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Executive Summary

As a result of the evaluation contained in this report, the Department of Commerce
recommends that 1IGegahertzNIHz) of spectrum currently used by Federal agencies be made
available for wireless broadbamidthe next five yearsReallocating this 11fegahertzof
spectrunis one step toward freeing spectrumvioreless broadbantthatwill helptrigger the
creation of innovative new businesses, provide-efisttive connections in rural areas, increase
productivity, improve public safety, and allow fine development of mobile telemedicine,
telework, distance learning, and other new applications that will transform Améiligass

Barely three months ago, President Obama s
spurring innovation by expandinge amount of spectrum available for wireless broadband
access. The National Telecommunications and Information Administration (NTIA) has already
taken two steps to implement that vision. In collaboration with the Federal Communications
Commission (FCC)NTIA is releasing & enYearPlan and Timetable to make 50(@gahertz
of Federal and nefrederal spectrum available for wireless broadband use. The Plan and
Timetable (which is being released in parallel with this Report) identifies an initial list of
cardidate spectrum bands, outlines steps to determine additional candidate bands, sets out a
process to assess and evaluate their feasibility, and to identify what actions are necessary to make
that spectrum available for wireless broadband use within aele@de Plan and Timetable
identifies over2200megahertof Federal and neRederal spectrum that might provide
opportunities for wireless broadband use.

In addition to the Plan and Timetable, at the request of the Office of Management and
Budget, the Ngonal Economic Council and the Office of Science and Technology Policy, NTIA
conducted the Fast Traélvaluationthat is the subject of this Report. The purposthisfrast
Track Evaluationis to jumpstart the effort to make 50f@egahertof spectrum aailable for
wireless broadband us@ver the last several monti¢TIA, working with other Federal
agencies, hasvestigated four candidate bands of spectrum that could conceivably be made
available for broadband use within five yearith the goal ofmaking a recommendati@bout
these bandby October 1, 2010.

The four candidate bands considered by NTIA in the Fast Haakiationare (1)
16751710 MHz, (2) 35068650 MHz, (3) 42021220 MHz and 438@400 MHz, and (4) 1755
1780 MHz. The firstthreef t hese bands were selected based
such as the number and types of assignments in the bands, as well as the geographic extent of
operations within the bands. Based on those factors, these bands appeared to lend themselves t
rapid decisiormaking and the possibility that wireless broadband systems could be
accommodated within five year®TIA selected thad 7551780 MHz band fotheFast Track
Evaluationbecause of the particular interest the wireless industry has in tiusabd because
the NationaBroadband Plan recommended that this band be studied for possible pairing with the
21552180 MHz band. The selection of the candidate bands and the recommendations in this



Report take into account input received from the Painy Plans Steering Group, a group of
senior,policy-level Federal officials advisinpe NTIA Administrator on spectrum policy.

This Report recommends that various portions of the candidate bands totaling 115
megahertbe made available fareographic sharing witlixed and/or mobile wireless
broadband useithin five years Specifically, NTIA recommends that hdegahertof the
16751710 MHz (specifically 1698710 MHz)spectrum couldbe made available for wireless
broadband use withifive years, contingent upon timedjlocation of fundgo redesign the
Geostationary Operational Environmental SateRtsatellite and ther costghe National
Oceanic and Atmospheric Administration (NOA&)d other Federal agencigsl incur in
connectiorwith sharing this spectrum

NTIA also recommends reallocating 1@@gahertof the 35003650 MHz band (3550
3650 MHz) for wireless broadband use witfiire years also contingent upon timegllocation
of funds to suppordgency costs incurred connetion with sharingof this spectrum As
discussed more fully in this Report, there willdeographic limitations on the availability of
these bands in order to make them available within the five years and to ensure that there is no
loss of critical exishg and planned Federal government capabilities.

In addition, NTIA recommends that the 420P20MHz and 4384400 MHz bands be
the subject of further review to confirm whether radio altimeters operate in these portions of the
42004400 MHz bandsand if ®, aretheyimpacted and to what extenNTIA recognizes that
due to the need for international regulatory action by the International Telecommunication Union
and the International Civil Aviation Organizatiadhese 40negahertof spectruncannot be
madeavailable for broadband use in the United States before 2016. However, actions need to be
takennowto start international processes to consrdatlocatingthis spectrum for wireless
broadband.

NTIA is currently unable to make a recommendation conogrtiie 17551780 MHz
band because there was not sufficient time to complete the analysis of the band and to develop
agreeauponrelocation transition plans by the October 1, 2010 deadline for this Report. The
number of Federal users in the band, the dityeof Federal uses, and the need to find
replacement spectrum for operations that would have to be relocated from the band if it were to
be made available for wireless broadband precluded completion of the analysis by October 1,
2010. Because this barglharmonized internationally for mobile operations, wireless
equipment already exists, and the band provides signal characteristics advantageous to mobile
operations, it continues to be a priority for analygigsuant to th&enYearPlan and
Timetable

Making the spectrum available on an expedited basis requires that the incumbent
agencies immediately commence detailed planning to share the spectrum with wireless
broadbangroviders. The goal of the Fast Trde€kaluationto make the spectrum available
within five yearscannot be met unless funds atlcatedo the affected agenciésr planning,



costestimationand procurement preparation and sufficieptiypr to the receipt of auction
proceeds.The characteristics of the Federal systems in eatifeafandidate bands are described
in detail in this Report. The 167510 MHz band is currently allocated on apzonary basis

for Federal and neRederal use for the meteorological aids service and the meteorological
satellite service (spade-Earth). Specifically, this band is used for downlinks from
geostationary and pokarbiting weather satellites that are administered by NOAA. A number of
Federal state, and tribal governmeiimst-respondeagencies, in support of their missions,
directly access weather and other data provided by these satellitesband is also used by
thousands ohon-Federal users, including public safety units, radio and television broadcast
stations and universitiegzurthermore, the NOAA satellites support an inteomatl network of
weather and other environmental informatidioreign polar satellites also transmit signals to the
United Statesn this bandunder international agreements. AIBI®AA operatesadiosondes
(weather balloongh this band, along with rumber of other Federal agencies.

The 35003650 MHz band is used yepartment of Defensadar systems with
installations on land, on ships and on aircraft. In general, the predominant use in the band by
mobile radars is on shisd aircraft Most ofthe aircraft and fixed, landased systems are
operated at military training areas and test ranges, recognizing that tactical necessities ultimately
determine operational requirements. Functions perfobrgeédese systemaclude search for
nearsurface ad high altitude airborne objects, sea surveillance, tracking of airborne objects, air
traffic control formation flight and multipurpose test range instrumentation.

The 42004400 MHz band is internationally reserved for radio altimeters. These devices
are installed ogovernment and civil aircraft. The altimeters operate continually during flight,
wherever the aircraft may trayéb determine the altitude of the aircraft for visual display to the
pil ot and for use by atnolSystemc Beeatise @f the phegidioo amd t i c
accuracy of radio altimeters at altitudes of 1000 feet or less, they are used as a height controlling
sensor in many aircraft automatic approach and landing systems and are essential for flight
safety. Altimeterslso support other aspects of low level flight outside of landing approaches,
such as firefighting search and rescue operatems military training In many aircraft the
radio altimeter is directly connected to the Ground Proximity Warning Systerh vghiesigned
to warn the pilot if the aircraft is flying too low or descending too quickly. Unmanned air
vehicles, tactical weapons (missiles), and drone targets also employ radio altimeters.

Nationally, the 1758780 MHz sukband of the 1758850 MHz band is allocated on an
exclusive basis to the Federal Government for fixed and mobile services. The majority of
operations within the 1755780 MHz band also operate in the 17850 MHz band.Many of
these operations have recently consolidated their operations in thd858%1Hz band, having
yielded the 1714755 MHz band to theirelessindustry between 2007 and 2Dfbr the
AdvancedWVirelessService The 17551780 MHz band supportsvariety of Federal functions:
(1) conventional fixed microwave communications systems; (2) military tactical radio relay
systems; (3) air combat training systems; (4) preciguided munitions; (5) highesolution
video data links, and other law enforcerheideo surveillance applications; (6) tracking,
telemetry, and command for Federal Government space systems; (7) data links f@argjeort

vi



unmanned aerial vehicles; (8) land mobile robotic video functions (e.g., explosive ordnance and
hazardous materiatvestigations and disposalsind (9) control links for various power, land,
water, and electric power management systente radio systems supporting these functions

are deployed across the United States.
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1. Introduction

Background

The National Telecommunications and Information Administration (NTIA) is the
executivebranch agency principally responsible for developing and articulating domestic and
(in coordination with the Secretary of Staitgernational telecommunications polity.
Accordingly, NTIA conducts studies and makes recommendations regarding
telecommunications policies and presdetecutive Branclviews on telecommunications
matters to the Congress, the Federal Communications Commission (FCC), and the public.
NTIA is aso responsible for managing the Federal Government ubke ofdio frequency
spectrum.

The FCCis an independent agency that was established by the Communications Act of
1934 ands responsible for managing spectrum usadryFederal entitiedncludingprivate
entities andstate and local government&mong other things, Section 1 of the
Communicationg\ct requires that spectrum management decisions promote new technologies
and services, efficient use of the spectroatijonal defensenterferenceprotection among
licensed stations, public safety, and international harmonization of spectrénThe&CC
makes decisions in a transparent and open process in accordance with laws such as the
Administrative Procedures Act and Paperwork Reduction Aotthis end, the FCC seeks
comment on proposed rule changes and direct input from potential users of the spectrum prior
to adopting any rule changes.

In support ofits responsibilities, the NTIA has undertaken numerous speatelated
studies to assessesgrum utilizationthefeasibility of reallocating-ederal ®vernment
spectrum or relocatingederal @vernment systemghefeasibility of sharingspectrum
betweerFederalandnon-Federalusersto identify existing or potential compatibility problems
between systemdp provide recommendations for resolving any compatibility conflicts,
recommend changes to promote efficient and effective use of the radio spectduim
improve spectrum management procedufas. examplein 1992 ,NTIA identified the 1710
1755megahertfMHz) bandfor possible reallocation and collaboration with the affected
Federal agenciesompletedeallocationviability studies in advance of its reallocation2004
to accommodatthe AdvancedWirelessService(AWS).

Over the past decade, there has lemmendousvorldwide growth in wireless
communication systems (e.gellularradiotelephone servigcpersonal communicatiorservice
(PCS9, third generationor other advanced wireless servicasd unlicensed access methods

! The Secretary of State is responsible for formulation, coordinatiorpwaerdight of foreign policy related to
international communications and informatiaslipy. See22 U.S.C. § 2707(b).

2See47 U.S.C. 88 151, 301, 302, and 303



such as Wireless Fidelify Wireless capabilities have also become more critical for public
safety, government operations, national defense and security, aviation and other Federal and
local government missions, with growisgectrum requirements. Thus, spectrum requirements
must be addressemnsideringa balanced national approach timafudesa longterm strategic
perspective.

Third- andfourth-generation dvanced wireless systems provide terrestrial and satellite
basedroadband and muitnedia capabilities, and represent a path for expanding the broadband
capabilities an@overage areaddentifying spectrunthatcould be made available foxed
and/or mobilewirelessbroadband is vitas the Wited Statesplarsits spectrum use arak
industry plaisto meet the marketplace requirements of the futditee early identification of
spectrum is critical tthetimely introduction oinew broadbandervices due to the time required
to complete the reallocatigrocess, wiah could includelevelopingservice rules or sharing
methods, conducting auctions, relocatimgumbent user® comparable spectruas necessary
and theredesign of incumberstystems t@ccommodataeewoperations.

Americaods futur e mldetimaopy ldadersteprdepsnsls,iapad, gl o
upon the availability of spectrum to meet this demand. In order to ensure that this global

leadership continues and thatthé mi ni strati ondés goal of univers
spectrum is needed fixed and mobilewirelessbroadbandystems.Broadbandaccess
including the fastest growing segménwireless broadbandisc r i t i cal t o enhance

economic competitiveness, spur job creatiorpgrove access to informatioand improve the

guality of American life. In addition, advanced wireleapabilities hag becomeessential in

supporting Federal agency missions crucial to the nation and in enablitgederal public

safety operations that safeguard lives and propétsychanging government missions increase

demands for mobility and agility, afwbth theprivate sectoand Federalises continue to expand

and to emphasizecreased data rates, amobile or unmeteredixedaccess s pect rumébds r
a criticalcomponenintensifies. As a result, spectrum requirementdixed andmobile

wireless communications, including advanced wireless services and wireless broadband, are
expected to grow at a rapid rate.

President Obamiasued @residentiaMemorandunon June 282010 directing the
Department of Commerce, working with the FCC, to identify and make avaiidblaegahertz
of spectrunover the nextenyeass for expanded wireless broadbamske* This spectrunwill
support both fixed and mobile wireldsadbandpplications and will be made available from
spectrum now used for other Federal and-Rederalervices Some of the spectrum will be

3 Connecting America: The National Broadband Plan, Federal Communications Commission, Maft0]4,87,
available athttp://www.broadband.gov/plan/#rediae-plan.

* Memorandum for the Heads of Executive Departments and Agencies, Unleashing the Wireless Broadband
Revolution, (Presidential Memorandum), released June 28, 2010, 75 Fed. Reg. 38387 (July 1, 2010), available at
http://www.whitehouse.gov/thpressoffice/presidentiaimemorandurunleashingwirelessbroadbanerevolution
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available for licensing by the FCC for exclusive use by wireless providers and some will be
made available for sharedaess between Federal and +ta@deral licensed users, between
licensed and unlicensed users and among only unlicensed Tiker&CC is working closely
with NTIA to identify additionalspectrum that could bmnsideredor wirelessbroadband
deploymenf To suppor t gohsor bPordband atcessitirtedin thePresidential
MemorandumNTIA has undertaken two initiatives

First,NTIA hasdeveloped &enYearPlanand Timetable, with input from the members
of the Policy and Plans Steering @poto identify andmake available 50thegahertof Federal
and norFederal spectrum for fixed and mobile wireless broadBafie planidentifies steps to
determine candidate bands, to assess or evaluate their feasibility, and to identify what resulting
actions are necessary to make available spectrum for broadband wireless services. The plan also
describsthe processes and timetable for executive branch actions in support of the
Admini strationds goal . terlyéaeperpdana oulmmatd inthebe exec
repurposing of Federal, ndfederal or shared spectrdar: (1) exclusive nofi-ederal use for
FCClicensed wireless broadband systems; (2) shared Feder&laanal use (licensed wireless
broadband systems); (3) Federal and/or-Redeal use sharing with unlicensed broadband
devices; and (4) exclusive use by unlicensed broadband deligelementation oftte plan will
requireconsideation ofvarious factors such as technical and operational considerations of
Federal systems and néiederal broadband wireless systems as well as the costs to evaluate and
implement sharing methods or relocate Federal systems, including identification of comparable
spectrum bandi§ an incumbent system is to be relocate@ihe Presidential Memorandunsal
states that #Athe plan and timetable must take
existing and planned Federal, State, local, and tribal government capabilities, the international
implications, and the need for enforcement mechanismaand hor i t i es . 0

® Within the Interdepartnme Radio Advisory CommittedNTIA worked with the FCC to finalize the service rules

for the Wireless Communications Servicgee WT Docket No. 07293, FCC 1682, Report and Order and Second

Report and Order (Amendment ¢ofGoverathe Op@ationoffWirdlesse Commi ssi
Communications Services in the 2.3 GHz Band Establishment of Rules and Policies for the Digital Audio Radio

Satellite Service in the 231ZB60 MHz Frequency Band), RB610, (released May 20, 2010).

® The Policy and PlanSteering Groumn advisory group of senior, politickvel Federal officials advisintpe

NTIA Administrator on spectrum policy and strategic plans, serves as a forum for issue resolution and
harmonization as determined by th&lA Administrator. ThePPSG has advised the Assistant Secretary regarding
the Fast Tracbandsas well as the TeNear Plan and TimetableSeePresidential Memorandum, Section 1(c).

" National Defense Authorization Act for Fiscal Year 20R0blic Law 10655, 113 Stat. 512, 768999) (provides

for NTIA, in consultation with the FCC, to identify and make available to the Department of Defense for its primary
use alternative band(s) of frequencies as a replacement for the band to be surrendered; and for the Secretary of
Commercejointly with the Secretary of Defense, and the Chairman of the Joint Chiefs of Staff to certify to the
Committee on Armed Services and the Committee on Commerce, Science, and Transportation of the Senate, and the
Committee on Armed Services and the Cornterion Commerce of the House of Representatives, that such

alternative band(s) provide comparable technical characteristics to restore essential military capability that will be

lost as a result of the surrendered band of frequencies.)
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Second, NTlAand the Federal agenciesrformedthis FastTrack Evaluation requested
separatelyy theOffice of Managemenand Budgetthe NationalEconomicCouncil and the
Office of Science and Technology Polity evaluate four bandsy October 1, 20100
determine if any spectrum in these baodsld be madavailableon a geographical sharing
basisfor wireless broadband usathin five years. Thus, the~ast TrackEvaluationhas two
bounds. The spectrum needs to be availablemiithe years and a concrete decision needs to
be made by Octobeif a determination could not be made by Octohez(10on a specific
band, it wouldemain under consideratidar the Ten-YearPlan.

For thisFast TrackEvaluationand this reportNTIA identifiedthefollowing candidate
frequency bands16751710 MHz, 35068650 MHz, 42004220 MHz, 43864400 MHz and
17551780 MHz® NTIA selectedthefirst four of these candidate bands based on factors such as
the number of assignments within the bémoting that the number of assignments does not
necessarily correlate otte-one to the number of systems that operate per assigniypetpf
operations, function, and locatitimat might makeossible theeallocation of the spectruto
accommodate walessbroadband systenvgithout relocating Federal operationsSTIA
includedthe 17551780 MHz bands recommended by tiNational Broadband Plaifue to
strong industry interesindfor its potential as a pair for the 218880 MHz band. This Fast
Track Evaluationprovides theanalysisresultsfor these candidate frequenogndsand
recommendshe necessary actions that would be required to accommodate broadband wireless
services on a shared basis.

Summary of Results

As supported by theesults of thid=ast TrackEvaluation NTIA recommends thahe
16951710 MHzand 355683650 MHz bandcanbe made availabl®r wireless broadbandvith
some geographic limitations on wireless broadband implementatieRigures D-56, E-1, E-5,
(35503650 MHz) andH-1, H-5, H-6, andH-7 (16951710 MHz). Making these bands
available for wireless broadband will require planning, and in some cases, changes to Federal
operations and equipment redesigs well as necessary FC@amaking Therefore, making
the spectrum availabigill require funding to be allocated for actwalsts of additional technical
studies, nofrecurring mitigation costs, and new operational and recurring costs incurred as a
result of spectrumeallocation

Considering thénformation availableNTIA recommends with respect tohe 42004220
MHz and 43804400 MHz band that the Federal Governmdmgin working within domestic
and international processes to consider the reallocation of this spectrum for wireless broadband.
Due to the need to draw information from temmerciakviation industryand affeted Federal

8 New sharing methaivere not considered as part of the Fast Track Evaluation because validation testing could not
be completed by the October 1, 2010 deadline.

°Seesupra n. , at 87.
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agencies as well @8 achieve changes in international regulati¢ims,governmenmust begin
nowto set in motion those activities that will ultimately determine the feasibility of wireless
broadband implementation in thesends

NTIA could notreach, in theimeframe allowed for the Fastack Evaluation a
conclusionas to whethethe 17551780 MHz bandould bemadeavailable for wireless
broadband within five yearsThis band would require the relocationsignificantFederal
operations before it could be reallocated for wireless broadband bseband iof commercial
interest because it larmonized internationally for mobile operatipnwérelessequipment
alreadyexists,and the band provides signal charactersséidvantageous to mobile operations
However Federal/military equipment for critical missioasoexist and operatgin this band,
throughNorth Atlantic Treaty Organizatioagreements as well #s&oughother bilateral and
multilateral agreements thharmonize military use of the band. Therefore, this band will be a
priority for analysis, pursuant the Ten-YearPlan and Timetable.

Having considered options to reallocate the entire 1&7% MHz band or to reallocate a
portion, NTIA hasconcludedhat the range 1695710 MHzoffersopportunityfor wireless
broadbandvhile minimizingoveralldisruption of operations upon which the domestic and
international public safety and weather prediction commurdiéépend Emergencynanagers
and the publicurrentlyrely on information which is broadcast fralre National Oceanographic
and Atmospheric AdministratiotNOAA) satellites in the 1690695 MHz band.This
information includes severe weather warningsanccf@es t s vi a t he €mergency
Weathernformation Network (EMWIN) and Heroadcast data from growtdsed sensors, such
as flood gaugesN O A A gatellitecommand and control communications also reside in the
16901695 MHz band.It is difficult to provide alternative communications to useithout
Internetaccess or who are in areas whameather event has degraded or destrpgeder or
communicationsnfrastructure Without the data provided by these satellite transmissions,
emergency maagers and other users wouldve to receive broadsta through another
transmission means, such as commercial satellite broagl@btan equivalent amount of
reliability and availability present in current direct broadcast transmissions

NOAA indicatedEMWIN reaches thousands of Federal, state, locdl el
government users responsible for issuing severe weather warnings and managespbraier
resources, and these users expect to receive NOAA services-reale@me with an availability
of 99.99percent For example, EMWIN can activate ald tornado warning siren without
human intervention within seconds of the satellite detecting a possible toinatie.recent
Christchurch, New Zealand, earthquake, a NOAA satellite received tsunami warning information
from specialized ocean buoys aetransmitted this critical data to the Pacific Tsunami Warning
Center less thatwo minutes after detectiorEMWIN has proven its ability to operate during
various natural disasters such as in the Gulf Coast region after hurricane landfall and ia the are
known adiTornado Alleyo If any portion of the spectrum below 1695 MIdzeallocatedan
alternative transmission means would have torigemented to preventlassof data to
emergency personnehile maintaining the same availability and relidigiliequirements
Because ofhe anticipatediser impacts;oss, and scheduleeedsNTIA concluded not to
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recommend thepectrum below 1695 MHz for shariag part of théast trackprocess In the
1695-1710 MHz bandthe FCC and NTIA will need to add a néederal allocation to the
NationalTable of Frequency Allocatiafor the mobile service. The FGAIl need to
implement service rules based on liceagelusion zonearound Federatarth station sitess
shown inFigures H-1 throughH-7. The radii of hese exclusions zoneary, depending on the
specific sitepetween/2 and121kilometers. These distances are based on the spstiiess
broadbandtharacteristics used inianalysis(seeAppendix Bof this reportand,if the FCC
proposesn the future to implement systems with different characteristics, NTIA will need to
revise the analysis. For example, the distances were calculated based on the assumption that the
band would be used for broadband handset transmissiba b@ase station. If the FG€oposes
to implement a Time Division Duplg¥ DD) arrangement, the distances identified here would
no longer apply?®

In order to make way fahereallocationbased on the agreed sharing conditi@ns
number of steps musike place. First, NOAA must takemediatesteps to redesign thieture
Geostationary Operational Environmental Satelt&eries GOESR) satellite to move its
plannedEMWIN downlink. NOAA will also need to begin redesign of radiosonde technology to
use the spectrum more efficiently to make room for satellite downlinks that are currently above
1695 MHz. In addition,NOAA will need to begin its planning process to pd®/a mechanism
or mechanismgor distribution ofsome forms of datthat will be received at the protected sites
but may need to be available to the user commumitych of this data is currently broadcast or
rebroadcast directly to the Federal and-Rederal user communities and the data would need to
be accessed via other satellites, landline, or other methods to replace the direct satellitt access.
Federal agencies that directly access the satellite data will need to begin planning their transition
to other access meanshese planning requirements and conversion of operations to alternative
means will requirgesourceso implement Furthermore, NTIA and the FCC will need to
prepare groposalfor the World Radiocommunication Confererf¢éRC)in 2012 toplace on
the next conference agenda (probably 2016) an agenda item to add a mobile service aflocation
the 16951710 MHz bandn the International Telecommunication Union Region 2.

Having considered options to reallocate the entire 388D MHz orto reallocate a
portion, NTIA concluded that the ran§650-3650 MHz tandoffersthe opportunity to
implement wireless broadband over large portions of the United States. Staying above 3550
MHz greatly reducethe potential for interference from high pemradars operating below 3500
MHz. The FCC and NTIA will need to add a néederal allocation to thdationalTable of
Frequency Allocatiosifor the fixed and mobile servicesnd associated consequential chariges
the 35563650 MHz band As shown in FguresD-45 throughD-55, the FCC would need to

©Under a TDD arrangement base stations and handsets could operate in the band using a time sharing scheme.

™ Given that the satellite will continue to transmit their signals, reemive earth station operators would need to
convert to anothesiccess mechanism only if and when wireless broadband systerasubiittheir area. Since

high density metropolitan areas will be the first priority for wireless services, the operators of meteorological
satellite earth stations may find that they cantimue to directly access the satellite data unimpeded for some time.
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implement service rules based on license exclusionsatorg the U.S. coastline toqtectbase
stations from high powdy.S. Navyradar systemsFurthermore, exclusion zones will be

required arouna limited number ofixed land sites and some training and test sites to protect
other military operationgncluding aeronautical operatioslsown in Figure&-1 throughE-5.

These exclusions zones will vary, depending on the speadar operatin andsitelocations
Theexclusion zoneglistances are based on the speeiiieless broadbancharacteristics used in
this analysigseeAppendix Bof this reportland, if the FC(Qroposesn the future to implement
systems with different characteristics, NTIA will need to revise the anafydikis approach

does not require the alteration of military operations. All costs to the Department of Defense
(DOD) would stenfrom analyses that it must conduct in preparation for FCC implementation of
any reallocation. At the same time, such a reallosdiased on exclusion zones will limit future
flexibility of DOD to implement new systems or to operate at new locations. Future operations
will need to be limited to shipbornndbased, and airborrsystems with characteristics

similar to those condered in this analysis and the same land sites and characteristics considered
in this analysis.

In the case of the 4204220 and 438@400 MHz band, concurrent with amitial
assessment to determiwletherthere will not be impact on civil aviation and military use in the
bandsthe FCC and NTIA will need tprepare a proposal for the WRC 2012 to place on the next
conference agenda (probably 2016) an agenda item to add fixed and mobile service allocations in
these bandsDuringthat process, the Federal Aviation AdministratibAA) as well as other
Federal agenciesill need toconduct asurveyof thetechnicalcharacteristics of civiand
Federakadio altimetersised on theiaircraft The results of suta survey will determine
whether technical rule changes and allocation changes can prevent radio altimeter operations
from coming into these ban@assuming they do not already use themn)whether the
operations already exist in these bands and changg$efeasibleto the equipment in the field
without adversely impacting altimeter equipment accuracy, reliability or flight safety
actions to limit radio altimeter access to the band will need to be taken in coordination with the
International Cil Aviation Organizatior{(ICAO) and thdnternaional Telecommunication
Union-Radiocommunication SectdifU-R). Any FCC and NTIA action to complete a domestic
allocation changwould be base@n the outcome of international actions.

Military test andtraining communities have spectrum requirements to produce a realistic
electromagnetic environment and provide useful and valid resihesefore, analysis of
spectrum use to make spectrum available for wireless broadband must ensure protection of these
capabilities.

2 For example, there were certain assumptions on the base station antenna gain that was used in developing the
exclusion zoneslf there are changes to the technical parameters ooytepht data for the wireless broadband
systems, NTIA in collaboration with the affected Federal agencies will need to first determine if it is feasible to
implement the proposed changes and determine whether any changes to the sharing conditions, frodsithiyg
reducing separation distances, are appropriate
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Altogether, these recommendations offer the potential fomiddgahertof additional
spectrum available for wireless broadbaNdhile further steps, including FCC rulemakings,
will need to be taken to make this a reality, this spectrunesepts a significant down payment
t o meeti ng dirdcton tPidentsyb0dneegahditavailable for wireless broadband
use The analyses that highlight these opportunities were based on a number of assumptions and
do not represent worst caseccimstances. Therefore, interference may occur from operations
outside the parameters used in the analyses and wireless broadband users may need to
accommodate instances of interference or use additional interference suppression techniques to
safeguard tl desired service quality.



2. Processf Band ldentification for Fast Track Evaluation and the Selection
of Potential Options

Introduction

This sectiordescribeshe approach that NTIA took to select tandidate frequency
bands for consideration under the Fast Tiaealuationand the reasoning behind searching for
sharing opportunitieas the potential optioras opposed to relocatioNTIA limited its
selection of bands to the 225 Mitz4400MHz frequency range becausands below 225 MHz
do not offer sufficientontiguoususable bandwidth for wireless broadband and bands above
4400 MHz do not appear to offer immediate opportunitiesniobile wireless broabland use.
Having limited to the rangef 225 MHz to 400 MHz, NTIA reviewed Fedellsspectrum use
records to determine bands that might satisfy the requirementskedsh@&rackEvaluationto
reach decisions by October 1, 2046d to make spectrum available for wireless broadband
within five years.

Because of the bowlsestablished fothe Fast TracEvaluation candidatédands had to
be considered where relocating systems and the associated development and implementation of
relocation plans would not be required. Furthermore, proven forms of geographic or other
shaing approaches would have to exist, since the October 1 deadline did not leave time to test
and prove new sharing methods. The process requiring relocation of Federal systems or
reallocation of spectrum for sharing based on new technologies is more x@n@le=quires
much longer time to conduct a thorough analysis, including testing/proving new sharing
technologiesassessing operational impact, addressing feasibility to protect msgioal
systems from harmful interferendgdentification of compaable spectrum for systems timaay
need to be relocated, as well as implementation of any resulting relocations of systems out of
their current operating spectrurh.If the outcome of th€ast Track Ealuationdetermines that
sharing via geographically litred licensing is feasible, such sharing would make spectrum
available for broadband wireless services withfive-year time frame.

NTIA selected hebands (116751710 MHz,(2) 35003650MHz, and (3)42004220
MHz, 43864400 MHz for thigrastTrack Evaluationbased on itessessment of factors such as
the number ofrequencyassignments within the baaad thetype of operations, functienand
locatiors of the systems operating in the bahdased on those factors, the baagpeared to
lend themslwes to rapid decisiemaking and the possibility that wireldsoadband systems
could be accommodated without relocating Federal operatihBA alsoselectedhel755

13 NationalTelecommunications arisiformationAdministration An Assessment of the Viability of Accommodating
Advanced Mobile Wireless (3G) Systems in the 71 MHz and 2112170 MHz BandsJ(ly 22, 2002)
available athttp://www.ntia.doc.gov/ntiahome/threeg/va7222002/3Gva072202web.htm

14 The number of frequency assignmetites not necessarily correlatethe number of systems that operate per
assignment.



1780 MHz bandor evaluatiorbecause of thparticular interestf thewirelessindustry and the
recommendatiom the National Bradband Plarto pair itwith the 21552180 MHz band,
referred to a®dvanced Wireless Servi®(AWS-3) by the FCC.

16751710 MHz

NTIA examinedhe possibility of makingll or a portion othis spectrum available
without moving meteorologicaatellitesor radiosondeffom this bangsinceneither the
removal of the satellites or radiosondes could be accomplished within the five year timeframe
establishedo makespectrum availabléor wireless broadbandRecognizing that this band has
an international allocation for meteorologisatellite downlinks for weather data and other
countries support satellite downlinks in the band including to U.S. stations, any decision to
relocate satellite insmissions would involve creating\#RC future agenda item fdhe 2016
conferenceavith implementation some time later if the international community supports
allocation changes. This would also involve identifying other bands for the satellite
transmiswns. Regardless of any such decision the existing meteorolsgitlites utilizing
this band would comue to operate for many years.

Though the satellites would continue to operate in the band, NTIA envibiepstential
for wireless broadband operatingtside of exclusion zones arouth@ main authorizeckceive
earth stations operated by NOAA and otRederalagencies at such distas@sare determined
to protect those operations from interferen@ée FCC could establighese exclusion zonés
the wireless broadband licensing process. NTIA recognizes thanatfkEederal userdirectly
accessneteorologicakatellitedata These useare not licensed or registereNeither the FCC
nor NTIA has records of most didse stationsTherefore, the FCC sought information
regarding these users by issuing a public notice to determine the extent of use in th@11675
MHz frequency band®

NTIA also recognized thaadiosondsoperae in the 16751683 MHzportion of the
band. Theytypically operate twice dailfrom 87 National Weather Servi¢dWS) launchsites
within the United States and its possess(@fs&P), and from some U.S. militargommercial
and privatesectorfacilities. Theflight time of a radiosonde transmitter is on gwera@ of 2.5
hours The amount of spectrunadiosondesitilize is drivenprimarily by a lack of frequency
stability (transmitted signal drifts in frequencgid frequency reise as opposed to transmissio
bandwidth requirements.

In summaryNTIA examined the possibility th&ederal Government operations would
not be movedrom thisspectrum to make spectrum available for wireless broaddastkad,
major receivesites would be protected via geograpéxclusion zones regulated through
licensed wireless serviggeas.Use of exclusion zones would not be practical for protection of

15 Office of Engineering and TechnglpRequests Information on Use of the :6780 MHz ET Doc. No.10123,
Public Notice, DA 101035, released June 4, 2010.



radiosonde sites as the balloons travel over hundreds of miles and their signals require protection
down to the horizonTransportable or other unregistered sites could not be protected. Direct
access via earth stations to satellite weather data would be lost only in areas where wireless
broadband systems araplemented For areas whettbe broadband systebuild-out occurs

other access methotts distribute the meteorological dat@uld need to be createédny

alternative distribution method must recognize current reliability and availability requirements.

17551780MHz

NTIA selected 1758780 MHz which is part of thd 7551850 MHzband for
evaluationas recommended by the National Broadband Plan for its potenbepaired with
the 21552180 MHz band® This band is particularly attractive to industry sinds &djacent to
the 17101755 MHzband that was reallated forAWS mobile stationsMobile handsets and
base station receiversrfthis band already exisince 17551780 MHz is used in many parts of
the world forcellularsysems and has been identified by the ITU for use by International Mobile
Telecommunriations'’

TheFederaluse of 17551850 MHz hasntensifiedsince analyses were performed
2001as operations from the 1710’55 MHz band have been consolidated in this Barkhe
DOD has continued tprocure Jaunch and operatesatellites using this spectrum that are likely
to continue to operate througie year 2030While the DOD has been given the authority to
deploy satellite control links in the 202310 MHz band, the use of that band for electronic
news gathering operatis on a primary basiand the lack of required equivalent spectrum
protection for Federal use as is in 178850 MHz has made it unattractive except as a backup
to the 17551850 MHz band. The DOD has not implemented any ground stations capable of
transmitting in the 202582110 MHz band.Some of the fixedystemsise has movedut of the
bandwith the relocation of associatsgistemghat were relocated from 17055 MHz
Surveillance equipment use has increased as alygiemdelow 1755 MHz were pved above
1755 MHz Use for control of smalUnmanned Aerial VehicledJAVs)/Remotely Piloted
Aircraft (RPA)andprecision guided munition®GMs)hasalsoincreased.

For reasons stated in the previous paragréyehrelocation of satellite control netiks
from this spectruncannot be accomplished in the 5 year periggclusion zones around the
satellite control sitemayoffer a possible solutiofor sharing the 1758850 MHz band on a

1 Seesupra n., at 87.

" International Telecommunication UnidRadio Regulations, Geneva, Volume |, ArticleSkction 5.384A and
5.388(2008).

18 NTIA Special Publication 046, The Potential of Accommodating Third Generation Mobile Systems in the 1710
1850 MHz Band: Federal Opetians, Relocation Costs, and Operational Impabtarch 2001 available at
http://www.ntia.doc.gov/ntiahome/threeq/33001/3g33001.ddfe report concluded that sharing was not feasibl
between 3G wireless and the majority of systems that operate in thd 830MHz band.
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geographic basigending results of further study to determine feasibility, including viable
enforcement mechanisimns

Airborne operations require other consideratjovtsich may bemore complex DODO s
uniqueuse for aeronautical combat trainjrsgnall RPAsand precisiorguided munitions des
not have cleaneartermtechnology or spectruvenues to transition to other bandecating
newfrequencybands for aeronauticalstemgs difficult due to the spectrum impact from high
altitude transmissions and the requirenfentiigh speed mobilitapplications As shown in
previous studies, exclusion zones around these operations would eliminate large portions of the
United States®

TheAir Force and Navyarealso currently developing and fielding the P5 Combat
Training Sytem (CTS)/Tactical Combat Training System (TCTS), hereinafter PS5CTS in the
17551850 MHz band. AdditionallthosePGMsimpacted by the reallocation of the 171055
MHz band are migrating into the 178850 MHz band.Other bands may be available for
telemetry(TLM) and command ashortrangeUAVSs; however, further study will be required to
identify viable bands.

Point-to-point microwave communication systems operating in the fixed senagice
longer need to be in this banWith adequate and timely tfpont funding, all fixed pointto-
pointcommunication systentan be moved to higher bands as technology and spectrum
currentlyexists. However, there are transportable microwave systems in the fixed service that
also operate in this band that will ndede addressed. Such systems are required to be
repositioned on test and training ranges on a rapid basis. This band is a primary resource
supporting such requirements where mobility, range, and bandwidth are needed in supporting
this type of connectity. Further study will be required to identify viable bands.

Nationwidelaw enforcemensurveillance operations are not compatible with wireless
broadband systeniecaus®f thelaw enforcement systenequirement t@perate on a
nationwide basisTherefae, to accommodateroadbandvirelesssystemssurveillance
operationsavould need tde relocated or furthgrossiblylimited in spectrunwithout impacting
their mission Otherspectrumoptionsand equipment redevelopmenitl need to be
investigated.

TheDOD Mobile Subscriber Equipme(¥SE) and the followon High Capacity Line
of-Sight HCLOS) system(a componenbf Warfighter Information Network (WIN)), and
Digital Wideband Transmission SysteBDW/TS) will need continud accesdo the 17551850
MHz bard as this band and 138390 MHz are the only bands available within the system
tuning range Additionally, there will be continued need to use 14830 MHz at théJnited

¥ Seesupra n. .
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States Marine Corp&JSMC) training areas at the Cherry PgiNorth Carolinaand Yuma
Arizona

In summary, decisions by October2D10regarding theotential availability of the
17551780 MHz band for wireless broadbasheployment musfiocus on approaches that are
based onwirelessbroadbanaperations geograplatly separatd and/orsystemsnodification to
mitigate interferencérom the operationsf satellite controlaeronautical combat training and
precision guided weapons or by limiting operations in terms of frequency use. Decisions with
respect to use of wirelesgstemsn the context of surveillance operations will need to focus on
relocationof surveillance systems that operate on a nationwide ésgeographic sharing is not
possible. At this point, however, no technical transition path to anatberparabldrequency
band has been identified or provadTIA did not have sufficient time to complete the analysis
of the 17551780 MHz band by the October 1, 2010 deadéisiablished for the Fast Track
Evaluationto determine whether this spectrum could be made alail@bwireless broadband
use within five years

35003650 MHz

NTIA selected the 3568650 MHz band becaus®orldwide Interoperability for
Microwave AccessWiMAX ) equipment has been developed for the band. This band is
allocated for the fixed service portions of the world. NTIAonducted aeview of its
frequency assignment and spectrum certificatiatabaseand determinethat existing Federal
operations left much of the counsgarsely occupieldy spectrum activity. NTIA understood
this band to be used primarily foigh powershipborne radarsRadars have been desigrted
operate in th85003650MHz banddue to specific propagation and atmospheric conditions
unique to this frequency rang® The radars in this band represent significant investment on the
part of DOD and many are incorporated into ship and aircraft de$igmband is also used for
communications with missile systems for data updates to the missile while in flight to its targe
Redesign for other frequency ranges to make this spectrum available for wireless broadband may
require new technology, and significant redesign of their associated platforms.

Radars are increasingly operating over larger bandwidths to improve i@salutmages
and targetbecause targets are getting more complex and harder to. debeceforeNTIA
couldonly examine the potential for geographic sharing approaches for delojs@atober 1
Consideration ofelocatngthese radarso other bangwould requirgechnology feasibility
studies and@domparable spectrubvand identification would be require&ven f a comparable
band could be found and the technology could be alteradhieve the same technical results
and comparable missiaapabiities performancerelocation would still not be possible in five
years. Therefore, NTIA focused its examination of this band on geographic sharing.

?n this region of the spectrum multipath propagratproblems decrease which is critical for the detection of
targets at low elevation angles.



NTIA also understood tharoundbased and airborrfegh-power radars in thiswer
adjacent band must be considered as thaypose an interference threat to deployment of
wirelessbroadbandystemsn the 35003650 MHz band.

In summaryNTIA examined gographicallimited licensingto protect a limited
number of land siteslt also examined geographic separatistancesequired to protect
shipboard systemsirborne systemand coastal land site$?otential interference from-band
andadjacenband radars might significantly limit how much of this spectrum is fullyhlsea

42004220 MHz and 43804400 MHz

NTIA examinedthe existingrequencyassignment and spectrum certification databases
as well as spectrum measurements in the 4200 MHz band Thelimited data available to
NTIA indicated that the transmitter emissidosthe radio altimeters used on commercial
aircraft appear to be concentrated in a range of M5 to £ 70MHz around the center
frequency of 4300 MHz.

The entire42004400 MHzband isallocatednternationdly for the radb altimeters. The
International Radio Regulations (RR), a treaty document ratified by Congress, allbediand
42004400MHz to the aeronautical radionavigation servidéie RRs further reserve the use of
this band exclusively for radio altimeters installed on air@madt for associated transponders on
the ground.Also, a1990 ITURreportc oncl uded At he wHMOOMHzof t he b
currently allocated is requireg to at least the year 20&% Thereport also stated that new or
alternative techniques might proe the same accuracy in a smaller bandwidth, and it may be
possible (around 2015) to reduce the allocated band#dth.

NTIA envisioned thatheupper and lower 2thegahertof the 42084400 MHz band
could be made available for wirelds®adband systemdn the time available, tHeAA could
not confirm that all radio altimeters operated by WYcBmmercial and militarydr foreign
carriers did not operate below 4220 MHz or above 4380 MHz. Radio altimeters do not require
FCC or NTIA authorization or equipmecertification”> Neither RRs nor ICAO regulations
require the radio altimeter signal to be in the center or the bandio they require the use of
any bandwidth less than the entire 208gahertz They also do not prohibit the use of swept
frequencytechniquesvhich could increase transmit bandwidth requiremeRtsthermore, the

2 International Telecommunication Unidtadiocommunication Sector Report M.1188¢ of the Frequency Band
4200 to 4400 MHz by Radio Altimetgi990).

2)d.

% National Telecommunications and Information Administration, U.S. Department of Comiieneal of
Regulations and Procedures for Federal Radio Frequency Manage@veayt 2010 Revision of the January 2008
Edition) (hereinafter NTIA Manual), at Chapter 7.



FAA could not confirm in the time available, that the altimétansmitters andeceivers do not
cover the entire bartd.

# NTIA frequency assignment data does include information on receivers.
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3. Federal Systems Description and Characteristics

Introduction

This section provides a descriptiontbe Federal systemgperating in the candidate
frequency barsifor the Fast TracEvaluation 16751710 MHz, 17551850 MHz, 35068650
MHz, 42004220MHz, and 43804400 MHzbands.

16751710 MHz Band

The 16751710 MHz frequency range is allocatedMeteorologicalSatellite (spac¢o-
Earth)(MetSat)andmeteorological aidéMetAids) (radiosondesservices for shared use by
Federal and nefrederal enties. The band is divided into the 16Y300MHz and 17001710
MHz bands in the National Table of Frequency Allocations.

MeteorologicalSatellite Operations

NOAA operates both geostationary and paebiting satellitetransmittingsystemsn the
16751710 MHz band NOAA, DOD, theNational Aeronautics and Space Administration
(NASA), the Department of InteridDOIl) andotherFederalandnonFederal entities operate
earth stations used to receive environmental research and weather data transmitted from the
Geostationary Operational Environmental Satell@®ES and norgeostationaryPolar
Orbiting EnvironmentaSatellites(POES) The d#a from these satellites is transmitteddor
primary receiving earth stations operated by NOAA in the United States (Fairbdedisy
Wallops Island, Uginia, SuitlandMaryland and Greenbelt, Bryland for data processing in
the 16751710 MHz freqency range. The processed data from these primary receiving earth
stations is uplinked back to the satellites using another band and then broadcast t@Reéderal
nonFederal receiving earth stations using the 16843 MHzportion of theband. The dataare
used daily in the protection of life and property and the generation of weather predictions and
reports that are broadcast over television and radio stations throughout the country and by U.S.
ships in coastal waterd/arious Federal and neffederal atities also receive data from the
NOAA meteorologicakatellites and process these data for their own emergency
managerweather and environmental related uséBe polarorbiting satellites do not store the
reattime highresolution imagery and data 8wt the data related to any particular location is
only available at the time that the satellites pass in view of that area.

Within the 16751710 MHz frequency range, satellites and earth stations operate in the
meteorologicakatellite service tdistributeenvironmental related informationThe
communications facilitate collection of meteolo ¢ a | dat a assoNatiomat ed wi t
Environmental Satellite, Data, and Information Service (NESDé®¥tationaryandpolar
orbiting weather satelils N O A A Gperational weather satellite systems in this frequency band
arecomposed of two types of satellitéise GOESfor rapid real time observations of hurricanes,
severe wather,short ange war nicmag tandvadailienfarasast modelsdahe
POES, for high resolution real time hazard observations and weather forecast models.



Both types of satellites are designed to provide complete global weather monitoring
capabilitieswvhen combined with data from satellites operated by other adratiosis Table
3-1 describesNOAA meteorologicakatellite operations the 16751710 MHz band.Figure
3-1 illustrates the functionsf the major systems in the 161310 MHz band.

Table 3-1. Overview of Links for NOAA Meteorological—SateIIite Operationsin the 1675
1710 MHzBand*®

Center Emission Function Receive Locations
Frequency | Bandwidth
(MHz) (MHZz)

NOAA GOES N-P Meteorological-Satellite Downlinks

Wallops IslandVirginia
Greenbelt Maryland
Omaha Nebraska
Fairbanks Alaska
Wallops Islandyirginia
Greenbelt Maryland
Boulder, Colorado
Omaha Nebraska

1676 5.200 Sensor Data LinkSD)

1681.478 0.400 Multi-Use Data LinKMDL)

Processefata Relay (PDR)/GOES
Variable (GVAR)(Broadcast
Low Rate Information Transmission

1691.0 0.586 (LRIT) (Broadcast US&P/Worldwide

1685.7 4.220

Emergency Managers Weather Informatig

1692.7 0.027 Network(EMWIN) (Broadcast
Command Data Acquisition Fairbanks Alaska
16940 0.016 (CDA)Telemetry Wallops Island Virginia
1694.5 0.400 . Greenbelt Maryland
1694.8 0.400 Data Collection Platform Repaof®CPR) DRGS Sites
NOAA GOES-R Meteorological Satellite Downlinks
Western Hemisphere
1690 12.000 GOESRe-Broadcast DatéGRB) Suitland, Maryland
0.096 EMWIN/High Rate Information .
1697.4 0.586 Transmissio{HRIT) US&P/Worldwide
1696.3 0.008 Command and Data Acquisition Telemetry Wallops Island Virginia
' 0.064 Data Fairmont West Virginia
Data Collection Platform RepofDCP Worldwide
1683.31683.6 | 0.400 REPORT) (Not including US&B
NOAA POESMeteorologicalSatellites 15-19 Downlinks
1698 US&P/Worldwide
1702.5 Fairbanks Alaska

Wallops Island Virginia
Suitland Maryland
Miami, Florida
Monterey California
Honoluly, Hawaii

High Resolution Picture Transmission

5.340 (HRPT)

1707

% For description/characteristics of each function, Appendix A
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NOAA 1675-1710 MHz Downlinks

F Current (through 2016) Future (2016 and beyond)
";-:,‘-.:“ A
i"’» ‘4 : r f-[-,-li; )
CDA Station N-
CDA Station
‘;5 ) </
s, LN | g
A
CDA Station CDA Station

Figure 3-1. Meteorological-Satellite Federal Systemsn the 16751710 MHzBand

NOAA GOESMeteorologicatSatellites

The goals of the GOES system program are to maintain continuous, reliable operational,
environmental, and storm warning systems to protect life and property, monitgatheg h 6 s
surface and space environmental conditions, introduce improved atmospheric and oceanic
observations and data dissemination capabilities and to develop and providednewrawed
applications and products for a wide rangé&efleralagencies, state and local governments, and
the public To address these goalé,0O A A RVES and NESDI®stablished mission
requirements that are the basis for the design of the GOES system and its capdtkties.

GOES system thus functions to accomplish an environmental mission serving the needs of
operational meteorological, space environmental, areirels users.

The NOAA GOES11/12/13/14/15 are current generatweather satellites designed to
provide enhanced coverage of the entire western hemisphieeespacecraft design enables the
primary sensors to focus at Earth and collect important weats¢ed data such aud cover,
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surfacetemperatureand water vapor distributionlhe satellites can track atmospheric
phenomena, ensuring reithe coverage of sholived dynamic events, such as severe local
storms, tropical hurricanes and cyclonesicanic ash, and wildfires, four types of
meteorological events that directly affect public safety, propéktglata collection system on
GOES receives another banénvironmental dateollectedby a network ofwidely dispersed
data collectiorplatforms(DCPs)such as river and rain gauges, seismometers, tide gauges,
buoys, ships, and automatic weather stataotsrelayshat datao earth stations at 1694.5 and
1694.8 MHz DCPs transmit sensor data in both the-403 MHz and 2022110 MHz bands
The GOES13/14/15 satellites also provide emergency communications using the EMWIN.

Themain mission of th€OES satellitess carried out by the primary payload
instrumentsreferred to aghe Imager and the Soundérhe Imager is a multichannel instrument
that senses radiant energy and reflected solar energy frdbathet h6s sur face and a
and produces visible and infrared imagegafr t hd6s surface, oceans, <clo
storm developments, providinige familiar weather pictures seen on television newscasts every
day. The Sounder provides data for vertical atmospheric temperature and moisture profiles,
surface and cloud top temperature, and ozone distribuBoaonder data are also used in
computemodels to produce shetb longrange weather forecast¥he Imager and Sounder
feature flexible scans for smaitale area viewing in regions of the visible and infrared spectrum
allowing meteorologists to improve shoermweatherforecasts.GOES povides nearly
continuous imaging and soundidgta which allow forecasters to better measure changes in
atmospheric temperature and moisture distributimieseasinghe accuracy ofveather
forecasts.GOES information is used for a host of applicaticeiated towveather, ocean,
climate, cryosphere, land, and hazartike Solar Xray Imager (SXI) on GOES monitors the
s u n érays fof the early detection of coronal mass ejections and solar fldressearly
warning is important because these solaefiaffect not only the safety of humans in high
altitude missions, such as the International Space Station, but also military and commercial
satellite communications, and commercial aviation fligilse GOES13/14/15 satellites also
carry space environmémonitoring instruments which monitorpdys, extreme ultraviolet and
particle emissions including solar protons, alpha particles, and elecirbase space
environment monitoring instruments also inclu
magnevsphere.

The environmental remote sensing function is executed by the Imager and the Sounder
equipment on the GOESSpace environment sensing is performed by the Space Environment
Monitor (SEM) covering an extensive range of solar enerdibe. data codicted igprocessed
and distributedn the 1673.41678.6 MHz bando users irreattime to meet observation time
and timeliness requirements, including revisit cycles (rapid scan operativesotely sensed
data are obtained over a wide range of areas of the western hemisplgareoverage also
includes the ability needed to relay signals and data from ground transmitters and platforms to
central stations and end usef® accomplish th6OES system mission, space and ground
segments are interconnected as showsigare3-2.
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NOAA GOESR MeteorologicalSatellites

The GOESR program is a key element of NOAA operatidhat is currentlyunder
development As such, the GOER series of satellites will be comprised of improved spacecraft
and instrument technologies, which will result in more timely and accurate weather forecasts,
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providing realtime continuouscoverage of thavesterrhemisphere.The GOESR satellites are
intended to improve support for the detection and observations of meteorological phenomena
that directly affecthe safetyof the publicandprotection of propertyAs an integral part of its
mission, the GOER satellite downlink signalaill provide the emergency management
community with access to a set diM$ warnings, watches, forecasts, and other products at no
cost to the public

NOAA GOES13,-14,-15 MeteorologicatSatellites

TheGOES13-15 constellation is the curregénerationweathersatellites designed to
provide the NOAA with enhanced coverage of the entire western hemisghrerapacecraft
design enables the primary sensors to facutheEarth and collect important weather related
data such as clouzbver, surfaceaemperatureand water vapor distributionfThe GOES13 and
14 trackatmospheric phenomena, ensuring +&ale coverage of shatived dynamic events,
such as severe local storms and tropical hurricanes and cyclones, two types of meteorological
events thatlirectly affect public safetyA data collection system on GOES receives and relays
environmental dataeollectedby widely dispersed surface platforms such as river and rain
gauges, seismometers, tide gauges, buoys, ships, and automatic weather Biatinss
transmit sensor data to the satellisgng the 402203 MHz or the 20252110MHz bandat pre-
assigned times and frequenciapon interrogation by the satellite, or in an emergency alarm
mode whenever a sensor receives information exceedireseatpevel.

Depatment of Interior MeteorologicatSatellite Operations

TheDOI hasfive GOESData Collection SystenDCS), Direct Readout Ground Stations
(DRGS) andhe Tennessee Valley Authority YA) has one DRGSThese earth stationsceive
environmental data directly from tii&OESsatellitesusing the 1694:3695.0 MHz band For
DOlI, the fve data processing sites are locatedJatS. Geological Survey (USGS), Earth
Resources Observations and Science (EROS), Emergency Datauil@tridetworls (EDDN-1
and EDDN?2) facility in Sioux Falls South DakotaUSGS Caribbean Water Science Center in
GuaynaboPuerto RicpNational Interagency Fire Center (NIFC), Bois#ahq operated and
maintained by Bureau of Land Management (BLM), drelinited State8ureau of
Reclamation (BOR), Pacific Northwest Regional Office, Boidaha The TVA data processing
site is located at their Rer ForecastCenter in Knoxville TennesseeAny alternative
distribution method must recognize curregitability and availability requirements.

Bureau of Land ManagementNational Interagency Fire Center

TheDOI BLM NIFC and the entirgvildland fire communityareserved by the Remote
Automated Weather Station (RAWHEEtwork data received from GOES sateBiusing the
1694.31695.0 MHz band The RAWSDCPsand their sensor suites are subjedii&dional Fire
Danger Rating Systems Standangkich specify mandatory levels of accuracy, resolution,
schedulednaintenanceand physical installation. These dlands were developed to support
fire weather and fire danger analysis, and are not followed by other weather data platforms
routinely used by NOAA. The RAWS Network provides meteorological data for use in the



calculation and forecast for daily fire dangéd these stations report environmental conditions
throughout thezear. Tle RAWS Networldata supports loaterm, regionallybased fire
management services, as well as stenrh, incident response information about ongoing
wildfires. All RAWS Networkdata is processed by a module within the Wildland Fire
Management Informatio8ystemwhich was developed for wildfire management purposes to
ensure the collection of accurate and reliable environmental data for Interagency Fire programs.
The data that isrpcessed at NIFC is distributed to wildfire base camps and fire crews via other
radio and telecommunication resources. The RAWS Network consists of DOl BLM; National
Parks Service; Bureau of Indian Affairs; Fish and Wildlife Service; U.S. Forest Séh&e;

Army; U.S. Air Force and U.S. Marines as well as equivalent organizations and offices at the
state and local government level. There are currently overs28006ns locatethroughout the
continental Wited States Alaska, Hawaii, Guam, PuerRico, and the Virgin Islands that
participate in the interagency RAW&twork Any alternative distribution method must
recognize current reliability and availability requirements.

U.S. Geological Survey Emergency Data Distribution Network

TheUSGS EDDN1 andEDDN-2 arelocated in Sioux FallsSouth Dakota TheEDDN
Networksreceive the GOES DCS data feeds from the GEBS and the GOEWest satellites
using the 1694:3695.0 MHz frequency band his data igrovidedfor the operational mission
of the DOI US5S Water Resources Division whichHsderdly-mandated to maintain the
National Water Informatio®ystem Prograrto support the collection, processing, review,
storageand dissemination of hydrologic data. The data that is recorded via the GOES is
essetial to the implementation and successful completion of a broad range of interpretive
studies addressing groundwater, surfaeger, wateiquality, and wateuse issues such as:
stream gauge information for flood warningater record (stream gage heigtischarge
volume, water quality values3eismic observations antdunami information. This program is
critical to USGS partners imcal, State, Tribal, and Federal agenamestFederalentitiessuch
as power companies and agtheinternationa comrauejtnclugingc y 0 s ,
Canada and numerous Central and South American countries. End users of these data include
hydrologists, seismologists, geologists, and biologists for analysis, research, predictions and
warnings; and, the Americgrublic for various outdoor recreation activities. The network of
stream gagesxtends from BarropAlaskato Hilo, Hawaiito Miami, Floridato Bar Harbor, ME
and thousands of stations in between. USGS also operates the Caribbean Water Science Center
in GuaynaboPuerto Rico Moreover, DOI, USGS EROS has sigrellemorandum of
Agreementvith NOAA to operate as a receromly backup site to the NOAA Wallops Island
Virginia earth station

Bureau of Reclamation, Pacific Northwest Regional Hydromet/Agrin@nter

TheDOI BOR, Pacific Northwest Regionalydromet,and Agrimet Centecollect
environmental data at a central receiver site in Bésshao This data iprocesedand
distributed using the 1694:3695.0 MHz bandor their Hydromet and Agrimet nebsks. Any
alternative distribution method must recognize current reliability and availability requirements.
The Hydromet and Agrimet networks primary operational mission is to support the Pacific
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Northwest Region for gathering hydrologic and weather fattananaging floods, making

irrigation water deliveries, determining Federal water gg@hiorities, meeting Federal

endangered species requirements, and regional crop water use modeling to determine crop water
use, numerous agricultural research, froenitoring, and integrated pest and fertility

management. DOBOR also shares this collected datdh otherBOR system users toperate

dams such as Grand CoulaedGlen Canyonand as far south as Hooy&sr hydropowerand

flood contrd and toprovide timely water supply status for river and reservoaratons for

water management.

U.S. Geological Survey Earth Resources Observation and Science Center

DOI USGS EROS Center manages the Land Remote Sensing Program and receives
Advanced Very HigiResolution Radiometer (AVHRR) data from the NOR®ESIn the 1696
1710 MHz band USGS has receivdd OA A0 s  Addthl $Re 1987 for environmental
studies and operational programs supporting hazards assessments. The spatial and spectral
characteristics cAVHRR data enabled the development of vegetation condition information
appropriate for national assessments of fire danger supporting NIFC and drought monitoring
with the National Drought Mitigation Center and agricultural assessments. Both of these
activities directly addresthe DOI strategic goal of resource protectiodSGS also works in
partnership with the U.S. Agency for International Development to utilize AVHRR data
collected over foreign nations, often via direct reception capabilities of tiadieas, to support
food security and famine early relief programs in countries at risk. In addition, the products and
services derived from exploitation of the AVHRR reception capability are used to support the
U.S. clmate change research programs.

Theactivity of Land Remote &nsingProgramproducts derived from AVHRR provides
historical and current perspectives on the trends and impacts of climate change. This
information is invaluable to the land management mission of the DOI and is supporteti throug
the science of the USGS. The operational nature of this science data stream stems from the
requirement to provide timely information to the land rensmesing community. As such, the
AVHRR data are core to the development of phenological characikenizatd monitoring and
measurema of vegetation productivity.

Partners and collaborators in otf@deral agencies, academia, and the private sector are
dependent on the reliability, timeliness, and capability of the USGS, EROS AVHRR land
remotesensing pogram products and services to conduct scientific and operational programs.
The timeliness of these products and services is critical to USGS EROS mission and is based on
the capability to directly receive AVHRR data transmissions using the 167/@VHz band.

Loss of this capability or delays in adaptioraofalternative frequency band would severely
impact DOI and scientific managers and users of this very valuable Dataagedue to loss of

the datawould occurto the land remotsensing prograrnommunity and the mission of the DOI
USGS to support disaster and hazard mitigation, emergency response, and major scientific
activities. Any alternative distribution method must recognize current reliability and availability
requirements.



Tennessee Vadly Authority River Forecast Center

The TVA River Forecast Centeeceive earth statiofgcated in Knoxville Tennessee
gathers environmental dad&ectly from the satellites the 1694.31695.0 MHz bandhat is
used to forecast the operation andnagement of their controlled dams on the Tennessee River
for hydropower and nuclear plantkdd control and water supplyAny alternative distribution
method must recognize current reliability and availability requirements.

Department of Defense Metealogical-Satellite Operations

The DODreceives data from the NOAA GOES and POES satetttpsovide
specialized worldwide meteorological, space environmental and oceanographic analysis, and
prediction services in support of military forces and jointrafpens. Military environmental
services directly support all phases of military operations from strategic planning to tactical
combat operations. While the Army ad@MC each have weather operations capabilities, the
Navy and Air Force are the primargwsces of military weather products and services. The
DOD exploits national and international geostationary and joolating satellite data and
information in support of worldwide military operations through a variety of fixed, mobile, and
shipborne metorologicalsatellite receivers.

The DODaccessethe NOAA GOES and POESata at variouseteorological and
oceanographic centers used in execution of global and regional numerical weather and ocean
prediction models that extend from space to the bottotimeobcean. In additiometeorological
satellite data is exploited at the operational and tactical levels deqisabity support to all
forms of military aviation, fleet and maritime operatioimgjuding meteorologicalsatellite
operations on 22 U.S. Navy aircraft carriers and large deck amphibious assaulisipsand
missile operations, and ground maneuver operations to ensure wartime readiness and in
execution of combat operations.

GOES satellite links are alsatecal to the United States Army Corpsiehgineers
(USACE) to provide vital public services to millions of the Unigdtes residents for
operational capabilitthat safeguards human lives, and trillions of dollars in land and private
property assetsWhile generally associated with dams, canals and flaatection in the United
States, USACE is involved in a wide range of peisorks vital public engineering services in
peace and war to strengthen aua t $ seaurd@y, energize the economy, and cedisks from
disaster.Additionally, many agencies (including NOAA) rely on the data gatheredtlhem
7400 (approx.) USACE uplink DCPs. USACHtical missions include, but are not limited to:
planning, designindyuilding, and operating locks and dgrdssign and construction of flood
protection systems through varidiesleral mandates; environmental regulation and ecosystems
restoration.Any alternative distribution method must recognize current reliability and
availability requirements.



National Aeronautics and Space AdministratioMeteorologicalSatelliteOperations

The NASA Goddard Space Flight Center

TheNASA Goddard Space Flight Cen{&@SFQ operates two GOES receiving stations
on the GSFC property. The first station is located at a diffeveatibn than the NOAA baelp
station that is also at GSFC. This station rece@&S Variable GVAR) signals transmitted
from GOESsatellites. The second GSFC GOES recewey station is located at the base of
GSFC buildinghumber 25and is also used to receive only the GVAR sigfidlis Earth station
is used for instructional training of higdthool and university students and allows them to
develop their own software algorithms to display the GVAR data. This training has atso bee
expanded to place similar inexpensive GOES antennas and receivers at many universities to
familiarize students with the concept of remote sensiiitge GVAR stations at Goddard are
distinct from the operational baalp facility which supports NOAA satéh operations. For
operations, the Goddard baak facility falls within the exclusion zone for the NOAA Satellite
Operations Facility in Suitland, Maryland

The NASA Marshall Space Flight Center

The NASAMarshall Space Flight Cent@SFC) earthstation receives GOES GVAR
signals The two GVAR receiving antennas are situated on the roof of the National Space
Scienceand Technology CenteiThese systems provide raahe access to GOES data for
algorithm refinement, product development, and decisupport for the Sheterm Prediction
Research and Transition project at MSHE addition, satellite data from these antennas are
provided to The Weather Channel for use in tropical cyclone imagery analysisalternative
distribution method musecognize current reliability and availability requirements.

Department of CommerceéleteorologicalSatelliteEarth Stations

Wallops Island Virginia, Command and Data Acquisition Station

The Wallops Command and Data Acquisition Station (WAS) is respornible for
ensuring scheduled data flow from NOAA satellites to designated user subsystems. It manages,
operates, and maintains the station. TheDAXS executes spacecraft commands and schedules.
It acquires, maintains, and distributes a continuous flomettorologicakatellite data. The
WCDAS develops and maintains records of performance, analyzes system failures, and
establishes failure trends and implements corrective acliba WCDAS prepares and issues
reports on system anomalies, maintains@tatonfiguration control, and ensures operator and
maintenance crew proficiency. TWCDAS plans, designs, and implements system
modificationstestingandevaluatingnew systems and techniques. ThEDWAS assists in
developing emergency procedures to gaged spacecraft health and safety; and executes
emergency plans independently in the event of a communications outage with the NESDIS
Satellte Operations Control Center.
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Fairbanks Alaska Command and Data Acquisition Station

TheFairbanks, Alaska Commad and Data Acquisition StatioRCDAS) contains
antennas, electronic equipment, and support facilities that were designed to provide radio
communications with satellites observing Earth. Due to its location at high latitude, the
FCDAS is weltpositionedsuchthat lineof-sightconditions existith polarorbiting satellites as
they converg on the northern polar regioensors aboard environmental satellites collect
massive amounts of data on atmospheric, ocegaaphysicaland terrestrial conddns
throughout the world. The data are storeeéboard thesatellitefor a portion of an orbit, and
then transmitted down to the FCDA®ien the salites pass over the statioRCDAS also
serves as a backup for GOES satellite control and production.

Greenbelt Maryland (Goddard Space Flight Center) Wallops Badf Station

TheWallops BackUp site is located at GSFC in Greenbelt, Maryland. Shesprovides
a single stringf continuous GOES satellite systems backup in the evemtari@naly at the
WCDAS. A backup team from tA&CDAS station is prepared to travel to the backup site in
any emergency. The backup site crew can coordinate all satellite operations, prepare spacecraft
schedules, generate spacecraft commands, process sddgdlitandlisseminate products.

Suitland Maryland NOAA Satellite Operations Facility

TheNOAA Satellite Operations Facility (NSOBJyovides environmental data used to
develop weather and climate products, as well as other information products used daily by
industy and citizens across the Nationhis facility plays an important role in processing
satellite data to support meteorology, oceanography, solid Earth geophysics, atersstiral
sciences Data and products from NSOF are used for life and propextging and forecasts by
the NWS and otheiFederal and noffrederal worldwide entities.

Boulder, Coloradq Space Weather Prediction Center

The Space Weather Prediction Cef@WVPC)continual y moni t or s asid f or ¢
space environment; provides accurate, reliable, and usefuttsotestrial information; conducts
and leads research and development programs to understand the environment and to improve
services; advises policy makers and planners; plays a leadexighip the space weather
community; and fosters a space weather services indlBWRPCi s t h es officaltsouca 0
of space weather alerts and warnings.

SWHPCis one of nine National Centers for Environmental Prediction and provides real
time monitorng and forecasting of solar and geophysical events, conducts researchin solar
terrestrial physics, and develops techniques for forecasting solar and geophysical disturbances.
The SWPCis jointly operated by NOAA and the Air Force and is the nationahanrttl
warning center for disturbances that can affect people and equipment working in the space
environment.
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GOESMeteorologicalTransmissionDownlink Signals

Emergency Managers Weather Information Network

The EMWIN is designed to provide vital data te #mergency management community.
N O A ARWS provides a broadcast of live weather and civil emergency information to
computers across the United States, the Caribbean, South Araadaaver most of the Pacific
and AtlanticOceans EMWIN has been madevailable by the NWS in cooperation with
NESDIS since 1995. Since then, the emergency management community has had immediate
access to information pertaining to threats from powerful weather events ancetieflagerious
civil disasters.Emergency infamation using theenter frequency of 1692.7 MH broadcast
via the GOES East and West satellites extending the coverage to the eastern edge of Australia.
This allows the EMWI N signal to cover roughly
both nationally and internationally. In addition, the use of both satellites allows signal
redundancy for most of the continental United St&tes.

TheEMWIN systends primary use is warning the pubéiod to send warning products
and other processed data (graphics and imagery) that are needed by emergency.nii@nagers
flexibility and low cost allows it to be used Byensmallemergencymanagementnits
anywhere in the bited States The warning andveather information is transmitted in digital
form and is customized to meet the needs of emergency managerdata can be received,
demodulated, and displayed on a computer by emergency managers, homeland defense, and the
general public.The systenis typically used to trigger sirens, pager networks, cell phones and
other means of communications used by emergency manadany. users of these systems are
mobile in naturei(e.,Red Cross response trucks) and are able to easily make use of the EMWIN
signal. The receiver dishes do not require stowing during high winds, allowing the system to be
used during severe weather events, including hurricanes. In addition to very fast priority driven
weather warning products, EMWIN also provides rapid dissatmoim of forecasts, graphics, and
imagery to aid in increasing lead times for emergency managers. EMWIN not only provides this
data but does so in a manner that can continue to work during and following disaster conditions
when nonrsatellite forms of comuomication are unavailable. Furthermore, the inherent
redundancy of the GOES satellite constellation means that EMWIN can continue to operate after
the failure of one of the satellites. These attributes allow deaisaking to be more accurate
and resposive for warning and possibly evacuating communigasjnglives and property.

The NWS gathers live weather and emergency information from NWS forecast offices
via the Telecommunications Gateway, which is a message switching center linked via redundant

% The 16751710 MHzband frequencies make iwgll-suiteddelivery systenfor mobile uselue to the
characteristics that provides such as minimal rafade, small dish size, and availability of affobtlareceiver
components. The EMWINelivers weathewarnings in all weather conditionsAn inverter and automobile battery
are all that are necessary to powerEMWIN system for hours so as to receive the GOES satellite data stream.
However, NOAA did not compare other transmission frequencies.
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fiber optic channels to other major network nodes that provide the EMWIN system and other
sources across the globe with weather watchasjings,and forecasts. The EMWIN system

then broadcastselected and prioritized dat&atellite downlink enables eis to access the

EMWIN data stream ofredl i me weat her i nformation anywhere
GOES satellites. Today, the service is transmitted from the GOES satellites using 1692.7 MHz.

As a result of the auction of 169510 MHz, NOAA will relocate the GOER era EMWIN

downlink transmission planned for 1697.4 MHz to a frequency below 1695 MHz

Low Rate Information Transmission

ThelLow Rate Information Transmissi¢hRIT) is a global ggnal supported by
European Organization for the Exploitation of Meteorological Satellites (EUMETSAT), Japan
Meteorological Agencyand NOAA. The U.S. LRIT service provides visible and infrared
sectors as well as full disk imeay to support users from 70°NFPS from 15° W to 170E. The
service also includes selectegteorological and oceanograpbltarts, insitu observationsand
emergency warning informatiorhe NOAA LRIT system provides digital data, via a broadcast
service, through its geostationasatallites. NOAA operates an LRIT broadcast on its GOES
East ad GOESWest satellitesOn the GOESR series of satellites, the broaddastxpected to
merge with the EMWIN service.

The LRI'T broadcastés primary ughe is to sup
Caribbean, Central & South America amdthe Pacific Basin, to the principle population
centers and outer islands of the Small Island Develdpiatgs (SIDS) member countries.
Il ncluded in the LRIT service ar&®EMWINe GOES DCS
broadcasts. In addition to the Pacific Tsunami Warning Center, SIDS member countries are able
to receive the same tsunami warnifigen the DCS and EMWIN systerv& the LRIT. In
Central & South America, including the Caribbean region, LRITaguthmary source of satellite
data necessary for heavy precipitation monitoring, flood warnings, and general forecasting.

GOESRebroadcast

The GOESRebroadcastGRB) will begin on GOESR, replacing the current GVAR
(GOESVariable) system and provide usevih a variety of enhancedata and products at a
much higher data ratejgproximately31 Mbpsas compared to the current data rat2.tf
Mbps), including a stream of GOHESprocessed instrument data, other NWS products and
related information to the wteer research and Earth sciences community.

High Rate Information Transmission

The High Rate Information TransmissigHRIT) is simply an enhanced replacement of
the current LRIT on the current GOES satellites and will be initiated on GOEBhe data rat
will be 400kbps instead of the current 256 kbps.
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Multi-use Data Link

The Multi-use Data Link(IDL) datais received at the Spacecraft Operations Control
Center as an independent data link. Theseisatacessed by the Spacecraft Support Ground
Sysem and used for diagnosing dynamic interactions among the instruments and the spacecraft.
The MDL is also received by tf@VPCin Boulder Colorado for ingest ofSXI and SEM data.

Sensor Data

The Sensor Data downlink the 1673.41678.6 MHz bandontains the raumagerand
Sounderdata collected by sensors onboard the spacecraft. Without theshel@avould be no
images to track hurricanes or monitor the rapid development of severe storms that may develop
into destructive tornados. This dataeam is the basis of many of the satellite products
produced continuously and available for publkse andy private companies.

Data Collection Platform Report

TheData Collection Platform Repoi®CPR) transponder is a bepipe, i.e., receiving
signds from the DCP# 401.7402.4 MHz, then translating these data to a new frequency band,
amplifying, and transmittingn the spaceo-Earth direction usinghe 1694.5 and 1694.8IHz
frequenciesbut with no other processing.

Command and Data Acquisitiore[Emetry

The GOES telemetry and command subsystem provides the functional interface between
the spacecraft and ground command and control. It is composed of both radio frequency and
digital (baseband) segments. Telemetry parameters describing thecstafiggiration, and
health of the spacecraft payload and subsystems are downlinkedtonttmeand and Data
Acquisition (CDA) station and sent to tiatellite Operations Control Cente€ommands are
received onboard the spacecraft for controlling miseperations and managing expendable
resources.

GOES Data Collection System Service

The GOES DCS is a system for collecting and transmitting environmental data from
remote platforms via governmeoivned andoperated geostationary satellitadsers are
composed of many Federal, State, and local agencies required to monitor environmental and
Earth resources for a variety of purposé&sese purposes include; meteorological analysis and
forecasting, river forecast, tsunami warnings, flood warnings, reservoir management, dam
monitoring, water quality monitoring, fire potential, navigation, irrigation control, seismic
monitoring, and othdnighly variable phenomena where observations must be collected
frequently and in regime. The GOES DCS provides near riahe access to data, and is used
by state local, and emergency managers in the United States and in nearby nations to provide
eaty warning of natural and mamade disasters that threaten life and property. Monitoring sites
to warn of floods, fires, tsunamis, hurricanes, tornadoes, and dam breaches are only a few of the
applications of the system. The GOES DCS is consideredatiriticastructure for NOAA
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(NWS and National Ocean Service), US®®D, the NIFC, the Bureau of Land Management,
the National Forest Service, and international hydeteorological agencies in Canada, Mexico,
Central America, South America, the Pacifie tharibbean, all around the western hemisphere.

The GOES DCS system represents user requirements defined by the deployment of more
than 30,6(2)7003CPsfr0m Africa westward to eastern Australia. The primary users of the GOES
DCS aret

Department of Interior Bureau of Land Management
Department of Interior U.S. Geological Survey
Department of Interiofr Bureau of Reclamation
Department of Interior National Park Service
Department of Interioi Bureau of Indian Affairs
Department of Interior U.S. Fish and Wiltife Service
International Boundary and Water Commission
Department of CommerdeNational Weather Service
Department of CommerdeNational Ocean Service
Department of DefengeU.S. ArmyCorps of Engineers
Department of DefengeU.S. Air Force

Department of DefengeU.S. Navy

U.S. Environmental Protection Agency

Tennessee Valley Authority

U.S. Department of Agriculturie Agricultural Research Service
U.S. Department of Agriculturie Forest Service

Too Joo Joo Too Too Too Too Too oo Too Too o o o o To

The GOES DCS is vital to the operation of sevEealeral agencies to reduce loss of life
and minimize property damage. The USGS uses the GOES DCS to transmit stream gauge
information for flood warning and obtain seismic observationsamhe aviation industry of
volcanic eruptions.These observations are critical for air traffic safety. In addition, USGS
obtains data on earthquake location (size and strength). The Pacific Tsunami Warning Center
uses this data to provide tsunami mh@tion to countries and islands of theife basin and the
Caribbean.

NOAA operates a ground system at the WCDAS in Virginia, and is in the process of
completing the installation oft@zackup siten Suitland Maryland Data from these sites are
distributed to users in various ways, including rebroadcast to a satellite amaltimtrthrough
the Internet.Many users whacces®CS data for emergency warnings and emergency
management also receive data directly from the NOAA satellites, due to tbal cratiure of
their responsibilities.

2" Over 500 orgaizations, government agencies, and representatives of government agencies operate the GOES
DCs.
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High Resolution Picture Transmission

The HRPT data from the NOAA polarbiting satellites provides regional data for the
assessment of agricultural and forestry vegetation, the determination of sea and land surface
temperatures, identification of snow and clouds and aerosol detection. The HRPT data stream
also includes noimagery data from other instruments on board the spacecraft. Due to the
higher resolution of the HRPT imagery.X km in the visible band), arttie additional spectral
channels of information, direct readout users often prefer this data stream, particularly where
guantitative analysis is involved. The HRB3tais critical for volcanic ash detectionThe
National Hurricané&Centeruses this serge and part of the regional operations when a tropical
storm is approaching landfall. The NOAA oceanographic centers rely on the HRPT for critical
data about the ocean surface to support marine research. Theddfpiovides sea surface
temperatures tal to the fishing industry and seafarers. The HRRfRis vital for monitoring
ice flows or ice sheets. Mariners require this data to navigate ice sheetGredheakes and
other navigable water wayd.hisreattime data are critical to forecasts and warnings, whether
on land or at sea. HRRiataalso containsatellitetelemetry data and is used to track the
satellitewhenit is within sightof the Climate Data Assimilation SysterftDAS) sites at
Wallops kland Virginia and FairbanksAlaska Once the CDAS acquires thatellite the
mission science data stored-board thesatellites are dowtinkedin the16751710MHz band
The data downloaded includes low resolution imagery data known as Global dveage
(GAC) and high resolution imagery data known as Local Area Coverage) (LR satellite is
in view of the earth station for approximately 12 to 15 minufdsee GAC and LAdmagery
datais recorded at the CD#\and then raistributedt o N O A OB gost bbStact. HRPT data
is alsosent reatime during the satellite contact to NSOF since it contains the telemetry data and
is required for monitoring and commanding #aellite The high resolution HRPT data is
available to direct readout userg@al time via their own receive terminalNOAA acquires
HRPT data from the 5 protected sites.

Processedata Relay GOES Variable

The GOESProcessed Data Reldl?DR) data transmission format, referred to as GVAR
is primarily used to transmit Imager and Sounder meteorological Hatkso includes telemetry,
calibration data, text messages, spacecraft navigation data, and auxiliary products.

Joint Polar Satellite System

NOAA will be responsible for managememidaprocurement of the satellites and
instruments associated witbllecting data duringhe afternoon orbit, which is most critical to
analysis ofweather and climateNOAA will contract withNASA to accomplish some of these
tasks. TheEUMETSAT (satellies) will be responsible for the midorning orbit while NOAA
will continue to operate in the afternoon orbithe DOD will be responsible for the morning
orbit that is critical to national defensBlOAA will continue its successful partnership with the
Air Force by managing the ground systems development and operations of the Air Force
satellites. The restructurddint Polar Satellite SystedKS$wi | | continuesto add
requirements to pwvide global environmental data used in numerical weather prediction models
for forecasts, as well as provide space weather observations, search and rescue detection
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capabilities, and direct reamut and data collection products and servicd=etteral anchon-

Federal usersData and imagery obtained from the JPSS will increase timeliness, accuracy, and
costeffectiveness of public warnings and forecasts of climate and weather events, thus reducing
the potential loss of human life and property and advarttie national economy.

Meteorological Aids (Radiosondes) Operations

In the 16751683 MHz portion of the 1675710 MHz band, NOAA, DD, the
Department of EnergyDOE), and NASA operate radiosonde systems inMleeAids service. A
radiosonde is an expendalelectronic sensing and data transmission probe that is carried aloft
by a balloon to collect atmospheric data (temperature, pressure, and humidity). A radiosonde
may also be carried by a rocket as a rocketsonde, or dropped by parachute (usually from an
aircraft) as alropsonde.The data from the radiosonde is used in forecasting models to predict
weather events such as tornadusg] tropical cyclones. The radiosonde systems perform
measurements of the atmospheric pressure, temperature, and relatigiyhurhe wind speed
and direction is determined using radio frequency direction finding measuring the azimuth and
elevation angle of the radiosonde with respect to the receiving antenna or for newer systems,
using an orboard Global Positioning Systemceiver to transmit speed, course and position
data. Radiosonde observations are conducted by the NOAA/NWS at 87 receive sites within the
U.S. and its possessions and are an integral part of the Global Observing Zystem.
radiosonde transmitters deainched at least twice per day, each transmitting for approximately
2.5 hours per flight? Additional launches are made at individual sites based on local weather
conditions. Additional launches account for an approximate 10 percent increase indhle typi
number of operationdunches.Areas that are prone to hurricanes and severe weather events
operate with additional launches as neces¥ary.

Federal Meteorological Earth Stations

The Federal agencies operatesignificantsites that receive the leame meteorological
data directly from the NOAA satellites the 16751710 MHz band Along with these
significantsites, there are other Federal agencies using NOAA satellite data including DOD,
Department of Homeland Security (DHS), DOI, NAS¥epartment of Transportation /FAA,
U.S. Department of Agriculture (USDA), and DOE. Four of these receive earth station sites are
used for the command and control of the POES and GOES satellites (Faiflaskg Wallops

% The Global Observing SystefiGOS)is acoordinated system of methods and facilities for making meteorological
and other environmental observations on a global secalepport of all World Meteorological Organization (WMO)
programsthe system is comprised of operationally reliable surbssel and spacéased subsystem3he GOS
comprises observing facilities on land, at sedhe air and in outer spac&hese facilities are owned and operated
by the Member countries of WMO each of which undertakes to meet certain responsibilitiegireéueghobal
scheme so that all countries can benefit from the consolidated efforts.

# Radiosonde launches take place twice per day, at approximately 00:00 and 12:00 Coordinated Universal Time.

3%1n addition to the radiosonde receive sites in the UnitateSthere are 41 launch sites in Canada, 13eixidd
and one in Puerto Rico.
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Island Virginia, Suitland Maryland and GreenbeltMaryland. The GOESR system will have

its primary location and function at Wallops IslaMirginia with backup capabilities at a new

facility in Fairmont West Virginia For GOES satellites, the radata is prgprocessed with

calibrated and navigated information from these primary receiving earth stations and is
transmitted back to the satellites fofme@adcast to Federal and nbaderal receiving earth

stations in reatime (secondslising the center frequencies 1685.7, 1691,0,1&92.7MHz.

The POES satellites broadcast local high resolution meteorological, HRPT, ddimectal any
receiving station within view as the satellite passes overhead. The POES satellites do not store
high resolutiordata, so data that is not catd as the satellite passes-ot#wiew at any
particularreceive statioms lost. The HRPT data is used in the generatioreaf reatime

weather forecasts and hazard warnings that are then broadcast over television and radio stations
throughout the aantry. Table3-2 provides the34 critical sites that Federal agencies operate in

the upper 20negahert£16901710 MHz) andrable3-3 shows18 critical sites operating in the

upper 15megahertportion (16951710 MHz) of the 1678710 MHz band.
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Table 3-2. Significant Locations for Federal MeteorologicalSatellite Earth Stations (16901710 MHz Band Segment)

Agency Center Frequency (MHz) Earth Station Location Latitude | Longitude | Function (Receiver)
DOC 1694/1698, 1702.5, Wallops IslandVirginia | 375645N | 0752745W | Primary CDA/HRPTDRGS
17071694.5, 1694.8
DOC 1694/1698, 1702.5, 1707 Fairbanks Alaska 644814N | 1475234W | Primary CDA/HRPT
DOC 128}1:2,7%19?%/ 1692176857 | g jitjang Maryland 384900N | 0765100W | MDL*LRITYEMWIN® GVAR'/DRGS
DOC 1698, 1702.51707/1685.7 Miami, Florida 254700N | 0801900W | HRPT/ GVAR
DOC 1681.478/1685.7 Boulder, Colorado 400054N | 1051614W | MDL/GVAR
DOC 1696.3 Fairmont West Virginia 392606N | 0800833W | Future GOESR BackupSite (CDA)
DOI 1694.5, 1694.8 Sioux Falls South Dakota | 434406N | 0963732W | DRGS
DOI 1694.5, 1694.8 Sioux Falls South Dakota | 434418N | 0963737W | DRGS
DOI 1698, 1702.5, 1707 Sioux Falls South Dakota | 434409N | 0963733W | HRPT
DOI 1694.5, 1694.8 Boise Idaho 463653N | 1161508W | DRGS
DOI 1694.5, 1694.8 Boise Idaho 433438N | 1161240W | DRGS
TVA 1694.5, 1694.8 Knoxville, Tennessee 355758N | 0835513W | DRGS
DOC 1698, 1707 Bay St. Louis Mississippi | 302204N | 0892717W | DRGS
DOI 1694.5, 1694.8 GuaynabgPuerto Rico 182544N | 0660685W | DRGS
NASA/DOC | 1694/1685.7 gOddardSpaceF"ght 390500N | 0764600W | GOES Backup CDA/NASA (GVAR)
enter GreenbeltMaryland
MarshallSpaceFlight
NASA 1685.7 Center H‘E‘fnsvi”egAlabama 343842N | 0864029W | NASA (GVAR)
DOD 1694.5, 1694.8 Cincinnatj Ohio 390608N | 0843036W | DRGS
DOD 1694.5, 1694.8 Rocklsland lllinois 413104N | 0903346W | DRGS
DOD 1694.5, 1694.8 St. Louis Missouri 383526N | 0901225W | DRGS
DOD 1694.5, 1694.8 Vicksburg Mississippi 322123N | 0905129W | DRGS
DOD 1694.5, 1694.8 SacramentoCalifornia 383459N | 1212939W | DRGS
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Table 3-2. Significant Locations for Federal MeteorologicalSatellite Earth Stations (16961710 MHz Band Segment)
(continued)

Agency Center Frequency (MHz) | Earth Station Location Latitude | Longitude | Function (Receiver)

DOD 1694.5, 1694.8 Omaha Nebraska 411532N | 0955520W | DCPR/DRGS

DOD 1685.7/1694.5, 1694.8 Offutt Air ForceBase Nebraska | 411532N | 0955400W | GVAR/DRGS

DOD 1698, 1702.5, 1707 Anderson Ar Force BaseGuam | 133452N | 1445528E | HRPT/International Polar

DOD 1698, 1702.5, 1707/1685.] i:g‘sigdorf Ar ForceBasg 610859N | 1492812W | HRPT/International Polar/GVAR

DOD//DOC 1698, 1702.5, 1707/1685.1 ch_kam, Ar ForceBaséKaeqa 21190 | 157552W HRPT/C_;VAR/Interna_tlonaI Poléar
Point, /Pearl Harbor, Hawaii International geostationary data

DOD 1698, 1702.5, 1707/1685.7 Norfolk, Virginia 365359N | 0761759W | HRPT/International Polar/GVAR

DOD/DOC 1698, 1702.5, 1707/1685.7 Monterey California 363600N | 1215400W | HRPT/International Polar/GVAR

Stennis Space Center

DOD 1698, 1702.5, 1707/1685.1 Mississippi 302359N | 0893559W | HRPT/International Polar/GVAR
DOD 1698, 1702.5, 1707/1691 | Twenty-Nine Palms California® | 341746N | 1160944W | HRPT/LRIT
DOD 1698, 1702.51707/1691 | CampPendletonCalifornig 331804N | 1172119W | HRPT/LRIT
DOD 1698, 1702.5, 1707/1691 | Yuma, Arizona 323924N | 1143622W | HRPT/LRIT
DOD 1698, 1702.5, 1707/1691 | Bogue-Field, North Caroling 344126N | 0770147W | HRPT/LRIT
DOD 1698,1702.5,1707/1691 | Beauforf South Carolina 322850N | 0804309W | HRPT/LRIT

Table Footnotes:

*Command and Data Acquisition

2High Resolution Picture Transmission
®Direct Readout Ground Stations

“Multi-Use Data Link

®Low Rate Information Transmission
®EmergencyManagers Weather Information Network
"GOES Variable

" Transportable
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Table 3-3.

Significant Locations for Federal MeteorologicatSatellite Earth Stations (1695

1710 MHz Band Segment)

Agency Cente(rl\AFéit)quency Earth Station Location | Latitude Longitude | Function (Receiver)
DOC 1698, 1702.5, 1701 mlﬁ'ﬁf Island 375645N | 0752745W | HRPT
DOC 1698, 1702.5, 1707 Fairbanks Alaska 644814N | 1475234W | HRPT
DOC 1698, 1702.5, 170] Suitland Maryland | 384900N | 0765100W | HRPT
DOC 1698, 1702.5, 170] Miami, Florida 254700N | 0801900W | HRPT
Kaena Point/Hickam
DOC/DOD | 1698, 1702.5, 170] Air ForceBase Pearl | 21190 | 157552W | HRPT
Harbor, Hawaii
DOI 1698 1702.5, 1707 S0Ux Falls South | o5/ 0N | 0963733W | HRPT
Dakota
DOD 16945, 1694.8 | Cincinnatj Ohio 390608N | 0843036W | DCPR/DRGS
DOD 16945, 1694.8 | Rock Islandlllinois | 413104N | 0903346W | DCPR/DRGS
DOD 16945, 1694.8 | St. Louis Missouri | 383526N | 0901225W | DCPR/DRGS
DOD 1694.5, 16948 | Vicksburg. 322123N | 0905129W | DCPR/DRGS
Mississippi
DOD 16945, 16948 | Omaha Nebraska | 411532N | 0955520W | DCPR/DRGS
DOD 16945, 1694.8 | Sacramento 383450N | 1212939W | DCPR/DRGS
California
DOD 1698, 1702.5, 1701 Elmendorf Ar Force 610859N | 1492812W HRPT/International
Base Alaska Polar
DOD 1698, 1702.5,1707] Anderson ArForce | 0o 00\ | 1445500 | HRPT/International
Base Guam Polar
_ . . HRPT/International
DOD 1698, 1702.5, 1707 Monterey California | 363600N | 1215400W Polar
DOD 1698, 1702.5, 170] SE€NNIS Space Centel 5q,a0qy | ggoassoy | HRPTInternational
Mississippi Polar
DOD 1698, 1702.5, 1701 | WentyNinePalms | o\, 2 6y | 116004aw | HRPT
California*
DOD 1698, 1702.5, 170] Yuma, Arizona 323924N | 1143622W | HRPT

Table Footnotes:

! Data Collection Platform Report

" Transportable

Non-Federal Use of the 1678710 MHz Band

The 16751710 MHz band is allocated on apomary basis for Federal and néederal
use for the meteorological aids service and the meteorolegztellite service (spade-Earth)
and is useddr downlinks from weather satellites and radiosondes (weather balloons)

administered by NOAA. NOAA provides these services for weather forecasting, storm tracking,

flood and drought prediction, and similar activities.
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The GOES downlink signals GVAR, LRENd the EMWIN links are transmitted to
Federal and nefrederal users. In the continental United States, EMWIN uses the G&dES
and GOESWest satellites to broadcast the EMWIN data stre®fithin the satellite footprint,
the EMWIN data stream can be eded directly from the satellite for no cost, using a small
receiving dish, an inexpensive receiver, down converter and a personal computer for data
management and display by the general puldlite NOAA indicatesthereare many non
Federal users who §ebn this information from EMWIN provided by the NWS for impending
weather conditions and civilian emergency situatides, {ornado warnings).

The POES downlink signals, HRPT, and Advanced Research and Global Observation
Satellite(ARGOS Advanced Data Collection System (ADCS) are transmitted to Federal and
nonFederal useras well*! In the United States, HRPT data are received at six NOAA Federal
Sites (Fairbanks AK, Wallops Islandirginia, Suitland MD, Miami FL, Monterey CA, and
Kaera Point Hawail) where the data are used for fire and smoke analysis, sea surface
temperature, oil spill analysis, volcanic ash monitoring and more. ARGOS ADCS data are
received at the NOAAites as well aSO other sites worldwide. ARGOS is a unique ldwide
location and data collection system dedicated to studying and protecting the environment.
ARGOS provides worldwide tracking and monitoring from any mobile or fixed station fitted
with an ARGOS transmitter. This includes the tracking of buoyslaatsf birds, fish, marine
and land animals, humanitarian programs (health and food distribution), water level and snow
cover, adventurers and yacht racers, passenger and cargo ships and more. The data are used in
nearreal time from the ARGOS system.

There are many nofrederal users who rely on the HRPT data for use in everything from
weather forecasts and warning processes to crops and vegetation analysis, snoodovgr
and ocean analysis.

Comment Summary, ET Docket No10-123

Overview

The Commis®n recognized that NTIA has preliminarily identified the 14730 MHz
band for possible mobile broadband use. Accordingly, in a Public Notice issued June 4, 2010
(DA 10-1035), the Commission requested information on currentFealeral use of that band
and the viability of the band for mobile broadband use.

Although the 1678710 MHz band is allocated themeteorological aids (radiosondes)
and meteorologicadatellite (spacéo-Earth) serviceand usedby nonFederal entities, the
Co mmi ssslatabse hows no active licensees in the spectrum, since users do not need to

%1 The ARGOSprogram is administered under a joint agreement betN€sRA and the French space agency,
Centre National do6éEtudes Spatiales
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register or receive Commission authorization for their receive sites-FBideral entities such as
universities, private sector weather forecasters and others employ +eckiwtdions for

reception of meteorologicalatellite service downlink transmissions. More than 225 comments
were filed in response to the Public Notice including individuals, companies, domestic
emergency management organizations, and international and foetignal meteorological
organizations includin@mall IslandNationsand smaller countries that rely solely on the LRIT
and EMWIN dat&”?

Utility of the 16751710 MHz Band for Mobile Broadband

ThePublic Notice sought comment on thaility of the 16751710 MHz band for mobile
broadband services, including any pairing, band plan, or other licensing approach that maximizes
this utility. Various large and small wirelessrviceprovidersresponded to the Public Notit®.
Generally, thavirelessserviceproviders urgd the Commission not foreclose the possible
reallocation of the 1755780 MHz band to pair with the 21380 MHz band citing benefits to
its reallocation including the fact that it is internationally allocated for mobiadirand
services, allowing for economies of scale and scope in the development of both infrastructure
and mobile devices. They do indicate, however, that the-18768 MHz band could serve a
viable alternative if the preferred 178380 MHz band is ultintely unavailable.

While the 16751710 MHz bandould be used to provide broadband services, the
commenters cite several drawbacks (particularly in comparison to thel¥350MHz band)
They generally cite difficulties in deploying a paired band plan (particularly with the-BWS
band at 2152180 MHz) that is not harmonized with international spectrum bskeed, several
commenters focus on the prospect that carriers and manufaciureld have to begin
development of U.Sspecific designs tailored to use the band that will not enjoy the benefits of
international harmonizationThey foesee resultinglelays in the development of such
equipment, increased deployment costs, and reggylancertainty impacting the provision of
services.Specifically, they contenthat existing base station infrastructwid require
modificationto utilize 16751710 MHzbandcapable handsetstherebyincreasing costs for
companies that hawadreadydeployed antennas the adjacent barahd limiting the ability to
foster rapid rolout of services in the bantf. However someTDD proponents with experience
in 3rd Generation Partnership Projemtgterm evolution TE) find the 16751710 MHz band
a valuable frequency resource. They note that LTE is able to operate in unpaired spectrum using
a range ofadiofrequencychannel bandwidths up to 28egahertzmaking the 1678710 MHz
band useable by TDD technologi€Ehey recommend makg the 16751710 MHz band
available as an unpaired spectrum block, with technical rules that allow the licensee to use

32 Seesupra n. .

33 Comments filed in response to Office of Engineering and Technology Requests Information on Use of-the 1675
1710 MHz, ET Docket No. 2023, Public Notice, DA 14035 (rel. June 4, 2010), @lable at
http://hraunfoss.fcc.gov/edocs_public/attachmatch/IMAL 035A1.pdf

34d.
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spectrum either in Apairedod or fAunpairedod con
give each licensee the flexibility taitd its system based on consumer demand and the

| i censeeds Opporemntsottlissrecgmimandation argue that adopting it would cause
harmful interference to the Frequency Division Duplex (FDperations in the adjacent A\AIS

band at 1710755 MHz.*®

Current Use of the 1678710 MHz Band

A large number oflomestic and international nétederalusers of the 167%710 MHz
band opposreallocation otheband because of concern about interference to their use of the
band, which, thepelieve,is critical from both an economic and public safety perspective.
These users include universiti€ate transportation agencies, water agencies, EMWIN station
operators, GOES ground station operators, weather information companies, and professional an
amateuweather broadcasters.

For example, th&Vorld Meteorological OrganizatioM(MO) stateghat the data
accessed from the services operating in the -lI62% MHz band play a critical role in saving
lives. TheWMO maintains thathis data are obtained daily dmsed to determine road
conditions, provide warning services for damaging or disruptive weather events, and ensuring
that the engineering of reservoirs, levees, bridges, and other infrastructure systems are accurate
and capable of protectirtge public*

Parties opposed to reallocating the 1:8740 MHz band to mobile broadband also
contend that they cannot confirm that, if the information currently available from the
meteorologicakatellite service were received at only a few receive sites and distribate
terrestrial services, this would be a functionally equivalent substitute for the direct reception of
satellite and radiosonde servic’lp ponent s conclude that -the | actk
ti meo capabilities odignificentlyrcampromise public shietg.t r i but i o

International Use of the 16751710 MHzBand

NOAA supports several internatial programs that use the 16¥610 MHz band. These
programs allow users in the western hemisphere to acquire data from foreign sptcecraft
support their operations. NOAA, as the founding member dEtdwdination Group for
Meteorological Satellitesvorks with othenon-Federal environmentahtellite operators
EUMETSAT, Japan Meteorological Agency, China Meteorological Administraan,s s i a 6 s
Federal Service for Hydrometeorology and Environmental Monitoring, India Meteorological
Department, Korean Meteorological Administration and the WMO to coordinate the frequencies
and equator crossing times for all meteorological spacedrh#.nost critical of these sites is

%d.

3% Comments of World Meteorological Organization (WMO), in response to FCC Putice\E -Docket No. 10
123,Information on use of 1675710 MHz bandfiled June 28, 2010), Annex 1, at 1.
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thegeostationaryantenna in Hawaii collecting JapanesetShtdata. The Japanese satellite
provides critical upstream weather information that greatly improves forecast models for the
United States and local forecast foe tNWS Pacific Region.

17551780 MHz Band

Nationally, the 1758780 MHzportionof the 17551850 MHzbandis allocated on an
exclusive basis to the Federal Government for fixed and mobile services. The majority of
operations within the 1755780 MHz bad also operatacrossheentire17551850 MHz band.
Footnote G42 to the National Table of Frequency Allocations provides for thguabd
accommodation of Federal space command, control, and range andagngygstems for earth
station transmission ithe 17611842 MHz portion of the bart. The 17551780 MHz band
suppots many Federal functions: (&@pnventional fixed microwave communications systems;

(2) military tactical radio relay systems; (3) air combat training systems (ACTS); (4) PGM; (5)
high-resolution video data links, and other law enforcement video surveillance applications; (6)
telemetrytracking,and commanding for Federal Government space systemsludeGlobal
Positioning System@P9 Navigational Uploag(7) data links for shomtange UAVIRPASs and

(8) land mobile robotic video functions (e.g., explosive ordnance and hazardous material
investigations and disposalshhe radio systems supporting these functions are deployed across
the United States The major user of the 1785/80MHz band isheDOD and previous studies
have provided descriptions of systems that opénatieis band® Figure3-3 presents pictorial
represent#on of the functions of major Federal systems supported in the I78% MHz band.

Each of the majocategories of functionis discussed below.

3" There are five discrete SGLS frequencies in the 17A® MHz band.

% Seesupra n. .
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Fixed Microwave

The distribution of pointo-point data and video links are the major Federal functions in
the 17551780 MHz band and both are in the fixed service (i.e., fixed microwave and
transportable, respectivelyfixed microwave networks in the band support backbone
communications systems for many of the Federal agencies. Fixed microwave links are operated
by Federal agencies for voice, data, and/or video communications wihelessservice is
unavailable, excasvely expensive, or unable to meet required reliability. Applications include
law enforcement; emergency preparedness; support for the national air space system; military
command and control networks; and control links for various power, land, watesleatri:
power management systems. Other fixed links include data relay, timing distribution signals,
video relay and video surveillance operations and forensic investigations.

Transportable

Transportable encompagsitarenot limited tothoseuseal by the DOD for radio relay
for nodal communications connections and law enforcement community for covert video
surveillance operations. In most cases, frequency assignments for the covert video surveillance
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operations are authorized f0S&P use, whileassignments for radio relays are mostly confined
to DOD training areas and establishments.

Tactical Radio Relay

The Army, Navy, and Marine Corps operate tactical communications systems in this
frequency band that proviaeitical mid/high capacity, digitaihformation to the battlefield. The
Army operates the MSHCLOS system MSE/HCLOS is now a component of the WINin
this band. The MSEHCLOS system is deployed from the codewvel headquarters to the
maneuver battalions. These systems provideitatigicrowave backbone to link miével and
lower-level battlefield commanders. The system operates like adaigacity cellular telephone
system with highly transportable base statidrsr all DOD systemshe microwave radio
equipment and antennaee transportable and robust for field conditions. Maintaining the
operatorb6s capability to 4nkiequikesfyrequensfieldb | i sh a
training.

The Navy and Marine Corps operate the DWTS in this band. The Navy/Marine Corps
DWTS provides a backbone digital communications capability supporting amphibious
operations and ground combat operations. The system supports command, control and data
transfer from the Marine Expeditionary Force level down to the regimental level. The Marine
Corps element of this radio system provides digital backbone services (voice, video, and data)
for shoreshore and/or shiphore communications links. This radio system is the only
transmission media available to the Marine Corps with sufficient baruvadtarry large
guantities of critical data such as maps, overlays, intelligence pictures, and other data to the
battlefield commanders. The Navy has a gbiphore link of DWTS primarily used for
amphibious operations where most of the critical infaromeflow is from the ship to the landing
forces. Like MSE/HCLOS, DWTS is a tactical system designed to enable microwave links to be
quickly established in support of combat operations and maneuver warfare.

While the Navy/Marine Corps DWTS AN/MR€42 andAN/SRG-57 tunes from 1350
1850 MHz, the MSE/HCLOS tunes from 138690 MHz, much of the tuning range of these
systems is not available in the United States during peacetime due to tAakleSof
Frequency Allocations. TBeTRR systems require a minimuof 95megahertof contiguous
spectrum for operations and training.

Video Surveillance Operations

The Federal agencies maintain and conduct authorized electronic video surveillance
operations on multiple frequency assignments in the-178% MHz bandd satisfy their law
enforcement requirementSix Federal agencie®HS, Justice, Housing and Urban
Development, Treasury, Agriculture, and Veterans Administration) have US&P frequency
assignments for video surveillance applications, mostly for law esrfeent operationsin most
cases, these requirements necessitate that surveillance equipment bertagtéyor
transportable (although soroperate fronfixed sites), and therefore be lightweight and easily
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assembled; must be concealable, as they atefosawenforcement activities; must be secured
from both physical and electronic detection, as to ensure officer/agent safety. Lastly,
transmission from the equipment must be protected from interception or corruption of data to be
valuable to the lawrdorcement community. One important requirement; however, does not

deal with the equipment but how the frequency assignment is authorized. In this case, the
assignment has to be authorized for use within the US&P to enable the flexibility of the
surveillance operation$.

Air Combat Training and Airborne

The 17551850 MHz bands also heavily used to support telemetry and control
operations. More often than not these operations include airborne platforms and specifically
include ACTS, UAV RPA balloonto-ground systems, missile testing, and PGMCTS
systems include such legacy systems as the Tactical Aircrew Conalbang SystertAir
Combat Maneuvering Instrumentation and newer systems such as P5 CTS/TCTS in varying
degrees of developmentdadeployment. The large geographic deployment of these systems and
the use on high performance aircraft result in large electromagnetic footprints for these systems.
UAV platforms have gained wide acceptance and deployment both within DOD and law
enforcenent agencies such as DidSwell as other Federal agencies with similar requirements
(e.g., oil spill or fire monitoring) Because of its growing importance, far reaclmelligence
surveillancaeconnaissance (ISRapability, and the advent of techogical advancement, the
UAV/RPAh as b e c o melSRsystem fOr@hb foreseeable future; especially, since the
DOD hasimprovedits capabilities The resultingiecessaryraining and operationrgquirements
often result in large EM footprints from tegstems in this band. TINASA carries out its
lighter-thanair program mission in the 178580 MHz band using balloons, ceaircraft,and
ground units.The 17551780 MHz frequency range is a part of the spectrum that the Navy had
chosen fomir-to-groundtelemetry in support of various missiles/weapons tests and evaluations
with areas of operation that include California, Florida and Maryland. P@d&stly movedo
this bandrom 17101755 MHz PGMs increase aircrew survivability by allowing therch of
weapons outside of enemy aatr system threat envelopdecrease enemy collateral damage
due to exacting weapons deliveayd require regulaesting and training in thenited States

As an examplekigure3-4 depicts the contours of nominal raditwe-of-sightdistances
surrounding the many operational training areas where®@Npped aircraft operate. Because
of the large geographareas involvedestablishing protection arefor those operations may
prove difficult*

%9 Note that the number of individual pieces of equipment associated with any assignment could be in the thousands.

“0Seesupra n., at Figure 11
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Figure 3-4. Line-of-Sight Distancesfrom PGMs Operational Areas

Satellite Operations

DOD uses the 1755780 MHz bandor communicatiorinks with newly launched
National Security Spacgatellites. This band isalsousal for command and controlff mission
payloadsmission data retrieval, and -@mbit maneuvering of its many satellites ih@bits
from low earth to geostationary.he Air Force Space Ground Link Subsystamovides
continuous, worldwideommand and control ofationalsecuritysatellites. The information
provided by these satellites to mational level decisicmakers Cambatant Commanders,
Military Services, and national level decisiorakers is crucial to successful execution of our
national strategies. Additionally, other Federal agencies, such as the FAA, NASA, the Federal
Emergency Management Agency, state and Igeaérnments, thprivatesector and the public
benefit from the capabilities of the satellites controlled by this network.

Robotic Video Surveillance Operations

The Air Force operates an analog video surveillance system in the band for explosive
ordinancedisposal (EOD). This system is used for training exercises and in real world
situations. This system is used with suitable robotic devices for the disposal operation in order to
reduce fr i Bkorcegpersohnel tiueing expldsivedordnance detionl or disposal.
The EOD operation entails a video link from a remote controlled robot to the command site to
enable the operator to provide command and control for the robot and, at the same time, monitor
the ordnance or bomb disposal operation.
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35003650 MHz Band

The 35003650 MHz frequency range is divided into the 38800 and 3603650 MHz
bands in théJ.S.National Table of Frequency Allocation$hese two frequency bands include
allocationsto Federatadiolocation and radionavigation servicdherefore, since the bands
represent similar use throughout 358860 MHz band, the 3568600 and 3603650 MHz
bandshave beemddressed as a single frequency band, -3BEDMHz.

Federal Use

This band is critical tOD radar operations for national defense. D@D operats
high-powered defense radar systems on fixed, mobile, shipborne, and airborne platforms in this
band. These radar systems are used in conjunction with weapons control systems and for the
detection ad trackng of air and surface targets.

TheDOD alsooperatsradar systems used for fleet air defense, missile and gunfire
control, bomb scoring, battlefield weapon locations, air traffic co(df®C), and range safety.

Radiolocation Service Systems

Statbns operating in the radiolocation service in 33660 MHz includeDOD radars
used for detecting hostile aircraft and systems used for determining position coordinates rather
than for navigation. Radiolocation systems in this baolide ground, airbos) and shipborne
systems.

The radiolocation systems in this band are ‘pglwvered surveillance radars, which

detect airborne objects. These radars measure target altitude, range, and bearing. Some of the

airborne targets are small and some tangetst e detected@t ranges as great as 300 nautical
miles. Therefore, these radars must have great sensitivity and must provide a high degree of
suppression for all forms of clutter return, including that from Iseal,and precipitation.

The Air Force uses th band throughout the US&P to assist pilots in formation flgind
to support drogzone training. The Navy uses the band for sustaining operations and training to
support shipboard systems. The Navy also uses theZBHEIDMHz band for a fleet air defge
system, and 3408650 MHz for missile and gunfire control systems. The Navy usesianti
search and fire control radars, which have weapons guidance and control functions.

Radionavigation Service Systems

The Navy uses this band for a number of raaiogation purposes, including air
operationsATC, and approach contrdt. Navy operates marshalling air traffic control radar

“ISeesupra n.,at Chapter6The radi onavi gat i oadiodsterminaiion esedifos thedperfoses e d
of navigation, including obstruction warning.?o0
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systems on all aircraft carriers and amphibious assault ships for vectoring aircraft into final
approach. This ATC system alserges as a backup shoange, aisearch radar system. The
Navy shipborne radars operate2infrequencie®r channelshroughout this band.

AN/SPN43C:

The AN/SPN43C ATC radar is the primary emitter in this band for aircraft carriers and
largeamphibious assault shipS8V and LH class ships The AN/SPN43C transmitter output is
1 megawatpeak envelope power, coupled with an antenna with between 33 and §d4iB
making the effective radiated peak radar beam pawproximately2 gigawatts The pulse
repetition rate is 1008z and the pulse width is 1 microsecond.

The AN/SPNA 3 i s the Navyds marshalling ATC
and large amphibious assault ships for simultaneous control and identification of airtimaft i
terminal area (vectoring aircraft into final approach). The AN/ABN is a twedimensional,
air traffic control, airsurveillance radar system that provides for simultaneous control and
identification of aircraft within own ship area of respon#iail The AN/SPN43C has two sets
of transmitters (modulators), receivers, and their associated power supplies; the second set
provides an immediate dime backup capability in case of either a transmitter or receiver
equipment failure. The AN/SRBBC isused in conjunction with other shipboard systems for
the marshalling and tactical deployment of aircraft. The AN/EB(® is also used in
conjunction with the carriecontrolledapproach radar for aircraft landing operations. In
addition to the above, ¢h AN/SPN43C serves as a backup shamge, aksearch radar system.

The AN/SPN43 provides azimuth and range information from 50 miles to a minimum
range of 250 yards at altitudes from radar horizon to 30,000 feet. Special indicators in the
Carrier Air Traffic Control Center enable operators to direct aircraft along a predetermined
azimuth to a point approximately ocaearter mile from touchdown. At this point, the aircraft is
Ahanadfefdd to the final approach ¢ oR\#42. dHel er
AN/SPN-43C is a coherent receive radar system with a pulsed magnetron transmitter.

rad

wh o

The AN/SPN43 radar antenna is mounted at a high point on the ship platform to provide

the greatest signal detection range.

The AN/SPN43C ATC radar routinelpperates in and around Naval ports and in close

proximity to US&P coastlines to support all aspects of Naval aviation. In addition, three systems

are operated on land in the USA,; 1) In Service Engineering Agent, Naval Ala&/&enter
Aircraft Division St. Inigoes Maryland 2) In Service Engieering Agenfascagoula
Mississippj and 3) Naval Air Technical Training Command in Pensadét@ida Per US
footnote 348, the FCC shall coordinate all +k@deral operations in the 363000 MHz band
within 80 km of these sites with NTIA on a calsg-case basis due to the reallocation of 3650
3700 MHz under the Omnibus Reconciliatidat of 1993.
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U.S Air Force Airborne Station Keeping Equipment

U.S. Air Force Station Keeping Equipment (SKE), ased to enhace flight safety as
well as facilitate the management of cargo rrsitiip formations. SKE formations can range in
size from a single twship element to mukelement formations. The operator selects the
desired formation position prior to takeoff aia ISKE system uses pulsed radio frequency
signals to maintain that position. SKE is installed on cargo aircraft

The Zone Marker and the Miniaturized Zone Marker are operated in conjunction with
SKE equipment.The Zone Marker is a groustlthsed transceiver used to provide a ground
reference point to enhance aircraft navigation

AN/SPY1 (A,B, D, and D(V))

The AN/SP¥1B/D/D(V) is a multifunction, passive phasatay radar capable of
search, automatic deteatiatransition to track air and surface targets, and missile engagement
support for all AEGIS guided missile cruisers (CG 47 Class) and destroyers (DDG 51 Class).
The AN/SP¥1 is also used to detect, track, and engage ballistic missiles on select AEGIS
cruisers and destroyer§.he CG 47 and DDG 51 Class ships have four antenna array faces.
When operating in ballistic missile defense mode, the ANf&R&quires use of all 10 channels
simultaneously in high power (i.e., the entire contiguous &8I MHz land is utilized).

Future Navy Maritime Radars

There are also two advanced radars being developed for all future aircraft carriers,
cruisersand destroyers that utilize this portion of the spectrum

The DOD GrouneBasedRadar

DOD has two mobile ground bed radar systemfne (GB1) radar is specifically
designed to locate the firing positions of both rocket and mortar launcheessystem has been
tested and has been accepted by the DGB-1 radar systems will replace the aging medium
range radars moin theD O D @ngentory. GB-1 radarincludes a number of improvements,
including 360 degree coverage capability instead of the currantl 80rdégseeapability The
Army operate$sB-1 radarat many locations within the U.$owever, the sites requiring
protection exclusion zongsovided inTable3-4 was limited to the locations where the radar
requires use of its full tuning range. Tiaelar does not require use of the upper portion of its
tuning range at the many other locatio@ound Based Radar Thré@B-3) is a multifunction
system that provides surveillance, air traffic control and fire quality data. These radar systems
will alsore pl ace aging syBvemtarys now i n DOD®G

Locations for GroundBased Radair 1 and 3are providedn Table3-4.
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Table 3-4. Ground-Based Radari 1 and 3Installation Locations

GB-1 Installation Name
Fort StewartGeorgia
Fort CarsonColorado
Fort Hood Texas
Fort Riley, Kansas
Fort Polk Louisiana
Fort Knox Kentucky
Fort Drum New York
Fort Bragg NorthCarolina
Fort Wainwright Alaska
Fort Lewis Washington
White Sands Missile Range
Yuma Proving Ground
Fort Irwin, California

GB-3 Installation Name
MCB Camp Pendleton, &lifornia
MCAS Miramar, @Glifornia
MAGTFTC 29 Palms, @lifornia
MCMWTC Bridgeport, G@lifornia
MCAS Yuma, Aizona
MCB Camp Lejeune, brth
Carolina
MCB Quantico, \frginia
MCAS Cherry Point, Mrth
Carolina
Bogue Field, Mrth Carolina
MCAS Beaufort, $uth Carolina
Virginia Beach, \irginia
Fort Worth, Texas
Cheyenne, Woming
Ft Sill, Oklahoma
Aurora, Mlorado
Pensacola, Florida
Ft Bliss, Texas

Non-Federal Use

The band 350@650 MHz is allocated to the radiolocation service on a secondary basis
for nonFederal use. The 36685H50 MHz band is allocated to theed-satellite (spacéo-Earth)
service on a primary basis for néederal use. In the band 368650 MHz (spac#¢o-Earth),
the use of the neRederal fixedsatellite service is limited to international inrt@ntinental
systems and is subject to cdsecase electromagnetioanp at i bi | i ty @ podck ysi s.
for these bands is codified at 47 CFR 2.108.
applies in the 3563650 MHz band.
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42004220 MHzand 43804400 MHz Band

Aeronautical Radionavigation Service

The 42004400 MHz band is internationally reserved for radio altimet&€fsese devices
are installed ogovernment and civil aircraft. The altimeters operate continually during flight,
wherever the aircraft may travel. A radio altimeter is used to determine the altitude (height
above terrain) of the aircraft for visual display to the pilot and for useebfatomatic Flight
Control System during automatically controlled approaches and landings. The radio altimeter
transmits radio frequency signals toward the ground and times how long it takes them to be
reflected back to the aircraft receiver. Becausedjpitstanceand time are all related to each
ot her, the altimeter can deerr&@nronwatesarfatehiRadi@ai r cr a
altimeters are an integral and essential for flight navigation. Because of the precision and
accuracy of rdio altimeters at altitudes of 1000 feet or less, they are used as a height controlling
sensor in many aircraft automatic approach and landing systems. In many aircraft the radio
altimeter is directly connected to the Ground Proximity Warning System ughagsigned to
warn the pilot if the aircraft is flying too low or descending too quickly.

Radio altimeters operating in the 428800 MHz band are utilized in aircraft throughout
the Federal Government. The Federal agencies use radio altimetersoah aactinortactical
fixed wing aircraft and helicopters. Lelvel aircraft flights are necessary to supporbdS
fire fighting and search and rescue operatfénghe use of radio altimeters for lelevel flights
may take place anywhere in the Unitedt&s. The U.S. Coast Guard relies on radio altimeters
for sea and land search and rescue operations (e.g., New Orleans during Hurricane Katrina). The
FAA uses radio altimeters during the performance of flight inspections of radio navigational aids
including flight inspection of satellitbased augmentation systemsAM hasusel radio
altimeters for Space Shuttle landiraggdin over 100 aircraft; NASAnayusethem for landing
of future space systemfRadio altimeters are also usedWhVs, tactical wepons(missiles),
and drone targets.

Radio altimeters have to be installed on commercial aircraft that are certified for
Category Il and Il approaches and landii§jRadio altimeters are necessary for an altitude of
2500feet to landing for precision apmches, because they are more accurate than barometric
altimeters. Below 200 feet, a pilot without a radio altimeter relies on Visual Flight Rules.
Above 2500feet, pilots use the barometric altimeter, but they can use the radio altimeter to
validate thébarometric altimeter. Every aircraft needs to use the same reference to maintain

“2\Water and fire retardant dumps typically occur at elevations of 150 to 300 feet above the ground.

“3 For automatic landing systems there different landing categoriesrthdefined in terms of minimum visibility
and decision height.
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vertical separation, so barometric altimeters are used by nearly all aircraft except for Category Il
and Ill landings**

DOI Aviation Management Directorate (AMD), Bojddahowrites the specifications for
aviation contracts that cover well over 1000 aircraft of various sizes. The contract aircraft
supports DOl Bureaus6 wildfire fighting actiywv
DOI AMD also manages contts that support such diverse activities as the US Navy and the
National Science Foundation. The fixed and rotor wing aviation contracts managed by DOI
AMD are equipped by the vendor with radar altimetdrise majority of DOI aviation owned
fleet is reldively small, singleengine piston aircraft and are equipped with radio altimeters.
Besides DOI Bureausdo wildfire activities, DOI
migratory waterfowl, enforce U.S. Fish and Wildlife Service conservatieasurespr monitor
activity and search and rescue to include joint law enforcement operations at National Parks and
other DOl and Tribal landsD Ol 6 s p u b | i are oftex Howmat lsvs (10050 feet
above ground levghltitude for prolonged periods ofite and over relatively uninhabited areas
both within the United State€anadaand Mexico.

TheUSDA owns and operates over 200 fixadd rotarywing aircraft. In addition, the
Forest ServicéFS)typically leases 60800 aircraft every fire seasover half of the USDA
owned aircraft are eriilitary, several of which are still equipped with their military radio
altimeter equipment.

Radio or radar altimeters are operational during all phases of flight, and are also used as a
sensor in ground proxinyitvarning systems. Lovevel flights of USDA s aifcaft are
common forfirefighting operations and for search and rescue operations. Helicopters use radio
altimeters for long line operations. Lead plane Aerial Supervision Module aircraft use radio
altimeters to gauge their height and the height of the airtanker above the drop areas. For
firefighting operations, water and fire retardant drops to be effective typically occur at only 150
to 300 £ of elevation above terraffi. Contracted airtankersarequired by the Forest Service
to carry radar altimeter equipméfitOn smokejumper aircraft, radio altimeters are used for low
level flying to determine proper height above ground for personnel and cargo drops in high relief
terrain (comparing barometraltimeter to radio altimeter). The smokejumpers go oL5@d

“4 A pressure altimeter (also called barometric altimeter), which does not transmit radio frequency signals, is used on
Federal Government, commercial aircraft and on most general aviatioaftair

“5 Forest Service Handbook National Headquarters (WO) Washington, DC, FSH 57B8gts Operations
Handbook Chapter 30 Aircraft Operations 835.26- Congested Area Retardant Operatipaad §35.27 Safe and
Effective Drop Height Fixed WingAirtankers at 22-23, Effective Date March 29, 2006.

“® Forest Service2010 National Exclusive Use Airtanker Service Contraahuary 1, 2010December 31, 2010,
Section J List of Attachments, Exhibit 1 Basic Aircraft Equipment and Fire Equipmeat36, available at
http://www.fs.fed.us/fire/contracting/airtankers/airtanker_contract.pdf
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fed absolute and the cargo at 5@@f These lowlevel flights may take place anywhere in the
US&P. Reliable radio altimeter operation for terrain avoidance and flight safety is imperati
Figure3-5 shows aJSDA Airtanker Fire Retardamrop Mission at low altitude above terrain

Figure 3-5. USDA Airtanker Fire Retardant Drop Mission

The DOD uses radar altimeters in military aircraft and platforms for a variety of missions
to include approach and landing, terrain following, etc. The DOD also employs radar altimeters
on a very large variety of siems to include aircraft, UASs, and missiles as examples. Because
of the diversity in DOD6s mission requirement
platforms.

T he BOdnbined Altitude Radar Altimeter is an-sadllid-stateFrequency
ModulationContinuows Waveradar altimeter system that can operate from 0 to 50640 It
offers inherent low probability of intercept and gatin capability as well as conventional
analogue and digital outputs for aircraft avionic systems. Military flightitrgiis currently
conducted over the routes showrFigure3-6. Units need to be able to train in close proximity
to their base. Fuel cost and time prohibit thatiimg of low level flying to a single region of the
United States. Most military applications use 4300 MHz as the center frequency; however,
certain altimeters that use a center frequency other than 4300 MHz which shifts the occupied
bandwidth and can caa it to overlap (cehannel) with te NTIA proposed guard bands.
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Figure 3-6. Military Flight Training Routes

Standard Frequency and TimeSatellite (Spaceto-Earth) Service

The Federal Government daast operate any systems in the standard frequency and
time-satellite (spac¢o-Earth) service.

Earth Exploration -Satellite (Passive) Service

The Federal Government is not using the 428000 MHz band for passiveissing
operations at this time.

Space Resarch (Passive) Service

The Federal Government is not using the 42800 MHz band for space research
(passive) operations at this time.
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4. Electromagnetic Compatibility Analysis with Federal Systems

Introduction

During the Fast Trackvaluation NTIA considered the 1675710 MHz band for
sharing with the wireless broadband services. Howeluerto large number of
fixed/transportable/mobile nelrRederal meteorologicalatelliteearth station receivers that are
unlicensed, and rely on meteorologicatalfrom weather satellites for public safety and other
weather related activitieB|TIA limited its compatibility analysis tthe 16951710 MHzband?’
Given the time constraints for this Report, and the proximity to the-17%8 MHz band that is
usedfor mobile/portable transmitters, the compatibility analysis for tHf851610 MHz band
will only consider mobile/portable station transmitters and base stations receivers operating in
FDD mode (i.e., mobiles only operating in thé®38710 MHz band). Theompatibility
analysis for the 3508650 MHz band will consider both base and mobile/portable transmitters
and receivers operating TDD mode to assess compatibility with Federal systems

A two-way electromagnetic compatibility analysis will be perforrhetiveen wireless
broadband and Federal systemperating in and adjacenttioe 1®5-1710 MHz and 3503650
MHz bands.The analyses will support the determination of the minimum separation distances
and/or other technical or operational characterisicessary to preclude potential interference
between Federal and wireless broadband systems.

Generally, spectrum can be made available to wireless broadband through segmentation
or sharing. Spectrum sharing entails users authorized in the same spectrum but operating either
nortco-channel (temporal sharing) or nono-coverage (geographical sharjngremporal
sharing of spectrum would require noo-channel, cecoverage operations through careful
coordination among the users, to permit the use of spectrum by one authorized user when that
spectrum is unused for portions of time by another authouged Geographic sharing would
require cechannel, nofco-coverage operations whereby systems authorized to use the same
spectrum would avoid overlapping their service areas. Spectrum sharing could also entalil
operations on a echannel and ceoveragebasis. One method would require the use of
relatively lowpower devices under specific technical and operational conditions to avoid
causing harmful interference to other authorized users. Another example wéi@ddraknd
nonFederalusers accessirtge same infrastructure and devices; interoperability among the
Federaland norFederalusers on common frequencies would also be a possibility.

Spectrum segmentation would entaHalocating spectrum to one or multiple services
and developing servicelas to create a flexible operating environment for wireless broadband.

“”Many of the public safety uses are for mobile or transportabteorologicakatelliteearth station receive(s.g.,
EMWIN), where it is not possible to establish the sharing exclusion zones under consideration in the Fast Track
Evaluation.



Spectrum would be made available to wireless broadband on@oradrannel, nofco-coverage
(exclusive) basis and in this scenario incumbent users would be relocated to alternetiuenspe
or technologies. Because of the bounds of the initial study, candidate bands for wireless
broadband were considered where relocation of incumbent systems would not be required.

Federal SystemCharacteristics

The16751710 MHz band is allocated orce-primary basis for Federal and néederal
use for the meteorological aids service and the meteorolegatallite service (spade-Earth).
Specifically, this band is used for downlinks from certd@AA weather satellites and
radiosondes (weather b@bns) that are admirtisred byNWS.*® NOAA provides these services
for weather forecasting, tracking of hurricanes and other storms, prediction of flooding and
drought conditions, and warning against other hazards to life and propggpendix Apresents
the technical characteristics for the Federal systems operatingli6364710 MHz band.

The band 350@650 MHz is used by military radar sgsts with installations on land, on
ships and on aircraft. In general, the predominant use by mobile radars is on ships and aircraft
while the fixed, lanebased systems are operated atimber of coastal sites, training areas and
test ranges. Functiongipormed include search for nesurface and high altitude airborne
objects, sea surveillance, tracking of airborne objects, and forpunfibse test range
instrumentation.The analysis use@presentative characteristics for lavasedshipborneand
airborne radar systems operating in the band 3880 MHz.*° The analysis will also address
the impact ohigh powemilitary radarsoperatingn the adjacent band amrelessbroadband
sysems in the 3508650 MHz band.

Wireless Broadband System Characeristics

In order to perform the necessary compatibility analysis with Federal sydNéaids,
sought FCGstaffinputto establish the technical parametith whichto characterize the
wirelessbroadband systesn These systems, many of which are in the planning or development
stage, do not have walkefined or universally accepted values associated with every system
parameter.Consequentlf=CC staff relied heavily upon information published in various
wirelessnetwork standards and recommendations. In some cases, assumptions were based on
consultationsvith industryexpertsto identify the equipment characteristics for #iecless
systemgsome of which are not yet developed and deploy&tiese technical enacteristics
will providethe basis for developing tharelessbroadband systeservice rulesvhere NTIA
finds that spectrum can be made available via shatfrigere are changes to the technical
parameters or deployment data for the wireless broadbgmtemsas compared to those used
for the analysis documented in this report, significant actions will be reqUNEIA in

“8 Although not in the immediate adjacent band, NWS requested that theoraitBasansmitters and receivers be
considered in the compatibility analysis.

“9 Representative system characteristics were used due to the sensitive nature of operations in this frequency band.
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collaboration with the affected Federal agencies will need to first determine if impégioe wf
the proposed changes andattetine whether any changesuld potentially create an impact to
Federal systems and determine whether any chaogles sharing conditiorend service rules
are required to protect Federal systerppendix Bsummarizeshe information provided by
FCCstaff, such aghe transmitter, receiver, and antenna characteristics fovité& X TDD

and LTE FDD systems to be used in compatibility studies with Federal systems

Wireless System Deployment Characteristics

A method forportrayingthe wirelessbroadband systewleployment is to distribute the
base and mobile/portable stations over three regions defining the area of the analysis: urban,
suburban, and rat. The urban region refleaterporate and public accesse The suburban
region reflects corporate, public access, and home use. The rural region reflects only home use.
The three regions are assumed to exist within concentric circles as shbiarey-1.

Urbar
Suburba

Rura‘

Figure 4-1. WirelessBroadband System Deployment Regions

Each of the individualegions would be expected to contain various types of structures,
with maximum structure heights varying from one region to the next. This arrangement of the
deployment regions represents the structure of a typical city, with a dense urban core gontainin
structures with greater maximum heights, a less dense suburban region with structures of lesser
height, and a more sparsely populated rural region consisting mostly of residential structures
Table4-1 provides a listing of the parameters that define the deployment ré§ide antenna
heights of the base and mobile/portable stations within the three regions are determined
randomly within a preletermined range elues using a uniform probability distribution.

%0 Using the WashingtqrD.C. metropolitan area as an example, the urban area is defined as a 177 square kilometer
area, which equates to a radarsapproximately 7.5 kilometers.
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Table 4-1. ParametersDescribing the BaseStation DeploymentRegions

Parameter Description Value

Urban Radius Distance from the center of the city to | 10 kilometers
theouter edge of the urban region
Suburban Radiuy Distance from the center of the city to | 30 kilometers
the outer edge of the suburban region
Rural Radius Distance from the center of the city to | 50 kilometers
the outer edge of the rural region

Based on the current use of the 1-A7%5 MHz band for mobile/portable stations, the
compatibility studies in th&6951710 MHz frequency band will considenly mobile/portable
station transmitters and base stations receiversro TDD mode of opettion). The
compatibility analysis for the 3568650 MHz band will consider both base and mobile/portable
transmitters and receivers operating in TDD motable4-2 presents, basexh the information
provided by the FCQhe deployment characteristicswifelessbroadbandystems to be
considered in the compatibility studies for #8951710 MHz and 380-3650 MHz bands.

Table 4-2. WirelessBroadband System Deploymentnformation

16951710 MHz Band
Deployment Region Base Station Radius (km) Base Station Separation (km)
Urban 0.8 15
Suburban 2.41 4.6
Rural 4.02 7.6
35003650 MHz Band
Analysis Area Base Station Radius (km) Base Station Separation (km)
Urban 0.64 1.2
Suburban 1.77 3.4
Rural 3.22 6.1

In terms of sector capacity, which is the average number of mobile/portable stations
operating on a frequencthe analysis will usan average value of 148.A base station
typically has three sectors each 120 degrees wide each with a diffecerency. For each base
station the analysis will assuneetotal of 420 active mobile/portable stations on the three base
station frequencie¥. A frequency reuse factor of B:3 (one site, three sectors, and three
frequenciesyvill be used for the basstations in this analysis.

1 The range of users per frequency can vary betweemd@200. The analysis will us@40asan aerage. For
pico base stations, the analysis will use an average of 60 mobile/portable users per sector.

*2Based on information from thiadustry expertsnobile/portablehandsets will not transmit before thegtecta
control signafrom a base stationDriven primarily by global roaming requirements, the handsets will listen for
control channels. Once they find a control charthely will communicate to determine whether the user has any
rights on the system and wikt according to instructions.
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Types of Compatibility Analysis

The types of analysis to be performed in assessing compatibility betvired¢gssbase
and mobile/portable stations and Federal systems operatingli964710 MHz and 3500
3650 MHz bands arsummarized in Tables3 and4-4.

Table 4-3. Types of Analysis Performed for thel6951710 MHz Band

Metearological Satellite

Transmitter Receiver Type of Analysis

Base Station Co-Frequency Single Entry
Satellite

Fixed and Transportable Earth Co-Frequency Aggregate

Mobile/Portable Stations Stations

Metearological Aids (Radiosonde)

Base Station Co-Frequency Single Entry

Airborne Radiosonde

Mobile/Portable Stations Fixed GrouneBased Radiosonde | Co-Frequency Aggregate

Table 4-4. Types of Analysis Performed for the35003650 MHz Band

Transmitter | Receiver | Type of Analysis
Ground-Based Radar

Radar Base Station Adjacent Band Single Entry

Radar Mobile/Portable Station Adjacent Band Single Entry

Base and Mobile/Portable Stations Radar Adjacent Band Aggregate
Airborne Radar

Radar Base Station Adjacent Band Single Entry

Radar Mobile/Portable Station Adjacent Band Single Entry

Base and Mobile/Portable Stations Radar Adjacent Band Aggregate
Shipborne Radar

Radar Base Station Co-Frequency Single Entry

Radar Mobile/Portable Station Co-Frequency Single Entry

Base and Mobile/Portable Stations Radar Co-Frequency Aggregate

Interference Thresholds

This section describes the criteria usedevelop the interference thresholds for the
compatibility analysis between Federal avicelessbroadbandystems. The interference
thresholds used to assess compatibility are referred to asslonghresholds becautesir
derivationassunes that the nterfering signal levels are present most of the time.
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The interference thresholds)used in assessing compatibility between Federal and
wirelessbroadbanaystems will be determined usiBgjuation 41.:

o % 0 (4-1)
where:
I/N: Maximum permissible interferend¢e-noise ratio at the receiver

intermediate frequency (IF) output (detector input) necessary to maintain
acceptablg@erformance criteria (dB)

N: Receiver inherent noise lelat the receiver IF output refed to the
receiver input (dBm)

For a known receiver IF bandwidth and receiver noise figure (NF) or system noise
temperature, the receiver inherent noise level is given by:

0 ppiQé6 G pmwid 004 GO (4-2)
0 QY pwEYQE G0j0a pw |"E 0 (4-3)
pi & 'O
where:
Bir: Receiver IF bangidth (see equations for units)
NF: Receivemoise figure (dB)
k: Boltzmannoés cdWatts/hizy , 1. 38x10
Ts System noise temperature (Kelvin)

Radar Receivers

Radargeceiversare affected in fundamentally different ways by unwanted signals of
different forms, and an especially shdifference prevails between the effects of continuous
noiselike energy and those of pulses. Continuaase interference of a noidi&e type inflicts
a desensitizing effect on radaceives, and that effect is predictably related to its intensity.

Within any azimuth sectors in which such interference arrives, its power spectral density can, to
a reasonable approximation, simply be added to the power spectral density of Hsystatar
thermal noise. If the rad@ystem nois@owerin the absence afiterference is denoted By

and that of noiséike interference by, the resultant effective noise power becomes simplix.

Radarprotection criteriabased on the penalties incurred to maintain the taegetn
signatto-noise ratio in the presenoéthe interferencagequirethat the targeteturn power be
raised in proportion to the increase of noise power fbim | + N. Thus, meeting protection
criteria in the presence of interference requires acceptarst®dér maximum ranges on given
targets, sacrificing observation of small targets, or modifying the radar to give it a higher
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transmitter power or poweperture product. In modern radars, receigggtem noise is
usually already near an irreducible minimum and neagplymum signal procesng is becoming
commonplace.

These penalties vary depending on the function of the radar and the nature of its targets.
For most radar systems, an increase in the effective noise level of about 1 dB would inflict the
maximum tolerable degradation on merhance. In the case of a discrete target having a given
average or median radar cross section (RCS), that increase would reduce the detection range by
about 6 percent regardless of any RCS fluctuation characteristics that target mighihave.
effectresults from the fact that the achievable fspace range is proportional to the fourth root
of the resultant signdb-noise power ratio (SNR), from the most familiar form of the radar range
equation. A 1 dB increase of effective noise power is a fa€thb26 in power, so it would, if
uncompensated, require the fig@ce range from a given discrete target to be reduced by a
factor of 1/((1.26Y%, or 1/1.06 (e.g., a range capability reduction of about 6 percent). In the
range equation, the SNR isaldirectly proportional to transmitter power, to powaperture
product (for a surveillance radar), and to target radar cross section. Alternatively, therefore, the
1 dB increase of effective noise power could be compensated by forgoing detectiortsf targ
except those having an aver&€S1.26 times as large as the minimisime target that could be
detected in the interferendee regime or by increasing the radar transmitter power or its power
aperture product by 26 percent. Any of these alterretss/at the limit of acceptability in most
radar missions, and the system modifications would be costly, impractical, or impossible,
especially in mobile radars. For discrete targets, those performance penalties hold for any given
probability of detectiorand falsealarm rate and any target fluctuation characteristics.

The desensitizing effect on a radar system from other services of dikeisedulation
such as those from thdrelessbroadbandystems is predictably related to its intensity. In any
azimuth sectors in which such interference arrives, its power spectral density can, to within a
reasonable approximation, simply be added to the power density of the radar receiver thermal
noise. In this compatibility analysis, the interference threslwlthe radar is based on an I/N
criterion of -6 dB>3 An I/N of -6 dB corresponds to a 1 dB increase in the receiver noise. The
interference level is based on the aggregate interferencenir@tessbase and mobile/portable
transmitters Table4-5 providestheinterference thresholds ftie grounebased and shipborne
radar systems.

%3 |International Telecommunication Unidgtadiocommunication Sector, Recommendation-RW.14611,
Procedures for Determining the Potential for Interference Between Radars Operating in thel®adioination
Service and Systems in Other Servi@@902003), at Anng 1.
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Table 4-5. Interference Thresholdsfor Radar Systems

Radar Type Receiver Noise I/N Criteria Interference
Level (dB) Threshold
(dBm) (dBm)
GroundBasedRadari 1 -103 -6 -109
GroundBased Radai3 -96 -6 -102
Shipborne Radar 1 -108 -6 -114
Shipborne Rada® -95 -6 -101
Shipborne Radar3 -94 -6 -100

GroundBasedRadari 2 is used in conjunction with Airborrigadari 1 and Airborne
Radari 2 as part of an aircraftositioningsystem. Unlike typical target trackimgd search
radars these systems receive high desigials and as such are not ndisgted. Table4-6
provides he interferencéhresholddor these radar systems.

Table 4-6. Interference Thresholdsfor Radar Systems

Radar Type Receiver Noise I/N Criteria Interference
Level (dB) Threshold
(dBm) (dBm)
GroundBasedRadari 2 | -100 15 -85
AirborneRadari 1 -92.5 30 -62.5
Airborne Radari 2 -100 40 -60

AirborneRadari 1 and 2 and their associated ground component system GBased
Radari 2 are interference limited systems (as opposed to noise limited systems) so the
interference thresholds were calculated differen@pnsidering the specified receiver sensitivity
criteria, other technical parameters, and the Airb&aéari 1 and AirboneRadari 2 received
signal level from another like device operating 10 nautical miles apart (i.e., its maximum
designed range), the I/N Threshold was calculated #&®lo for AirborneRadari 1 and 30 dB
for AirborneRadari 2 system Inasimilar manner, the I/N Threshold for the associated ground
components was calculated to be 15 dB, when useahjunctionwith the AirborneRadari 1
and AirborneRadari 2 systems.

Radiosonde Station Receivers

The radiosonde receive stations are typically molsterable to interfemace at the
maximum slant range of operation and thus the interference criteria must be established to
protect this case. A loAgrm interference threshold €if22.6 dBm for radiosonde receive
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stations has been established in {RURecommendation RS.126R>* This is approximately
equal to an I/N o6 dB.

Meteorological-Satellite Earth Station Receivers

The analysis will use aiiN of -10 dB, corrgpording to a 0.4 dB increase in the receiver
noiseto establish the interference thresthfor meteorologicakatelliteearthstation receivers

WirelessBroadband Receivers

The analysis will use aiiN criterion of -6 dB, corresponding to a 1 dB increase in the
receiver nois¢o establish the interference thresholdiorelessbase and mobile/portable station
receivers. The interference thresholdvarelessbroadbandeceiers is based on average
power.

Table4-7 provides thenterfererce thresholds for the&irelessbroadbandeceivers
operating in TDD mode.

Table 4-7. Interference Thresholdsfor TDD Wireless Broadband Receivers

Receiver Bandwidth(MHz) Receiver Noise I/N Criteria Interference
Level (dB) Threshold (dBm)
(dBm)

Base Station

4.75 -104.2 -6 -110.2

9.5 -101.2 -6 -107.2

19 -98.2 -6 -104.2

Mobile/Portable Station

4.75 -102.2 -6 -108.2

9.5 -99.2 -6 -105.2

19 -96.2 -6 -102.2

The interference thresholds for twveeless broadbanekceivers operating in FDD mode
are providedn Table4-8.

54 International Telecommunication Unidgdadiocommunicatio Sector, Recommendation ITRIRS.12631,
Interference Criteria for Meteorological Aid Operated in the 400406 MHz and 168.4-1700 MHz BandgJan.
2010).

> The DOD used asimilar approach, which as based on IT#R RecommendatioBA.1026 For a receiver noise
temperature of 378 and a receiver bandwidtf 2.6 MHz, the resultant I/N criteri@as-8.4 dB.
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Table 4-8. Interference Thresholdsfor FDD WirelessReceivers

Receiver Bandwidth(MHZz) Receiver Noise I/N Criteria Interference
Level (dB) Threshold (dBm)
(dBm)

Base Station

4.5 -102.5 -6 -108.5

9 -99.5 -6 -105.5

18 -96.5 -6 -102.5

Mobile/Portable Station

4.5 -98.5 -6 -104.5

9 -95.5 -6 -101.5

18 -92.5 -6 -98.5

In many casewirelesscommunication systems are interference limitédthose cases

the signatto-noisewill remaingreater than the minimum required value for acceptable

performance so that the interference level caallogved to exceed the receiver noise. The
recei
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Figure4-2 shows glot of increasd receiver noise as a function of I/N.
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Figure 4-2. Increasein Receiver Noiseas a Function of Interference-to-NoiseRatio

The compatibilityanalysis willalsoconsider, fowirelessbroadband receivergN
values of 0 dB, 3 dB, 6 dB, and d8.
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In cases where the pulsed duty cysléigh the analysis will baste interference to the
wirelessbroadband receivemthe peak powerThe equipmentanufacturerfiave not
specifiedpeak power criteria for theirelessbroadbandeceivers. A I/N value of 10 dB will
beused in this analysis.

Transmitter Power

Federal Systems

Radar Transmitters

Based orthe peak transmitter power levels and the maximum duty cycle specified in
TableF-1, the analysis will usthe average power levels for the grotbabed, airborne, and
shipborne radar systems. The average power is computed as follows:

0 0 pit 1 @op mm

(4-5)
where:

Pavg: Average radar transmitter power (dBm)

Preax Peak ralar transmitter power (dBm)

DC: Radar transmitteduty cycle (Percent)

Appendix Fprovides a explanation of the effects of pulsed interfering signals on digital
receivers. For radars withhightransmit duty cyclethe analysis will usthe peak transmit
power.

As discussed idppendix F the transmit duty cycle for cases where the digital receiver is
off-tuned from the radar is less than thetwme duty cycle. In this analysis the-tume duty
cycle of the radar transmittevill be used to compute the average power, providing a
conservative estimate of the radar transmitter power t&vel.

Satellite Transmitters

Appendix Aprovidesthetransmitter power levels for the meteorological satellite
downlink transmissions for tteOESandPOES

Radiosonde Transmitters
Appendix Aprovides thgpowerlevel for the radiosonde transmitter

*®The DOD believes that the peak transmit power should be uses ¢ohpatibility analysis independent of the
duty cycle.
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Wireless Broadband Systems

In this analysisthe transmitter power levels for the base stations will be the levels
provided inAppendix Bfor each of the specified bandwidths.

The mobile/portable transmitters typically employ power comtrokder to prevent too
much unwanted interference. Reduced power means reduced interference problems and
increased battery capacity. Because of battery and size limitatiobge/portable stations
typically transmit apower level®elowthe maximumevel permitted under the service rules.
Fora given deployment of mobile/portable statitms analysis will use a randorabglected
transmitter power level for each station based on a uniform probability distribution with a
minimum value of 13 dBm andraaximum value of 23 dBm.

Channel Bandwidth

The analysis will consider multiple channel bandwidths fomtinelessbase and
mobile/portable systems as specified in TaBlesandB-4 of Appendix B Each channel
bandwidth will be analyzed separately (e.g., all base arnmlevygortable stations in a
deployment will have the same channel bandwidth).

Propagation Models

Thefollowing discusses thpropagation models used in performing the compatibility
analysis

Satellite and Airborne Systems

For all compatibility analysis associated with satellite downlinks and airborne systems
the free space model shownEquation 46 wasused to compute the propagation loss:

0 Cnni'@cn G o@ v (4-6)
where:
Les Free space propagation loss (dB)
F: Frequency (MHz)
D: Separation distance (km)
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For airborne systems, when the aircraft is beyond the radiofiaght, a diffraction loss
of 0%3%&B/Kmewill be added to the free spapmpagationloss’ The wavel engt h ( :
meters. The radio linef-sight distancevascomputed using the following equation:

0 ™ QQ (4-7)
where
Dios: Radio lineof-sight distance (km)
hy: Altitude of the aircraft (m)
hy: Height of the base/mobile stati¢m)

Terrestrial Systems

For thesingleentrycompatibility analysis associated with timeteorologicakatellite
receive stations, radiosonde receive stations, grbasdd radasystemsand the aggregate
compgltibility analysighelrregular Terrain Model (ITM)n the AreaPredictionMode was
used®

ThelTM estimates radio propagation losses for frequencies between 20 MHz and 20
GHz as a function of distance and the variabilityhef signal in time and spacélM is an
improved version of the Longleigice Model, which gives an algorithm developed for computer
applications. ThéTM is based on electromagnetic theory and signal loss variability expressions
derived from extensiveest s of measur ement s. I n the I TM Ar
described by the terrain roughness fa@lorwhich is defined as the interdecile value computed
from the range of all terrain elevations for the area. Suggested valDesua availake for
different types of terrainUsing theDh value and the antenna heights for the system, the
algorithm predicts the signal attenuation as a function of distance. The loss predicted by ITM in
the Area Prediction Mode consists of the median atteruafia radio signal as a function of
distance for paths over irregular terrain as well as the variability of the signal in time and space.
The computed values attempt to give a statistical description of received radio fields, which can
be used for systentesign or interference analysiShe statistics used are the time variability,
the location variability, the situation variability, and the hourly median value.

The time variability is either shetérm or longterm. The shosterm variability is due to
fading. The longerm variability is the observed random letegm variations of the hourly
median value, which are due to changes in atmospheric conditions, seasonal conditions such as

" Propagation of Wave$. David and J. Vogel (1969), at 135.

%8 National Telecommunications and Information Administration, Institute for Telecommunication Sciences, NTIA
Report 82100,A Guide tathe Use of the ITS Irregular Terrain Model in the Area Prediction M@geil 1982),
available athttp://www.its.bldrdoc.gov/pub/ntigot/82-100/index.php
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snow, moisture content of the soil, foliage and vegetation, anddoeditions. The time
variability is the fraction of the time during which hourly median values of field strength or
available received power are larger than that given andtpagation losses are smaller.

The location variability is the change in pabss due to small changes in the transmitting
or receiving antenna location due to random location of trees, buildings or other obstacles. The
value predicted after considering time variability is for an average locaggnhe average of
many different locations in the immediate vicinity of the receiver location. The location
variability describes the full range of possible sigevels over this small area.

The situation variability is a probability measure imposed erctilection of all possible
or conceivable propagation paths and all possible or conceivable moments of time. Since the
model is based on many sets of propagation measurements, the predicted propagation value
obtained from the model can be biased withghuation variability term. Therefore, the
situation variability allows the ITM user to have a certain assurance that the predicted loss has
some predefinetklation with measured losses.

In case of the single message mode, all three kinds of vagiay#itcombined.
Therefore, when the confidence level is specified, it defines the situation variability.

Table4-9 providesthe parameters used for ITM in the Areadiction Mode
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Table 4-9. ITM Area Prediction Mode Parameters

Parameter Value

Surface Refractivity 301 N-units
Conductivity of Ground 0.005 S/M

Dielectric Constant of Ground 15

Delta h 10 meters and 3Meters
Polarization Vertical

Mode of Variability

Single Message Mode

Percent Confidence
(Time/Situation/Location Variability)

50 percent for mobile/portable stations
20 percent for base stations

Frequency

Variable within the 1698710 MHz and35503650 MHz bands

Transmitter Antenna Height

Single Entry

Base Statiofi 60 meters
Mobile/Portablé 1.5 meters

Radari Variable

Meteorological and RadiosondéV/ariable
Aggregate

Base Statiofi 5 to 15 (Urban/Suburban) and
15 to 60 meters (Rural)
Mobile/Portablé 1.5 to 10 meters
Radari Variable

Meteorological and Radiosondé/ariable

Receiver Antenna Height

Single Entry

Base Statiofi 60 meters
Mobile/Portablé 1.5 meters

Radari Variable

Meteorological and RadiosondéV/ariable
Aggregate

Base Statiori 5 to 15 (Urban/Suburban) and
15 to 60 meters (Rural)
Mobile/Portablé 1.5 to 10 meters
Radari Variable

Meteorological and Radiosondé/ariable

Site Criteria Transmitter

Very Carefuli Base Stations
Randoni’ Radar
Randomi Mobile/Portable tions

Site Criteria Receiver

Very Carefuli Base Stations
Randomi Radar

Very Carefuli Meteorological and Radiosonde

Randomi Mobile/Portable Stations

Radio Climate

Continental Temperate

Other Federal agencies ugbé statistical model defined ITU-R Recommendation
P.452 to predict propagation losses for terrestrial systerfihis modelakes into account five
basic types of propagation mechanisms:-bfigight (including signal enhancements due to
multipath and focusing effects), diffraatidembracing smootharth, irregular terrain and sub

% Recommendation ITHR P.45214, Prediction Procedure for the Evaluation of Interference Between Stations on

the Surface of the Earth at Frequencies Above About 0.1(G¢&tz2009).
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path cases), tropospheric scatter, anomalous propagation (ducting and layer reflection/refraction),
and heighigain variation in clutter (where relevan§phericalearth propagation was assumed

for all interference paths, except for interference paths intm#teorologicakatellite receive

stations where the locations were known and propagation losses due to vegraincluded.

For the singleentry analysis of shipborne radar systems, ITM inRbmtto-Point
Prediction Mode was used in the compatibility analysis. In the-poipbint mode of ITM, the
area is divided into cells artdeprogram extrastt he t er r ai n pr tocfaliohte fr om
the center of each cell. Using the terr@atures and the given antenna heights, the algorithm
estimates the signal attenuation from the point to the cell locationPadihieto-Point mode
calculations are based on the terrain profile between the transmitter and receiver, and system,
environmenal and statistical conditions. The terrain profile is extracted from a database using
the latitude and longitude of the transmitting and receiving anteritedJnited States
Geological Surveiy3 second topographic data which provides 90 meter resolgtised in the
terrain dependent propagation loss calculations.

In the shipboraradar compatibility analysis, thedD used the Advancedefractive
Effects Prediction System which utilizes thdvancedPropagation Model (APM)APM is a
hybrid rayoptic and parabolic equation model that usestmplementargtrengths of both
methods to construchaccurate composite model. ARMapplicable from 2 MHz t85 GHz.
It considers propagation paths over sea, land, or mixedgljttoAPM allows for an unlimited
number of terrain points at any resolution, as well as an unlimited number ofvianygey
refractivity profiles.

Antenna Models

The compatibility analysis will only consider faeld antenna patterns favireless
broadlandand Federal systems, even though there may be cases where systems can be located
within the antenna nedield. This approach is used because of the complexity of modeling the
antenna in the nedield. The following subsections summarize the antanadels for Federal
andwirelessbroadband systesn

Wireless Broadband Systems

The antenna model for thvdrelessbase stations is based on a modification of
Recommendation ITAR F.13362.°° The modifications are made to the equations used to
compute the amuth prtion of the antenna pattern.

% Recommendation ITWR F.13362, Reference Radiation Patterns of Ordirectional, Sectoral and Other
Antennas in Pointo-Multipoint Systems for Use in Sharing Studies in the Frequency Range from 1 GHz to About 70
GHz(2007.
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Gain relative to an isotropic antenna (dBi)

Maximum gain in or near the horizontal plane (dBi)

Absolute value of the elevation angle relative to the angle of maximum
gain (degrees)

3 dB beamwidth in the vertical plane (degrees)

Parameter which accounts for increased 4$ade levels above what

would be expected for an antenna witiproved siddobe performance
Azimuth angle relative to the angle of maximum gain (dedtees)

3 dB beamwidth of the sectoral antenna in the azimuth plane (degrees)

Recommendation F.133buses a parametkthat accounts for increased sidelobe levels
above what would be expected for an antenna with improved sidelobe performance. A value of
0.2for k will be used in this analysis.

Plots of the elevation and azimuth antenna patterns for the base stations are provided in

Figure4-3 andFigure4-4.
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Figure 4-3. Elevation Antenna Pattern

1 Azimuth angés range from180 degrees to180 degrees.
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Figure 4-4. Azimuth Antenna Pattern

MeteorologicalSatellite ReceiveEarth Stations

The antenna model for tmeeteorologicabkatellite receive Earth stations is based on
Recommendation IT{R F.12451.%

In cases where the ratio between the antenna diameter and the wavelength is greater than
100 (D/I > 100),the following equations will be used:

0 L
O O c® pm —e Aimd o o (4-17)

"Oe O /£E|°O 3 I' A@ e (4_18)

%2 Recommendation ITWR F.12451, Mathematical Model of Averagor RelatedRadiaton Patterns for Lineof-
SightPointto-Point Radio Relay System Antenna for Use irtae Coordination Studies anidterference
Assessment in the Frequency Range from 1 GHz to About 7(RGB0).
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O+ qwgu G AIICA® P s T (4-19)

"Oe po Altap +  p Y (4-20)
where:
Gmax Maximum antenna gain (dBi)
g): Gain relative to an isotropic anten(aBi)
J: Off-axis angle (degrees)
D: Antenna diameter (m)
| Wavelength (m)
G1: Gain ofthe first side lobes 2 + 15log (D/I )
CO —= & \ 2 _
- pe&cod_ ® AACOAAO (4-22)
In cases where the ratio betwdba antenna diameter and the wavelength is less than or
equalto 100/ O 100), the following equation will be
(0] . s
“Oe "0 ¢C® prmm —- EITD o o (4-23)
"Oe cwul T@_ ¢cu +CAEIO « 1§ (4-24)
"Oe o vl 1T @_ AITQp «  p Yt (4-25)

D/l is estimated using the following expression:
O
¢m I-¢ 'O X&

where:
Gmax Maximumantenna gain (dBi)

The antenna pattern for a 43 dBi mainbeam antenna gain is shéiguia4-5.
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minimum: -11.86 maxdmum: 43.10 beamwidth: 1.17
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Figure 4-5. Azimuth and Elevation Antenna Pattern

Radar Systems

The gain antenna model described in RecommendatiorRMU1851 will beused to
determine the antenna gain in the azimuth and elevation orientations for the-paseddand
shipborne radar systerfis Recommendation IT4R M.1851 provides a generalized
mathematical model for radar systems antenna pattern models that can be used in analyses
involving single and multiple interfering sourcasnowledgeof theantenna 3 dB beamwidth
and first peak sidéobe level,allows selection oéquations for bottheazimuth and elevation
patterns. The model employs a theoretical directivity pattern up to the break point for either the
peak or average antenna pattern. The peak patternapplsés toa singleentryinterference
analysis and the average pattern megghlies to amggregate interference analysis. In this
analysis a cosine pattern will be used for the radar systems antenna. The equations for the
theoretical antenna directivity parameters of the madeprovidedn Table4-10. The
eqguations for the peak and average mask patterns used in the model are prohadbéeni 1.

3 Recommendation IT&R M.1851,Mathematical Modelfor Radiodetermination Radar Systems Antenna
Patterns for use in Interference Analy¢ésne 2009).
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Table 4-10. Antenna Directivity Parameters

i First side-
Relative shape of half lobe level Proposed
field distribution | . . Gz hall power e as a mask floor
() Directivity pattern F( € ) beamwidth function of q below level
S A (degrees) ® | main lobe
wher ©xou peak (dB) (dB)
: o ®88Gin ()
é u o p®8.8Gin(q
4 CO ‘ | _—
Cosinep'2) | L& om0 688 %-0 o 123 150
P8 intu ¢
6c2+ ¥
Table 4-11. Peakand AverageM ask Pattern Equations
Peak pattern Average Constant
. pattern break
. break point . added to the
Mask equation beyond pattern point where
X where mask peak pattern
Pattern | break point where mask departs mask departs :
. departs from to convert it
type from theoretical pattern . from
theoretical . to average
(dB) theoretical
pattern mask
pattern
(dB) (aB) (dB)
! g @
Cosine i 17.510n %‘33(3?8 114.4 120.6 14.32
c 3=
The function In() is the natural log function.

The followingequation will be used to model the-affis antenna gain pattern for the
airborne radar systems:

where:

(4-26)

G( d) :Antennagainattheoctix i s of d in
Gwmax: Mainbeam antenna gain (dBi)

BW: Antenna beamwidth (degrees)

angl e degrees

Radiosonde Systems

The patterns for the radiosonde receive antenna (azimuth and elevation) and transmit
antenna used in the compatibilapalysesre shown in Figure4-6 and4-7.
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Figure 4-6. RadiosondeReceive Antenna Pattern
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Figure 4-7. RadiosondeTransmit Antenna Pattern

Frequency Dependent Rejection

Frequency Dependent Rejection (FDR) accounts for the fact that not all of the undesired
transmitter energy at the receiver input will be available at the detector. FDR is a calculation of
the amount of undesired transmitégrergy that is rejected by a victim receivéhis FDR
attenuation is composed of two parts:tane rejection (OTR) and offequency rejection
(OFR). The OTR is the rejection provided by a receiver selectivity characteristic-to@ech
transmitter a a result of an emission spectrum exceeding the receiver bandwidth, in dB. The
OFR is the additional rejection, caused by specified detuning of the receiver with respect to the
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transmitter, in dB.The FDR values used in this analysis were computed asirgitomated
program®*

In the case of an undesired transmitter operatiAigezpiencyto a victim receiver, the
FDR is represented by the OTR using filleowing simplified formshown in Equation-27
when the transmit power is based on average power

OYYil Agip & | % (4-27)
where:
B,: Emission bandwidth of the transmitter
B,: IF bandwidth of theeceiver

rx

When the system is pulsed and the tranpmiter is based on peak powire FDR is
represented by OTRr thecase where the transmitter isftequency to a victim receiver is
determined using the forshown in Ejuation4-28.

&

O"YY I Agfg # 1 ? (4-28)

The transmitteemission spectrum and receiver selectivity curves used in the FDR model
are defined in terms of a relative attenuation level specified in decibel as a function of frequency
offset from center frequency in megahertz.

After the last point in the emission spectrum curve the slope of the last two points is used
to extend the curve down to a point defined by 90 + 10 LgydB. Beyond this pointhe
emission spectrum rebff is 40 dB/decade.

For the receiver selectivityurve the slope of the last two points is used to extend the
curve down to a point defined by 80 dB. Beyond this pthet receiver selectivity rebff is 40
dB/decade.

Additional Losses

In the singleentry compatibility analysis an additional factomsluded for insertion
loss, cable loss, etd-or thewirelessbase station transmitteasd receivers nominalvalue of2

% The FDR program used in this analysis is part of the NTIA Microcomputer Spectrum Analysis Models (MSAM)
software package. MSAM can be downloaded fidtp://ntiacsd.ntia.doc.gov/msam
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dB will be included in the analysis. The analysis will also inceudeminal value o2 dB for
Federal transmitters and recewser

For the aggregate compatibility analysi)ey losseshat aretaken into account include
the loss due to buildings or na@pecific terrain. In this analysis, a uniform random number is
chosen to represent a varying loss case for building blockagenteeatures, and mulgath,
depending on thevirelessbroadband systenheployment regions (urban, suburban, and rural)
The range of the nespecific terrain losses used in this analystven inTable4-12.

Table 4-12. Non-Specific Terrain Losses

Wireless System Deployment Region | Range of NonSpecific Terrain Losses
Base Station
Urban 5t0 10 dB
Suburban Oto5dB
Rural 0dB
Mobile/Portable Station
Urban 10 to 20 dB
Suburban 5to0 15 dB
Rural Oto5dB

Transmitter Duty Cycle

Thedutycyclei s t he fraction of time that a syste
used for the Federal amdrelessbroadbandransmitters considered in the compatibility analysis
are described in the following subsections.

Wireless Broadband Systems

For thesingleentry analysis, a duty cycle of 100 percent will be used faviedless
base and mobile/portable stations.

For the aggregate analysiswatelessFDD systems a duty cycle of 100 percent will be
used for mobile/portable stations.

For the aggregai@nalysis ofwirelessTDD systems at a given instant in time 62.5
percent of the base stations will be transmitting and 37.5 percent of the mobile/portable stations
will be transmitting.

Radar Systems

For radar systems the duty cycle is the product opthse duration and pulse repetition
frequency of a pulse carrier, equal to the time per second that pulse power is applied. The duty
cycle is used to compute the average power of the radar transmitter.
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Meteorological Satellite Systems

For the singleentryanalysis the meteorological satellite will be transmitting 100 percent
of the time.

Radiosonde Systems

For the singleentry analysis the radiosonde will be transmitting 100 percent of the time.
Base and Mobile Station Deployment

16951710 MHz Band

Basedon the deployment information providedTiable4-2, therewould bel69,680
mobile stations in th#6951710 MHz band. Since a base station has three sectors elaeh wit
different frequency the total number of mobile stations transmitting on a given frequency
considered in this analysis is 56,560.

35003650 MHz Band

Based on the deployment information providedable4-2, therewould be675 base and
283,500 mobile stations in the 358650 MHz band. The base and mobile stations have a duty
cycle of 62.5 percent and 37.5 percent respectively. The total nafbase stations
transmitting at a given instant in time is 422, and the total number of mobile stations is 106,313.

Analysis Methodology

As described in Table$3 and4-4 in assessing compatibility between Federal and
wirelessbroadbandystems different types of analysis will be performed depending on the
frequency band under consideration. In this anslgsmpatible operation is defined when the
received interference power level from the Federalioglessbroadband systetnansmitter is
below the established receiveterference thresholdThe following subsections describe the
different analysis metidologies.

Terrestrial Single-Entry Analysis

In assessing the potential interference from a grdaased, shipborne, and airborne radar
system transmitter towairelessbase and mobile/portable station receiver a siagtey analysis
will be performed.The analysis will determine the minimum required propagation loss between
the radar transmitter and tharelessreceiver to preclude potential interference. The minimum
required propagation loss is computed using Equdti?9.
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where:

Lrequired Minimum required propagation loss necessary to preclude potential
interference (dB

IT: Receiver interference threshqidBm)

Pr: Power of théransmiter (dBm)

Gr: Antenna gain of the transmitter in the direction (azimuth dh&on) of
the receiver (dBi)

Gr: Antenna gain of the receiver in the direction (azimuth and elevation) of the
transmitter(dBi)

Lt: Transmitter insertion loss (dB)

Lr: Receiver insertion loss (dB)

Lp: Propagation loss (dB)

FDR: Frequency dependent rejection (dB)

The minimum required propagation loss computed uSopgationd-29is thenused to
determine the minimum separation distance between the radar trarssantighevireless
broadband systesn The minimum separation distance establishes the radius of the exclusion
zones around the Federal systems.

The terms irEquation 429 can be rearranged to compute the received interference
power level (1).

(O] O O uv v v oo'Y (4-30)
The available margin can then be computed as follows:
0 © 0 (4-31)

When the values available margin are negative potential interference can occur. For
positive values of available margin interference will not occur.

Terrestrial Aggregate Analysis

The interference power levels at the Federal system receiver are calculated using
Equation4-32 foreachwirelessbase and mobile/portable station transmitter being considered in
the analysis.
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where:
I: Received interference powertheoutput of the antenna (dBm)
Pr: Power of the base or mobile/portable station transmitter (dBm)
Gr: Antenna gain of the base or mobile/portable station transmitter in the
direction of the receiver (dBi)
Gr: Antenna gain of the receiver in the directidrttee base or mobile/ptable
station transmitter (dBi)
Ly: Transmitter insertion loss (B
Lr: Receiver insertion loss (dB)
Lp: Propagation loss (dB)
L.: Building and norspecific terrain losses (dB)

FDR: Frequency dependent rejection (dB)

Using Equation 432, the valuef interference power levalre calculated for each
wirelessbase and mobile/portable station being considered in the analysis. ifdieskial
interference power levelre then used in the calculation of the aggregate inéederto the
Federal system receivers using Equate38.®

. Lo . (4-33)
(@] pml C O om
where:
lace Aggregate interference to the Federal system receiver fromitbless
base and mobile/portable transmitters (JBm
N: Number ofwirelessbase and mobile/portable transmitters

I Interference powedevel at the input of the Federal system receiver from
an individualwirelessbaseand mobile/portable transmitt@Natts)

The difference between the received aggregate interference power level computed using
Equation 433 and the receiver interference thresholds represents the available margin. When
the available margin is positive, compatible operation is possithie.digance at which the
available margin is zero represents the minimum distance separation that is necessary for
compatible operation. This distance is used to establish the radius of the exclusion zones around
the Federal systems.

% The interferene power calculated in Equatior32 must be converted from dBm to Watts before calculating the
aggregate interference seen by the Federal system receiveEgsiaitipn4-33.
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Satellite and Airborne Sinde Entry Analysis

In this analysiscompatible operation is defined when the received interference power
level from the Federaheteorologicabkatellite transmitters, radiosonde transmitters or airborne
radar transmitters is below the interference thrigsbbthewirelessbase station receiveihe
difference between the received interference power level computeddgiagion 432 and the
interference threshold of the base station receivers represents the available margin. When the
available margin ipositive, compatible operation is possible.

Compatibility Analysis of Federal Transmitters and Wireless Broadband Receivers

16951710 MHz Band Compatibility Analysis

This analysis examines electromagnetic compatibility between the Federal
meteorologicalGOEStransmitters, POES transmitters, and radiosonde transmittevaratess
base station receivebmsed on the LTE standasgerating inthe 16951710 MHz band.

GOESN to LTE Base Station Analysis

The GOESN transmitter and antenna characteristics avgiged inAppendix A
Examination of the LTE base station receiver characteristiéppendix Bshows the minimum
bandwidth to be the BIHz channel with a 3 dB receivéif bandwidth of 4.7%Hz. Comparing
the receiver bandwidth with the emission bandwidth shows th&CH#HSN transmitter
configurations have emissions that would pass through the base station filter withume on
rejection. Thusthe base station with the narrowest bandwidth configuration would result in the
limiting interference situation as this conditioowd have the lowest receiveystem noise
level. The GOEN Processed Data Relay signal has the highest transmitter power level (44.5
dBm). TheGOESN emission bandwidth combined with thé&#iz channel base station
receiver configuration is examinedthg limiting case.

The GOESN transmitter power is 44.5 dBmThe GOESN transmit main beam antenna
gain is 15.6 dBi. The height of the geostationary orbit is 35,800 km above the surface of the
Earth. Usindgequation 46, the minimum free space loss drequency of 1700 MHz is:

0 0@ ¢ io@yma IpQ mmp YA "

The antenna gain for the base station was determinedHigure4-3. The antenna was
assumed to be directed at the GE¥Satellite in the azimuth plane. The base station antenna
has an antenna down tilt angle of 3 degrees and, for a location in the pudde of the United
States, the antenna elevation angle to the satellite was assumed to be 10 degrees. Thus, the gain
for an elevation angle of 12 degrees32 dB..

Using Equatiord-30, the received interference power level in the bandwidth of the base
station receiver and referenced to the output of the receiver antenna is:
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The interference threshold for the base station recev&08.5 dBm corresponding to
an I/N of-6 dB.

Comparing the computed received interference power level to the interference threshold
the available margin is approximately 54 dB. The other combinaticBO&SN transmitter
emissions anwirelessbasestation receiver configurations would result in available margins that
exceed 54 dB.

GOESRto LTE Base Station Analysis

As shown inAppendix A the GOESR configurations, HRIT, DCPR#1, DCPR
transponder #1 and #2 and Command and Data Acquisition Telemetry TC@Aall have
emission bandwidths that are less than MHz. The valueof 4.75MHz is the minimum
bandwidth of the LTE base station receiver in its narrow channel configuration. KRDES
R emissions listed above, the transmitter/receiver combinations would havdwameaejection
of 0 dB for the LTE base station receiv

The GOESR transmitter characteristics show the HRIT configuration to have the highest
transmitter power (44 dBm) of the HRIT, DCPREICPR #2and CDATLM configurations.
The HRIT configuration is the limiting case for computing the received interference power level
at the output of the base station receiver. The transmit antenna gain for the HRIT transmission is
16.9 dBi. The propagation loss and base station antermanghe direction of the satellite are
the same values previously used in@@ESN analysis. Using Equatioft30,the received
interference signal power level at the input to the base station receiver is:

0 TR [ p@A" Ep ygh" o A" ECA" mA"
P ODA"

The interference thresholdii408.5 dBm. The difference between the computed
received interference power at the receiver and the interference threshold shows that there is an
available margin of approximately SB.

Consideration of th&OESR Rebroadcast (GRB) #1 and #2 configurations results in an
increase in transmitter power to 47 dBm and@@ESR emission bandwidth is increased to
10.8MHz. Using Equatiod-27, reception of these signals by the base station receiver in the 5
MHz chanrel configuration would yield an OTR of:

O0YYpr %@U oHA "
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Using Equatior-30, the received interference signal power level at the input to the base
station receiver is:

O TA" T p@A" Ep URA" o A" ECA" oHA"
P QA" |

The interference threshold-$08.5 dBm for the BMHz base station channel. The
resulting available margin is approximately 53 dB.

Using Equatio-27, for the GRB#1 and GRB#2 emissions with the base station
operating with the 1MHz channel (9.93VIHz 3 dB emission bandwidth), the OTR is:

OYYp i %J A "

Using Equatior-30, the received interference signal power level at the input to the base
station receiver is:

0 THR" [ p@A" Ep YfiA" o A" ECA" T@A”
p LA "

The interference threshold for the WMz base station configuration4i$05.5 dBm
resulting in an available margin of approximately 53 dB.

POES to LTE Base Station Analysis

The equipment characteristics of the POES transmitter and transmit antennaidegpro
in Appendix A The base station characteristics are providégppendix B

The POES transmitter and the base station receiver are assumed to opieegfigercy
so the offfrequency rejection used in the analysis will be 0 dB. The minimum (3 dB) bandwidth
of the base station receiver is 4Mblz. The POES satellite transmitter maximum (3 dB)
emission bandwidth is 3MHz. Thus, the satellite emission will pass through the base station
receiver with no OTR.

The POES transmitter power is 38 dBm #mel antenna gain at the direction of the
Earthd korizon is 2.5 dBi..

The satellite transmitter/base station geometry that will be examined initially is that of
both terminals looking at a common Earth horizon. For this case, the base station mainbeam
directed at the satellite will be considered. Theebstation antenna has a devitrangle of 3
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degrees. Using this tilt angle and the base station elevation gain pattern sirogunad-3, the
gain at the horizois 10 dBi.

The path distance from the base station radio horizon to the satellite can be determined by
representing the problem as two concentric circles with the smaller circle representing the Earth
with a radius of 6371 km and the outer circle wittadius representing of 7211 km (6371+839
km), where 839 km is the average altitude (above the &astinface) for the five POES
spacecraft. The 7211 km is the height of the satellite above the center of the Earth. A chord of
the larger circle is thenrsick so that it touches a singular point on the inner circle. At this point,
the chord is tangent to the inner circle. A line is then drawn from the tangent point to the center
of the circles. This line represents the Eartadius (6371 km). Anothdine is drawn from one
end of the chord to the center of the circles. This represents the radius of the satellite orbit (7211
km). The third side of this triangle is ehalf of the chord from the tangent point to the outer
circle. This is a right triagle because of the chord being tangent to the inner circle. Thus, the
length of the chord (d) from the tangent point to the outer circle can be determined as follows:

XCPpPQ ooxp
Q oo xEx

This is the propagation path length from the tsiagon radio horizon to the POES
satellite. One must add the distance to the horizon (from the base station) to 3377 km to get the
total path length. For a base station antenna height of 60 m, the distance (d") to the base station
horizon is (4/3 Eartis effective radius)

Q 1Ppde T o EI

The total propagation path length is then 3377 + 31.8 = 3409 km. The free space
propagation loss from the satellite to the base station receiver for a frequency of 1700 MHz
computed using Equatich6 is:

0 ¢ ipmnmmn o mw & v p A"

The triangle, used to find the path length, can be used to determine the angle between the
satellite nadir position and the direction of the Earth horizon is:

AT-O —XX
cpp

>

— ¢4
This is in agreement with theearing for POES sidelobe antenna gain
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There is an additional loss of 2 dB between the base station antenna and receiver.

The interference threshold for the base station receiv&0&5 dBm for the MHz
channel configuration. This is the most sensitive configuration (worse case). This threshold is
for an I/N of-6 dB.

Using Equatior-30the received interference signal power level at the input to the base
station receiver is:

O cp\" | ¢c®A" Ep oA" pTA" ECA" ppgA" i

The interference threshold-$08.5 dBm for the B1Hz base station channel. The
resulting available margin is approximately 11 dB.

Table4-13 presentstte available margin for different §& station receiver I/N values.

Table 4-13. Available Margin for V arious BaseStation Receiver VN Values

I/N Available Margin
(dB) (dB)

-6 11

0 17

3 20

6 23

10 27

If the satellite to base station geometry where the base station is at the nadir angle is
considered, the propagation path length would be 839 km (compared to 3399.4 km for the
common horizon geometry) resulting in a ratio of approximately 1:4. This would result in a 12
dB decrease in path loss. However, the receive antenna gain at the base station zenith angle
would be betweerd0 to-50 dBi and the POES satellite maximum anggain, in the nadir
direction, is 4.6 dBi. These terms would result in a net decrease in the received interference
signal powepf approximately 36 dB providing additional margin. Thus, the previous scenario
considered is the limiting interference eas

Radiosonde to Base Station Analysis

The radiosonde transmitter characteristics for this analysis are providegemdix A
The transmitter power is 23.8 dBm and the antenna gain is 4.3 dBi. The gain of the base station
antenna at the horizon with an antenna down tilt angle of 3 degrees is 1ISaiBspecific
terrain lossearenotincluded in the analysis.

Using Equatiort-30the received interference power level in the bandwidth of the base
station receiver and referenced to the output of the receiver antenna is:
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The radiosonde transmitter operates in the 165&3 MHz band.If base station
receiversoperateabove 1695 MHzZfor a 5SMHz Channel the lowestenterfrequency is 1697.5
MHz. The minimum frequency separation between a radiosonde transmitter anthtiase s
receiver is approximately IMHz. For a minimum frequency separationldfMHz the FDR is
66 dB for a AMHz Channebase statiogonfiguration and 52 dB for a MHz Channel
configuration.

The propagation loss is computed using Equatiérfor free space propagation loss for a
frequency of 1700 MHz. The calculated received interference power levels between the
radiosonde transmitter and a base stagoeiverare calculated. The available margin for a base
station receiver I/N value @6 dB areprovided inTable4-14 (5 MHz Channel) and able4-15
(10 MHz Channel) respectively.

Table 4-14. Available Margin for 5 MHz Channel BaseStation Receiver

Distance | Altitude Lp | I Available
Between (km) (dB) (dBm) (dBm) Margin
Radiosonde (dB)
and Base
Station
(km)*
25 0.5 125 -151.9 -108.5 43.4
50 1 131 -157.9 | -108.5 49.4
100 5 137 -163.9 | -108.5 55.4
150 10 141 -167.9 -108.5 59.4
200 18 143 -169.9 | -108.5 61.4
250 20 145 -171.9 -108.5 63.4
320 35 147 -173.9 | -108.5 65.4

Table 4-15. Available Margin for 10 MHz Channel BaseStation Receiver

Distance | Altitude Lp | It Available
Between (km) (dB) (dBm) (dBm) Margin
Radiosonde (dB)
and Base
Station
(km)®
25 0.5 125 -137.9 | -105.5 32.4
50 1 131 -143.9 | -105.5 37.4
100 5 137 -149.9 | -105.5 44.4
150 10 141 -153.9 | -105.5 48.4
200 18 143 -155.9 | -105.5 50.4
250 20 145 -157.9 | -105.5 52.4
320 35 147 -159.9 | -105.5 54.4
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Using the methodology above, the available margin when a radiosonde transmitter is
directly above a base station is computed. The radiosonde transmitter characteristics for this
analysis are provided ippendix A The transmitter power is 23.8 dBm and the antenna gain is
4.3 dBi. The gain of the base station antenna in the direction of a radiosonde transmitter that is
directly above the base statiis approximately O dBiNon-specific terrain lossesre not
included in the analysis.

Using Equatiord-30, the received interference power level in the bandwidth of the base
station receiver and referenced to the output of the receiver antenna is:

O ¢c@A" I t®A" EMA" ECA" "O0Y D

For a minimum frequency separation ofMBiz, the FDR is 65 dB for a BIHz Channel
configuration and 51 dB for a MHz Channel configuration.

The propagation loss is computed using Equatiérior free space propagation loss for a
frequency of 1700 MHz. The calculated received interference power levels between the
radiosonde transmitter and a base station receiver atdatatt The available margin for a base
station receiver I/N value @6 dB are provideth Table4-16 (5 MHz Channel) and able4-17
(10 MHz Channel)respectively.

Table 4-16. Available Margin for 5 MHz Channel BaseStation Receiver

Altitude Above Lp | It Available
Base Station (dB) | (dBm) (dBm) Margin
(km) (dB)
0.5 91 -130.9 | -108.5 22.4
1 97 -136.9 | -108.5 28.4
5 111 -150.9 | -108.5 42.4
10 117 -156.9 | -108.5 48.4
18 122 -151.9 | -108.5 53.4
20 123 -162.9 | -108.5 54.4
35 128 -167.9 | -108.5 59.4

Table 4-17. Available Margin for 10 MHz Channel BaseStation Receiver

Altitude Above Lp | It Available
Base Station (dB) | (dBm) (dBm) Margin
(km) (dB)
0.5 91 -116.9 -105.5 11.4
1 97 -122.9 -105.5 17.4
5 111 -136.9 | -105.5 314
10 117 -142.9 -105.5 37.4
18 122 -147.9 -105.5 42 .4
20 123 -148.9 | -105.5 43.4
35 128 -153.9 | -105.5 48.4
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A MATLAB computersimulation was also performed that calculates the power received
at the input of a base station receiver from a radiosonde transmitter. The results of the
radiosonde simulation are providedAppendix C

As shown in the analysis and the simulation, radiosonde transmitters operating in the
16761683 MHz band will not cause interference to base station receivers operativey 605
MHz.

3500-3650 MHz BandCompatibility Analysis

Ground-Based Radai 1 toWiMAX Base Station Analysis

The average power of tli@&roundBased Radair 1 transmitter for a 10 percent duty cycle
is computed using Equati@hb:

~ . . .. Tt .. .
0 XLA"IpItI%n(pLA"I

The radar transmittenainbeam antenna gain is 36 dBi. A value of 2 dB is used for the
insertion loss of the transmitter.

The gain of the base station antenna at the horizon with an antenna down tilt angle of 2.5
degrees is approximately 13 dBi. A value of 2 dB is used for the receiver insertion loss. The
OTR computed using Equatidr27is 0 dB.

The minimum required propagion loss between the radar transmitter and\¥i@AX
base station receiver to preclude potential interference will be determined using Edi2&ion

0 PWA" T oc" EpA" EA" ¢A" mA" (§OYO

Using the ITM with the parametespecifiedin Table4-9, the minimum separation
distance foiGroundBased Radair 1 for different frequency offsets is computed. The required
separation distances aremputed for base station receiver interference thresholds based on I/N
values of-6 dB, 0 dB, 3 dB, 6 dB, and 10 dB.The analysis results are summarizedable
4-18 (5 MHz Channel),Table4-19 (10 MHz Channel), and able4-20 (20 MHz Channel).

® The DOD analysis for the base station started witieiver at thedge of the rural region. Theceiver was

stepped away sequentially from the regions in @dileter distancéncrements. At eactlistancencrementthe
interferencdevel from the groundbased radar transmittesas calculated. These calculated interference levels

used to create distance versus interference plots where a minimum separation distance was determined based on the
interference threshold.
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Table 4-18.

Ground-Based Radari 1to WIMAX BaseStation, 5MHz Channel

Frequency Offset FDR Attenuation Required Propagation Loss | Minimum Separation Distance
(MHz) (dB) (dB) (km)
I/N = -6 dB
0 0 220.2 380
50 89 131.2 23
100 95 125.2 16
I/N=0dB
0 0 214.2 320
50 89 125.2 16
100 95 119.2 9
I/N =3dB
0 0 211.2 292
50 89 122.2 12
100 95 116.2 6
I/N =6 dB
0 0 208.2 266
50 89 119.2 9
100 95 113.2 4.5
I/N=10dB
0 0 204.2 232
50 89 115.2 5.5
100 95 109.2 3
Table 4-19. Ground-Based Radari 1to WIMAX BaseStation, 10MHz Channel
Frequency Offset FDR Attenuation Required Propagation Loss| Minimum Separation Distance
(MHz) (dB) (dB) (km)
I/N =-6 dB
0 0 217.2 349
50 84 133.2 25
100 90 127.2 19
I/N=0dB
0 0 211.2 292
50 84 127.2 19
100 90 121.2 11
I/N=3dB
0 0 208.2 266
50 84 124.2 15
100 90 118.2 8
I/N=6dB
0 0 205.2 240
50 84 121.2 11
100 90 115.2 5.5
I/N=10dB
0 0 201.2 208
50 84 117.2 7
100 90 111.2 3.5

4-37




Table 4-20. Ground-Based Radari 1to WiIMAX BaseStation, 20 MHz Channel

Frequency Offset FDR Attenuation | Required Propagation Loss| Minimum Separation Distance
(MHz) (dB) (dB) (km)

I/N = -6 dB

0 0 214.2 320

50 66 148.2 40

100 79 135.2 27
I/N=0dB

0 0 208.2 266

50 66 142.2 34

100 79 129.2 21
I/N =3 dB

0 0 205.2 240

50 66 139.2 30

100 79 126.2 17
I/N =6 dB

0 0 202.2 216

50 66 136.2 275

100 79 123.2 13
I/N=10dB

0 0 198.2 184

50 66 132.2 24

100 79 119.2 9

Ground-Based Radai 1 toWiMAX Mobile Station Analysis

The average power of tli@&roundBased Radair 1 transmitter for a 10 percent duty cycle
is computed using Equati@r5:

0 xu&"l’pft'l'gncpu&"i

The radar transmitter antenna gain in the direction of a mobile station is 16 dBi. A value
of 2 dB is used for the insertion loss of tremsmitter.

The gain of the mobile station antenna is 0 dBi. The OTR computed using Egua#ion
is 0 dB.

The minimum required propagation loss between the radar transmitter aNcMiAX
mobile station receiver to preclude potential interference witlétermined using Equatidn
29:

5 QU p@" EmA" ECA" mA" 'O
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Using the ITM with the parameters specifiadlable4-9, the minimum separation
distance for Groun@ased Radair 1 is computed. The required separation distances are
computed for mobile station receiver interference thresholds based on I/N e&l6@ B, 0 dB,
3 dB, 6 dB, and 10 dB. The analysis results for 5 MHz Channel, 10 MHz Channel, and 20 MHz
Channel configurations for a frequency separation of 0 MHz are summarizetled-21.

Table 4-21. Ground-Based Radari 1to WiIMAX Mobile Station, 5 MHz Channel, 0 MHz

Frequency Separation
I/N Required Propagation Loss Minimum Separation Distance
(dB) (dB) (km)
5 MHz 10 MHz | 20 MHz 5 MHz 10 MHz 20 MHz
Channel | Channel | Channel Channel Channel Channel
-6 187.2 184.2 181.2 54 50 46
0 181.2 178.2 175.2 46 43 39
3 178.2 175.2 172.2 43 39 35
6 175.2 172.2 169.2 39 35 32
10 171.2 168.2 165.2 34 31 27

A frequency separation of greater than 40 MHz will reduce the minimum separation
distances iMable4-21to less than 1 km.

Ground-Based Radai 2 to WiMAX Base Station Analysis

The peak power of théroundBased Radair 2 transmitter is 53 dBm. The average
power of the radar transmitter fodaty cycle is computed using Equatié:

0 VA" | piaimgimmpp A" |
The radar transmitter mainbeam antenna gain is 8 dBi. A value of 2 dB is used for the
insertion loss of the transmitter.

The gain of the base station antenna at the horizon with an antenna down tilt angle of 2.5
degrees is approximately 13 dBi. A value of 2 dB is used for the receiver insertion loss. The
OTR computed using EquatidA27is 0 dB for all base station chanmeinfigurations.

The minimum required propagation loss between the radar transmitter adviAx
base station receiver to preclude potential interference will be determined using Edu2&ion

o p@A" [ WA" Ep A" ECA" cA" mA" 6O O

Using the ITM with the parameters specifiadrable4-9, the minimum separation
distance foilGroundBased Radair 2 for different frequencyffsets are computed. The required
separation distances are computed for base station receiver interference thresholds based on I/N
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values of-6 dB, 0 dB, 3 dB, 6 dB, and 10 dB. The analysis results are summarikabl@#-22
(5 MHz Channél Table4-23 (10 MHz Channel), and@able4-24 (20 MHz Channel).

Table 4-22. Ground-Based Radari 2 to WIMAX BaseStation, 5 MHz Channel

Frequency Offset

FDR Attenuation

Required Propagation Loss

Minimum Separation Distance

(MHz) (dB) (dB) (km)

IIN=-6dB

0 0 141.8 33

40 46 95.8 <1

100 66 75.8 <1
IIN=0dB

0 0 135.8 27

40 46 89.8 <1

100 66 69.8 <1
IIN=3dB

0 0 132.8 24

40 46 86.8 <1

100 66 66.8 <1
IIN=6dB

0 0 129.8 22

40 46 83.8 <1

100 66 63.8 <1
/N = 10 dB

0 0 1258 17

40 46 79.8 <1

100 66 59.8 <1
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Table 4-23. Ground-Based Radari 2to WiIMAX BaseStation, 10 MHz Channel

Frequency Offset FDR Attenuation Required Propagation Loss | Minimum Separation Distance
(MHz) (dB) (dB) (km)
I/N = -6 dB
0 0 138.8 30
40 43 95.8 <1
100 64 74.8 <1
I/N=0dB
0 0 132.8 25
40 43 89.8 <1
100 64 68.8 <1
I/N =3dB
0 0 129.8 22
40 43 86.8 <1
100 64 65.8 <1
I/N =6 dB
0 0 126.8 19
40 43 83.8 <1
100 64 62.8 <1
I/N=10dB
0 0 122.8 13
40 43 79.8 <1
100 64 58.8 <1
Table 4-24. Ground-Based Radari 2 to WIMAX BaseStation, 20 MHz Channel
Frequency Offset FDR Attenuation Required Propagation Loss| Minimum Separation Distance
(MHz) (dB) (dB) (km)
I/N =-6 dB
0 0 135.8 27
40 41 94.8 <1
100 62 73.8 <1
I/N=0dB
0 0 129.8 22
40 41 88.8 <1
100 62 67.8 <1
I/N=3dB
0 0 126.8 18
40 41 85.8 <1
100 62 64.8 <1
I/N=6dB
0 0 123.8 14
40 41 82.8 <1
100 62 61.8 <1
I/N=10dB
0 0 119.8 10
40 41 78.8 <1
100 62 57.8 <1
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Ground-Based Radai 2 toWiMAX Mobile Station Analysis

The peak power of théroundBased Radair 2 transmitter is 53 dBm. The average
power of the radar transmitter for a duty cycle is computed using Eqdaiion

0 VA" | prnim@nnpp ®A" |

The radar transmitter mainbeam antenna gain is 8 dBi. A value of 2 dB is used for the
insertion losof the transmitter.

The gain of the mobile station antenna is approximately O dBi. The OTR computed using
Equation 427is 0 dB.

The minimum required propagation loss between the radar transmitter aNcdMiAX
mobile station receiver to preclude potahinterference will be determined usiBquation 4
29:

o p®A" [ YA" EmA" EA" mA" O

Using the ITM with the parameters specifiadlable4-9, the minimum separation
distance foiGroundBased Radair 2 are computed. The required separation distances are
computed for mobile station receiver interference thresholds based on 184 v&l6 dB, 0 dB,
3 dB, 6 dB, and 10 dB. The analysis results for 5 MHz Channel, 10 MHz Channel, and 20 MHz
Channel configurations are summarized able4-25.

Table 4-25. Ground-Based Radari 2 to WiMAX Mobile Station

I/N Required Propagation Loss Minimum Separation Distance
(dB) (dB) (km)
5 MHz 10 MHz | 20 MHz 5 MHz 10MHz 20 MHz
Channel | Channel | Channel Channel Channel Channel
-6 128.8 125.8 122.8 3 2.5 1.5
0 122.8 119.8 116.8 1.5 1 <1
3 119.8 116.8 113.8 1 <1 <1
6 116.8 113.8 110.8 <1 <1 <1
10 112.8 109.8 106.8 <1 <1 <1

A frequency separation of greater than approximately 10 MHz will reduce the minimum
separation distances Trable4-25to less than 1 km.

Ground-BasedRadari 3 to WiMAX Base Station Analysis

The average power of tlig&roundBased Radair 3 transmitter is computed using
Equation 45:
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The radar transmitter mainbeam antenna gain is 39.7 dBi. A value of 2 dB is used for the
insertion los of the transmitter.

The gain of the base station antenna at the horizon with an antenna down tilt angle of 2.5
degrees is approximately 13 dBi. A value of 2 dB is used for the receiver insertion loss. The
OTR values are 3.3 dB (5 MHz Channel), 0 dB 9z Channel), and 0 dB (20 MHz Channel).

The minimum required propagation loss between the radar transmitter aNdMiAX
base station receiver to preclude potential interference will be determined using Eqiz&tion 4

0 XTA" | c&A" EpA" ECA" ¢A" m (§OYO

The minimum separation distance ®roundBased Radar 3 for different frequency
offsets is computed. The required separation distances are computed for base station receiver
interference thresholds based on I/N valoies$ dB, 0 dB, 3 dB, 6 dB, and 10 dB. The analysis
results are summarized in the tables below for 5 MHz Channel, 10 MHz Channel, and 20 MHz
Channel.

Table 4-26. Ground-Based Radari 3 to WiMAX Base Station,5 MHz Channel

Frequency Offset FDR Attenuation Required Propagation Loss| Minimum Separation Distance
(MHz) (dB) (dB) (km)

I/N =-6 dB

0 3.3 225.6 439

50 62 166.9 61

100 85 143.9 35
I/N=0dB

0 3.3 219.6 373

50 62 160.9 54

100 85 137.9 29
I/N=3dB

0 3.3 216.6 343

50 62 157.9 50

100 85 134.9 26
I/N=6dB

0 3.3 213.6 314

50 62 154.9 47

100 85 131.9 24
I/N=10dB

0 3.3 209.6 278

50 62 150.9 42

100 85 127.9 20
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Table 4-27. Ground-Based Radari 3to WiMAX Base Station, 10 MHz Channel

Frequency Offset FDR Attenuation Required Propagation Loss | Minimum Separation Distance
(MHz) (dB) (dB) (km)

I/N = -6 dB

0 0 225.9 442

50 58 167.9 63

100 81 144.9 36
I/N=0dB

0 0 219.9 377

50 58 161.9 56

100 81 138.9 30
I/N =3 dB

0 0 216.9 346

50 58 158.9 52

100 81 135.9 27
I/N =6 dB

0 0 213.9 317

50 58 155.9 49

100 81 132.9 25
I/N=10dB

0 0 209.9 280

50 58 151.9 44

100 81 128.9 21

Table 4-28. Ground-Based Radari 3to WiMAX Base Station, 20 MHz Channel

Frequency Offset FDR Attenuation | Required Propagation Loss| Minimum Separation Distance
(MH2z) (dB) (dB) (km)

I/N =-6 dB

0 0 222.9 409

50 55 167.9 63

100 77 145.9 37
I/N=0dB

0 0 216.9 346

50 55 161.9 56

100 77 139.9 31
I/N=3dB

0 0 213.9 317

50 55 158.9 52

100 77 136.9 28
I/N=6dB

0 0 210.9 289

50 55 155.9 48

100 77 133.9 25
I/N=10dB

0 0 206.9 255

50 55 151.9 44

100 77 129.9 22
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Ground-Based Radai 3 to WiIMAX Mobile Station Analysis

The peak power of théroundBased Radair 3 transmitter is 78 dBm. The average
power of the radar transmitter for a 16 percent duty cycle is computed using Egdation

0 XUWR" T prt T xmA" I

The radar transmitter mainbeam antenna gain is 39.7 dBi. For a 5 degages dffe
radar transmit antenna gain is approximately 16 dBi. A value of 2 dB is used for the insertion
loss of the transmitter.

The gain of the mobile statiomi@nna is approximately 0 dBi. The OTR computed using
Equationd-27is 3.3 dB (5 MHz Channel) and 0 dB (10 and 20 MHz Channel).

The minimum required propagation loss between the radar transmitter and the WiMAX
mobile station receiver to preclude potenitiérference will be determined using Equatdbsn
29
0 XA" I p@" EmMA" ECA" 0YYO
Using the ITM with the parameters specifiadrable4-9, the minimum separation
distance for Groun@ased Radair 3 are computed. The required separation distances are
computed for mobile station receiver interference thresholds based waludé of-6 dB, 0 dB,

3 dB, 6 dB, and 10 dB. The analysis results for 5 MHz Channel, 10 MHz Channel, and 20 MHz
Channel configurations and a frequency offset of 0 MHz are summariZedblied-29.

Table 4-29. Ground-Based Radari 3 to WiIMAX Mobile Station (Frequency Offset of O

MHz)
I/N Required Propagation Loss Minimum Separation Distance
(dB) (dB) (km)
5 MHz 10 MHz | 20 MHz 5 MHz 10 MHz 20 MHz
Channel | Channel | Channel Channel Channel Channel
-6 189 189.2 186.2 56 56 52
0 183 183.2 180.2 48 48 45
3 180 180.2 177.2 45 45 41
6 177 177.2 174.2 41 41 38
10 173 173.2 170.2 36 36 33

The requiredseparation distances are computed for mobile station receiver interference
thresholds based on I/N values-6fdB, 0 dB, 3 dB, 6 dB, and 10 dB. The analysis results for 5
MHz Channel, 10 MHz Channel, and 20 MHz Channel configurations and a frequermtyobffs
50 MHz are summarized below.
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Table 4-30. Ground-Based Radari 3to WiIMAX Mobile Station (Frequency Offset of 50

MHz)
I/N Required Propagation Loss Minimum Separation Distance
(dB) (dB) (km)
5 MHz 10 MHz | 20 MHz 5 MHz 10 MHz 20 MHz
Channel | Channel | Channel Channel Channel Channel
-6 127 131.2 131.2 2.5 3.5 3.5
0 121 125.2 125.2 15 2 2
3 118 122.2 122.2 1 1.7 1.7
6 115 119.2 119.2 <1 1.3 1.3
10 111 115.2 115.2 <1 <1 <1

Airborne Radari 1 toWiIMAX Base Station Analysis

The average power of tihérborne Radai 1 transmitter for a 0.09 percent duty cycle is
computed usingquation 45:

0 cpTAIthlﬁncﬂ%Al

The radar transmitter antenna gain is 17 dBi. A value of B dBed for the insertion
loss of the transmitter.

The gain of the base station antenna with an antenna down tilt angle of 2.5 degrees in the
direction of the aircraft is approximately O dBi. A value of 2 dB is useethk receiver insertion
loss.

The arcraft isassumed to bat an altitude of 304.5 meters (1000 feet) and 6097 meters
(20,000 feet).

The minimum separation distance between the radar transmitter aMiMAX base
station receiver will be determined usiBguation 429:
0 CAdA" I pyA" EMA" ECA" ¢A" "O0OY O
Using the freespace propagation model in Equatiérand a frequency of 3500 MHz
the minimum separation distance thiferent frequency offsets are computed. Base station
receiver interference thresholds based on I/N values @B, 0 dB, 3 dB, 6 dB, and 10 dB are
also considered in computing the minimum separation distances. The results are sunimarized

Table4-31 (5 MHz Channél Table4-32 (10 MHz Channel)andTable4-33 (20 MHz Channel)
for the 1000 foot aircraft altitude.
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Table 4-31. Airborne Radar 7 1to WiMAX BaseStation, 1000 Foot Altitude, 5 MHz

Channel
Frequency Offset FDR Attenuation Required Propagation Loss | Minimum Separation Distance
(MHz) (dB) (dB) (km)

I/N =-6 dB

0 1 151.7 263

40 56 96.7 <1

100 86 66.7 <1
I/N=0dB

0 1 145.7 132

40 56 90.7 <1

100 86 60.7 <1
I/N=3dB

0 1 142.7 93

40 56 87.7 <1

100 86 57.7 <1
I/N=6dB

0 1 139.7 66

40 56 84.7 <1

100 86 54.7 <1
I/N=10dB

0 1 135.7 42

40 56 80.7 <1

100 86 50.7 <1

Table 4-32. Airborne Radar i 1to WiIMAX Base Station, 1000 Foot Altitude, 10 MHz

Channel
Frequency Offset FDR Attenuation Required Propagation Loss | Minimum Separation Distance
(MH2z) (dB) (dB) (km)

I/N = -6 dB

0 0 149.7 209

40 52 97.7 <1

100 83 66.7 <1
I/N=0dB

0 0 143.7 105

40 52 91.7 <1

100 83 66.7 <1
I/N=3dB

0 0 140.7 74

40 52 88.7 <1

100 83 57.7 <1
I/N=6dB

0 0 137.7 53

40 52 85.7 <1

100 83 54.7 <1
I/N=10dB

0 0 133.7 33

40 52 81.7 <1

100 83 50.7 <1
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Table 4-33. Airborne Radar i 1to WIMAX Base Station, 1000 Foot Altitude, 20 MHz

Channel
Frequency Offset FDR Attenuation Required Propagation Loss | Minimum Separation Distance
(MHz) (dB) (dB) (km)

I/N=-6dB

0 0 146.7 148

40 48 98.7 <1

100 76 70.7 <1
I/N=0dB

0 0 140.7 744

40 48 92.7 <1

100 76 64.7 <1
I/IN=3dB

0 0 137.7 52

40 48 89.7 <1

100 76 61.7 <1
I/IN=6dB

0 0 134.7 37

40 48 86.7 <1

100 76 58.7 <1
I/N=10dB

0 0 130.7 23

40 48 82.7 <1

100 76 58.7 <1

For an aircraft altitude of 20,000 feet the radar transmitter antenna gain is 15 dBi. The
gain of the base station antenna with an antenna down tilt angle of 2.5 degrees in the direction of
the aircraft is approximately 10 dBi. A value of 2 dRised for the insertion loss of the
transmitter and th&/iIMAX base station receiver.

The minimum separation distance between the radar transmitter aniMiAeX base
station receiver will be determined using Equa#dezn:

0 ¢C@&A" | plA" EpTA" EQA" ¢A" "O0Y O

Using the freespace propagation model in Equatiérand a frequency of 3500 MKz
the minimum separation distance for diffarélequency offsets are computed. Base station
receiver interference thresholds based on I/N value® @B, 0 dB, 3 dB, 6 dB, and 10 dB are
also considered in computing the minimum separation distances. The results are sunimarized
Table4-34 (5 MHz Channél Table4-35 (10 MHz Channel)andTable4-36 (20 MHz Channel)
for the 20,000 foot aircraft altited
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Table 4-34. Airborne Radar 7 1to WiMAX Base Station, 20,000 Foot Altitude, 5 MHz

Channel
Frequency Offset FDR Attenuation Required Propagation Loss | Minimum Separation Distance
(MHz) (dB) (dB) (km)

I/N =-6 dB

0 1 159.7 356

40 56 104.7 1.2

100 86 74.7 <1
I/N=0dB

0 1 153.7 352

40 56 98.7 <1

100 86 68.7 <1
I/N=3dB

0 1 150.7 234

40 56 95.7 <1

100 86 65.7 <1
I/N=6dB

0 1 147.7 166

40 56 92.7 <1

100 86 62.7 <1
I/N=10dB

0 1 143.7 105

40 56 88.7 <1

100 86 58.7 <1

Table 4-35. Airborne Radar i 1to WiMAX Base Station, 20,000 Foot Altitude, 10 MHz

Channel
Frequency Offset FDR Attenuation Required Propagation Loss | Minimum Separation Distance
(MH2z) (dB) (dB) (km)

I/N = -6 dB

0 0 157.7 355

40 52 105.7 1.3

100 83 74.7 <1
I/N=0dB

0 0 151.7 350

40 52 99.7 <1

100 83 68.7 <1
I/N=3dB

0 0 148.7 186

40 52 96.7 <1

100 83 65.7 <1
I/N=6dB

0 0 145.7 132

40 52 93.7 <1

100 83 62.7 <1
I/N=10dB

0 0 141.7 83

40 52 89.7 <1

100 83 58.7 <1
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Table 4-36. Airborne Radar i 1to WiMAX Base Station, 20,000 Foot Altitude, 20 MHz

Channel

Frequency Offset FDR Attenuation Required Propagation Loss | Minimum Separation Distance

(MHz) (dB) (dB) (km)

I/N=-6dB

0 0 154.7 352

40 48 106.7 1.5

100 76 82.7 <1
I/N=0dB

0 0 148.7 186

40 48 100.7 <1

100 76 76.7 <1
I/IN=3dB

0 0 145.7 132

40 48 97.7 <1

100 76 73.7 <1
I/IN=6dB

0 0 142.7 93

40 48 94.7 <1

100 76 76.7 <1
I/N=10dB

0 0 138.7 59

40 48 90.7 <1

100 76 66.7 <1

Airborne Radari 1to WIMAX Mobile Station Analysis

The average power of tihérborne Radai 1 transmitter for a 0.09 percent duty cycle is
computed using Equatiohb:
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The radar transmitter mainbeam antenna gain is 18 dBi. A value of 2 dB is used for the
insertion loss of the transmitter.

The gain of thenobile station antenna is 0 dBi. The OTR is 1 dB and OFR is 0 dB.

The minimum separation distance between the radar transmitter aniM#eX mobile
station receiver will be determined using EquateizO:

0 c@A®A" I pyA" EMA" ECA" pA" ©

Using the freespace propagation model in Equatiérand a frequency of 3500 MHz
the minimum separation distance for different frequency offsets are computed. Mobile station
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receiver interference thresholds based on I/N values @B, O dB, 3 dB, 6 dB, and 10 dB are
also considered in computing the minimum separation distances. The analysis results for 5 MHz
Channel, 10 MHz Channel, and 20 MHz Channel configurations an@atired inTable4-37.

Table 4-37. Airborne Radar i 1to WiMAX Mobile Station

I/N Required Propagation Loss Minimum Separation Distance
(dB) (dB) (km)
5 MHz 10 MHz | 20 MHz 5 MHz 10 MHz 20 MHz
Channel | Channel | Channel Channel Channel Channel
-6 152.7 149.7 146.7 295 208.9 147.9
0 146.7 143.7 140.7 147.9 104.7 74.1
3 143.7 140.7 137.7 104.7 74 52.5
6 140.7 137.7 134.7 74 52.4 37.2
10 136.7 133.7 130.7 46.8 33.1 23.4

A frequency separation of greater than 35 MHz will reduce the minimum separation
distances iMable4-37to less than 1 km.

Airborne Radari 2 to WIMAX Base Station Analysis

The average power of tihérborne Radai 2 transmitter for a 0.09 percent duty cycle is
computed using Equatiohb:
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The radar transmitter mainbeam antenna gain is 17 dBi. A value of 2 dB is used for the
insertion loss of the transmitter.

The gain of the base station antenna with an antenna down tilt angle of 2.5 degrees in the
direction of an aircraft is O dBi. A value of 2 dB is used for the receiver insertion loss. The OTR
is 1dB.

The aircraft is at an altitude of 304.5 meters (1000 feet) and 6097 meters (20,000 feet).

The minimum separation distance between the radantriesand thaViMAX base
station receiver will be determined using Equadezo:
0 CA" I pyA" EmMA" ECA" ¢A" "O0YO
Using the freespace propagation model in Equatiérand a frequency of 3500 MKz

the minimum separation dance for different frequency offsets are computed. Base station
receiver interference thresholds based on I/N value8 @B, 0 dB, 3 dB, 6 dB, and 10 dB are

4-51



used to compute the minimum separation distances. The results are sumimdarase4-38 (5
MHz Channe), Table4-39 (10 MHz Channel)andTable4-40 (20 MHz Channel) for the 1000
foot altitude.

Table 4-38. Airborne Radar 7 2 to WiMAX Base Station, 1000 Foot Altitude, 5 MHz

Channel
Frequency Offset FDR Attenuation | Required Propagation Loss| Minimum Separation Distance
(MHz) (dB) (dB) (km)

I/N = -6 dB

0 1 145.2 124

40 46 100.2 <1

100 63 84.2 <1
I/N=0dB

0 1 140.2 62

40 46 93.2 <1

100 63 76.2 <1
I/N =3 dB

0 1 137.2 44

40 46 90.2 <1

100 63 73.2 <1
I/N =6 dB

0 1 134.2 31

40 46 87.2 <1

100 63 70.2 <1
I/N=10dB

0 1 130.2 20

40 46 83.2 <1

100 63 66.2 <1
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Table 4-39. Airborne Radar i 2to WIMAX Base Station, 1000 Foot Altitude, 10 MHz

Channel
Frequency Offset FDR Attenuation | Required Propagation Loss| Minimum Separation Distance
(MHz) (dB) (dB) (km)

I/N =-6 dB

0 0 142.2 88

40 44 98.2 <1

100 63 79.2 <1
I/N=0dB

0 0 136.2 44

40 44 92.2 <1

100 63 73.2 <1
I/N=3dB

0 0 133.2 31

40 44 89.2 <1

100 63 70.2 <1
I/N=6dB

0 0 130.2 22

40 44 86.2 <1

100 63 67.2 <1
I/N=10dB

0 0 126.2 14

40 44 82.2 <1

100 63 63.2 <1

Table 4-40. Airborne Radar i 2to WiIMAX Base Station, 1000 Foot Altitude, 20 MHz

Channel
Frequency Offset FDR Attenuation Required Propagation Loss| Minimum Separation Distance
(MHz) (dB) (dB) (km)

I/N = -6 dB

0 0 139.2 62

40 41 98.2 <1

100 61 78.2 <1
I/N=0dB

0 0 133.2 31

40 41 92.2 <1

100 61 72.2 <1
I/N=3dB

0 0 130.2 22

40 41 89.2 <1

100 61 69.2 <1
I/N=6dB

0 0 127.2 16

40 41 86.2 <1

100 61 66.2 <1
I/N=10dB

0 0 123.2 10

40 41 82.2 <1

100 61 62.2 <1
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For the 20,000 foot altitude the radar transmitter antenna gain is 15 dBi. A value of 2 dB
is used for the insertion loss of the transmitter.

Thegain of the base station antenna with an antenna down tilt angle of 2.5 degrees in the
direction of an aircraft is 0 dBi. A value of 2 dB is used for the receiver insertion loss. The OTR
is 1 dB.

The minimum separation distance between the radar traasamid thaViMAX base
station receiver will be determined using Equadezo:

0 CA" I plA" EMA" ECA" ¢A" "O0Y O

Using the freespace propagation model in Equatiérand a frequency of 3500 MKz
the minimum separation distance for different frequency offsets are computed. Base station
receiver interference thresholds based on I/N value8 @B, 0 dB, 3 dB, 6 dB, and 10 dB are
used to compute the minimum separation distances. The resultsranaszed inrable4-41 (5
MHz Channe), Table4-42 (10 MHz Channel)andTable4-43 (20 MHz Channel) for the 2000
foot altitude.

Table 4-41. Airborne Radar 7 2to WiMAX Base Station, 20,000 Foot Altitude, 5 MHA

Channel
Frequency Offset FDR Attenuation | Required Propagation Loss| Minimum Separation Distance
(MHz) (dB) (dB) (km)

I/N =-6 dB

0 1 143.2 99

40 46 98.2 <1

100 63 81.2 <1
I/N=0dB

0 1 137.2 50

40 46 91.2 <1

100 63 74.2 <1
I/N=3dB

0 1 134.2 31

40 46 88.2 <1

100 63 71.2 <1
I/N=6dB

0 1 131.2 25

40 46 85.2 <1

100 63 68.2 <1
I/N=10dB

0 1 127.2 16

40 46 81.2 <1

100 63 64.2 <1
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Table 4-42. Airborne Radar i 2to WIMAX Base Station, 1000 Foot Altitude, 10 MHz

Channel
Frequency Offset FDR Attenuation | Required Propagation Loss| Minimum Separation Distance
(MHz) (dB) (dB) (km)

I/N =-6 dB

0 0 141.2 79

40 44 97.2 <1

100 63 78.2 <1
I/N=0dB

0 0 135.2 32

40 44 91.2 <1

100 63 72.2 <1
I/N=3dB

0 0 132.2 28

40 44 88.2 <1

100 63 69.2 <1
I/N=6dB

0 0 129.2 26

40 44 85.2 <1

100 63 66.2 <1
I/N=10dB

0 0 125.2 12

40 44 81.2 <1

100 63 62.2 <1

Table 4-43. Airborne Radar i 2to WiIMAX Base Station, 1000 Foot Altitude, 20 MHz

Channel
Frequency Offset FDR Attenuation Required Propagation Loss| Minimum Separation Distance
(MHz) (dB) (dB) (km)

I/N = -6 dB

0 0 138.2 56

40 41 97.2 <1

100 61 77.2 <1
I/N=0dB

0 0 132.2 28

40 41 91.2 <1

100 61 71.2 <1
I/N=3dB

0 0 129.2 20

40 41 88.2 <1

100 61 68.2 <1
I/N=6dB

0 0 126.2 14

40 41 85.2 <1

100 61 65.2 <1
I/N=10dB

0 0 122.2 9

40 41 81.2 <1

100 61 61.2 <1
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Airborne Radari 2to WiMAX Mobile Station Analysis

The average power of tihérborne Radai 2 transmitter for a 0.09 percent duty cycle is
computed using Equatioh5:

0 Uo&"l'pft'l'mﬁw A"
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The radar transmitter mainbeam antenna gain is 18 dBi. A valud®i2used for the
insertion loss of the transmitter.

The gain of the mobile station antenna is 0 dBi. The OTR is 1 dB and the OFR is O dB.

The minimum separation distance between the radar transmitter aniMi#eX mobile
station receiver will be determed using Equatiod-29:
0 A" | p@" EmMA" EA" pA" mA" O
Using the freespace propagation model in Equatiérand a frequency of 3500 MKz
the minimum separation distance for different frequency offsets are computed. Mobile station
receiver interference thresholds based on I/N value8 @B, 0 dB, 3 dB, 6 dB, and 10 dB are

used to compute the minimum separation distances. The anatysts fer 5 MHz Channel, 10
MHz Channel, and 20 MHz Channel configurations are summariZeahie4-44.

Table 4-44. Airborne Radar i 2 to WiMAX Mobile Station

I/N Required Propagation Loss Minimum Separation Distance
(dB) (dB) (km)
5 MHz 10 MHz 20 MHz 5 MHz 10 MHz 20 MHz
Channel | Channel | Channel Channel Channel Channel
-6 146.2 143.2 140.2 139.6 98.9 70
0 140.2 137.2 134.2 70 49.5 35.1
3 137.2 134.2 131.2 49.5 35.1 24.8
6 134.2 131.2 128.2 35.1 24.8 17.6
10 130.2 127.2 124.2 22.1 15.7 11.1

A frequency separation of greater than approximately 30 MHz will reduce the minimum
separation distances Trable4-44to less than 1 km.

Shipborne Radaii 1to WiMAX Base Station Analysis

The average power of tighipborne Radar 1 transmitter for a 0.1 percent duty cycle is
computed using Equatiohb5:
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The radar transmitter mainbeam antenna gain is 32 dBi. A value of 21dBddor the
insertion loss of the transmitter.

The gain of the base station antenna at the horizon with an antenna down tilt angle of 2.5
degrees is approximately 13 dBi. A value of 2 dB is used for the receiver insertion loss. The
OTR computed using Equatidr27is 0 dB.

Therequired propagation $sbetween the radar transmitter and WiBMAX base station
receiver will be determined using Equatib29:

0 @mA" | 0 A" EpA" ECA" ¢A" mA" "O0OY
0

The values of required propagation léssdifferent frequency offsend lase station
receiver interference thresholds are summaiizéie tables below.

Table 4-45. Shipborne Radari 1to WiIMAX Base Station, 5 MHz Channel

Frequency Offset OFR Attenuation Required Propagation Loss
(MHz) (dB) (dB)

I/N =-6 dB

0 0 211.2

50 50 161.2

100 59 152.2
I/N=0dB

0 0 205.2

50 50 155.2

100 59 146.2
I/N=3dB

0 0 202.2

50 50 152.2

100 59 143.2
I/N=6dB

0 0 199.2

50 50 149.2

100 59 140.2
I/IN=10dB

0 0 195.2

50 50 145.2

100 59 136.2

457



Table 4-46. Shipborne Radari 1to WiMAX Base Station, 10 MHz Channel

Frequency Offset OFR Attenuation Required Propagation Loss
(MHz) (dB) (dB)

I/N = -6 dB

0 0 208.2

50 49 159.2

100 57 151.2
I/N=0dB

0 0 202.2

50 49 153.2

100 57 145.2
I/N =3dB

0 0 199.2

50 49 150.2

100 57 142.2
I/N =6 dB

0 0 196.2

50 49 147.2

100 57 139.2
I/N=10dB

0 0 192.2

50 49 143.2

100 57 135.2

Table 4-47. Shipborne Radari 1to WiIMAX Base Station, 20 MHz Channel

Frequency Offset OFR Attenuation Required Propagation Loss
(MH2z) (dB) (dB)

I/N =-6 dB

0 0 205.2

50 45 160.2

100 54 151.2
I/N=0dB

0 0 199.2

50 45 154.2

100 54 145.2
I/N=3dB

0 0 196.2

50 45 151.2

100 54 142.2
I/N=6dB

0 0 193.2

50 45 148.2

100 54 139.2
I/N=10dB

0 0 189.2

50 45 144.2

100 54 135.2
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Shipborne Radaii 1to WiMAX Mobile Station Analysis

The average power of ttghipborneRadari 1 transmitter for a 0.1 percent duty cycle is
computed usingquation 45:

0 WA " | pft'l'gncpn&"i

The radar transmitter antenna gain in the direction of the mobile staBauni. A
value of 2 dB is used for the insertion lossha transmitter.

The gain of the mobile station antenna is 0 dBi. The OTR and OFR are 0 dB.

Therequired propagation losetween the radar transmitter and WigMAX base station
receiver will be determined usirigfuation 429:
0 A" I oA" EMA" ECA" mA" mA" O
Using the ITM with the parameters specifiedlable4-12, the minimum separation
distance for different frequency offsets are caieg. Base station receiver interference
thresholds based on I/N values-6fdB, 0 dB, 3 dB, 6 dB, and 10 dB are used to compute the

minimum separation distances. The analysis results for 5 MHz Channel, 10 MHz Channel, and
20 MHz Channel configuratiorend a frequency offset of 0 MHz are summarize@iahle4-48.

Table 4-48. Shipborne Radari 1to WiIMAX Mobile Station Separation Distances

I/N Required Propagation Loss Minimum Separation Distance
(dB) (dB) for a Ship 10 km from Coast
(km)
5 MHz 10 MHz 20 MHz 5 MHz 10 MHz 20 MHz
Channel | Channel | Channel Channel Channel Channel
-6 198.2 195.2 192.2 68 65 61
0 192.2 189.2 186.2 61 58 54
3 189.2 186.2 183.2 58 54 50
6 186.2 183.2 180.2 54 51 47
10 182.2 179.2 179.2 49 46 46

Shipborne Radaii 2 toWiMAX Base Station Analysis

5:

The average power of tt&hipborne Radar 2 transmitter is computed using Equatién
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The radar transmitter mainbeam antenna gain is 47 dBi. A value of 2 dB is used for the
insertion loss of the transmitter.

The gain of the base station antenna at the homath an antenna down tilt angle of 2.5
degrees is approximately 13 dBi. A value of 2 dB is used for the receiver insertion loss. The
OTR values are 6.4 dB (5 MHz Channel), 3.5 dB (10 MHz Channel), and 0 dB (20 MHz
Channel).

The required propagation between the radar transmitter andWitAX base station
receiver to preclude potential interference will be determined using Equadon 4

° X" T 1" Ep A" ECA" ¢A" § 7YY OY
0

The values of required propagation lésisdifferent frequency offsets and base station
receiver interferenctiiresholdsare summarizeth the tables below.

Table 4-49. Shipborne Radari 2to WiMAX Base Station, 5 MHz Channel

Frequency Offset OFR and OTR Required Propagation Loss
(MH 2) Attenuation (dB)
(dB)
I/N =-6 dB
0 6.4 234.8
50 56 185.2
100 63 178.2
I/N=0dB
0 6.4 228.8
50 56 179.2
100 63 172.2
I/N=3dB
0 6.4 225.8
50 56 176.2
100 63 169.2
I/N=6dB
0 6.4 222.8
50 56 173.2
100 63 166.2
I/N=10dB
0 6.4 218.8
50 56 169.2
100 63 162.2
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Table 4-50. Shipborne Radari 2to WiMAX Base Station, 10 MHz Channel

Frequency Offset OFR and OTR Required Propagation Loss
(MHz) Attenuation (dB)

(dB)
I/N =-6 dB

0 3.5 234.7

50 53 185.2

100 60 178.2
I/N=0dB

0 3.5 228.7

50 53 179.2

100 60 172.2
I/N =3 dB

0 3.5 225.7

50 53 176.2

100 60 169.2
I/N=6dB

0 3.5 222.7

50 53 173.2

100 60 166.2
I/IN=10dB

0 3.5 218.7

50 53 169.2

100 60 162.2

Table 4-51. Shipborne Radari 2to WiMAX Base Station, 20 MHz Channel

Frequency Offset OFR and OTR Required Propagation Loss
(MHz) Attenuation (dB)

(dB)
I/N =-6 dB

0 0 235.2

50 50 185.2

100 57 178.2
I/N=0dB

0 0 229.2

50 50 179.2

100 57 172.2
I/N=3dB

0 0 226.2

50 50 176.2

100 57 169.2
I/N=6dB

0 0 223.2

50 50 173.2

100 57 166.2
I/N=10dB

0 0 219.2

50 50 169.2

100 57 162.2
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Shipborne Radaii 2 toWiMAX Mobile Station Analysis

The average power of ttghipborne Raddr 2 transmitter for a percent duty cycle is
computed using Equationt

0 Py A Ipﬁl%nxuﬁ\ |

The radar transmit mainbeam antenna gain is 47 dBi. A value of 2usBdsfor the insertion
loss of the radar transmitter.

The gain of the mobile station antenna is 0 dBi. The OTR values are 6.4 dB (5 MHz
Channel), 3.5 dB (10 MHz Channel), and 0 dB (20 MHz Channel).

The minimum required propagation loss between the reatasgritter and th&/iMAX
mobile station receiver to preclude potential interference will be determined using:

0 X" [ 1)YA" ERA" ECA" "O0'Y O

Using the ITM with the parameters specified in TabRthe minimum separation
distance is computed.

Theminimumseparation distances are computed for mobile station receiver interference
thresholds based on I/N values-6fdB, 0 dB, 3 dB, 6 dB, and HB. The analysis results for 5
MHz Channel, 10 MHz Channel, and 20 MHz Channel configuraomsummarized ifiable
4-52.

Table 4-52. Shipborne Radari 2to WiMAX Mobile Station (Frequency Offset of 50 MHZz)

I/N Required Propagation Loss Minimum Separation Distance
(dB) (dB) (km)
5 MHz 10 MHz 20 MHz 5 MHz 10 MHz 20 MHz
Channel Channel Channel Channel Channel Channel
-6 172.2 172.2 172.6 32 32 32
0 166.2 166.2 166.6 25 25 25
3 163.2 163.2 163.6 22 22 22
6 160.2 160.2 160.6 19 19 19
10 156.2 156.2 156.6 15 15 15

Shipborne Radaii 3 toWIMAX Base Station Analysis

5:

The average power of ttghipborne Raddr 3 transmitter is computed using Equation 4
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The radar transmitter mainbeam antenna gain is 41.8 dBi. A valued 3s4used for
the insertion loss of the transmitter.

The gain of the base station antenna at the horizon with an antenna down tilt angle of 2.5
degrees is approximately 13 dBi. A value of 2 dB is used for the receiver insertion loss. The
OTR values ard0 dB (5 MHz Channel), 7 dB (10 MHz Channel), and 4 dB (20 MHz Channel).

The required propagation loss between the radar transmitter adNt#eX base station
receiver to preclude potential interference will be determined using:

0 WA I T @A" Ep A" Ec8 A" cA"
0 "Y¥ 0 "0OY O

The values of required propagation léssdifferent frequency offsets and base station
receiver interferencéhresholdsare summarizeth the tables below.

Table 4-53. Shipborne Radari 3to WiMAX Base Station, 5 MHz Channel

Frequency Offset OFR and OTR Required Propagation Loss
(MHz) Attenuation (dB)
(dB)
I/N =-6 dB
0 10 229.6
50 43 196.6
100 55 184.6
I/N=0dB
0 10 223.6
50 43 190.6
100 55 178.6
I/N=3dB
0 10 220.6
50 43 187.6
100 55 175.6
I/N=6dB
0 10 217.6
50 43 184.6
100 55 172.6
I/N=10dB
0 10 213.6
50 43 180.6
100 55 168.6

4-63



Table 4-54. Shipborne Radari 3to WiMAX Base Station, 10 MHz Channel

Frequency Offset OFR and OTR Required Propagation Loss
(MHz) Attenuation (dB)

(dB)
I/N =-6 dB

0 7 229.6

50 40 196.6

100 52 184.6
I/N=0dB

0 7 223.6

50 40 190.6

100 52 178.6
I/N =3 dB

0 7 220.6

50 40 187.6

100 52 175.6
I/N=6dB

0 7 217.6

50 40 184.6

100 52 172.6
I/IN=10dB

0 7 213.6

50 40 180.6

100 52 168.6

Table 4-55. Shipborne Radari 3to WiMAX Base Station, 20 MHz Channel

Frequency Offset OFR and OTR Required Propagation Loss
(MHz) Attenuation (dB)

(dB)
I/N =-6 dB

0 4 229.6

50 36 197.6

100 49 184.6
I/N=0dB

0 4 223.6

50 36 191.6

100 49 178.6
I/N=3dB

0 4 220.6

50 36 188.6

100 49 175.6
I/N=6dB

0 4 217.6

50 36 185.6

100 49 172.6
I/N=10dB

0 4 213.6

50 36 181.6

100 49 168.6
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Shipborne Radaii 3 toWiMAX Mobile Station Analysis

The average power of ti&hipborne Radar 3 transmitter for a percent duty cycle is
computed using Equationt

0 OW" T prt T @pe A" i

The radar transmit mainbeam antenna gain is 41.8 dBi. A value of 3.4 dB is used for the
insertion loss of the radar transmitter.

The gain of the mobile station antenna is 0 dBi. The OTR values are 10 dB (5 MHz
Channel), 7 dB (10 MHz Channel), and 4 @B MHz Clannel).

The required propagation loss between the radar transmitter 2naAN#eX mobile
station receiver to preclude potential interference will be determined using:
0 PA" 1 1T @A" EmMA" Eoc8 A" "O0'Y O

Using the ITM with the parameters specified in TabRthe minimum separation
distance is computed.

The required separation distances are computed for mobile station receiver interference
thresholds based on I/N values-6fdB, 0 dB, 3 dB, 6 dB, anddldB. The analysis results for 5
MHz Channel, 10 MHz Channel, and 20 MHz Channel configurations are sumniarizaule
4-56

Table 4-56. Shipborne Radari 3to WiMAX Mobile Station (Frequency Offset of 50 MHz)

I/N Required Propagation Loss Minimum Separation Distance
(dB) (dB) (km)
5 MHz 10 MHz 20 MHz 5 MHz 10 MHz 20 MHz
Channel Channel Channel Channel Channel Channel
-6 183.6 184.6 185.6 45 46 47
0 177.6 178.6 179.6 38 39 40
3 174.6 175.6 176.6 34 35 36
6 171.6 172.6 173.6 31 32 33
10 167.6 168.6 169.6 26 28 29
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Shipborne Radaii 4 toWiIMAX Base Station Analysis

The peak power of thBhipborne Radar 4 transmitter is 84 dBm. The radar transmitter
mainbeam antenna gain is 38.9 dBi. A value of 2 dB is used for the insertion loss of the
transmitter.

The gain of the base station antenna at the horizon with an antenna down tilt angle of 2.5
degrees is appximately 13 dBi. A value of 2 dB is used fihe receiver insertion loss.

The OTR values are 3.4 dB (5 MHz Channel), 0 dB (10 MHz Channel), and 0 dB (20
MHz Channel).

The required propagation loss between the radar transmitter avdNi#eX base station
receiver to preclude potential interference will be determined using:

0 QYWRA" | o@A" Ep A" ECA" ¢A" §°YY( OYO
For peak power the OTR is based on a 20 Log (BWTX/BWRX)

The values of required propagation lésisdifferent frequency offsets and base station
receiver interferencéhresholdsare summarizeth the tables below.

Table 4-57. Shipborne Radari 4 to WiMAX Base Station, 5 MHz Channel

Frequency Offset OFR and OTR Required Propagation Loss
(MH 2) Attenuation (dB)
(dB)
I/N=-6dB
0 3.4 238.7
50 49 193.1
100 62 180.1
I/N=0dB
0 3.4 232.7
50 49 187.1
100 62 184.1
I/N=3dB
0 3.4 229.7
50 49 184.1
100 62 171.1
I/N=6dB
0 3.4 226.7
50 49 181.1
100 62 168.1
I/N=10dB
0 3.4 222.7
50 49 177.1
100 62 164.1
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Table 4-58. Shipborne Radari 4 to WiMAX Base Station, 10 MHz Channel

Frequency Offset OFR and OTR Required Propagation Loss
(MHz) Attenuation (dB)

(dB)
I/N =-6 dB

0 0 239.1

50 46 193.1

100 59 180.1
I/N=0dB

0 0 233.1

50 46 187.1

100 59 174.1
I/N =3 dB

0 0 230.1

50 46 184.1

100 59 171.1
I/N=6dB

0 0 227.1

50 46 181.1

100 59 168.1
I/IN=10dB

0 0 223.1

50 46 177.1

100 59 164.1

Table 4-59. Shipborne Radari 4 to WiMAX Base Station, 20 MHz Channel

Frequency Offset OFR and OTR Required Propagation Loss
(MHz) Attenuation (dB)

(dB)
I/N =-6 dB

0 0 236.1

50 43 193.1

100 56 180.1
I/N=0dB

0 0 230.1

50 43 187.1

100 56 174.1
I/N=3dB

0 0 227.1

50 43 184.1

100 56 171.1
I/N=6dB

0 0 224.1

50 43 181.1

100 56 168.1
I/N=10dB

0 0 220.1

50 43 177.1

100 56 164.1
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Shipborne Radaii 4 toWiMAX Mobile Station Analysis

The peak power of th&hipborne Radar 4 transmitter is 84 dBm. The radar transmit
mainbeam antenna gain is 38.9 dBi. A value of 2 dB is used for the insertion loss of the radar
transmitter.

The gain of the mobile station antenis 0 dBi. The OTR values a8etdB (5 MHz
Channel)0 dB (10 MHz Channel), anddB (20 MHz Channel).

The required propagation loss between the radar transmitter anaNt#eX mobile
station receiver to preclude potential interference will be detednismg:
0 YA I o @®A" EmMA" ECA" §"YYO OYO

Using the ITM with the parameters specified in TabRthe minimum sgaration
distance is computed.

The required separation distances are computed for mobile station receiver interference
thresholds based on I/N values-6fdB, 0 dB, 3 dB, 6 dB, and 10 dB. The analysis results for 5
MHz Channel, 10 MHz Channel, and 20 MHz Channel configurations am@atpedin Table
4-60.

Table 4-60. Shipborne Radari 4 to WiMAX Mobile Station (Frequency Offset of 0 MHz)

I/N Required Propagation Loss Minimum Separation Distance
(dB) (dB) (km)
5 MHz 10 MHz 20 MHz 5 MHz 10 MHz 20 MHz
Channel Channel Channel Channel Channel Channel
-6 225.7 226.1 223.1 308 312 280
0 219.7 220.1 217.1 244 249 216
3 216.7 217.1 214.1 212 216 184
6 213.7 214.1 211.1 180 184 153
10 209.7 210.1 207.1 139 143 116

The required separation distances are computed for mobile station receiver interference
thresholds based on I/N values-6fdB, 0 dB, 3 dB, 6 dB, and 10 dB. The analysis results for 5
MHz Channel, 10 MHz Channel, and 20 MHz Channel configurations anmaupedin Table
4-61.
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Table 4-61. Shipborne Radari 4 to WiMAX Mobile Station (Frequency Offset of 50 MHz)

I/N Required Propagation Loss Minimum Separation Distance
(dB) (dB) (km)
5 MHz 10 MHz 20 MHz 5 MHz 10 MHz 20 MHz
Channel Channel Channel Channel Channel Channel
-6 152.1 153.8 153.8 11 13 13
0 146.1 147.8 147.8 7 8 8
3 143.1 144.8 144.8 4 6 6
6 140.1 141.8 141.8 2 3 3
10 136.1 137.4 137.8 1 <1 <1

Shipborne Radaii 5 toWiMAX Base Station Analysis

The peak power of thBhipborne Radar 5 transmitter is 93.3 dBm. The radar
transmitter mainbeam antenna gain3s34dBi. A value of 2 dB is used for tiresertion loss of
the transmitter.

The gain of the base station antenna at the horizon with an antenna down tilt angle of 2.5
degrees is approximately 13 dBi. A value of 2 dB is usethtoreceiver insertion loss.

The OTR values ar@dB (5 MHz Channe|)0 dB (10 MHz Channel), anddB (20 MHz
Channel).

The required propagation loss between the radar transmitter avdNt#eX base station
receiver to preclude potential interference will be determined using:

0 W&A" | T &@A" EpdA" ECA" ¢cA" (0°YYO
For peak power the OTR is based on a 20 Log (BWTX/BWEX)

The values of required propagation léssdifferent frequency offsets and base station
receiver interferenctiiresholdsare summarizeah the tables below.

%" The emis®on spectra data for this radar was not available. Only tHeeqoency case was considered in the
analysis.
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Table 4-62. Shipborne Radari 5 to WiMAX Base Station, 5 MHz Channel

Frequency Offset OTR Attenuation Required Propagation Loss
(MHz) (dB) (dB)

I/N = -6 dB

0 | 6 | 249.8
I/N=0dB

0 | 6 | 243.8
I/N=3dB

0 | 6 | 240.8
I/N =6 dB

0 | 6 | 237.8
I/N =10 dB

0 | 6 | 233.8

Table 4-63. Shipborne Radari 5 to WiMAX Base Station, 10 MHz Channel

Frequency Offset OTR Attenuation Required Propagation Loss
(MHz) (dB) (dB)

I/N = -6 dB

0 [0 | 252.8
I/IN=0dB

0 [0 | 246.8
I/IN=3dB

0 [0 | 243.8
I/IN=6dB

0 [0 | 240.8
I/N=10dB

0 [0 | 236.8

Table 4-64. Shipborne Radari 5 to WiMAX Base Station, 20 MHz Channel

Frequency Offset OTR Attenuation Required Propagation Loss
(MHz) (dB) (dB)

I/N = -6 dB

0 [0 | 249.8
I/N=0dB

0 [0 | 243.8
I/N=3dB

0 [0 | 240.8
I/N=6dB

0 [0 | 237.8
I/N =10 dB

0 |0 | 233.8

Shipborne Radaii 5 to WiIMAX Mobile Station Analysis

The peak power of the ShipborRadari 5 transmitter is 93.3 dBm. The radar transmit
mainbeam antenna gain in the direction of the mobile statioh3sBi. A value of 2 dB is

used for the insertion loss of the radar transmitter.
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The gain of the mobile station antenna is O dBie OTR values aré dB (5 MHz
Channel)0 dB (10 MHz Channel), anddB (20 MHz Channel).

The required propagation loss between the radar transmitter and the WiMAX mobile
station receiver to preclude potential interference will be determined using:
0 W&A" | 1t @A" EMA" ECA" 0°YYO

Using the ITM with the parameters specified in TabRthe minimum separation
distance is computed.

The required separation distances are computed for mobile station receiver interference
thresholds based on I/N values-6fdB, 0 dB, 3 dB, 6 dB, and 10 dB. The analysis results for 5
MHz Channel, 10 MHz Channel, and 20 MHz Channel configurations am@aupedin Table
4-65.

Table 4-65. Shipborne Radari 5 to WiMAX Mobile Station (Frequency Offset of 0 MHz)

I/N Required Propagation Loss Minimum Separation Distance
(dB) (dB) (km)
5 MHz 10 MHz 20 MHz 5 MHz 10 MHz 20 MHz
Channel Channel Channel Channel Channel Channel
-6 238.8 241.8 238.8 458 490 458
0 232.8 235.8 232.8 386 421 386
3 229.8 232.8 229.8 352 386 352
6 226.8 229.8 226.8 320 352 320
10 222.8 225.8 222.8 277 309 277

Shipborne RadaiTerrain Dependent Exclusions Distances

Using the values of maximum required propagation loss for each shipborne radar, ITM in
the Pointto-Point Mode was used to determthe terrain dependent exclusion zone distafites.
The values of maximum required propagation loss for each shipborne radar are summarized in
Table4-66.

% The DOD analyses for the shipborne radars used the Advanced Refractive Biféelicsion SystemThe

analysis incorporated Digital Train ard Elevation Datd.evel 1 terrain data and both recently measured weather
data and historical weather data. The shipborne radars were placed 2 kilometers from the coast with the radar
antenna main beam allowed to rotate over 360 degrees in 1 degree imsreEach propagation path was then
evaluated to find the inlardirected bearing that afforded the longest propagation distance. Once this worst case
bearing was found, the required separation distance for each radar could be determined by indéxing into
propagation data witthe loss value calculated.
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Table 4-66. Shipborne Radar to WiMAX Base Station Exclusion Zone Distances

Radar Identifier Maximum Maximum Separation Distance Along Coast
Required (km)
Propagation Loss East Coast Gulf Coast West Coast
(dB)
ShipborneRadari 1 | 211.2 361 339 343
ShipborneRadari 1 | 205.2 323 291 307
ShipborneRadari 1 | 202.2 300 340 299
ShipborneRadari 1 | 199.2 231 286 286
ShipborneRadari 1 | 195.2 209 192 286
ShipborneRadari 2 | 185.2 154 106 235
ShipborneRadari 2 | 179.2 166 100 235
ShipborneRadari 2 | 176.2 166 100 235
ShipborneRadari 2 | 173.2 166 99 218
ShipborneRadari 2 | 169.2 149 98 211
ShipborneRadari 3 | 197.6 224 200 286
ShipborneRadari 3 | 191.6 173 156 274
ShipborneRadari 3 | 188.6 173 133 235
ShipborneRadari 3 | 185.6 173 108 235
ShipborneRadari 3 | 181.6 166 106 235
ShipborneRadari 4 | 239.1 567 570 571
ShipborneRadari 4 | 233.1 541 534 554
ShipborneRadari 4 | 230.1 498 529 479
ShipborneRadari 4 | 227.1 481 468 455
ShipborneRadari 4 | 223.1 448 458 404
ShipborneRadari 5 | 252.8 567 570 571
ShipborneRadari 5 | 246.8 555 557 565
ShipborneRadari 5 | 243.8 541 534 554
ShipborneRadari 5 | 240.8 494 529 475
ShipborneRadari 5 | 236.8 455 557 415

Thevalues of required propagatitossin Table4-66 were used to create therrain
dependent exclusion zone distances for ShipbRadari 1 through Shipborne Radar5 shown
in Figures 4-8 through4-12. The detailed exclusion zodestance forthe shipborne radaese
provided inAppendix D
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Figure 4-8. Terrain Dependent Exclusion Zone Distances for Shipborne Radarl
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Figure 4-9. Terrain Dependent Exclusion Zone Distances for Shipborne Radar?2
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Figure 4-10. Terrain Dependent Exclusion Zone Distances for Shipborne Radar3
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Figure 4-11. Terrain Dependent Exclusion Zone Distances for Shipborne Radar4
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Figure 4-12. Terrain Dependent Exclusion Zone Distances for Shipborne Radar5

Radar Transmitter Large Signal Analysis

Since the radar transmitters have such high peak power levels, an analysis examining
large signal effects such as burnout and saturation was performed for the radar systems. The
burnout and saturation levels MfiMAX receivers were not available. In this analysis,
threshold values of 0 dBm (burnout) ai3@ dBm (saturation) were used for the large signal
analysis of WiIMAX base and mobile station receiverable4-67 provides a summary of the
distance separations at which burnout and saturation can occur for WiMAX base and mobile
receivers.
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Table 4-67. WIMAX Burnout and Saturation Separation Distances, Large Signal Radar

Radar Type Burnout Separation Distance Saturation Separation Distance
(km) (km)
Base Station Receiver

GroundBased Radair 1 15 51
GroundBased Radair 2 Below Threshold 2

GroundBased Radair 3 25 58

Airborne Radai 1 Below Threshold Below Threshold
Airborne Radai 2 Below Threshold Below Threshold
Shipborne Radar 1 45 80

Shipborne Raddr 2 56 80

Shipborne Raddr 3 62 88

Shipborne Radar 4 50 75

Shipborne Radar 5 60 85

Mobile Station Receiver

GroundBased Radair 1 2 17
GroundBased Radair 2 Below Threshold Below Threshold
GroundBased Radair 3 4 24

Airborne Radai 1 Below Threshold Below Threshold
Airborne Radai 2 Below Threshold Below Threshold
Shipborne Radar 1 20 43

Shipborne Radar 2 20 42

Shipborne Radadr 3 27 48

Shipborne Raddir 4 15 37

Shipborne Radar 5 25 47

The details of the large signal analysis are providegppendix G As showrin Table
4-67, high power radar signals can cause receiver saturation to occur. If ¢hanokasiobile
front-end filters are too wide, radar systems operating below 3550 MHz can also cause receiver
saturation to occur. Installing radio frequency filters with sufficient rejection to signals below
3550 MHz should mitigate the problem. A radiequency fronend filter with between 30 to
40 dB of attenuation at 3500 MHz would be necessary to minimizedraheffects.

Compatibility Analysis of Wireless Broadband Transmitters and Federal Receivers

16951710 MHz Band Analysis

This analysiexamines electromagnetic compatibility between the LTE wireless mobile
station transmitters and Federal meteorologgedtllite earth stations receiving signals from the
GOES and POES satellites and radiosonde station receivers.

Wireless Broadband Systens MeteorologicalSatellite Receive Earth Station Analysis

The LTE wireless mobile/portable station transmitter characteristics are provided in
Appendix B The analysis will consider both 5 MHz and 10 MHz channel configurations. The
interference power level at the meteorologkatellite earth station receiver from each
mobile/portable station is calculated using Equadik3®. The aggregate interference level from
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the deployment of mobile stations is computed using EquétRin In this analysis, the
meteorologicakatellite Earth station receiver was assumed to be pointing at the mobile station
deployment. Since a base station has three sectors each with a diffepegndse only one

third of the mobile/portable stations will be actively transmitting on a given frequency. The
analysis considers 5 MHz and 10 MHz channel configuraffodssummary of the radii of the
exclusion zones that are necessary to preclude tdtenerference from a deployment of
mobile/portable stations to meteorologisakellite receive stations in the 169510 MHz band

is providedin Table 4-68.

Table 4-68. Exclusion Zones, Protection of Meteorologicabatellite Receive Stations

Earth Station Location Latitude Longitude Exclusion Zone Radius
(km)
Wallops Island, Virginia 375645N 752745W 90
FairbanksAlaska 644814N 1475234W | 90
Suitland, Maryland 384900N 765100W 121
Miami, Florida 254700N 801900W 110
Kaena Point/Hickam Air Force Base/Pearl 211907N 1575521W | 110
Harbor, Hawaii
Sioux Falls, South Dakota 433409N 963733W 80
Cincinnati, Ohio 390608N 843036W 97
Rock Island, lllinois 413104N 903346W 78
St. Louis, Missouri 383526N 901225W 76
Vicksburg, Mississippi 322123N 905129W 72
Omaha, Nebraska 411532N 955520W 76
Sacramento, California 383459N 1293929W | 72
Elmendorf Air Force Base, Alaska 613600N 150000W 110
Anderson Air Force Base, Guam 133452N 1445528E 110
Monterey, California 363600N 1215400W | 110
Stennis Space Center, Mississippi 302359N 893559W 110
Twenty-Nine-Palms,California® 341746N 1160944W | 110
Yuma, Arizon& 323924N 1143622W | 110
Note a: Earth station is transportable.
Note b: Latitude and Longitude coordinates are for the center point of the exclusionaaheMetSat
receive location.

Wireless Broadband System to Radiosonde Receive Station Analysis

The LTE wireless mobile/portable station transmitter characteristics are provided in
Appendix B The analysis will consider both 5 MHz and 10 MHz channel cordiguns. The

% Since specific locations of the meteorological satellite receivers were known, the DOD interference calculations
were performed using the poitt-point propagation model with specific terrain data. A single point source was
used to represent the aggregBIRP of all mobile/portable stations in the urban, suburban, and rural regions. This
results ina 10*Log (56,560) increase in EIRP overiagée mobile/portable station.
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interference power level at the radiosonde station receiver from each mobile/portable station is
calculated usingquation 432. The aggregate interference level from the deployment of
mobile/portable stations is computed ustiguation 433. In this analysis, the radiosonde

station receiver was assumed to be pointing at the mobile station deployment. Since a base
station has three sectors each with a different frequency, onthimdef the mobile/portable
stations will be actively trangiting on a given frequency. Since the elevation of the radiosonde
earth station receive antenna varies, the analysis considers several different representative
elevation angles. The highest center frequency used by the radiosonde transmitter is 1682 MHz
The analysis calculates the aggregate interference power level at the input to the radiosonde
receiver from mobile transmitters operating on center frequencies of 1697.5 MHz (5 MHz
Channel) and 1700 MHz (10 MHz Channel). The aggregate interferentesléhen compared

to the interference threshold to determine the available margin. A summary of the available
margin for the 5 MHz Channel and 10 MHz Channel configurations minimum providedbie

4-69.

Table 4-69. Available Margin for Radiosonde Receive Stations from Mobile/Portable LTE

Stations
Radiosonde Receive Aggregatelnterference Radio Receiver Available Margin
Earth Station Elevation Level Interference Threshold (dB)
Angle (dBm) (dBm)
(degrees)
5 MHz Channel
3 -132.5 -113 19.5
5 -138.3 -113 25.3
10 -139 -113 26
20 -141.8 -113 28.8
10 MHz Channel
3 -127.2 -113 14.2
5 -133.1 -113 20.1
10 -133.7 -113 20.7
20 -136.4 -113 23.4

Based on the analysis results showiiable4-69, if mobile/portable stations are limited
to operation above 1695 MHz there will be no interference to radiosonde receive stations.

3500-3650 MHz Band Analysis

This analysis examines electrogmetic compatibility between the wireless base and
mobile/portable station transmitters and Federal grdnase, airborne, and shipborne radar
system receivers.

Wireless Broadband Systems to GrouBased Radai 1 Analysis

The WIMAX wireless base and moéiportable station transmitter characteristics are
provided inAppendix B The analysis will consider 5 MHz, 10 MHz, and 20 MHz channel
configurations. The intégrence power level at the radar receiver from each base and
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mobile/portable station is calculated using Equa#i®?2. The aggregate interference level from
the deployment of base and mobile/portable stations is computed using Egt@dioin this
andysis, the radar receiver was assumed to be pointing at the wireless broadband system
deployment. For TDD systems 62.5 percent of the base stations in the deployment are
transmitting and 37.5 percent of the mobile/portable stations are transmittingnuvtini
frequency separations between the radar receivers and the base and mobile/portable station
transmitters were considered in the anal{/5is. summary of the minimum required separation
distances to preclude potential interference from a deploymensefdral mobile/portable
stations for orfrequency and offrequency operation are providedTiable4-70.

Table 4-70. Minimum Separation Distances Between GrounéBased Radari 1 and
Base/Mobile/Portable WIMAX Stations

Frequency Offset Minimum Required Separation Distance(km)
(MHz) 5 MHz Channel 10 MHz Channel 20 MHz Channel
0 201 196 183
50 5 17 24
100 <1 <1 <1

Wireless Broadband Systems to GrouBased Radai 2 Analysis

The WIMAX wireless base and mobile/portable station transmitter characteristics are
provided inAppendix B The analysis will consider 5 MHz, 10 MHz, and 20 MHz channel
configurations. The interference power level at the radar receiver from each base and
mobile/portable station is calculated using Equadid®2. The aggregate interference level from
the deployment of base and mobile/portable stations is computed using Egt@dioin this
analysis, the radar receiver was assumed to be pointing at the wireless broadband system
deployment. For TDD systems 62.5 percent of the base stations in tbhgndept are
transmitting and 37.5 percent of the mobile/portable stations are transmitting. Minimum
frequency separations between the radar receivers and the base and mobile/portable station
transmitters are considered in the analysis. A summary of thismam required separation
distances to preclude potential interference from a deployment of base and mobile/portable
stations for orfrequency and offrequency operation are providedTable4-71.

" The DOD analysis for the grousizhsed radar systems started with radaeiver athe elge of the rural region.

The radareceiver was stepped away sequentially from the regions in Odiskamcencrements. At eactlistance
increment the interference levéom all base and mobile/portable statiorssvealculated. These calceldt

interference levelaere used to create distance versus interference plots where a minimum separation distance was
determined based on the interference threshold.
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Table 4-71. Minimum Separation Distances Between Groundased Radari 2 and
Base/Mobile/Portable WiIMAX Stations

Frequency Offset Minimum Required Separation Distance(km)
(MHz) 5 MHz Channel 10 MHz Channel 20 MHz Channel
0 40 44 45
40 <1 <1 <1
120 <1 <1 <1

Wireless Broadband Systems to GrouBdsed Radai 3 Analysis

The WIMAX wireless base and mobile/portable station transmitter characteristics are
provided inAppendix B The analysis will consider 5 MHz, 10 MHz, and 20 MHz channel
configurations. The interference power level at the radar receiver from each base and
mobile/portable station is calculated using Equafi®2. The aggregate interference level from
the defoyment of base and mobile/portable stations is computed using Eqéd&®nin this
analysis, the radar receiver was assumed to be pointing at the wireless broadband system
deployment. For TDD systems 62.5 percent of the base stations in the deplasgment
transmitting and 37.5 percent of the mobile/portable stations are transmitting. Minimum
frequency separations between the radar receivers and the base and mobile/portable station
transmitters are considered in the analysis. A summary of the minieguined separation
distances to preclude potential interference from a deployment of base and mobile/portable
stations for orfrequency and offrequency operation are providedlinble4-72.

Table 4-72. Minimum Separation Distances Between Groundased Radari 3 and
Base/Mobile/Portable WIMAX Stations

Frequency Offset Minimum Required Separation Distance(km)
(MH2z) 5 MHz Channel 10 MHz Channel 20 MHz Channel
0 217 243 252
50 14 25 32
100 <1 <1 <1

Wireless Broadband Systems to Airborne Radak Analysis

The WIMAX wireless base and mobile/portable station transmitter characteristics are
provided inAppendix B The analysis will consider 5 MHz, 10 MHz, and 20 MHz channel
configurations. The interference power level at the radar receiver from each base and
mohle/portable station is calculated using EquadeB2. The aggregate interference level from
the deployment of base and mobile/portable stations is computed using Egt&dioin this
analysis, the radar receiver was assumed to be pointing at theswipeoadband system
deployment. For TDD systems 62.5 percent of the base stations in the deployment are
transmitting and 37.5 percent of the mobile/portable stations are transmitting. Aircraft altitudes
of 1000, 5000, 10,000, and 20,000 feet are censdlin the analysis. Minimum frequency
separations between the radar receivers and the base and mobile/portable station transmitters are
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considered in the analysis. A summary of the minimum required separation distances to
preclude potential interfereeadrom a deployment of base and mobile/portable stations for on
frequency and offrequency operation are providedTiable4-73.

Table 4-73. Minimum Separation Distances Between Airborne Radaf 1 and
Base/Mobile/Portable WIMAX Stations

Aircraft Altitude Frequency Offset Minimum Required Separation Distance(km)
(ft) (MHz) 5 MHz Channel 10 MHz Channel 20 MHz Channel

1,000 0 39 53 57

1,000 40 <1 <1 <1

1,000 120 <1 <1 <1

5,000 0 54 113 123
5,000 40 <1 <1 <1

5,000 120 <1 <1 <1
10,000 0 <1 131 167
10,000 40 <1 <1 <1
10,000 120 <1 <1 <1
20,000 0 <1 <1 <1
20,000 40 <1 <1 <1
20,000 120 <1 <1 <1

Wireless Broadband Systems to Airborne Rada Analysis

The WIMAX wireless base and mobile/portable station transmitter characteristics are
provided inAppendix B The analysis will consider 5 MHz, 10 MHz, and 20 MHz channel
configurations. The interference power level at the radar receiver from each base and
mobile/portable station is calculatedngiEquatiod-32. The aggregate interference level from
the deployment of base and mobile/portable stations is computed using Egt@iomm this
analysis, the radar receiver was assumed to be pointing at the wireless broadband system
deployment. FofDD systems 62.5 percent of the base stations in the deployment are
transmitting and 37.5 percent of the mobile/portable stations are transmitting. Aircraft altitudes
of 1000, 5000, 10,000, and 20,000 feet are considered in the analysis. Minimum fyequenc
separations between the radar receivers and the base and mobile/portable station transmitters are
considered in the analysis. A summary of the minimum required separation distances to
preclude potential interference from a deployment of base and npabidile stations for en
frequency and offrequency operation are providedTable4-74.
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Table 4-74. Minimum Separation Distances Between Airborne Radai 2 and
Base/Mobile/Portable WiMAX Stations

Aircraft Altitude Frequency Offset Minimum Required Separation Distance(km)
(ft) (MH2z) 5 MHz Channel 10 MHz Channel 20 MHz Channel
1,000 0 98 100 101
1,000 40 <1 <1 <1
1000 120 <1 <1 <1
5,000 0 180 185 187
5,000 40 <1 <1 <1
5000 120 <1 <1 <1
10,000 0 239 248 250
10,000 40 <1 <1 <1
10,000 120 <1 <1 <1
20,000 0 325 336 339
20,000 40 <1 <1 <1
20,000 120 <1 <1 <1

Wireless Broadband Systenis Shipborne Radar 1 Analysis

The WIMAX wireless base and mobile/portable station transmitter characteristics are
provided inAppendix B The aalysis will consider 5 MHz, 10 MHz, and 20 MHz channel
configurations. The interference power level at the radar receiver from each base and
mobile/portable station is calculated using Equadi®2. The aggregate interference level from
the deploymenof base and mobile/portable stations is computed using Eq4a8idnin this
analysis, the radar receiver was assumed to be pointing at the wireless broadband system
deployment. For TDD systems 62.5 percent of the base stations in the deployment are
transmitting and 37.5 percent of the mobile/portable stations are transmitting. In developing the
exclusion zone distance it was assumed that the shipborne radar was operating 10 km from the
coast line. A summary of the minimum required separation distéampesclude potential
interference from a deployment of base and mobile/portable stations-fi@guency and off
frequency operation are providedTiable4-75 andTable4-76 for ShipborneRadari 1.

Table 4-75. Minimum Separation Distances Between Shipborne Radérl and
Base/Mobile/Portable WIMAX Stations

Frequency Offset (MHZz) Minimum Required Separation Distance
(km)
5 MHz Channel 10 MHz Channel 20 MHz Channel
0 304 309 310
50 <1 31 44
100 <1 <1 30
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Table 4-76. Minimum Separation Distances Between Shipborne Radar1 and

Base/Mobile/Portable WiIMAX Stations

Frequency Offset
(MHz)

Minimum Required Separation Distance

(km)

5 MHz Channel

10 MHz Channel

20MHz Channel

0 259 287 305
50 8 36 44
100 <1 5 30

Wireless Broadband Systems to ShipbofRadari 2 Analysis

The WIMAX wireless base and mobile/portable station transmitter characteristics are
provided inAppendix B The analysis will consider 5 MHz, 10 MHz, and 20 MHz channel
configurations. The interference power level at the radar receiver from each base and
mobile/portable station is callated using Equatiof32. The aggregate interference level from
the deployment of base and mobile/portable stations is computed using Egt&@iolm this
analysis, the radar receiver was assumed to be pointing at the wireless broadband system
deployment. For TDD systems 62.5 percent of the base stations in the deployment are
transmitting and 37.5 percent of the mobile/portable stations are transmitting. In developing the
exclusion zone distance it was assumed that the shipborne radar was ofi@rltimfyom the
coast line. A summary of the minimum required separation distances to preclude potential
interference from a deployment of base and mobile/portable stations are providdxdieuh77
for ShipborneRadari 2.

Table 4-77. Minimum Separation Distances Between Shipborne Raddr2 and
Base/Mobile/Portable WiIMAX Stations

Frequency Offset (MHz) Minimum Required Separation Distance

(km)

5 MHz Channel 10 MHz Channel 20 MHz Channel
0 355 389 409
50 30 40 45
100 5 35 40

Wireless Broadband Systems to ShipbofRadari 3 Analysis

The WIMAX wireless base and mobile/portable station transmitter characteristics are
provided inAppendix B The analysis will consider 5 MHz, 10 MHand 20 MHz channel
configurations. The interference power level at the radar receiver from each base and
mobile/portable station is calculated using Equadik32. The aggregate interference level from
the deployment of base and mobile/portable stations is computed using Ede&@iolm this
analysis, the radar receiver was assumed to be pointing at the wireless broadband system
deployment. For TDD systems 68&rcent of the base stations in the deployment are
transmitting and 37.5 percent of the mobile/portable stations are transmitting. In developing the
exclusion zone distance it was assumed that the shipborne radar was operating 10 km from the
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coast line.A summary of the minimum required separation distances to preclude potential
interference from a deployment of base and mobile/portable stations are piaviddxdie 478
for ShipborneRadari 3.

Table 4-78. Minimum Separation Distances Between Shipborne Radar 3 and
Base/Mobile/Portable WiMAX Stations

Frequency Offset (MHz) Minimum Required Separation Distance
(km)
5 MHz Channel 10 MHz Channel 20 MHz Channel
0 250 270 289
50 47 50 53
100 17 31 37

Wireless Broadband Systems to ShipbofRadari 4 Analysis

The WIMAX wireless base and mobile/portable station transmitter characteristics are
provided inAppendk B. The analysis will consider 5 MHz, 10 MHz, and 20 MHz channel
configurations. The interference power level at the radar receiver from each base and
mobile/portable station is calculated using Equadi®2. The aggregate interference level from
the deployment of base and mobile/portable stations is computed using Egt&@iolm this
analysis, the radar receiver was assumed to be pointing at the wireless broadband system
deployment. For TDD systems 648rcent of the base stations in the deployment are
transmitting and 37.5 percent of the mobile/portable stations are transmitting. In developing the
exclusion zone distance it was assumed that the shipborne radar was operating 10 km from the
coast line.A summary of the minimum required separation distances to preclude potential
interference from a deployment of base and mobile/portable stations are piaviddxde4-79
for ShipborneRadari 4.

Table 4-79. Minimum Separation Distances Between Shipborne Raddar4 and
Base/Mobile/Portable WiIMAX Stations

Frequency Offset (MHZz) Minimum Required Separation Distance
(km)
5 MHz Channel 10 MHz Channel 20 MHz Channel
0 301 303 305
50 61 64 67
100 51 53 56
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5. Summary of Analysis Results
16951710 MHz Band

Radiosonde Transmitter

As shown in the analysis and the simulation, radiosonde transmitters oper#tiag in
16761683 MHz band will not cause interference to base station receivers operating above 1695
MHz.

Radiosonde Receive Stations

Based on the analysis results, if mobile/portable stataosmittes are limited to
operation above 1695 MHz there will be no interferencadsonde receive stations

Meteorological-Satellite Transmitters

No interference to base statimateives is predicted from GOES transmitters and POES
transmitters operating iand adjacent tthe 16951710 MHz band.

MeteorologicalSatellite Receive Stations

NTIA chose to limit its technical analysis and the development of exclusion zones to the
systems that operate in the 168610 MHz portion of the band after considering a fagtors.
First, a large number of transportable Federal aneFsalieral meteorologicalatellite earth
station receivers operate at a frequency of 1692.7 MHz. Many of these receivers support
emergency management. Because they do not require licereseseth and their locations are
unknown. Furthermore, some of these receivers operate on mobile platforms. Therefore, it is
not possible to develop exclusion zones around these earth stations. The exclusion zones around
the meteorologicasatellite recive stations operating in the 169310 MHz band are
summarized iMable5-1.



Table 5-1. Summary of Exclusion Zones Around MeteorologicalSatellite Receive Stations

Earth Station Location Latitude Longitude Exclusion Zone
Radius (km)
Wallops Island, Virginia 375645N 752745W 90
Fairbanks, Alaska 644814N 1475234W 90
Suitland, Maryland 384900N 765100W 121
Miami, Florida 254700N 801900W 110
Kaena Point/Hickam Air Force 211907N 1575521W 110
Base/Pearl Harbor, Hawaii
Sioux Falls, South Dakota 433409N 963733W 80
Cincinnati, Ohio 390608N 843036W 97
Rock Island, lllinois 413104N 903346W 78
St. Louis,Missouri 383526N 901225W 76
Vicksburg, Mississippi 322123N 905129W 72
Omaha, Nebraska 411532N 955520W 76
Sacramento, California 383459N 1212939W 72
Elmendorf Air Force Base, Alaska | 613600N 150000W 110
Anderson Air Force Base, Guam 133452N 1445528E 110
Monterey, California 363600N 1215400W 110
Stennis Space Center, Mississippi | 302359N 893559W 110
Twenty-Nine-Palms, Californi& 341746N 1160944W 110
Yuma, Arizon& 323924N 1143622W 110
Note a: Earth station is transportable.
Note b: Latitude and Longitude coordinates are for the center point of the exclusionaaheMetSat
receive location.

A plot of the exclusion zones shownTiable5-1 is provided inFigure5-1. A detailed
plot of the exclusion zones is providedAppendix H
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Figure 5-1. Plot of Exclusion Zones, Meteorologicabatellite Receive Stations

35003650 MHz Band

Originally, NTIA sought to examine sharing in the entire 33660 MHz band using
exclusion zones to protect the radar systems operating in the band. There ardgseaind
airborne, and shipborne radar systefBased on the analysis it was detened hat ce
frequency operation with the groubdsed radars required separation distances on the order of
several hundred kilometers. In order to minimize the required separation distances a frequency
offset of 50 MHz was neededs shown in the analysis, €tequency operation with the
airborne radar systems would require large exclusion zones (in excess of 300 km). Furthermore,
establishing exclusions is generally not a practical approach to sharing with airborne systems.
Therefore, NTIA concluded thatfeequency offset of approximately 40 MHz was needed to
eliminate the need for exclusion zones for airborne radar systems. The analysis considered
interference interactions between grotrased and shipborne radar systems and base and
mobile systems opetiag in the 35568650 MHz portion of the band. Although NTIA examined
several different interference thresholds for assessing potential interference to base and mobile
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stations the analysis results are based on a I/H 0B for average radar transmitteower and
+10 dB for radar transmitter peak power

Ground-Based Radar Systems

The radius of the exclusion zones around the grdiased radar systems are given in

Table5-2.

Table 5-2. Summary of Exclusion Zones, GrouneBased Radar Systems

Radar to Wireless | Ground-BasedRadari 1 | Ground-BasedRadari 2 | Ground-Based Radari 3
System Frequency | Radius of | Frequency | Radius of | Frequency | Radius of
Interaction Offset Exclusion Offset Exclusion Offset Exclusion
(MHz) Zone (MHz) Zone (MH2z) Zone
(km) (km) (km)
Radar to Base 50 40 40 <1 50 63
(Single Entry)
Radar to Mobile 50 <1 40 <1 50 3.5
(Single Entry)
Base and Mobil¢o | 50 24 40 <1 50 32
Radar(Aggregate)

A plot of the exclusion zones shownTiable5-2 is provided inFigure5-2. A detailed
plot of the exclusion zones is providedAppendix D It should be noted that Growihsed
Radari 1 andi 3 operate at many locations within the United Statéswever the number of
sites requiring protection exclusiannes was limited to a small portion of the locations, as the
radar does not require use of the upper portion of its tuning range at many locations. To
accommodate this mugieduced number of exclusion zones, the radio frequency filtaeo
base statiomwould needo provide 30 to 40 dB of attenuation at 3500 MHz (approximately 50
MHz below the band of interest, 358650 MHz)to mitigate the potential of highower
interference effects
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Figure 5-2. Plat of Exclusion Zones, GroundBased Radar Systems

Airborne Radar Systems

As shown inTable5-3, with a frequency offset of 40 MHz exclusion zones are not
needed forigborne radar systems.

While the results indicate no separation distances are required to preclude interference
between military station keeping equipment and commercial broadband licensees, broadband
users may need to accommodate instances of interéecgncse additional interference
suppression techniques to safeguard the desired service quality.
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Table 5-3. Summary of Exclusion Zones, Airborne Radar Systems

Radar to Wireless Airborne Radari 1 Airborne Radar i 2
System Interaction Frequency | Exclusion | Frequency | Exclusion
Offset Zone Offset Zone
(MHz) Distance (MHz) Distance
(km) (km)
Radar to Base 40 <1 40 <1
(Single Entry)
Radar to Mobile 40 <1 40 <1
(Single Entry)
Base and Mobile to 40 <1 40 <1
Radar(Aggregate)

Shipborne Radar Systems

For the shipborne radar systertge exclusion zone is defined by a distance from the
coast line considering interference to and from the base and mobile systems. In developing the
exclusion zone distancié was assumed that the shipborne radar was operating 10 km from the
coast line. The exclusion zone distances referenekhéhfrom the coast line are givan
Table5-4.

Table 5-4. Summary of Exclusion Zone Distances, Shipborne Radar Systems

Radar Identifier Radar to Wireless Broadband System Interaction
Radar-to-Base(Single Entry) Radar-to-Mobile Base/Mobileto-Radar
(Single Entry) (Aggregate)
Geographic Area | Exclusion Zone Exclusion Zone Exclusion Zone Distance
Distance(km)? Distance(km) (km)
Shipborne Radar 1 | East Coast 361 68
West Coast 343
Gulf Coast 339 310
Shipborne Raddr 2 | East Coast 154 32
WestCoast 235 45
Gulf Coast 106
Shipborne Raddr 3 | East Coast 224
West Coast 286 47 53
Gulf Coast 200
Shipborne Raddr 4 | East Coast 448 305
West Coast 404
Gulf Coast 458 143
Shipborne Radar5 | East Coast 455 Not Available
West Coast 415 309
Gulf Coast 557
Notea: The exclusion zone distance is based on the maximum value. The detailed terrain dependent exclu
distances are provided in Appendix E.

Figure5-3 provides a composite of the exclusion zone distances for the shipborne radar
systems.
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Figure 5-3. CompositeDepiction of Exclusion ZoneDistances Shipborne Radar Systems

Broadband Wireless System Standards

In the U.S. regulatory environment, sometimes it is not clear whether interference
problems resulting from design faults in the receiver are the responsibility of the receiver owner
or the transmitter owner to resolve. Withowatrgtards, the quality of the receiver and its
interference susceptibility is left to the buyer of a piece of radio equipment as an aspect of
marketplace choices. Nevertheless, typically the onus is on changing transmitter operations
regardless of the aalcause of the interference. Domestically, there has been no clear
consensus regarding the best means to assure development and use of suitably designed
receivers. In some commercial sergicguch as PCS, system designers have successfully
applied recwer standards. In other areas, especially where the consumers have access to
products that achieve significantly different levels of performance, the lack of known standards
and compliance may make it difficult fdrdm to make an informed choice.
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In order to maximize the usefulness of the bands proposed in the Fastwiratkss
broadband access system characteristics will need to be provided as a basis for adopting service
rules for the 1698710 MHz and 3553650 MHzbands Several technical charactstics to
consider wouldncludetransmitterpower, emission spectruourves receiveiRF and IF
selectivitycurves antenna patterns and pointing angjlefining the sidelobe power level at the
horizon,and specifications associated with high poeféects (e.g., receiver burnout, saturatio
and 1dB gain compression)if there are changes to the technical parameters or deployment data
for the wireless broadband systems,compared to those used in the analysis documented in this
report,NTIA in collaboration with the affected Federal agencies will need to determine whether
any changes to the sharing conditiansrequired to protect Federal systems

If the base and mobile fromind filters are too wide radar systems operating below 3550
MHz can also cause receiver saturation to occur. Installing radio freq@eRg¥ilters with
sufficient rejection to signals below 3550 MHz should mitigate the probldre.RF filter will
need to provide 30 to 40 dB of attenuation at 3500 MHz (approxima@e\{-& below the band
of interest, 3558650 MHz).

The specifications and standards should also require that design techniques be used which
ensure robust wireless broadband receiver performance in a high power pulsed signal
environment. Eamples of design techniques which contribute to robust receiver performance
include receiver filtering, forward error correction (FEC) coding, interleaving, adaptive data rate
(based upon interference conditions), and adaptive modulation and codingagddalpon
signal conditions), and increased Orthogonal Frequency Division Multiplexing Fast Fourier
Transform size. FEC coding including Low Density Parity Check, Turbo Product Code and
concatenated Reéslblomon and convolutional coding can be particyleffective in a pulsed
signal environment.



Appendix A. Technical Characteristics for Federal Systems Operating in
the 16951710 MHz Band

This appendix provides the technical characteristics for the Federal systems operating in
the 16951710 MHz band.The 16751710 MHz band is allocated on a-goimary basis for
Federal and noRederal use for the meteorological aids service and the meteorolegfietite
service (spac#o-Earth). Specifically, this band is used for downlinks from certain weather
satellites and radsondes (weather balloons) that are administered hyatienal Oceanic and
Atmospheric AdministrationNOAA). NOAA provides these services for weather forecasting,
tracking of hurricanes and other storms, prediction of flooding and drought condatnahs,
warning against other hazards to life and propesiyig data collected from tligeostationary
Operational Environmental Satellg&OES) and Polar Operational Environmental Satellite
(POES) systems

Table A-1. WCDAS Polar Receiver Equipment, TIP Link

Parameter Value
Center Frequency (MHz) 1698 1707, 1702.5
Receiver 3 dB Intermediate Frequency Bandwidth (MHz) 1.328
Receiver IF SelectivityRelative Attenuation (dB) as a Functiq -3 dB @ +# 0.664 MHz

of Frequency OffsetMHZz)) -20dB @ +/1.328 MHz
-60 dB @ + 6.640 MHz

Noise Figure (dB) 2.2

Antenna Gain (Mainbeam) (dBi) 43.1

Antenna Height (meters)bovelocal terrain 17m

Elevation Angle (degrees) 14

Table A-2. FCDAS Polar Receiver Equipment, Fairbanks, Alaska, AVHRR Link

Parameter Value
Center Frequency (MHz) 1698 1707, 1702.5
Receiver 3 dB Intermediate Frequency Bandwidth (MHZz) 2.66
Receiver IF SelectivityRelativeAttenuation (dB) as a Functio| -3 dB @ +# 1.33 MHz

of Frequency Offset (MHz)) -20dB @ +/2.66 MHz
-60 dB @ +/ 13.3 MHz

Noise Figure (dB) 2.2

Antenna Gain (Mainbeam) (dBi) 43.1

Antenna Height (meters)bovelocal terrain 17m

Elevation Angle(degrees) 14
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Table A-3. FCDAS Polar Receiver Equipment, TIP Link

Parameter

Value

Center Frequency (MHz)

1698 1707, 1702.5

Receiver 3 dB Intermediate Frequency Bandwidth (MHz)

1.328

Receiver IFSelectivity(Relative Attenuation (dB) as a Functid
of Frequency Offset (MHz))

-3dB @ +# 0.664 MHz
-20dB @ +/1.328 MHz
-60 dB @ +/ 6.640 MHz

Noise Figure (dB)

2.2

Antenna Gain (Mainbeam) (dBi) 43.1
Antenna Height (meterglbovelocal terrain 17m
Elevation Angle (degrees) 14

Table A-4. FCDAS Polar Receiver Equipment, HRPT Link

Parameter

Value

Center Frequency (MHz)

1698 1707, 1702.5

Receiver 3 dB Intermediate Frequency Bandwidth (MHz)

1.333

Receiver IF SelectivityRelative Attenuation (dB) as a Functig
of Frequency Offset (MHz))

-3dB @ +/ 0.6651 MHz
-20dB @ +/ 1.33B MHz
-60 dB @ +/ 6.654MHz

Noise Figure (dB)

2.2

Antenna Gain (Mainbeam) (dBi) 43.1
Antenna Height (metergbovelocal terrain 17m
Elevation Angle (degrees) 14

Table A-5. NSOF Suitland, Maryland HRPT link

Parameter

Value

Center Frequency (MHz)

1698 1707, 1702.5

Receiver 3 dB Intermediate Frequerandwidth (MHz)

1.3308

Receiver IF SelectivityRelative Attenuation (dB) as a Functig
of Frequency Offset (MHz))

-3dB @ +# 0.665MHz
-20dB @ +/ 1.34MHz
-60 dB @ +/ 12.0MHz

Noise Figure (dB)

18

Antenna Gain (Mainbeam) (dBi) 29.5
Antenna Heigh{meters)abovelocal terrain 86.8 m
Elevation Angle (degrees) 5

Table A-6. Miami Command and Data Acquisition Station Polar Receiver Equipment,

Miami Florida, High Resolution Picture TransmissionLink .

Parameter

Value

Center FrequencfMHz)

1698, 1702.5, 1707

Receiver 3 dB Intermediate Frequency Bandwidth (MHz)

1.058

Receiver IF Selectivityrelative attenuation (dB) as a function
of frequency offset (MHz))

-3dB @ +/ 0.1 MHz
-20dB @ + 0.3MHz
-60 dB @ +/0.674 MHz

Noise Temperature (K)

269

Mainbeam Antenna Gain (dBi) 29
Antenna Height (meterglbovelocal terrain 33
Elevation Angle (degrees) 5
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Table A-7. Department of Interior, USGS Earth Resources Observations and Science
(EROS), Land Remote Sensing Program (LRSP), Sioux Falls, South Dakota

Parameter

Value

Center Frequency (MHz)

1698 1707, 1702.5

Receiver 3 dB Intermediate Frequency Bandwidth (MHZz) 1.328

Receiver IFSelectivity(Relative Attenuation (dB) as a Functiq

of Frequency Offset (MHz))

-3dB @ +/ 0.664 MHz
-20 dB @ +/1.328 MHz
-60 dB @ +/6.640 MHz

Noise Figure (dB) 1.2

Antenna Gain (Mainbeam) (dBi) 31

Antenna Height (meters)bovelocal terrain 14.5m
Elevation Angle (degrees) 27.7 and 26.7

Table A-8. Radiosonde Receiver Parameters

Parameter

Radiosonde Telemetry
Receiver Wide Angle
Gathering Sensor (WAGS)

Radiosonde Telemetry
Receiver Narrow Angle
Gathering Sensor (NAGS)

Antenna (1) Antenna
Tuning Rang€MHz) 1668.41700 1668.41700
Receiver 3 dB Intermediate Frequency Bandwiq 0.150 +0.015 0.150 +£0.015

(MH2z)

Receiver IF Selectivity 0.150 MHz-3 dB 0.150 MHz-3 dB

(Relative Attenuation (dB) as a Function of 0.270MHz -20 dB 0.270MHz -20 dB

Frequency Offset (MHZz)) 0.600MHz -60 dB 0.600MHz -60 dB
Noise Figure (dB) 6.5 6.5
Antenna Gain (Mainbeam) (dBi) 7 28
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Table A-8. Radiosonde Receiver Parameters (continued)

Parameter

Radiosonde Telemetry
Receiver Wide Angle
Gathering Sensor (WAGS)
Antenna (1)

Radiosonde Telemetry
Receiver Narrow Angle
Gathering Sensor(NAGS)
Antenna

Azimuth Off-Axis Antenna Patter(dBi as a
function of offaxis angle in degrees)

Not Available (1)

-19.5 @-180
-8.5 @-170
-19.5 @-160
-18.5 @-150
-9.5 @-140
-4.5 @-130°
-3.5 @-120
-2.5 @-110
-2.5 @-100
-1.5 @-90
0.5 @-80
25 @-70
3.5 @-60
1.5 @-50
-3.5 @40
0.5 @-30
7.5 @-20
9.5 @-10
105 @ 10
0.5 @ 20
0.5 @ 30
-45@ 40
-25 @ 50
-1.5 @ 60
-65@ 70
-11.5 @ 80
-95@ 90
-13.5 @ 100
-6.5 @ 110
-6.5 @ 120
-7.5 @ 130
-15.5 @ 140
-14.5 @ 150
-14.5 @ 160
95@ 170
-9.5 @ 180

Elevation OffAxis Antenna Pattern
(dBi as a function of offixis angle in degrees)

Not Available

Same as Azimuth Pattern

Antenna Polarization

Left Hand Polarization

Left Hand Polarization

Antenna Height (meters)

5

5

Antenna Horizontal Sector (degrees)

100

15
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Table A-8. Radiosonde Receiver Parameters (continued)

Parameter Radiosonde Telemetry Radiosonde Telemetry
Receiver Wide Angle Receiver Narrow Angle
Gathering Sensor (WAGS) | Gathering Sensor(NAGS)
Antenna (1) Antenna
Antenna Down Tilt Angle (degrees)(2) Variable Variable
Cable, Insertion, or Other Losses (dB) 1.5 1.5

(1) The wide mode of the antenna is used to provide a wider dynamic range. When the radiosonde is in cl
proximity to the ground ecei ver system, the high gain of the
causing distortion and data loss. The wide mode is only active for the first few minutes of operation and d
need to be considered for interference analysis.

(2) The antenas elevation can vary betwet® degrees below and 91 degrees above the horizontal plane as
function of the radiosonde flight pattern.

Table A-9. Radiosonde Transmitter Parameters

Parameter GPS Radiosonde Transmitter

Emission 3 dB BandwidtrkHz) 135

Operates on four channels with center frequencies of 1676

Tuning Range (MHz) MHz, 1678 MHz, 1680 MHz, and 1682 MHz

Power (Peak) (dBm) 23.8
36 dB @ 0.2 MHz
Emission Spectrum 48 dB @ 0.4 MHZ
Relative AttenuatiorfdB) as a function of 52 dB @ 0.6 MHz
Frequency Offset (MHz)) 56 dB @ 0.8 MHz
58dB @ 1 MHz
Modulation Frequency Shift Keying
Duty Cycle (percent) 100
Data Rate (bit/s) 9600
Antenna Gain (Mainbeam) (dBi) 4.3 (Vertical plane, pointed downward)

Azimuth OffAxis Antenna Pattern
(dBi as a function of offixis angle in degree§)) | Same as Elevation Pattern

and (2)

+2.9dBi@ 20
Elevaton Off-Axis Antenna Pattern +1.8 dBi @ 40
Antenna Gain (dBi) as a function of eikis -0.4 dBi @ 60
angle (degreegp) -2.6 dBi @ 80

-4.4 dBi @ 90
Antenna Height (meters) 1to 33000 m
Antenna Polarization Left Hand Circular
Antenna Horizontal Sector (degrees) 360

90

Antenna Down Tilt Angle (degrees) Once launched, the antenng@nting towards the Earth

(1) The radiosonde antenna is oriented in an earthward in the vertical plane. The 0 degree angle is eqt8@als
degrees for an antenna that is oriented horizontally. Angles above 0 degrees would have further gaimsradlii
is in the backplane, which has not been measured, and are considered irrelevant as they would be pointing
on a system that is airborne, thereby radiating away from grbaseld base stations and handsets.

(2) The antenna is a patch antenvith a basically, hemispherical pattern. It is assumed that the azimuth and
vertical planes are symmetrical, although there are some variations
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GOES-N Transmitter and Antenna Characteristics
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Table A-10. GOESN Satellite Transmitter Characteristics

LINK
DESIGNATION SD PDR LRIT EMWIN MDL DCPR CDATLM
Manufactureds Boeing Satellite | Boeing Satellite | Boeing Satellite | Boeing Satellite | Boeing Satellite | Boeing Satellite | Boeing Satellite
Name Systems Systems Systems Systems Systems Systems Systems
System Sensor Data Processed Data | LRIT/WEFAX EMWIN . DCPR CDA Telemetry
. MDL transmitter .
Nomenclature transmitter transponder transponder transponder transponder transmitter
Tuning Range 1676.0 MHz 1685.7 MHz 1691.0 MHz 1692.7 MHz 1681.478 MHz iggig mn; 1694.0 MHz
Method of Tuning Fixed Fixed Fixed Fixed Fixed Switched filter Fixed
RF Channeling One One One One One Two One
FrequencyStabilit +/- 3.0 ppm over| +/- 3.0 ppm over| +/- 3.0 ppm over | +/- 3.0 ppm over | +/- 3.0 ppm over | +/- 3.0 ppm over | +/- 2.5 ppm over
q y S/C lifetime S/C lifetime S/C lifetime S/C lifetime S/C lifetime S/C lifetime S/C lifetime
Emission Designator| 5SM2G7DDX | 4M22G1DBN | 586KGIDCN | 27KG1DCN 400KG7DDX 388&2;82,’2 16KG1DBN
Emission Bandwidth | Measured Calculated Calculated Calculated Measured Measured Measured
-3dB 2.2 MHz 2.2 MHz 200 kHz 18 kHz 150 kHz 507 kHz 12 kHz
-20 dB 8.0 MHz 6.2 MHz 600 kHz 26 kHz 400 kHz 650 kHz 40 kHz
-60 dB 11.2 MHz 11.0 MHz 4.5 MHz 200 kHz 4.0 MHz 5.6 MHz 2.0 MHz
Filter Employed Band Pass Band Pass Band Pass Band Pass Band Pass Band Pass Band Pass
Maximum Bit Rate | 2.66 Mbps 2.11 Mbps 293 kbps 35.94 kbps 400 Kops 1800 bpsper 4 Kbps
individual user
Power W4.9 W28 W10.4 W1.3 W6.7 W6.3 W2.8
(6.9 dBW) (14.5 dBW) (10.2 dBW) (1.2 dBW) (8.2 dBW) (8.0 dBW) (4.5 dBW)
Spurious Level -70 dB -75 dB -75 dB -65 dB -70 dB -65 dB -65 dB
(Hz"’r‘]rd”)“’”'c Level | 60dB 67 dB 63 dB 69 dB 60 dB 61dB 65 dB
g"’r‘g)“on'c Level | 60dB 67 dB 63 dB 69 dB 60 dB 61dB 65 dB
(F(')?;rgr‘;”'c Level | godB 80dB 80dB 80 dB 80 dB 80dB 80dB
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Table A-11. GOESN Satellite Transmit Antenna Characteristics

TRANSMIT TRANSMIT AND
PURPOSE ONLY RECEIVE CDA TIm
Boeing Satellite Boeing Satellite Boeing Satellite
Manufacturers Name
Systems Systems Systems
System Nomenclature S-band Antenna A| S-band Antenna B L-band T&C

Type

Planar Cup Dipole
15.2 in dianeter

Planar Cup Dipole 15.9
in diameter

Horn and Omni
w/ power split

Frequency Range

1670 1710 MHz

16701710 MHz

1670 1710 MHz

Polarization Linear (N-S) Linear (N-S) R!ght Hand
Circular

Gain, Main Beam 15.6 dBi 15.6 dBi 0 dBi

Gain, Side Lobe -6 dBi @ 60 -6 dBi @ 60 -1.5dBi @ 122

3 dB Beamwidth _ _ —

(Horizontal) 32 32 o6

3 dB Beamwidth (Vertical) | 32~ 32 56

;T'Zgntsgga ;igd This antenna used for | Operates over

Remarks EMWIN ’ MDL, LRIT, and >85% of 4P|

DCPR downlinks steradians

downlinks

PLUS the PDR, LRIT,
DCPI, and EMWIN

uplinks

Works with linear
polarized ground
antenna
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GOES-R Transmitter and Antenna Characteristics
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Table A-12. GOESR Satellite Transmitter Characteristics

LINK
DESIGNATION GRB #1 GRB #2 HRIT/EMWIN DCPR #1 DCPR #2 CDA TIm
GOES GOES DCPR DCPR

System Nomenclaturg Rebroadcast Rebroadcast HRIT/EMWIN transponder transponder CDA Telemetry

transponder ; . transmitter
Data transponde| Data transponde (Basic) (Expansion)
. 1683.3 MHz

Tuning Range 1690.0 MHz 1690.0 MHz 1697.4 MHz 1683.6 MHZ 1683.9 MHz 1696.3MHz

Method of Tuning Fixed Fixed Fixed Switched filter Fixed Synthesizer

RF Channeling One One One Two One One

o +/-1 ppm over | +/-1 ppmover | +/-1 ppm over +/- 1 ppm over +/- 1 ppm over +/- 1 ppm over
Frequency Stabilty | o itetime SIC lifetime SIC lifetime SIC lifetime SIC lifetime SIC lifetime
. . 400KG7DBF 400KG7DBF

Emission Designator | 122MOG1DEN 12MOG1DEN 1M20G1DCN 400KG7DEF 400KG7DEF 73K3G1DCN

Emission Bandwidth | Calculated Calculated Calculated Calculated Calculated Calculated

-3dB 10.800 MHz 10.800 MHz 0.950MHz 0.400MHz 0.400MHz 0.063MHz

-20 dB 12.000 MHz 12.000 MHz 1.200 MHz 402000MHz 0.402MHz 0.073MHz

-60 dB 108000MHz 108000MHz 6.000MHz 4.000 MHz 4.000 MHz 0.600MHz

Filter Employed Band Pass Band Pass Band Pass Band Pass Band Pass Band Pass

Maximum Bit Rate 25.9 Mbps 25.9 Mbps 927 kbps 1800 bps per 1800 bps per 36.65 kbps

individual user individual user

Power (W and dBW) | 50W 17 dBW | 50W 17 dBW | 25W 14 dBW 6W 8 dBW 6W 8 dBW 3W 5 dBW

Max Power Density | -52 dBW/Hz -52 dBW/Hz -46 dBW/Hz -48 dBW/Hz -48 dBW/Hz -42 dBW/Hz

@ to min P 3dB 3dB 3dB 3dB 3dB 3dB

Spurious Level -60 dB -60 dB -60 dB -60 dB -60 dB -60 dB

Harmonic Level (2nd)| -60 dB -60 dB -60 dB -60 dB -60 dB -60 dB

Harmonic Level (3rd) | -60 dB -60 dB -60 dB -60 dB -60 dB -60 dB

Harmonic Level 60 dB 60 dB 60 dB 60 dB 60 dB 60 dB

(other)
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Table A-13. GOESR Satellite Transmit Antenna Characteristics

TRANSMIT
PURPOSE TRANSMIT AND RECEIVE CDATIm CDATIm
System Nomenclature L-band Antenna A| L-band Antenna B| L-band Antenna C
Type Horn Horn Helix Hemi
Frequency Range 16801700 MHz 16801700 MHz 16701700 MHz 16701700 MHz
Polarization Dual RCP/LCP Linear (N-S) RHCP RHCP
Gain, Main Beam 16.9 dBi 16.9 dBi 13.5 dBi 2 dBi
Gain, Side Lobe -3 dBi @40 -3 dBi @40 Not Available Not Available
?H%E’iiﬁg)w dth 18 Not Available 18 1107
3 dB Beamwidth (Vertical) | 18 Not Available 18 110
Pointing Accuracy +0.02° Not Available +0.02° +0.02°
This antennaised
for DCPR and
This antenna used HRIT /EMWIN Used when Used when the

Remarks

for GRB
downlinks

downlinks PLUS
DCPC CDA Cmd
and HRIT
/EMWIN uplinks

spacecraft points to
earth center

spacecraft is at a
random orientation
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POES Transmitter and Antenna Characteristics

A-12



Table A-14. POES Satellite Transmitter Characteristics

LINK DESIGNATION HPRT/CDA CDA HRPT/CDA
System Nomenclature STX-1 STX-2 STX-3
Tuning Range 1698 MHz 1702.5 MHz 1697.4 MHz
Method of Tuning Fixed Fixed Fixed
RF Channeling One One One

. +/- 20 ppm over | +/- 20 ppm over | +/- 20 ppm over

Frequency Stability SIC lifetime | SIC lifetime | SIC lifetime
Emission Designator 5M34G7D 5M34G7D 5M34G7D
Emission Bandwidth Calculated Calculated Calculated
-3dB 3.5 MHz 3.5 MHz 3.5 MHz
-20 dB 5.34 MHz 5.34 MHz 5.34 MHz
-40 dB 11.445 MHz 11.445 MHz 11.445 MHz
-60 dB 23.8 MHz 23.8 MHz 23.8 MHz
Filter Employed Band Pass Band Pass Band Pass
Maximum Bit Rate 2.6616 Mbps 2.6616 Mbps 2.6616 Mbps
Power (W and dBW) 6.3W 8dBW 6.3 W 8 dBW 6.3W 8 dBW
Spurious Level -60 dBc -60 dB -60 dB
Harmonic Level (2nd) -60 dBc -60 dB -60 dB
Harmonic Level (3rd) -60 dBc -60 dB -60 dB
Harmonic Level (other) -60 dBc -60 dB -60 dB

Table A-15. POES Satellite Transmit Antenna Characteristics

PURPOSE TRANSMIT TRANSMIT TRANSMIT TRANSMIT

SBA-1, SBA2,

System Nomenclature and SBA3 SBA SOA-1, SOA2 SBA-2

Self Phase Resonatl SelfPhase Self Phase
Type Quad Helix Quadrifilar Resonant Resonant
Quadrifilar Quadrifilar
Frequency Range 16981707 MHz 16981707 MHz 1702.5 MHz 1702.5 MHz
. Right Hand

Polarization R!ght Hand Right Hand Circular| Circular and Left LE.’ft Hand

Circular . Circular
Hand Circular
. . i . 2.1 dBi @630ff . 2.1 dBi

Gain, MainBeam 2.5dBi nadir 4.6 dBi @63 off nadir

Gain, Side Lobe 2.5 dL.D" @263 deg. Not Available 0.4 dI_3| @363 deg Not Available
off axis off axis

Scan Characteristics Fixed Fixed Fixed Fixed

3 dB Beamwidth 1260 60° 1260 60°

(Horizontal)

3 dB_BeamW|dth 126° Not Available 126° Not Available

(Vertical)
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DOD Receiver and Antenna Characteristics
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Table A-16. DOD Receiver Equipment, Cincinnati, Ohio, DCPR

Parameter Value
Center Frequency (MHz) 16HA.5
Receiver 3 dB Intermediate Frequency Bandwidth (MHz) 15

Receiver IF Selectivityrelative attenuation (dB) as a function
of frequency offset (MHz))

-3dB @ +/0.75 MHz
-20dB @ +/2.25 MHz
-60 dB @ +/5.04 MHz

Noise Tenperature (K) 269
Mainbeam Antenna Gain (dBi) 39

Antenna Height (meterglbovelocal terrain 200
Elevation Angle (degrees) 43.9

Table A-17. DOD Receiver Equipment, Rock Island, Illinois, DCPR

Parameter Value
Center Frequency (MHz) 1694.5
Receiver 3 dB Intermediate Frequency Bandwidth (MHz) 15

Receiver IF Selectivityrelative attenuation (dB) as a function
of frequency offset (MHz))

-3dB @ +#0.75 MHz
-20dB @ +/2.25 MHz
-60 dB @ +/5.04 MHz

Noise Temperature (K) 269
Mainbeam Antenna Gain (dBi) 39.6
Antenna Height (metergbovelocal terrain 25

Elevation Angle (degrees) 24.4

Table A-18. DOD Receiver Equipment, Saint LouisMissouri, DCPR

Parameter Value
Center Frequency (MHz) 1694.5
Receiver 3 dB Intermediate Frequency Bandwidth (MHz) 15

Receiver IF Selectivityrelative attenuation (dB) as a function
of frequency offset (MHz))

-3dB @ + 0.75 MHz
-20dB @ +/2.25 MHz
-60 dB @ +/5.04 MHz

Noise Temperature (K) 269
Mainbeam Antenna Gain (dBi) 36.7
Antenna Height (meterglbovelocal terrain 20

Elevation Angle (degrees) 42.6

Table A-19 DOD Receiver Equipment, Vicksburg, Mississippi, DCPR

Parameter Value
Center Frequency (MHz) 1694.5
Receiver 3 dB Intermediate Frequency Bandwidth (MHz) 1.5

Receiver IF Selectivityrelative attenuation (dB) as a function
of frequency offset (MHz))

-3dB @ +£0.75 MHz
-20dB @ +/2.25 MHz
-60 dB @ +/5.04 MHz

Noise Temperature (K) 269
Mainbeam Antenna Gain (dBi) 36.7
Antenna Height (meterg)bove local terrain 20

Elevation Angle (degrees) 48.6
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Table A-20. DOD Receiver Equipment,

Omaha, Nebraska, DCPR

Parameter

Value

Center FrequencfMHz)

1694.5

Receiver 3 dB Intermediate Frequency Bandwidth (MHz)

15

Receiver IF Selectivityrelative attenuation (dB) as a function
of frequency offset (MHz))

-3dB @ +/0.75 MHz
-20dB @ +/2.25 MHz
-60 dB @ +/5.04 MHz

Noise Temperature (K)

269

Mainbeam Antenna Gain (dBi) 36.7
Antenna Height (meterglbovelocal terrain 20
Elevation Angle (degrees) 28

Table A-21. DOD Receiver Equipment, Sacramento, California, DCPR

Parameter

Value

Center FrequencfMHz)

1694.5

Receiver 3 dB Intermediate Frequency Bandwidth (MHz)

1.5

Receiver IF Selectivity
(relative attenuation (dB) asfunction of frequency offset
(MHz))

-3dB @ +#0.75 MHz
-20dB @ +/2.25 MHz
-60 dB @ +/5.04 MHz

Noise Temperature (K)

269

Mainbeam Antenna Gain (dBi) 36.7
Antenna Height (metergbovelocal terrain 20
Elevation Angle (degrees) 43.2

Table A-22. Receiver Equipment, EImendorf Air force Base, Alaska, HRPT

Parameter

Value

Center FrequencfMHz)

1698, 1702.5, 1707

Receiver 3 dB Intermediate Frequency Bandwidth (MHz)

1.3309

Receiver IFSelectivity(Relative attenuation (dB) as a functiof
of frequency offset (MHz))

-3dB @ +/ 0.6655MHz
-20dB @ +/ 1.34MHz
-60 dB @ +/ 12 MHz

NoiseFigure (dB)

1.8

Mainbeam Antenna Gain (dBi) 29
Antenna Height (meterglbovelocal terrain 33
Elevation Angle (degrees) 5

Table A-23. Receiver Equipment, Anderson Air force Base, Guam, HRPT

Parameter

Value

Center FrequencfMHz)

1698, 1702.5, 1707

Receiver 3 dB Intermediate FrequerBandwidth (MHz)

133

Receiver IF Selectivityrelative attenuation (dB) as a function
of frequency offset (MHz))

-3dB @ +f 0.6655MHz
-20dB @ +/ 1.34MHz
-60 dB @ +/ 12 MHz

NoiseFigure (dB)

1.8

Mainbeam Antenna Gain (dBi) 29
Antenna Heigh{meters)abovelocal terrain 33
Elevation Angle (degrees) 5
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Table A-24. Receiver Equipment, Monterey, California, HRPT

Parameter

Value

Center FrequencfMHz)

1698, 1702.5, 1707

Receiver 3 dBntermediate Frequency Bandwidth (MHz)

133

Receiver IF Selectivityrelative attenuation (dB) as a function
of frequency offset (MHz))

-3dB @ +/ 0.6655MHz
-20dB @ +/ 1.34MHz
-60 dB @ +/ 12 MHz

NoiseFigure (dB) 1.8
Mainbeam Antenna Gain (dBi) 29
Antenna Height (meterglbovelocal terrain 33
Elevation Angle (degrees) 5

Table A-25. Receiver Equipment,Kaena Point/Hickam Air Force Base/Pearl Harbor,

Hawaii, High Resolution Picture Transmission Link

Parameter

Value

Center FrequencfMHZz)

1698, 1702.5, 1707

Receiver 3 dB Intermediate Frequency Bandwidth (MHZz)

133

Receiver IF Selectivityrelative attenuation (dB) as a function
of frequency offset (MHz))

-3dB @ +f 0.6655MHz
-20dB @ +/ 1.34MHz
-60 dB @ +/ 12 MHz

NoiseFigure (dB) 1.8
Mainbeam Antenna Gain (dBi) 29
Antenna Height (metergoveterrain 33
Elevation Angle (degrees) 5

Table A-26. Receiver Equipment,Stennis Space Center, Mississippi, HRPT

Parameter

Value

Center FrequencfMHz)

1698, 1702.5, 1707

Receiver 3 dB Intermediate Frequency Bandwidth (MHZz)

133

Receiver IF Selectivityrelative attenuation (dB) as a function
of frequency offset (MHz))

-3dB @ ++ 0.6655MHz
-20dB @ +f 1.34MHz
-60dB @ + 12 MHz

NoiseFigure (dB) 1.8
Mainbeam Antenna Gain (dBi) 29
Antenna Height (metergoveterrain 33
Elevation Angle (degrees) 5

Table A-27. Receiver Equipment, TwentyNine Palms, California, HRPT

Parameter

Value

Center FrequencfMHz)

1698, 1702.5, 1707

Receiver 3 dB Intermediate Frequency Bandwidth (MHz)

133

Receiver IF Selectivityrelative attenuation (dB) as a function
of frequencyoffset (MHz))

-3dB @ +# 0.6655MHz
-20dB @ +f 1.34MHz
-60dB @ + 12 MHz

NoiseFigure (dB) 1.8
Mainbeam Antenna Gain (dBi) 29
Antenna Height (metergpoveterrain 33
Elevation Angle (degrees) 5

Note: This is a transportable receiver
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Table A-28. Receiver Equipment, Yuma, Arizona, HRPT

Parameter Value

Center FrequencfMHz) 1698, 1702.5, 1707

Receiver 3 dB Intermediate Frequency Bandwidth (MHZz) 133

Receiver IF Selectivityrelativeattenuation (dB) as a function | -3 dB @ +# 0.6655MHz

of frequency offset (MHz)) -20dB @ +/ 1.34MHz
-60dB @ +/12MHz

NoiseFigure (dB) 1.8

Mainbeam Antenna Gain (dBi) 29

Antenna Height (metergoveterrain 33

Elevation Angle (degrees) 5

Note: This is a transportable receiver
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Appendix B. Technical Characteristics for Wireless Broadband Systems

This appendix provides the transmitter, receiver, and antenna characteristics for the

commercial WiMAX TDD, andLTE FDD systems to be used in compatibility studies with

Federal systems.

The equipment characteristics for WiMAX TDD transmitters and receivers are provided

in TablesB-1 andB-2.

Table B-1. WIMAX (TDD) Transmitter Characteristi cs

Parameter

Base Station

Mobile/Portable Station

Emission 3 dB Bandwidth (MHz)

4.75, 9.5, and 19

4.75,9.5,and 19

Power (Peak) (dBm)

40 (5 MHz Channel)
43 (10 MHz Channel)
46 (20 MHz Channel)

13t0 23

Emission Spectrum

(Relative Attenuation (dB) asFunction of
Frequency Offset from Center Frequency

(MHz))

Attenuation | pF Attenuation | F

5 MHz Channel

0dB 0 MHz 0dB 0 MHz
0dB 2.25 MHz 0dB 2.25 MHz
27 dB 2.375 MHz 27 dB 2.375 MHz
30dB 2.5 MHz 30dB 2.5 MHz
37 dB 2.725 MHz 37.dB 2.725 MHz
40 dB 3MHz 40 dB 3 MHz

48 dB 4.875 MHz 48 dB 4.875 MHz
50 dB 6MHz 50 dB 6 MHz

53 dB 7.375 MHz 53 dB 7.375 MHz
55 dB >9 MHz 55 dB > 9 MHz
10 MHz Channel

0dB 0 MHz 0dB 0 MHz
0dB 4.5 MHz 0dB 4.5 MHz
27 dB 4.75 MHz 27 dB 4.75 MHz
30dB 5 MHz 30dB 5 MHz
37dB 5.45 MHz 37 .dB 5.45 MHz
40 dB 6 MHz 40 dB 6 MHz

48 dB 9.75MHz 48 dB 9.75 MHz
50 dB 12 MHz 50 dB 12 MHz
53 dB 14.75 MHz 53 dB 14.75 MHz
55 dB > 18 MHz 55 dB > 18 MHz
20 MHz Channel

0dB 0 MHz 0dB 0 MHz
0dB 9 MHz 0dB 9 MHz

27 dB 9.5 MHz 27 dB 9.5 MHz
30dB 10 MHz 30dB 10 MHz
37dB 10.9 MHz 37dB 10.9 MHz
40 dB 12 MHz 40 dB 12 MHz
48 dB 19.5 MHz 48 dB 19.5 MHz
50 dB 24 MHz 50 dB 24 MHz
53 dB 29.5 MHz 53 dB 29.5 MHz
55 dB > 36 MHz 55 dB > 36 MHz
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Table B-1. WIMAX (TDD) Transmitter Characteristics (continued)

Parameter

Base Station

Mobile/Portable Station

TDD Duty Cycle (Percent)

62.5

37.5

Antenna Gain (Mainbeam) (dBi)

18

0

Azimuth Off-Axis Antenna Pattern
(dBi as a function of offixis angle in
degrees)

Modified ITU-R Recommendation
F.13362

Omni-directional

Elevation OffAxis Antenna Pattern
(dBi as a function of offixis angle in
degrees)

ITU-R Recommendation
F.13362

Omni-directional

Antenna Height (meters) 5 to 15 (Urban/Suburban) 1.5t0 10
15 to 60 (Rural)

Antenna Polarization Linear Linear

Antenna Azimuth 3 dB Beamwidth 65 (Urban/Suburban) 360

(degrees) 90 (Rural)

Antenna Down Tilt Angle (degrees) 2.5 0

Cable, Insertion, or Other Losses (dB) | 2 0

Note 1. The lower power limit assumes 10 dB of transmitter power control.
Note 2: For single entry analysis, the maximum antenna height of 60 meters for base stations and 1.5 mg
mobile/portable stationsill be used. For aggregate analysis antenna heights will be varied between the
minimum and maximum values shown in the table.

Note 3: A base station typically has three sectors each 120 degrees wide.
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Table B-2. WIMAX (TDD) Receiver Characteristics

Parameter

Base Station

Mobile/Portable Station

Receiver 3 dB Intermediate Frequency (IF)
Bandwidth (MHz)

4.75, 9.5, and 19

4.75, 9.5, and 19

Receiver IF Selectivity Attenuation | F Attenuation | F
(Relative Attemiation (dB) as a Function of 5 MHz Channel
Frequency Offset (MHz)) 0dB 0 MHz 0dB 0 MHz
0dB 2.25 MHz 0dB 2.25 MHz
27 dB 2.375 MHz 27dB 2.375 MHz
30dB 2.5 MHz 30 dB 2.5 MHz
37 dB 2.725 MHz 37 dB 2.725 MHz
40 dB 3 MHz 40 dB 3 MHz
48 dB 4.875 MHz 48 dB 4.875 MHz
50 dB 6 MHz 50 dB 6 MHz
53 dB 7.375 MHz 53 dB 7.375 MHz
55 dB >9 MHz 55 dB >9 MHz
10 MHz Channel
0dB 0 MHz 0dB 0 MHz
0dB 4.5 MHz 0dB 4.5 MHz
27 dB 4.75 MHz 27 dB 4.75 MHz
30dB 5 MHz 30dB 5 MHz
37.dB 5.45 MHz 37 dB 5.45 MHz
40 dB 6 MHz 40 dB 6 MHz
48 dB 9.75MHz 48 dB 9.75 MHz
50 dB 12 MHz 50 dB 12 MHz
53 dB 14.75 MHz 53 dB 14.75 MHz
55 dB > 18 MHz 55 dB > 18 MHz
20 MHz Channel
0dB 0 MHz 0dB 0 MHz
0dB 9 MHz 0dB 9 MHz
27 dB 9.5 MHz 27 dB 9.5 MHz
30dB 10 MHz 30 dB 10 MHz
37.dB 10.9 MHz 37 dB 10.9 MHz
40 dB 12 MHz 40 dB 12 MHz
48 dB 19.5 MHz 48 dB 19.5 MHz
50 dB 24 MHz 50 dB 24 MHz
53 dB 29.5 MHz 53 dB 29.5 MHz
55 dB > 36 MHz 55 dB > 36 MHz
Noise Figure (dB) 3 5

Receiver System Noise (dBm)

-104.2 (4.75 MHz)
-101.2 (9.5 MHz)

-98.2 (19 MHz)

-102.2 (4.75 MHz)

-99.2 (9.5 MHz)
-96.2 (19 MHz)

Antenna Gain (Mainbeam) (dBi)

18

0

Azimuth Off-Axis Antenna Pattern
(dBi as a function of offixis angle in degrees)

Modified ITU-R

Recommendatiof.13362

Omni-directional

Elevation OffAxis Antenna Pattern
(dBi as a function of offixis angle in degrees)

ITU-R Recommendation

F.13362

Omni-directional

Antenna Polarization

Linear

Linear
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Table B-2. WIMAX (TDD) Receiver Characteristics (continued)

Parameter Base Station Mobile/Portable Station
Antenna Height (meters) 5 to 15 (Urban/Suburban) 1.5t0 10
15 to 60 (Rural)
AntennaAzimuth 3 dB Beamwidth (degreés) | 65 (Urban/Suburban) 360
90 (Rural)
Antenna Down Tilt Angle (degrees) 2.5 0
Cable, Insertion, or Other Losses (dB) 2 0

Note 1: For single entry analysis, the maximum antenna height of 60 meters for base stationmatet<fbr
mobile/portable stations will be used. For aggregate analysis antenna heights will be varied between the mi
and maximum values shown in the table.

Note 2: A base station typically has three sectors each 120 degrees wide.
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The equipment characteristics for LTE FDD transmitters and receivers are provided in

TablesB-3 andB-4.

TableB-3. LTE (FDD) Transmitter Characteristics

Parameter Base Station Mobile/Portable Station

Emission 3 dB Bandwidth (MHz) 4.5 and 9 4.5 and 9

Power (Peak) (dBm) 40 (5 MHz Channel) 13to 23
43 (10 MHz Channel)

Emission Spectrum Attenuation | F Attenuation | F

(Relative Attenuation (dB) as a Functig 5 MHz Channel

of Frequency Offset from Center 0dB 0 MHz 0dB 0 MHz

Frequency (oF) (M|lodB 2.25 MHz 0dB 2.25 MHz
27 dB 2.375 MHz 27 dB 2.375 MHz
30dB 2.5 MHz 30dB 2.5 MHz
37 dB 2.725 MHz 37 dB 2.725 MHz
40 dB 3 MHz 40 dB 3 MHz
48 dB 4.875 MHz 48 dB 4.875 MHz
50 dB 6 MHz 50 dB 6 MHz
53 dB 7.375 MHz 53 dB 7.375 MHz
55 dB >9 MHz 55 dB > 9 MHz
10 MHz Channel
0dB 0 MHz 0dB 0 MHz
0dB 4.5 MHz 0dB 4.5 MHz
27 dB 4.75 MHz 27 dB 4.75 MHz
30dB 5 MHz 30dB 5 MHz
37.dB 5.45 MHz 37dB 5.45 MHz
40 dB 6 MHz 40 dB 6 MHz
48dB 9.75 MHz 48 dB 9.75 MHz
50 dB 12 MHz 50 dB 12 MHz
53 dB 14.75 MHz 53 dB 14.75 MHz
55 dB > 18 MHz 55 dB > 18 MHz

Antenna Gair(Mainbeam) (dBi) 18 0

Azimuth Off-Axis Antenna Pattern (dBi| Modified ITU-R Recommendatior; Omni-directional

as a function of offixis angle in F.13362

degrees)

Elevation OffAxis Antenna Pattern (dB| ITU-R Recommendation Omnidirectional

as a function of offixis angle in F.13362

degrees)

Antenna Height (meters) 5 to 15 (Urban/Suburban) 1.5t0 10
15 to 60 (Rural)

Antenna Polarization Linear Linear

Antenna Azimuth 3 dB Beamwidth 65 (Urban/Suburban) 360

(degrees) 90 (Rural)

Antenna Down it Angle (degrees) 3 0

Cable, Insertion, or Other Losses (dB)| 2 0

Note 1: The lower power limit assumes 10 dB of transmitter power control.

Note 2: For single entry analysis, the maximum antenna height of 60 meters for base stations and 1.5 metg
mobile/portable stations will be used. For aggregate analysis antenna heights will be varied between the m
and maximum values shown in the table.

Note 3: A base station typically has three sectors each 120 degrees wide.
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Table B-4. LTE (FDD) Receiver Characteristics

Parameter Base Station Mobile/Portable Station

Receiver 3 dB Intermediate Frequency (IF) 4.5 and 9 4.5and 9

Bandwidth (MHz)

Receiver IF Selectivity Attenuation | opF Attenuation | @F

(Relative Attenuation (dB) asfunction of | 5 MHz Channel

Frequency Offset (MHz)) 0dB 0 MHz 0dB 0 MHz
0dB 2.25 MHz 0dB 2.25 MHz
27 dB 2.375 MHz 27 dB 2.375 MHz
30dB 2.5 MHz 30 dB 2.5 MHz
37dB 2.725 MHz 37 dB 2.725 MHz
40 dB 3 MHz 40 dB 3 MHz
48 dB 4.875 MHz 48 dB 4.875 MHz
50 dB 6 MHz 50 dB 6 MHz
53 dB 7.375 MHz 53 dB 7.375 MHz
55 dB >9 MHz 55 dB > 9 MHz
10 MHz Channel
0dB 0 MHz 0dB 0 MHz
0dB 4.5 MHz 0dB 4.5 MHz
27 dB 4.75 MHz 27 dB 4.75 MHz
30dB 5 MHz 30dB 5 MHz
37dB 5.45 MHz 37 dB 5.45 MHz
40 dB 6 MHz 40 dB 6 MHz
48 dB 9.75 MHz 48 dB 9.75 MHz
50 dB 12 MHz 50 dB 12 MHz
53 dB 14.75MHz 53 dB 14.75 MHz
55 dB > 18 MHz 55 dB > 18 MHz

Noise Figure (dB) 5 9

Receiver System Noise (dBm) -102.5 (4.5 MHz) -98.5 (4.5 MHz)
-99.5 (9 MHz) -95.5(9 MHz)

Antenna Gain (Mainbeam) (dBi) 18 0

Azimuth Off-Axis Antenna Pattern Modified ITU-R Omnidirectional

(dBi as a function of offixis angle in Recommendation F.1336

degrees)

Elevation OffAxis Antenna Pattern ITU-R Recommendation Omnidirectional

(dBi as a function of offixis angg in F.13362

degrees)

Antenna Polarization Linear Linear

Antenna Height (meters) 5 to 15 (Urban/Suburban) 1.5t0 10
15 to 60(Rural)

Antenna Azimuth 3 dB Beamwidth 65 (Urban/Suburban) 360

(degrees) 90 (Rural)

Antenna Down Tilt Angle (degrees) 3 0

Cable, Insertion, or Other Losses (dB) 2 0

Note 1: For single entry analysis the maximum antenna height of 60 meters for base stations and 1.5 mete
mobile/portable stations will be used. For aggregate asadysenna heights will be varied between the minimu
and maximum values shown in the table.

Note 2: A base station typically has three sectors each 120 degrees wide.
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Appendix C. Radiosonde Transmitter to Base Station Receiver
Interference Analysis

This appendix provides the results oMATLAB simulation that computes the received
signal power at the input of a base station receiver from a radiosonde transmitter. The figures
show the power level at the input to the base station recehaigyas audnction of distance
from the radiosonde transmitter§xis). The base station receiver is located at 0 km in each
figure. The radiosonde transmitter flies directly into mainbeam of the base station antenna. The
base station receiver interference thoddltonsidered is based on an interferetoeroise ratio
of -6 dB shown as a dashed line. Potential interference can occur if the received signal from the
radiosonde transmitter exceeds the base station interference threshold.

FiguresC-1 throughC-9 provides the simulation results for a 5 MHz base station channel
configuration.
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Figure C-1. Radiosonde Starts 5 km from Base Station and Flid3irectly into Mainbeam
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Figure C-4. Radiosonde Starts 60 km from Base Station and Flies Directly into Mainbeam
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Figure C-7. Radiosonde Starts 240 km from Base Station and Flies Directly into
Mainbeam
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Figure C-9. Radiosonde Starts 320 km from Base Station and Flies Directly into
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The results for the 10 MHz base station channel configuration are provided in Figures
C-10throughC-18.
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Figure C-13. Radiosonde Starts 60 km from Base Station and Flies Directly into
Mainbeam
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Appendix D. Shipborne Radar Exclusion Zones

This appedix provides the terrain dependent exclusion zone distances for Shipbsrne 1
radar systems determined through a simulation usinfy tdn the pointto-point mode. The
ITM and simulation parameters are summarizetahleD-1.

Table D-1. ITM and Simulation Parameters

ITM Parameters
Frequency: 3500 MHz
Ship Antenna Height: 50 m (ShipborRadari 1)
and
30 m (Shipborne Radar2 to Shipborne Radér5)
Base Station Antenna Height: 60 m
Reliability and Confidence : 20 %
Surface Refractivity: 30N-units
Dielectric: 15
Conductivity: 0.005
United States Geological Survéy second topographic data
(90 m resolution)
Simulation Parameters
Ship Distance from Coast: 10 km
Step Distance Along the Coast: 10 km
Full Distance Inland: 600 km
Step Distance Inland: 1 km

For the East and GuBioasts the simulation moves a ship along the coast in 10 km
increments. At each 10 km increment a terrain profile is generated. Using the computed values
of required propagation loss the point farthedaimd along the terrain profile corresponding to
the required propagation loss is used to determine the exclusion zone distance. Because of the
severe terrain features along the West Coast a different approach was used. The simulation still
moves the ship along the coast in 10 km increments, but instgaterating a single terrain
profile at each increment, individual terrain profiles within a 40 degree sector spaced 1 degree
apart are generated. The forty individual terrain profiles generated at each increment along the
coast are then used to deterenthe exclusion zone distances.

FiguresD-1 throughD-11 show the exclusion zone distanedsng the U.S. coasts for
Shipborne Raddr 1, FiguresD-12 throughD-22 show the exclusion zones distances for
Shipborne Radar 2, FiguredD-23 throughD-33 show the exclusion zones distances for
Shipborne Radar 3, FiguredD-34 throughD-44 depict the exclusion zone distances for
Shipborne Radar 4, FiguredD-45 throughD-55illustrate the exclusion zone distances for radar
Shipborne Raddr 5, andFiguresD-56 throughD-66 depictthe exclusion zone distances for
radar Shipborne Radsair 1-5in overlay
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Figure D-1. Shipborne Radari 1 Exclusion Zone, Lower 48 States
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Figure D-2. Shipborne Radari 1 Exclusion Zone, East Coast
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Figure D-3. Shipborne Radari 1 Exclusion Zone, New England Coast



Eniladeiphia Pk

sindianapolis
f

.Google

OEn 150 Hn 3 kn

Figure D-4. Shipborne Radari 1 Exclusion Zone, Mid-Atlantic Coast
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Figure D-5. Shipborne Radari 1 Exclusion Zone, Southeast Coast
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Figure D-6. Shipborne Radari 1 Exclusion Zone, Gulf Coast
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Figure D-7. Shipborne Radari 1 Exclusion Zone, Southeast and Gulf Coasts
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Figure D-8. Shipborne Radari 1 Exclusion Zone, West Coast
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Figure D-9. Shipborne Radari 1 Exclusion Zone, Northwest Coast
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Figure D-10. Shipborne Radari 1 Exclusion Zone, Northern California Coast
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Figure D-11. Shipborne Radari 1 Exclusion Zone, Southern California Coast
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Figure D-12. Shipborne Radari 2 Exclusion Zone, Lower 48 States
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Figure D-13. Shipborne Radari 2 Exclusion Zone, East Coast

Google

OEn 150 Hn 2 kn

Figure D-14. Shipborne Radari 2 Exclusion Zone, New England Coast
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Figure D-15. Shipborne Radari 2 Exclusion Zone, Mid-Atlantic Coast
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Figure D-16. Shipborne Radari 2 Exclusion Zone, Southeast Coast
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Figure D-17. Shipborne Radari 2 Exclusion Zone, Gulf Coast
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Figure D-18. Shipborne Radari 2 Exclusion Zone, Southeast and Gulf Coasts
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Figure D-19. Shipborne Radari 2 Exclusion Zone, West Coast
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Figure D-20. Shipborne Radari 2 Exclusion Zone, Northwest Coast
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Figure D-21. Shipborne Radari 2 Exclusion Zone, Northern California Coast
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Figure D-22. Shipborne Radari 2 Exclusion Zone, Southern California Coast
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Figure D-23. Shpborne Radari 3 Exclusion Zone, Lower 48 States
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Figure D-24. Shipborne Radari 3 Exclusion Zone, East Coast
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Figure D-25. Shipborne Radari 3 Exclusion Zone, New England Coast
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Figure D-26. Shipborne Radari 3 Exclusion Zone, Mid-Atlantic Coast
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Figure D-27. ShipborneRadar i 3 Exclusion Zone, Southeast Coast

D-16



~ Dallas

Fort\Vorthisy

: (.()()Sk‘

OEn 150 Hn 2 kn

Figure D-28. Shipborne Radari 3 Exclusion Zone, Gulf Coast
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Figure D-29. Shipborne Radari 3 Exclusion Zone, Southeast and Gulf Coasts
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Figure D-30. Shipborne Radari 3 Exclusion Zone, West Coast
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Figure D-31. Shipborne Radari 3 ExclusionZone, Northwest Coast
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Figure D-32. Shipborne Radari 3 Exclusion Zone, Northern California Coast
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Figure D-33. Shipborne Radari 3 ExclusionZone, Southern California Coast
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Figure D-34. Shipborne Radari 4 Exclusion Zone, Lower 48 States
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Figure D-35. Shipborne Radar i 4 Exclusion Zone, East Coast
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Figure D-36. Shipborne Radari 4 Exclusion Zone, New England Coast
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Figure D-37. Shipborne Radari 4 Exclusion Zone, Mid-Atlantic Coast
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Figure D-38. Shipborne Radari 4 Exclusion Zone, Southeast Coast
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Figure D-39. Shipborne Radari 4 Exclusion Zone, Gulf Coast
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Figure D-40. Shipborne Radari 4 Exclusion Zone, Southeast and Gulf Coasts
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Figure D-41. Shipborne Radari 4 Exclusion Zone, WestCoast
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Figure D-42. Shipborne Radari 4 Exclusion Zone, Northwest Coast
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Figure D-43. Shipborne Radari 4 Exclusion Zone, Northern California Coast
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Figure D-44. Shipborne Radari 4 Exclusion Zone, Southern California Coast
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Figure D-45. Shipborne Radari 5 Exclusion Zone, Lower 485tates
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Figure D-46. Shipborne Radari 5 Exclusion Zone, East Coast
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Figure D-47. Shipborne Radari 5 Exclusion Zone, New England Gast
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Figure D-48. Shipborne Radari 5 Exclusion Zone, Mid-Atlantic Coast
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Figure D-49. Shipborne Radari 5 Exclusion Zone, Southeast Coast
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Figure D-50. Shipborne Radari 5 Exclusion Zone, Gulf Coast
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Figure D-51. Shipborne Radari 5 Exclusion Zone, Southeast and Gulf Coasts
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Figure D-52. Shipborne Radari 5 Exclusion Zone, West Coast
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Figure D-53. Shipborne Radari 5 Exclusion Zone, Northwest Coast
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Figure D-55. Shipborne Radari 5 Exclusion Zone, Southern California Coast
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Figure D-56. Shipborne Radari 1-5 Exclusion ZoneOverlay, Lower 48 States

D-32



.Google

L L | I |

OEn S00rm 1000 kn

Figure D-57. Shipborne Radari 1-5 Exclusion ZoneOverlay, East Coast

Figure D-58. Shipborne Radari 1-5 Exclusion ZoneOverlay, New England Coast
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