmitter ATPC Levels on a Victim Receiver

Typical link budget analysis entails examinationiok performance in clear air conditions and hegain
conditions. Heavy rain conditions have been dbedrin Section 3.5.3. However, situations careasisere a link
meets required performance in clear air and heaimyaonditions but fails in light rain condition&TPC
functionality causes varying transmit power le\atsl interference levels as rain conditions change.

The figure below illustrates and example locatiba aew link to be coordinated and an interfering.|

2.2
2.0 .
1.8 N

1.6

—— COl
1.4 N\
N —=— |nterferer

1.2 N

1.0 AN
0.8
0.6

km

6.0 7.0 8.0

km

Figure 4-11: Example location of a link and an inteferer

The link budget below illustrates the link performa of the link-of-interest (LOI) in clear air. &Hink has 0.1-dB
of margin. In this case, the LOI and interferatuee their power level by 12 dB due to ATPC.

© 2004 Wireless Communications Association International eBéag



Chapteld: Terrestrial Service Path Coordination Pro

WCA-PCG-7080-1, Rev. 1.0 June 2004
Parameter Carrier Link Interferer Link interferer-to-carrier link
Carrier Freq (GHz) 71 71
Transmit Power (dBm) 15.0 15.0
Tx Antenna diameter (deg) 0.6 0.6

Antenna boresight gain (dBi) 50.0 50.0 28.0
max EIRP (dBm) 65.0 65.0 43.0
power control 12.0 12.0

EIRP (dBm) 53.0 53.0 31.0

Bandwidth (MHz) 1000 1000

NF (dB) 8 8

Noise Power (dBm) -76.0 -76.0

Oxygen Attenuation (dB/km) 1 1 1

Position of terminals:

x1 (km) 6.34 6.73

x2 (km) 7.68 6.92

y1 (km) 2.02 1.67

y2 (km) 0.85 1.50

Path length (km) 1.78 0.26 1.25

Received Antenna gain (dBi) 50.0 50.0 48.5
Received Power (dBm) -33.2 -14.9 | — -53.2
Received C/N 42.8 I
Received C/(N+) 200 4]
Required SINR (dB) 14 14
Required T/I (dB) 19.9 19.9
Link Margin (dB) 0.1 41.2

Figure 4-12: Clear air link budget
The link budget below illustrates the link performa of the link-of-interest in heavy rain. Theklimas 0 dB of

margin. In this case, the LOI transmits at maxinpower level and the interferer reduces its powegllby 12 dB
due to ATPC.
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Parameter Carrier Link Interferer Link interferer-to-carrier link
Carrier Freq (GHz) 71 71
Transmit Power (dBm) 15.0 15.0

Tx Antenna diameter (deg) 0.6 0.6
Antenna boresight gain (dBi) 50.0 50.0 28.0
max EIRP (dBm) 65.0 65.0 43.0
power control 0.0 12.0
EIRP (dBm) 65.0 53.0 31.0
Bandwidth (MHz) 1000 1000
NF (dB) 8 8
Noise Power (dBm) -76.0 -76.0
Rain Attenuation (dB/km) 17.8 17.8 17.8
Oxygen Attenuation (dB/km) 1 1 1
Position of terminals:
x1 (km) 6.34 6.73
x2 (km) 7.68 6.92
y1 (km) 2.02 1.67
y2 (km) 0.85 1.50
Path length (km) 1.78 0.26 1.25
Received Antenna gain (dBi) 50.0 50.0 48.5
Received Power (dBm) -52.9 -19.5 — -75.6
Received C/N 23.1 /55.5/
Received C/(N+I) 199 <«
Required SINR (dB) 14 14
Required T/I (dB) 19.9 19.9
Link Margin (dB) 0.0 36.6

Figure 4-13: Heavy rain link budget

Both these conditions pass, giving the impresdianthis link can be coordinated in the presendeefnterferer.
However, in lighter rain conditions the link fads illustrated by the link budget below. In thése the rain is
reduced from 17.8 dB/km to 9 dB/km. The LOI anetiferer reduce their power level by 12 dB due T®°&. The
receiver C/(I1+N) falls 4.9 dB below the requiregldecausing the link to fail.
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Parameter Carrier Link Interferer Link interferer-to-carrier link
Carrier Freq (GHz) 71 71
Transmit Power (dBm) 15.0 15.0
Tx Antenna diameter (deg) 0.6 0.6

Antenna boresight gain (dBi) 50.0 50.0 28.0
max EIRP (dBm) 65.0 65.0 43.0
power control 12.0 12.0

EIRP (dBm) 53.0 53.0 31.0

Bandwidth (MHz) 1000 1000

NF (dB) 8 8

Noise Power (dBm) -76.0 -76.0

Rain Attenuation (dB/km) 9.0 9.0 9.0

Oxygen Attenuation (dB/km) 1 1 1

Position of terminals:

x1 (km) 6.34 6.73

x2 (km) 7.68 6.92

y1 (km) 2.02 1.67

y2 (km) 0.85 1.50

Path length (km) 1.78 0.26 1.25

Received Antenna gain (dBi) 50.0 50.0 48.5
Rece!ved Power (dBm) -49.2 -17.2 — -64.5
Received C/N 26.8 | 588— |
Received C/(N+) 15.0 <47 |
Required SINR (dB) 14 14
Required T/I (dB) 19.9 19.9
Link Margin (dB) -4.9 38.9

Figure 4-14: Reduced rain rate link budget

In the path coordination process, interference itimms must be checked in the entire range of raes not just in
clear air and heaviest rain.

4.2.7 Interference Due to Rain Scattering

In bucking situations, interference from transmgttaay be scattered during heavy rainfall into bgaeceivers
causing harmful interference. The degree to whadt backscatter may occur is described in Se@&ibrv and
Appendix D. From Section 3.5.7 we note that a mimh isolation of 80 dB should be achievable (@jufe 3-16).
Although a high-powered transceiver may requirécupl5 dB of transmit/receive isolation, the firsinsceivers
likely to be deployed in E-Band should require axd00 dB of isolation. This may be calculatedabguming the
transmitter has +20 dBm of output power with a gty of -60 dBm and a T/l requirement of 20dBlowever, as
described in Appendix D, with rain attenuation ahelation differences included (which yield additibisolation),
interference from backscatter should be a raretémghe near-term. Therefore, we defer a moreaihgh analysis
and path coordination procedure for rain backsgagedo a subsequent version of this document.

4.3 Special Case Link Geometries

4.3.1 Long Links with a Small Fade Margin

The interference objectives are based on meetageiteiver T/l requirements and thus limiting theshold
degradation due to each individual interference ¢asio more than 1 dB. Because of the expectetbra
alignment of paths and the highly directional antenthat must be used, it is considered unlikedy dhsingle
receiver would be exposed to a number of equalference exposures such that the total threshajdadation
would be substantially more that 1 dB. Neverttel@srare cases it may occur that a receiver ftas than one
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interference exposure of approximately equal powdis possibility is the basis for recommendingtthp to 4 dB
of Total Interference Degradation (TID) should lseaunted for in link budgeting and calculating éxpected link
reliability. For paths that are designed to mégi Ineliability objectives, significant rain fadimgargins will be
required and path lengths will be limited. Witttk design under the condition of heavy rain waild be
necessary to cause a path outage, a 4 dB redurctiade margin caused by interference does not hdagge
impact in terms of either reduced achievable lakge or increased outage seconds. On the stgepdaflpath
attenuation under heavy rain conditions, a 4 dRdéhce in signal level is relatively inconsequaintiFor example,
a 1 km link in Chicago just meeting 99.999% religpivith no interference would have its reliabjlidegraded only
to 99.9985% with a 4 dB reduction in fade margie thuinterference. Furthermore only a very smathber of
coordinated links would suffer even this much ddgtin.

On the other hand it is possible to envision lielsigns where the objective is not highly relialpermtion but rather
establishing communications at the largest postififedistance. Such a design would have verelfiide margin
and would work under clear air but would fail quick light rain or even perhaps during periodgiofe with
increased atmospheric attenuation. The effecpddul dB Total Interference Degradation from nplétiexposures
or even 1 dB threshold degradation from a singlerfiarence case might be significant to such a liNkw
interference meeting the T/l objectives could evgerrupt communication over such a link that haelvjpusly been
established. Nevertheless we emphasize that tieenraended analysis approach of meeting the T/lctibges
should apply even in the case of receivers withlidiade margins. Use of long links with small faghargins is
discouraged as a poor engineering practice, andses where such links are used, responsibilitthiBopotential
effect of subsequent interference exposures metteng/l objectives rests with the user of sucimia |

4.3.2 Limiting the Availability of Short-Range Links

E-band transmitters should use the minimum transngbwer to meet the link reliability objectivelowever, there
are no specific rules or guidelines to prevent shiwks from being registered and installed witddamargins larger
than necessary to meet any reasonable reliabbjgctive. The requirement to use high gain antemnakes large
fade margins on short links all the more likelyinks that have fade margins larger than neceseanett the
reliability objective may accept more interferemagradation than the 1 dB per exposure mandatéioebiy/I
approach without adversely affecting their perfano& It is recommended that the maximum link bélity
objective that can be claimed in the E-band is®%996. In a case where a link has a larger fadgiméran
necessary to meet 99.9999% reliability based onrdiblfade modeling, such a link must accept aoliol#i per-
exposure interference degradation so that it tsaigh a fade margin just sufficient for 99.9999&tiability. For
this situation the recommended less-stringentfertence criteria is that the actual C/I should kEater than the
receiver T/l requirement for any rain rate betweero and the 99.9999% rate in the area.

4.4 Coordination with Co-located Transmitters

Although highly directional antennas are requirethiese bands, interference may still result whemsmmitters and
receivers using co-channel or even adjacent chdiregglencies in the same band segment (71-76 8683Hz) are
located close to each other. Therefore, coordinaimong systems is especially important in cotlonascenarios
such as multiple systems sharing a rooftop.

4.4.1 Harmonized Frequency Plan

First and foremost, effort should be made to enthatall systems at a site use the same highfiequéncy plan.
This means that all the transmitters should usebane segment (71-76 or 81-86 GHz) and all theivereshould
use the opposite band segment. The frequencyat&pabetween transmitters and receivers that cdroes
respecting the high/low frequency plan will alloWtefring to eliminate harmful interference.

In cases where it is not possible to follow thehHimw frequency plan, or if systems using time-siioh duplexing
(TDD) share a site with systems using frequencysitim duplexing (FDD), frequency separation wilt he
available. In these cases the later-registeraérmyay be required to provide additional informatsuch as
documentation of blockage between the anteandsneasurement data to demonstrate non-interference.
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4.4.2 Obtaining Accurate Hub Site Position

It is very important for sites with co-located tsamitters such as hub sites, to obtain accuratéigognformation for
the transmitting and receiving antennas. The patindinator may require additional information t@lkeiate the
interference potential in this situation. The mmfiation requested could include properly-scalesl Sietches,
rooftop drawings, or building blueprints reflectitige antenna positions that will allow the pathrdimator to
determine distances and angles between co-locatedras. Other supplementary information coultuate
measured distances and angles from a known refepint, and clarifying site photographs. The mattbrdinator
will make every attempt to accurately make usénefihformation provided, but it is ultimately thesponsibility of
the new entrant to resolve any potential confligts prior-registered links.

4.5 Coordination with Federal Government Links

Proposed links must pass coordination using theAl¢$Tdutomated mechanism. If a proposed link daggass the
initial stage of NTIA coordination (receive a “grelight”), individual applications for the link mube filed with the
FCC. The FCC will then forward the application$\(blA’s Inter-department Radio Advisory CommittdRAC)
which will conduct a detailed coordination and makiinal judgment. The FCC is set up as the apptis advocate
in this process, and it does not appear that fseae opportunity for the applicant to conduct angineering
analysis to demonstrate non-interference.

To coordinate the Federal Government links, NTIA ndve access to the registration database of hederal
Government links and must protect prior-registdirdds from harmful interference.

4.6 Coordination in US Border Areas

To avoid the possibility of harmful interferencargpcaused across international borders, the FGGléfned
coordination zones near the United States bordighsGanada and Mexico as follows:

1. For a station the antenna of which looks within208° sector toward the international border, withi
35 miles of the border; and

2. For a station the antenna of which looks within166° sector away from the international bordethimi
5 miles of the border

Links that are in the coordination zone and thgglire international coordination are not eligibdeoperate under
blanket authorization. Instead an FCC Form 601iegajpn form must be filed for each station ofreklwithin the
border zone. Prior to granting a license for saistation, the FCC will coordinate the frequencsigrsment with
the Canadian or Mexican government as appropriate.

Users are cautioned that the process of filing Fedh applications and waiting for the FCC to giiadividual site
licenses after accomplishing international coortiimemay be a lengthy process. Based on experienmher site-
licensed point-to-point microwave bands, it maynbeessary to allow several months or more leadfoime
licensing of links in the border areas.

4.7 Decommissioning Links

Links are authorized under blanket licenses anitergd in the path database. Unlike under sitsHgylicensing,
there is no FCC license that must be surrender@dinik is discontinued or never installed. Theref the path
coordination and registration process must keagk tndthese links. We recommend that licenseeshliged to
notify the database manager as soon as possilitkethat will not be constructed or of links thetve been
removed from service. Furthermore 47 C.F.R. 81®%ds the construction period for these links2ambnths and
47 C.F.R. 8101.65 states that a link authorizasdorfeited 30 days after voluntary removal orehasy of non-
operation otherwise. Upon any notification thaegistered link is not operating, the database gemaill evaluate
the status of the link registration in light of $eeFCC rule sections and, if appropriate, deletditix from the
registration database.
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5 Coordination with Radio Astronomy Observatories

National Science Foundation is expected to pulititdrference protection criteria between RAS armddtiner
services in the 81-86 GHz band. NTIA is expectethke responsibility for protecting the RAS obsgovies in the
proposed Federal Government automated mechanistododination. Based on the interference protaatiiteria
that are published, there may be an opportunitieteelop interference calculations to show non-fatence with
the RAS observatories. These interference calouktould be used to verify the subsequent restifse NTIA
automated mechanism. A primary mitigating factorthis interference is expected to be terrain kdge quantified
by over-the-horizon (OH) loss calculations. Iseaf disagreement with NTIA’s results, it appdhesmatter
would have to be resolved through the FCC.
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6.2 Definitions and Abbreviations
The following table (Table 6-1) provides a list atefinition of the abbreviations used in this doemmn

Table 6-1: Abbreviations and Definitions

Abbreviation Definition

AMSL above mean sea level

ATPC automatic transmitter power control

BER bit error rate

C.F.R. Code of Federal Regulations

C/ carrier-to-interference ratio

C/I+N carrier-to-interference-plus-noise ratio

C/N carrier-to-noise ratio

CPA co-polarized attenuation

dB decibel

dBi decibels relative to the gain of an isotropitesna
dBm decibels referenced to 1 milli-Watt

dBW decibels referenced to 1 Watt

deg degree

EIRP effective isotropic radiated power

FCC Federal Communications Commission

FDD frequency division duplexing

FSO free-space optical [link]

ft foot

GHz giga-hertz

GIS geographical information source (database)
GPS Global Positioning System

HH horizontally polarized antenna gain wrt a honitadly polarized incident wave
HPBW half-power beamwidth (of an antenna)

hr hour

HV horizontally polarized antenna gain wrt a veatig polarized incident wave
IEEE Institute of Electrical and Electronics Engire

IF intermediate frequency

IRAC [NTIA’s] Inter-department Radio Advisory Comttge
ITU International Telecommunications Union

km kilometer

LOI link-of-interest

MEA multiple exposure allowance

MHz mega-hertz
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Abbreviation Definition
mm milli-meter
MPH miles per hour
mw milli-Watt
N thermal noise power
NRAO National Radio Astronomy Observatories
NSMA National Spectrum Manager’s Association
NTIA National Telecommunications and Infrastructéeministration
OC-n Optical Carrier [hierarchy]
OH over-the-horizon [propagation loss]
PC path coordinator or path coordination
PCG path coordination guide
PRBS7 pseudo-random bit sequence based of lefgth 2
RAS Radio Astronomy Service
RF radio frequency
RPE radiation pattern envelope [of an antenna]
RSL received signal level
SONET synchronous optical network
T threshold [signal power]
TBR to be reviewed
T/ threshold-to-interference ratio
TDD time division duplexing
TIA Telecommunications Industry Association
TID total interference degradation
TX transmitter
VCO voltage controlled oscillator
VH vertically polarized antenna gain wrt a horizht polarized incident wave
\AY% vertically polarized antenna gain wrt a vertlgglolarized incident wave
wrt with respect to
WT Wireless Telecommunications [Bureau]
uTC Universal Coordinated Time
XPD cross-polarization discrimination
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Appendix A:  Recommended Installation Practice

The following recommendations are provided to redihe likelihood of inadvertent disruption of ekigtradio
links during both the pre-installation planning @adninal installation phases. If temporary int@tion of existing
links is unavoidable, then permission to interrsipduld be granted by the existing link owners piiothe
disruption. This recommendation is crucial if treavly deployed link is involved in a bucking scaodits
transmitter is co-channel with a nearby incumbengiver). All reasonable effort should be perfadrt@ minimize
the down-time of the existing link.

(1) Pre-Installation Planning: Prior to installation, it is recommended thatatisrs perform an onsite inspection

and complete the following planning tasks befostaling any terminals:

1.
2.
3.

Select appropriate locations for all equipment @sring path coordination with existing links.
Identify a suitable mounting structure (e.g. paall, etc.) for the terminal.

Prepare a drawing detailing the location of allipment, including the terminal, mounting structure,
and all cable routing.

Develop a detailed cable routing and installatitampincluding lengths and types of cables (copper
and fiber).

Verify that network system equipment provided byess will be available at the specified locations
during installation to minimize the number of pdtehdisruptions to other links by work site
personnel.

Paths must be unobstructed line-of-sight at aksirfFor example, roof-mounted terminals should be
mounted high enough to allow for normal roof manatece; allowance should be made for seasonal

vegetation, growth of trees, power lines, snowduglon the terminal or on any structures beneath th
path, etc.).

(2) Installation (Initial Alignment): To minimize potential interference to existingkls, each terminal should be
mounted at the correct location as specified dypetty coordination (e.g., using instruments sudaps measures,
GPS locators or transits) and “coarse” aligned euttpower applied using a spotting scope or catnerasighted to
the antenna, or some other suitable means.

1.

As a practical matter, a detachable, p.c.-compatitibital video camefaoresighted to the antenna, is
an excellent alignment tool offering the followibgnefits:

*  Quick, high resolution viewing of the LOS path olap-top computer
* Minimal recurring cost for each terminal
» Safe for installation personnel

« Better than +1.5 degrees initial boresight accutaegily achieved before powering-up the
terminal

" Industrial grade, high resolution, digital videamueras are available from several manufacturezkiding Sony,
Hitachi, Panasonic, and Basler; these camerasréeditect viewing on a personal computer via. a6EFL394
connection. As of the date of this document, &mrsinonochrome models is about $2,700.

8 Based on a mechanical tolerances study, assuhgngntenna main beam has zero squint error fromdtsting

datum.
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2. If the area below the installation does not hagtricted access, precautions must be taken teptev
hazards to people or property below, from accidgrfialing objects (e.g. terminals, tools, etaise
of safety “deadlines” (chains or lanyards) secufasfened to the terminal, other equipment, ant$too
and a suitable structural support, is recommended.

(3) Installation (Final Alignment): To minimize potential interference to existingk$ during the final alignment
procedure (when the terminal’s transmitter is rtdig, the mount should have mechanical stopstid boresight
adjustment to the maximum necessary (typically tle§rees: refer to “Initial Alignment” above).

Figure A-1: Example of a detachable digital video@mera, boresighted to the antenna used for initial
alignment
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Appendix B:  Method for Measuring the C/I Required for Digital
Receivers

A representative laboratory test setup for theivecestatic threshold measurement is shown in [EigiHl below.
The mean output power of the modulated transmgtéirst measured with a calibrated power detecteak power
is assured to be 3 dB above mean power by virt@ebalanced modulation pattern. The transmittdrea coupled
to the mated receiver, through a calibrated vagialtenuator connected to the waveguide RF poeadi unit.
Attenuation is increased until the receiver's meagibit-error rate (BER) reaches®.0The product of the
transmitter output power and the attenuation gikkeseceiver’s static threshold.

For instance, consider a transmitter with a measaverage output power of 20 mW (+13 dBm) connettiex
receiver under test as shown in Figure B-1. Thibragied attenuator is tuned to simulate path lassg, the
measured BER reaches 210° at an attenuation of 67 dB. Then the measuréit stmeshold is reported as
+13 dBm — 67 dB = -54 dBm. For best precision,rtieasurement is repeated with a large calibraxed fi
attenuator in front of the variable attenuator phiag the variable attenuator nearer to the lowerd its range
where it is most precise.

Transmitter I I Q I I Receiver

Cal
Att

LT L[|

Figure B-1: Laboratory setup for measurement of reeiver static threshold

The measurement of threshold-to-interference fEflicnvolves the injection of an interference sibimdo the setup
shown in Figure B-1. This is accomplished usirmgiébrated coupler and noise generator as showigime B-2.
The attenuator is backed off by 1.0 dB from itauesdt static threshold (for higher precision, fixtknuators have
been substituted to provide the bulk of the reguatenuation, such that the variable attenuatmg@ear the low
end of its range at static threshold).
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Figure B-2: Laboratory setup for measurement of reeiver threshold-to-interference ratio

For instance, in the example given above the veriatbenuator is reduced to provide a total padgnaation of

-66 dB, raising the received power to -53 dBm, tredmeasured BER moves down to 6.5%10loise is then
injected at the coupler to bring the bit-error fiagek up to 18, and the noise level producing this BER is repbrte
as the threshold interference level. It is furtftemommended that three types of interfering s@ubeeconsidered
and reported for purposes of interference cooriinat

Broadband Noise

A broadband noise source, band-limited at the vecdiandwidth and swept in frequency, is constadiagng an
amplified and filtered Johnson noise source. Rstaince, assuming a 2 GHz receiver bandwidth, gufifeenat
4-6 GHz might is terminated at its input to genemathermal noise output. This output is mixedhaitswept VCO
at 77-80 GHz. At the VCO frequency of 77 GHz, ltheer noise sideband at 71-73 GHz minimally oveslap
receiver centered at 73.5 GHz. When the VCO frequés raised to 78.5 GHz, the overlap is at maximand at
80 GHz, it is again minimal. At the same VCO freqgaies of 77, 78.5, and 80 GHz, the upper sideba@ninally,
maximally, and again minimally overlaps an 83.5 Ginsceiver. For each value of frequency withiméntire
71-76 GHz or 81-86 GHz band (in 100-MHz increments® coupled noise power is increased by wayssfcand
variable attenuator until the bit error rate reach@®, and the power level of the injected noise (thiotige
attenuator and coupler) is reported. The resuthis example, is a spectral plot of T/l over Enfiency points
encompassing each receiver band.

CW Interferer

A swept frequency generator provides the requssifeal for the narrowband interference measuremdete again
the source is swept across the receiver’s sensiimelwidth and is adjusted in power until the reeebit-error rate
reaches 18. This power level is recorded for each valueheffrequency in 100-MHz increments. The resut is
spectral plot of T/l over 50 points across the rmemreband. A typical T/l curve that might be retaal for
narrowband interference to a specific receivertakcross the entire 71-76 GHz band, is showngargiB-3
below. In this example the receiver shows its égjisensitivity to tones near 73 GHz (presumaldydisired
carrier frequency), with strong sensitivity oveoab2 GHz of bandwidth (presumably the spectrathvif the
desired data signal).
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T/I Curve for Narrowband Noise, Radio Model 123-456
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Figure B-3: Example threshold-to-interference ratiocurve for a receiver subjected to a narrowband
interferer

Like-Signal Interferer

A transmitter of the same type as that in the linker test is used to provide a third interferamaeeform. The
interfering transmitter is modulated with a secbitdyenerator, or, alternatively, with the sameegator used for
the link under test, after delaying the randomlydoiated signal sufficiently to produce an uncotedadata stream.
The interference power level is adjusted by wathefvariable attenuator until the bit error ratectees 18, and the
injected power level (through the variable atteouand coupler) is reported as a scalar value.

For instance, following the example from the thmddhmeasurement discussion above, adding couplisd from a
like transmitter modulated with a pseudo-randonitaligest signal, the BER reaches 1.0%1then the interfering
signal reaches —81dBm. This level is 27 dB belwweported static threshold level of -54 dBm eothreshold-
to-interference ratio T/l is reported as -54 dBifa81) dBm = 27 dB.

In the case where a specific receiver has the dépab be tuned to two or more frequency chanwethin either
the 71-76 or 81-86 GHz band, it is recommendedeabaipment manufacturers repeat this measuremeeptot
adjacent channel interference as well as co-chantegference.
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Appendix C:  Method for Measuring the C/lI Required for an
Analog Receiver

This appendix will be completed in a subsequengivarof the document. Until this appendix is venitt path
coordination activities may not provide the samel®f interference protection and certainty asdigital systems.
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Appendix D:  Calculation of Rain Backscatter Power

Backscattered radiation from rain can cause s@ffierence or near-neighbor interference in a tedgsietwork
geometry. The magnitude of the rain backscatteorsidered first in the monostatic case for cegsgeometries,
and then for the more general bistatic case.

D.1 Co-Sited Backscatter

The irradiance produced at a distaRfeom a transmitting antenna is:

_p
o(R) N 14{232

where Ris the transmitter power, Ais the effective area of the transmit antenna,Jaisdthe transmitted
wavelength. The area factor in the denominatooats for the Fresnel-zone beam waist, as weliasar-field
beam spreading due to diffraction. The power beatksred by a scattering element at distddiethen simply:

P.=®(R)g, dV =Ro,dR

whereg is the volumetric backscattering cross-sectibhis a scattering volume element, aiRlis a differential
path segment. The power backscattered into tlenaatbeam is:

b( ): PSAZ - P(O'OAZdR
A, 1+[2:] A, 1+(2:]

where again the area factor in the denominatorwadsdor near- or far-field scattering, and thaltdtackscattered
power is given by integrating this return over afmite path as follows:

Pbs:PtaOAZT dR Z:Ptao/]tan'{"—R] :RZOA
ST O
A

Reference [19] gives an empirical fit to the meaduaverage rain backscatter coefficient at ramRgmm/hr) as:

o,[m*/m®] = 144x10*R*°, at 70 GHz, and

o,[m?/m*] = 889x10°R%’, at 95 GHz.
A simple (linear) interpolation of the coefficieritem these measurements gives:

o,[m?/m*] = 1.36x10*R*°, at 73.5 GHz, and
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o,[m?/m*®] = 114x10*R*®, at 83.5 GHz.
The corresponding backscatter ratios are thus:

Rs _ 277x107R%°, at 73.5 GHz, and
t

% = 205x10'R%®, at 83.5 GHz.
t

These results are plotted in Figure D-1. The sinmphthematical treatment given above neglectsffeet ®f beam
attenuation by absorption and secondary forwarttesiag; however, beam attenuation due to waterbean
significant at rain rates above 10 mm/hr and mastdnsidered in calculating total backscatter ret8ince half of
the return is due to near-field scatter, and tta field boundary for a 2-ft dish antenna is né€amb5an estimate of
this effect is given by considering the attenuatibthe propagating beam over that distance. wsirarate of

100 mm/hr, beam attenuation over 50m is approxiypat® dB. The near-field scatter, which itsel€aants for
half of the total return power, is reduced by sommawess than 1.5 dB, since the average two-wayggation
distance of the scattered radiation representdticogear-field term is 50m. The far-field retusnéduced by a
factor greater than 1.5 dB because of the longgvggation paths it represents; the net effectasiai 1.5 dB
overall reduction in the total return power. Takthis effect into account, the backscatter refiattens out slightly
for higher rain rates as shown in Figure D-1.

Rain Backscatter

-50.00

-55.00

-60.00

—&— Backscatter Ratio (73.5 GHz)
—&— Backscatter Ratio (83.5 GHz)
- - 4 - -w/ attenuation (73.5 GHz, 2 ft. dish)
- - ® - -w/ attenuation (83.5 GHz, 2 ft. dish)

-65.00

Backscatter Power Ratio (dB)

-70.00

-75.00

0.1 1 10 100 1000
Rain Rate (mm/hr)

Figure D-1: Rain backscatter power relative to trarsmitted power

A transceiver may require up to 115 dB of trangmiitive isolation; much more isolation than raioksaatter will
allow. Automatic Transmitter Power Control is leant in this situation since transmitters withdeto operate at
maximum power during strong rain events. Crossyjiwihg the receive channel relative to the trattemin
principle provides additional isolation (rain inéucdepolarization is negligible for the short refilen paths making
up most of the backscatter contribution), but siiles not allow for clustering transceiver nodes oooftop. Dual-
band frequency-division duplexing can eliminate tglf-interference problem for a single transaeive-sited
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backscatter interference can likewise be eliminatedsing harmonized FDD via a coordinated band.pla

D.2 Near-Sited Rain Scattering

The near-sited, or bistatic, rain-scattered interiee geometry is shown in Figure D-2.

Scattering
\ volume

Victim beam
cross-section

Figure D-2: Rain-scattered bistatic interference gemetry

For an antenna separation distad@nd victim and interfering antenna pointing an@leand6; respectively (angles
pointing inward are both taken positive by defunif), the distance between each antenna and thergszgtvolume,
in terms of the antenna separation and pointindeancs:

dcosg, dcosg,
R, =— ’ d R| = '
sin(6, +6,) sin(, +6,)
The irradiance produced by the interferer at tlsation of the scattering volume is:
P
CD(R ) = t 2\’
A 14| 2R
A

where Ris the interfering transmitter powergAis the effective area of the interfering transenit antenna, anil
is the transmitted wavelength. The area factéihéndenominator accounts for the Fresnel zone lvesist as well
as the far-field beam spread due to diffractiohe Power reflected by the scattering element irdtrection of the
victim is then simply:

P,=®(R)o(6 +6,)av,
whereo(0) is the angular-dependent scattering cross-seatidrdV is a scattering volume element.

The scattered power received by the victim anténlikewise:
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Ps/l2

AR, ’

1+ =
ﬂAEﬁN +( ]

WV

R(R)=

where again the area factor in the denominatorwagsdor near- or far-field scattering.

Using the approximations that: 1) the irradianaedpced by the interferer at smaller volume elesiithin a
cross-sectional slice of the scattering volumestasvn in Figure D-2) is constant, and 2) variation®, within the
scattering volume are negligible, the scatteredguomtegral becomes one-dimensional. The first@admation is
less valid in the near field but adequate for estiing interference in all practical scenarios ¢éiast to within 1 dB.

The second approximation is typically quite godébting also that R= Ry*cos(®y)/cos@j), the power received by
the victim antenna becomes:

L _Ro(@+a)PYF R
' TPy, Rimi 4 4 AR, cosh, i
Ay ; COSH
_R0(6,+6)2¢056) | . s AR e €086,) | _ . s AR _mn cOSE,)
T cos@,) A« c€0SE) Aq; c0s6) |

The bounds on the integral are given in terms @fitkerfering dish diameter; Dy:

A A
dco{gﬁ +ADJ andR, ,, = dco{a 2 D‘)
sin(é’i +0, +%D_j | sin(é?i +¢9V—/]2D_)

For far-field distances where the arctangent argutsngre greater or equal to 1, the equation recocie well
known form:

I:{/,min =

P, =Ro(g+6,)

As, coszei[ 11 ]_RGt/lza(ei+9V)cosZ9i[ 11 ]

m cos 6, Romin  Rmax (277)2 cos’ 6, R Rmax
Using the empirical cross-sections as before:
o[m?ym’] = 1.36x10* R>* at 73.5 GHz, and
o[m¥m’] = 1.14x10* R®* at 83.5 GHz,

an example calculation is given below, for a viciintenna pointing angle of Gan interfering antenna gain of
50 dB, a transmit frequency of 83.5 GHz, and a raie of 42 mm/hrd,= 0.001 n¥m?):
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Figure D-3: Rain backscatter for bistatic case as function of separation distance and pointing angle

For this calculation, the scattering cross-sedsassumed constant with angle; this should beftnuangles of a
few tens of degrees, but may be overly conservativarger angles.

In the typical case, where the closest interadafistance of the interfering and victim beam ceirted is greater
than zero (imperfect overlap), a multiplicativettacd < y <1 must be included to account for radiation supgoes
from the interfering and victim antenna patternedapes at the point of closest approach. An acaoshation must
also be added to the scattered power calculatiaedount for signal power attenuation in rain; $&condary
scattering events. In heavy rain the depth okffective scattering volume can be determined nbt by the
geometrical factors but by the signal attenuat®mwaell. In the example shown above, the 80 dBatsmh predicted
between two dishes separated by 100m and 10°ufigient by itself (by 36 dB) to clear a worst-easterfering
transmitter with +35 dBm transmit power and receiwvigh an interference threshold at -81 dBm. Hoerewat

42 mm/hr, signal attenuation due to rain is 16 dB/&nd the scattering volume is about 560m awathedwo-way
path signal attenuation is 18 dB. Another 18 dBsofation is required, which may be realized éwltion
differences between beams limit the overlap, and the interfering power level in the peak scattgxiolume. A
difference of only 1.2° in elevation will add 22 @B more of isolation in this case (following reamended FCC
radiation pattern envelope restrictions). If ss@tl radiation cannot be cleared by these meaas) beoss-
polarization or a harmonized frequency plan maydogiired.
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