COMMERCE SPECTRUM MANAGEMENT ADVISORY
COMMITTEE (CSMAC)

Working Group 4: 1755-1850 MHz
Point-to-Point Microwave
Tactical Radio Relay (TRR)
Joint Tactical Radio System / Software Defined B4dirRS/SDR)

FINAL REPORT
July 24, 2013



Table of Contents

EXECULIVE SUMIM@IY ..ottt eeeaa s 3

1 014 oo 11 T o | P 5

2 Background..........coooiiiiii e 7

3 Scopeof Work, Analysisand ResultS ..., 10

4 ReCOMMENUALIONS. ...... ittt et e e 11

LiSt Of APPENAICES .......ceiieeii e 19
Appendix 1: Working Group 4 PartiCipantsS............coeveeviirieiiineeciiieeeeeeenn 20
Appendix 2: Description of Federal Systems........cooovoiiiiiiiiiiiiii e, 24
Appendix 3: Commercial SySteMS.......cccoviiiiiiiiiiceeee e 55
Appendix 4: Sharing Analysesand Results............coooiviiiiiiici, 96

CSMAC WG-4 Final Report 2 July24, 2013



Executive Summary

This report has been produced as part of the Coone&pectrum Management Advisory
Committee’s (CSMAC) ongoing analysis of ways talfeate the implementation of commercial
wireless broadband in the 1755-1850 MHz band. shiséems that Working Group (WG) 4 was
responsible for assessing were Fixed Point-to-PMidrowave, Tactical Radio Relay (TRR),
and ground-based Joint Tactical Radio Systems (JTRS

The WG decided quickly that the recommendatiorFiged Microwave would be relocation per
the conditions outlined in the National Telecomneations and Information Administration
(NTIA) 1755-1850 MHz Assessment Report. This deaisvas prompted by the outcomes of
the 1755-1850 MHz evaluation that fixed microwaystems are considered to be relatively
easy to relocate due to the ready availabilityashmercial technology to re-establish these
systems in other frequency bands and the low ettth@ost associated with relocating these
systems, assuming favorable site conditions.

With regard to TRR and JTRS, the WG conductedahénalysis using agreed methodology and
approaches for four representative sites each lmsadalysis of interference into both
Department of Defense (DoD) systems and commesggems. The results of the sharing
analyses conducted thus far indicated that separdistances on the order of hundreds of
kilometers would be necessary to ensure that fedathcommercial Long Term Evolution

(LTE) systems would not cause harmful interfereioceach another. Based upon the results of
these analyses, the WG makes the following recordatems:

* Relocate Fixed Point-to-Point Microwave Systems.

* Vacate TRR systems from the 1755-1780 MHz bandthredl 780-1850 MHz band and
into alternate spectrum.

» Transition Plans for TRR systems should be develoyth consideration of the list of
Economic Areas (EAs) ordered according to indug&ygraphic implementation
priorities, noting the exact order in which DoD vabe able to relocate or compress
would be based on operational requirements thatwagayfrom the order of commercial
priorities.

» Study Protection Zone analysis methodologies foRERd JTRS with a goal of
improving the assumptions and approach used iarhgysis.

» Apply any changes in the analysis methodology lttoehtions identified as requiring
Protection Zones for TRR and JTRS.

* Impacted federal agencies will develop TransititanB for their respective TRR systems
that address relocation of assignments, compressiove 1780 MHz and comparable
spectrum.

» Develop a sharing approach to permit commerciathess broadband deployment in
Protection Zones for both TRR and JTRS.

* Allow TRR systems to remain in the 1755-1850 MHrndb&n regions where there is little
or no commercial deployment.
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* Develop a sharing approach to permit the deploymEfRR systems in the 1755-1850
MHz band in regions where there is no current cedasted commercial deployment.

» Develop a sharing approach to address point of &vea TRR assignments that are
replacements for statewide assignments. A shappgoach is only necessary if
relocation compression is not feasible.

» Develop a method, including a testing program,emdnstrate the viability and
effectiveness of interference protection/mitigatinathods proposed by licensees before
commencing deployments of base stations in anyeBtioh Zones. This effort should
include industry, impacted federal agencies andlaggrs.

The WG notes that while there was general agreearentost recommendations, there were two
areas where DoD and Industry did not fully agree.

With respect to the fourth bullet above (Study Bctbn Zone analysis methodologies for TRR
and JTRS with a goal of improving the assumptiordapproach used in the analysis), there is
disagreement on the study of interference protectderia (IPC). Industry believes that the
study of interference criteria would be beneficvahile DoD believes that the current
interference criteria are appropriate for all thstems that are operating in the band.

With respect to the seventh bullet above (Develspaing approach to permit commercial
wireless broadband deployment in Protection Zooebdth TRR and JTRS), there is
disagreement regarding commercial licensee opesatathin Protection Zones, specifically
regarding interference into commercial license@eD requires commercial licensees to
demonstrate technology or techniques that ensukedpkerations/networks can accept
interference from operations within the Protect@mmes, all prior to deployment of base
stations. However, industry insists that long-dtag practices for agreeing to accept
interference in such situations is sufficient.

The WG also notes that several of the above recomat®ns suggest additional work and
study.
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1 Introduction

On March 27, 2012, NTIA released a report, deveddpecollaboratiorwith those incumbent
federal agencies, on the viability of accommodatiommmercial wireless broadband in the 1755-
1850 MHz band. The report concluded that the entire 95 MHz & band could be repurposed
for wireless broadband; however, in light of seVerdical challenges related to the estimated
timelines, costs, and complexities of completebacing all of the federal users currently in the
band, methods employed in the past for freeingedpral spectrum for commercial wireless by
relocating federal users to other bands is, indage, problematic. As a consequence, NTIA
proposed a new path forward that relies on a coatioin of relocating federal users and sharing
spectrum between federal agencies and commereed uile ensuring no loss to federal
critical capabilities.

It was in this spirit that in May 2012, the NTIArfoed five working groups (WGs) under the
CSMAC as a means for federal agency representatvieserface with industry experts to
address the aforementioned challenges and to geeldar relocation, transition, and sharing
plans for the 1695-1710 MHz band and the 1755-18B@ band. The working groups, each
tasked with addressing a specific set of federatapons within these two bands, are as follows:

« Working Group 1 — 1695-1710 MHz Meteorological-Hie:

* Working Group 2 — 1755-1850 MHz Law Enforcement&bdExplosive Ordnance
Disposal, and other short distance links;

* Working Group 3 — 1755-1850 MHz Satellite Controtl&lectronic Warfare;

* Working Group 4 — 1755-1850 MHz Tactical Radio Rekixed Microwave, and
ground-based software defined radios; and

* Working Group 5 — 1755-1850 MHz Airborne Operati¢gAs Combat Training
Systems, Unmanned Aerial Vehicles, Precision GuMaditions, airborne software
defined radios, and Aeronautical Telemetry)

NTIA provided a set of instructions to the WGs fasrking within CSMAC including’

» The WGs should first emphasize approaches to shasinether as a permanent
solution (Do the agencies actually have to move2sdhe means to facilitate access
during relocation transition.

* Noting both the 1755-1850 MHz report findings ahe industry priority to get
access to the 1755-1780 MHz band, approaches shewdnsidered that make that
lower band available first, but approaches thaswmter providing 1755-1780 MHz
access without also dealing with the rest of bgmtbul850 MHz will not meet
agency concerns.

! NTIA, “An Assessment of the Viability of Accommaitag Wireless Broadband in the 1755 — 1850 MHz Band
March 2012 (NTIA Report)

2 Due to the fact that WG had a deadline much sottraer the other groups, it also developed an agseedf
technical parameters for the commercial LTE sysieha was subsequently used by all work groups.

3 NTIA “Instructions to the CSMAC Working Groups'yde 28, 2012
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» The WGs should explore, where appropriate, whetbermercial network solutions
can support agency needs via a shared technolqygagh.

* WGs should seek to determine, via analysis omgsts appropriate:
0 what the potential real impact is from or to thegmment operations,
o0 whether that impact is acceptable, and
0 Wwhat restrictions have to be placed on the comrakogierations.

* Where the commercial providers determine that titengial impact is acceptable,
based on current federal operational parametéess WG should develop a regulatory
concept that ensures that operators do not raiseefissues regarding such
interference

» If, in any case, the WGs conclude that sharingptspossible, then they need to
discuss transition approaches and critical inforomatio support transition.
Furthermore, NTIA will need to begin efforts to otude on alternative spectrum.
This may require additional FCC rulemakings whidwrfurther delay entry into the
band. Therefore, WGs should explore all possib&iag solutions before reporting
that sharing is not possible.

On March 20, 2013, the FCC notified the NTIA thatlanned to commence the auction of
licenses in the 1695-17MHz band and the 1755-1780Hz band as early as September 2614.
The noticed recognized that:

“CSMAC's recommendations, if adopted by NTIA, vifiform service rules for both the
1695-1710 MHz and 1755-1780 MHz bands, includimggeof sharing and required
protections. Accordingly, we expect that an auctbbthese bands would follow
successful completion of the CSMAC process the@eaoee of the recommendations by
NTIA, completion of the CSEA technical review preseand completion of the
Commission's rulemaking process with respect teefimnds.”

In response to this letter, the NTIA informed th@Q-that:

“...while we recognize that pairing and auctioning 26 megahertz of spectrum in the
2155-2180 MHz band with the same amount in the 4748 MHz band will be a
primary option for the FCC and the commercial mekiireless industry, we appreciate
your recognition of the potential need to addressrto accommodate the phased
reallocation of the entire 95 MHz of the 1755-1888z band. Most federal functions in
the band require and operate throughout the ehfi&-1850 MHz band to meet their
missions. Given the focus on the lower 25 megahertz, whetheart of a relocation or
a sharing arrangement, the FCC will need to consigepotential for a phased transition
to facilitate commercial access to the 1755-1780zNdEInd in a shorter timeframe while
preserving longer-term repurposing and transitippostunities for the entire 1755-1850

* See FCC letter to The Honorable Lawrence E. SimigkMarch 20, 2013, DOC-319708A1.pdf

® See Letter from Assistant Secretary Stricklingf@C Chairman Genachowski on the planned auctidicerises
in the 1695-1710 MHz Band and the 1755-1780 MHzdBaxpril 19™;
http://www.ntia.doc.gov/files/ntia/publications/atiletter to_fcc chair re 1695 and 1755 auction QIR pdf
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MHz band. If an FCC auction of the 1755-1780 MHmdbaesults in the relocation of or
sharing with federal systems that currently haveess to the entire 1755-1850 MHz
band, agency Transition Plans for the lower 25 rheda will need to account for those
systems, even if the FCC holds multiple auctiorer ¢vme.”

Accordingly the main focus of WG-4 has been on stigating sharing, with a view to early
access of the 1755-1780 MHz band, but always ircéiméext of a solution for the entire 1755-
1850 MHz band.

This report presents thesults of WG-4's investigation of the prospectsdivaring between
incumbent Tactical Radio Relay and ground-basetvaoé defined radioperations (JTRS)
with broadband wireless entities in the 1755-1838z\Nband.

2 Background

The systems identified in the NTIA Report for raviand analysis by the WG included: Fixed
Point-to-Point Microwave, Military Tactical RadiceRy (TRR) and Software Defined Radio
(SDR) / Joint Tactical Radio Systems (JTRS). Tlsstems are described briefly below and in
more detail in Appendix 2.

2.1 Fixed Point-to-Point Microwave

Fixed point-to-point microwave systems are usedtfertransmission of voice, data, and/or
video in support of law enforcement, military cormdand control, emergency
preparedness and response, the national air spstesrs energy grid control, and resource
management activities. These systems also suhodistribution of meteorological data to
a variety of users including the public. Theserowave systems provide service where
commercial options are either unavailable, too agpe, or do not provide the level of
reliability required by federal users.

2.2 Military Tactical Radio Relay (TRR)

The DoD operates tactical communications systertsptovide mid- to high-capacity digital
information to battlefield commanders. The locat®f all TRR operations are provided in
Appendix 2, Table 6. There are several types stesys that include Army High-Capacity
Line-of-Sight (HCLOS) systems and multiple typeshivi the Navy and Marine Corps
Digital Wideband Transmission System (DWTS). Thaseoutlined below and described in
more detail in Appendix 2.

2.21 Army High-Capacity Line-of-Sight (HCLOS)

Army TRR systems provide wide area communication®fmy tactical deployments at
the battalion, brigade, and division levels. Thegdems, typically deployed up to 30-50
kilometers apart, provide high-throughput data camizations from command and
control traffic to intelligence imagery, logistiasedical, and morale and welfare support.
The HCLOS system currently tunes to the 225-400 Mhkix 1350-2690 MHz bands and
provides a digital microwave backbone to link leilld commanders. These systems
operate like high-capacity cellular telephone systevith highly transportable base
stations. The ability to set up, to establismé& to higher headquarters and subordinate
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units, and then to take the link down and to mave key to the survivability of the
headquarters units and supports the concept ofumangvarfare. Frequent field training
is required to ensure that soldiers can quicklgldsth a network of tactical microwave
links. The AN/GRC-245 is the Army’s primary TRRssgm that will replace its legacy
TRR systems (AN/GRC-226 and AN/VRC-99B).

2.2.2 Navy and Marine Corps Digital Wideband Transmission System (DWTYS)

The DWTS provides a backbone digital communicatmaysability supporting
amphibious and ground combat operations. The D&{pports command, control, and
data transfer from the Marine Expeditionary Foned supports training and operations at
a number of locations throughout the United Stafdse Marine Corps version of this
system provides digital backbone services (voimeo, and data) for shore-to-shore
and/or ship-to-shore communications links. Thdigaystem is the only transmission
media available to the Marine Corps with sufficibahdwidth to carry large quantities of
critical data, such as maps, overlays, intelliggnceaures, and other data to battlefield
commanders. The Marine Corps currently employsethvariants of the DWTS. The
Navy shipboard DWTS system tuning range is limted350-1850 MHz. Two variants
are limited to the tuning range between 1350 arfs) MHz. The third tunes between
1350-2690 MHz, but is not compatible with the ottveo variants. The Navy has a ship-
to-shore version of DWTS.

2.2.3 Relocation of TRR systems and updated infor mation

While the relocation details of the TRR systemsenmovided in the March NTIA
reporf, DoD provided the following updates on May 21, 2Qbased on further
operational impact assessment conducted concumnthe WG4 analysis effort, which
determine:

» The following highest priority training DoD instations/locations would
require Protection Zones indefinitely:

Continuing Army TRR L ocations Continuing USN/USM C TRR L ocations
Fort Irwin, CA Bogue Field, NC

Fort Polk, LA Panama City, FL

Fort Bliss; TX and WSMR MCAS Yuma, AZ

Fort Hood, TX Twenty-Nine Palms, CA

Fort Bragg, NC (Includes Camp MacKall) MCB Camp #eton, CA

Yuma Proving Ground , AZ MCB Hawaii (Kaneohe Bd),

Apra Harbor, Guam

* The remaining TRR locations would either compress 1780-1850 MHz if
feasible to fit TRR assignments in the 1755-17802\Mbend into the upper 70

® NTIA Report at Table 4-3, p 28.

’ This information was provided as edits to this \W@&eport.
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MHz® or relocate out of the 1755-1850 MHz band to itlient comparable
spectrum (consistent with the NTIA Report).

» Army National Guard statewide assignments wouldeipdaced with point or
local area assignments at the National Guard loas¢idns as follows:

State CitiesWith Continued TRR Operation
Arizona Casa Grandee, Papago Mine, Chandler, Marana, Bhoeni
lllinois Chicago, Carbondale, Crestwood, Marion, KewaneethiNo
Riverside, Springfield
Indiana Elwood, Anderson, Greenfield, Indianapolis

lowa Cedar Rapids, Johnston
Michigan Adrian, Augusta, Wyoming
Mississippi Meridian, Camp Shelby
Missouri Warrensburg, Whiteman, Kansas City, Saint Josept, F
Leonard Wood
North Dakota Fargo, Devils Lake

Ohio Newark, Springfield, Columbus
Oklahoma Norman, Mustang, Oklahoma City
New Hampshire Manchester, Strafford
Pennsylvania York, Johnstown, Tobyhanna, Harrisburg, Annville

» DoD proposed sharing in remote locations where ceroial interest is
determined to be low and sharing is technicallgitaa.

» DoD stressed that the TRR relocation results mestdnsidered in the full
context of all systems operating in the band.

* Implementation timeline should be established dytire transition planning
process.

2.3 Softwar e Defined Radio (SDR) / Joint Tactical Radio Systems (JTRYS)

SDR systems generate different waveforms and RRutatdns of varying complexity
through modifiable software and by the use of digiynthesis. The WG dealt exclusively
with the Joint Tactical Radio System (JTRS). Tdmations of all JTRS operations are
provided in Appendix 2, Table 6.

No relocation information for these systems wavioled in the NTIA Report, and the WG
learned that data on these systems is considemdOfficial Use Only” (FOUO). However,
DoD provided the following updated information teetWG on SDR/JTRS relocation on

May 21, 2013, based on further operational impasessment conducted concurrent with the
WG4 analysis effort, which determifie:

8 The WG notes that compressing TRR assignmentslif80-1855 MHz was not addressed in the NTIA repod
was among the information provided to the WG inNey 21, 2013 update.

° Like with TRR systems, the updated information wesvided as edits to this WG4 report.
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» The following highest priority training DoD instations/locations would require
Protection Zones indefinitely to minimize impaatsoperational training
requirements:

Continuing JTRS L ocations

Fort Irwin, CA

Fort Polk, LA (JRTC)

Fort Bliss; TX and WSMR

Fort Hood, TX

Fort Bragg, NC (Includes Camp MacKall)
Yuma Proving Ground , AZ

* The remaining JTRS locations can compress above WF& without requiring
new spectrum assignments to replace the ones ib/e-1780 MHz band.

» DoD proposed sharing the entire 1755-1850 MHz bamdmote locations where
commercial interest is determined to be low andispas technically feasible.

* DoD stressed that the JTRS results must be coesidiethe full context of all
systems operating in the band.

* DoD suggested that an implementation timeline shbelestablished during the
transition planning process.

2.4 Commercial Systems

Commercial LTE systems were described in detad Bubcommittee of WG-1 and are

presented in Appendix 3 of this rep&ttThis description was used by all Working Groups
in their analyses.

3 Scopeof Work, Analysis and Results
The key elements of WG-4’s work plan include deiemy system descriptions and
characteristics, performing technical analysis, @e@rmining sharing methodologies and
recommendations.

3.1 System descriptions and characteristics.

DoD provided information that was publicly releagabThis information is shown in
Appendix 2. Briefing slides and word documentsewesed to depict:

(1) Summary of system descriptions including nameé nomenclature as well as high-
level information on functionality.

(2) Architecture diagrams were presented illusttgaT RR notional deployment.
(3) System characteristics for TRR were organingulthe tabular format.

10 5ee “Commerce Spectrum Management Advisory Comeniitieal Report Working Group 1 — 1695-1710 MHz
Meteorological-Satellite”, January 22, 2013.
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(4) Quantity of TRR frequency assignments in tAB5E1850 MHz range for each
location.

3.2 Technical analysis

The analysis methodology and associated assumptieresagreed upon by the WG. Since
the list of locations was lengthy, it was realizledt there was insufficient time and resources
to analyze every installation. The WG decidedttmlg three Army locations and one
Navy/Marine Corps location based on proximity tgeonanarket areas. The LTE
characteristics were derived from the parametezd by CSMAC WG-1. The analysis
results were presented to WG-4 in presentationdomamich contained tables and protection
zone diagrams. These are provided in Appendix 4.

3.3 Sharing methodologies

Experience gained from AWS-1 coordination was wesed starting point for discussion.
The membership provided other input related tortbeperiences establishing coordination
processes. Disaster relief scenarios were addiesgbresolved through input from
frequency assignment experts at NTIA.

3.4 Functioning of WG-4

The work methods of the WG focused on mostly oepiebne conferences and online
correspondence. The WG generally held meetingslmrwveekly basis. The majority of the
meetings were conducted via conference call. Heweakere were four face-to-face
meetings to accelerate the maturation of infornmgpieesented at CSMAC meetings and to
move the writing of the final output report forwarth order to streamline completion of the
WG report, an editorial sub-committee was establistnd meet bi-weekly via conference
call on weeks when the full WG did not meet. Tisedf WG-4 participants is provided in
Appendix 1, Table 1.

4 Recommendations

The recommendations of the Working Group focusutaré work that would lead to
development of viable sharing scenarios. Alteveatnalysis approaches were explored that
could potentially result in a reduction in the stferotection zones which were generated under
WG 4 purview.

Based upon the work performed by the WG, we mag&édtowing recommendations:

4.1 Fixed Point-to-Point Microwave

The NTIA Report determined that fixed microwavetsyss are considered to be relatively
easy to relocate due to the availability of comnadiscavailable technology to re-establish
these systems in other frequency bands and thedtimated cost associated with relocating
these systems, assuming favorable site conditiois.addition, there is considerable

1 See NTIA Report, p. vii.

CSMAC WG-4 Final Report 11 July24, 2013



experience with long-term and transitional shawinitn microwave systems in the 1710-1755
MHz band and AWS-1 commercial systems.

4.1.1 Relocate Fixed Point-to-Point Microwave Systems.

The Working Group recommends that Fixed Point-toyPdicrowave Systems be
relocated. In addition, the WG recommends thatAN\grovide guidance to the federal
agencies to incorporate consideration of commenothistry market area priorities in the
development of their required Transition Plans iantthe establishment of a relocation
schedule for fixed point-to-point systems. The Nfuidance should request that
agencies concentrate on the 1755-1780 MHz bandlipnjtand also consider the list of
Economic Areas (EAs) ordered according to indusiggographic implementation
priorities, noting that the exact order in whicleagies will be able to relocate will be
based olr; their operational requirements and mayfuam the commercial deployment
priority.

The WG also recommends that the NTIA, in consutatiith FCC and impacted federal
agencies, establish transitional sharing methodedogimilar to the AWS-1 band (1710-
1755 MHz) entry coordination process to allow asdeshe band in areas where
microwave systems are not able to be relocateddefmmmercial access is required.
The WG recommends using TSB-10F interference aisatysthodologies and
objective$® and coordination procedures developed for AWS-The WG suggests that
this process must address the sharing of dataxed ficrowave systems (e.g.,
assignments, operational characteristics, techpma@meters, etc.) with commercial
operators or their designees. The WG notes taitssue applies across all WGs.

4.2 Tactical Radio Relay Systems
The WG makes the following recommendations for T§yRems:
4.2.1 Relocate or compress TRR systemsasindicated in NTI1A Report.

The WG recommends that DoD vacate its TRR systeons the 1755-1780 MHz band
into the 1780-1850 MHz band and to alternate spetas described above in Section 3
and in the NTIA Report’

The WG notes that there are a total of 13 highrfyidraining areas where relocation is
not feasible (See Section 2.2. above). This wijuire the establishment of Protection
Zones for the entire 1755-1850 MHz band at thesations to minimize impacts to
operational training requirements. See Recommeanddt2.2 below.

12 See WG 2 Final Report, Table A (reproduced heasiiiable 5)

13 TIA/EIA Telecommunications Systems Bulletin, “Irfierence Criteria for Microwave Systems”, TSB-10&)d
1994.

14 See, 47CFR § 27.113%otection of Federal Government operations and FCC 06-50, April 20, 2006.
15 NTIA Report at . 26 — 28.
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4.2.2 Establish arelocation schedulein thetransition planning processin concert
with the carrier community.

For those TRR systems that can relocate, the W&@meends that NTIA provide
guidance to the federal agencies to incorporatsideration of commercial industry
market area priorities in the development of thegquired Transition Plans and in the
establishment of a relocation schedule for thesR $istems. The NTIA guidance
should request that agencies concentrate on the 1780 MHz band initially, and also
consider the list of EAs ordered according to stdys geographic implementation
priorities, noting that the exact order in whicleagies will be able to relocate will be
based on their operational requirements and mayfuam the commercial deployment
priority.

4.2.3 Proposed Study Topicsto potentially improving the current analysis

The WG identified proposed study items with a goamprove the analysis that was
conducted based on the WG-4 agreed assumptionse Tidude the impact of clutter,
the use of antenna effects (i.e., off-axis andnomd#ion discrimination, the effects of
operational tempo, and interference protectioregat

Regarding interference protection criteria (IP@g WG notes that current WG-4
analyses use long-standing interference critetebéshed by the ITU. The wireless
industry believes that the study of interferendatiee to a desired carrier taking into
account actual system operations would be benkfecianderstand how government and
LTE systems would interact in a shared environmetit close coordination between
users, and believe that could significantly redwezpiired separation distances. DoD
believes that the current interference criteriasgmeropriate for all the systems that are
operating in the band. Further, DoD believes #mgt consideration of changes in IPC on
a system-by-system basis is risky and inappropridtes is because IPCs are developed
over a long period of time to ensure that protectoteria are based on underlying
physical phenomena rather than on short-term tdobiwal specifications of individual
systems. As a result, these long standing IPGsesstully form the basis for many
national and international spectrum use agreemieaisding allocation and reallocation
decisions, despite the often rapid evolution angrowement of new and incumbent
systems.

4.2.4 Any changesin analysis methodology should be applied to all Protection Zone
analyses.

The WG recommends Protection Zone analyses sheutétfiormed, taking into account
any agreed upon approach and assumption change®(@®ned above), for all
locations that cannot relocate or compress.

Protection Zone analyses will first be performeattstg at the 13 areas where relocation
is not feasible. The remaining Protection Zondyames should be prioritized considering
the list of EAs ordered according to industry'sgm@phic implementation priorities,
noting that the exact order in which agencies béllable to relocate will be based on
their operational requirements and may vary froemxabmmercial deployment priority.
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4.2.5 Develop Transition Plansthat addressrelocation of assignments, compression
into 1780-1850 M Hz, and compar able spectrum

The WG recommends that DoD and NTIA consider rdlonaand compression time
frames in addition to comparable spectrum for rafion as they develop Transition
Plans.

4.2.6 Develop a sharing approach to permit deployment in Protection Zones

The WG recommends that NTIA, in consultation witipacted federal agencies, work
with all stakeholders to develop an approach thaeiva access to the 1755-1780 MHz
band in areas where TRR systems will remain indefinor where they cannot relocate
or compress before commercial access is requirddnaa given Protection Zone. This
will require the development of interference anislysethodologies and objectives
sufficient to perform interference analyses betwsgarcific carrier sites and TRR
systems. The WG suggests that TSB-10F mentionagkdbr fixed microwave systems
represents a good framework for this effort.

The WG also recommends that NTIA and FCC, in camtiibn with the affected federal
agencies and commercial wireless carriers, devaopdination procedures similar to
AWS-1. These procedures should accommodate ttosviol:

» Sharing data on TRR systems (e.g., assignmentsatapeal characteristics,
technical parameters, etc.) with commercial opesado their designees, to the
extent information protection mandates are adhered’he WG notes that this
issue applies across all WGs.

» Commercial licensees must be required to coordiaaysoperations that could
permit mobile, fixed, and portable stations to @pein the specified Protection
Zones.

» Commercial licensee operations within Protectione&owill be permitted
following a successful coordination process conidgdhat such commercial
operations will not cause any loss of capabilite tiu harmful interfere at the
federal site plus certain other conditions. Dolldwes that sharing between
ubiquitously deployed licensed cellular mobile lioand systems and federal
operations at the same location is unprecedentethat regard, DoD requires
commercial licensees to demonstrate technologgabmiques that ensure LTE
operations/networks can accept interference frorR ©Rerations within the
Protection Zones, all prior to deployment of baséi@ens. However, commercial
licensees note that the ability of licensees teeHbaxibility in deploying their
networks, including what levels of interferenceytican accept, is fundamental to
efficient spectrum management. Accordingly thesrshthat long-standing
practices for agreeing to accept interference ah situations is sufficient, and
that the requested demonstration of technologgdrrtiques is unprecedented,
untenable and would represent a new, undefinedeburd operators.

* Protection of TRR facilities must continue unticbuime as these systems are
relocated to other spectrum or compressed into-1880 MHz.

» A process must be established to ensure that iavibwet of interference that can
be sourced to commercial wireless operations, @sgebperators modify
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operations in the band to mitigate interference sotrces are identified and
resolved. Commercial operators will need to prevadd maintain 24/7 point of
contact should interference occur. Federal incuntsbwill also need to provide a
list of authorized personnel who can provide bada fequests for the
modification of commercial operations in identifipcbtection zones.

4.2.7 Develop atesting program to demonstrate the viability and effectiveness of
inter ference protection/mitigation methods before commer cial licensees
commence deploymentsin Protection Zones.

The WG suggests that it is important to verify thethodologies and objectives
mentioned above through a mutually-agreed testingram involving all stakeholders.
The testing program must:

» Validate co-channel and adjacent channel sharisgnagtions model and
interference mitigation methods prior to the adapf technical rules.

» Validate the effectiveness of proposed interferanitggation methods upon
completion of the auction and prior to coordinabt@eration within Protection
Zones.

» Establish mutual agreement and successful demaostia proposed validation
and verification methods.

» Clearly assign responsibility for verification tggéns and schedules.

» Be adaptable for future or potentially changing T&®l commercial
configurations.

4.2.8 Allow TRR systemsto remain in the 1755-1850 MHz band in regions where
thereislittle or no commercial interest.

The WG recommends that in areas where it is deteuhnihat there is little or no
commercial interest for network deployment, TRRiesys may be allowed to remain in
the band. However, the WG suggests that furthetyss required to define and agree
upon what is meant by “little or no commercial net&t”, as well as rules of engagement
that would govern such possible arrangements.

4.2.9 Develop a processto address point or local area assignments

The WG did not consider statewide and local areayaments that remain for National
Guard operations that cannot relocate. The WGmenends that additional study may
be required to address issues such as LTE depldyspeaifics, outstanding sharing
methods identified in this report (particularlytasy are related to these types of
operations) and coordination.

4.3 Joint Tactical Radio Systems
The WG makes the following recommendations for JTRS
4.3.1 Proposed Study Topicsto potentially improve the current analyses

The WG identified proposed study items with a goamprove the analysis that was
conducted based on the WG-4 agreed assumptionse Tidude the impact of clutter,
the use of antenna effects (i.e., off-axis andnomd#éion discrimination, the effects of
operational tempo, and interference protectioreat
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Regarding interference protection criteria (IPGg WG notes that current WG-4
analyses use long-standing interference critetebéshed by the ITU. The wireless
industry believes that the study of interferendatiee to a desired carrier taking into
account actual system operations would be benkfecianderstand how government and
LTE systems would interact in a shared environmetit close coordination between
users, and believe that could significantly redwezpiired separation distances. DoD
believes that the current interference criteriasgmeropriate for all the systems that are
operating in the band. Further, DoD believes #mgt consideration of changes in IPC on
a system-by-system basis is risky and inappropridtes is because IPCs are developed
over a long period of time to ensure that protectoteria are based on underlying
physical phenomena rather than on short-term tdobiwal specifications of individual
systems. As a result, these long standing IPGsesstully form the basis for many
national and international spectrum use agreemiaaisiding allocation and reallocation
decisions, despite the often rapid evolution angrowement of new and incumbent
systems.

4.3.2 Any changesin analysis methodology should be applied to all Protection Zone
analyses.

The WG recommends Protection Zones should be esdtetlat six JTRS locations,
taking into account any agreed upon approach asuhgsion changes, for the highest
priority DoD training installations/locations idéied in Section 2.3 to minimize impacts
to operational training requirements.

4.3.3 For remaining locations, compress systemsinto 1780-1850 M Hz.

The WG recommends that for the remaining locatiGm®S compress above 1780 MHz.
Time frames to compress should be established stk timelines in federal
agencies’ Transition Plans, taking into account m@mtial deployment time frames
where feasible. Actual system tuning into 17804LBB1z could also be occasioned
upon request from a commercial licensee to acaessvathin Protection Zone. The WG
recommends that a process can be establishedrsimtlze one described above for
TRR.

4.3.4 Develop atransitional sharing approach to permit deployment in Protection
Zones at six high-priority training locations.

The WG recommends that NTIA, in consultation wittpacted federal agencies, develop
an approach to allow access to the 1755-1780 MiHd baareas where JTRS cannot
compress before commercial access is requiredmatigiven Protection Zone. This will
require the development of interference analysiouologies and objectives sufficient
to perform interference analyses between spedaficer sites and TRR systems. The
WG suggests that TSB-10F mentioned above for finenlowave systems represents a
good framework for this effort.

The WG also recommends that NTIA and FCC, in comtaibn with the affected federal
agencies and commercial wireless carriers, devaopdination procedures similar to
AWS-1. These procedures should accommodate tlosviol:

» Sharing data on JTRS systems (e.g., assignmem@stamal characteristics,
technical parameters, etc.) with commercial opesado their designees, to the
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extent information protection mandates are adhered’he WG notes that this
issue :ilgplies across all WGs and may be accomglisineugh the Trusted
Agent:

» Commercial licensees must be required to coordiaaysoperations that could
permit mobile, fixed, and portable stations to @pein the specified Protection
Zones.

» Commercial licensee operations within Protection@owill be permitted
following a successful coordination process conidgdhat such commercial
operations will not cause any loss of capabilitg tiu harmful interfere at the
federal site plus certain other conditions. Dolldwes that sharing between
ubiquitously deployed licensed cellular mobile lioand systems and federal
operations at the same location is unprecedentethat regard, DoD requires
commercial licensees to demonstrate technologgabmiques that ensure LTE
operations/networks can accept interference froRSJ®perations within the
Protection Zones, all prior to deployment of baséi@ens. However, commercial
licensees note that the ability of licensees teeHbaxibility in deploying their
networks, including what levels of interferenceytican accept, is fundamental to
efficient spectrum management. Accordingly thesranthat long-standing
practices for agreeing to accept interference @ situations is sufficient, and
that the requested demonstration of technologgdrriques is unprecedented,
untenable and would represent a new, undefineceburd operators.

» Protection of JTRS facilities must continue unai€ls time as these systems are
relocated to other spectrum or compressed into-1880 MHz.

» A process must be established to ensure that iavibwet of interference that can
be sourced to commercial wireless operations, @esgebperators modify
operations in the band to mitigate interference sotrces are identified and
resolved. Commercial operators will need to prevadd maintain 24/7 point of
contact should interference occur. Federal incuntswill also need to provide a
list of authorized personnel who can provide bade fequests for the
modification of commercial operations in identifipcbtection zones.

4.3.5 Develop atesting program to demonstrate the viability and effectiveness of
inter ference protection/mitigation methods before commer cial licensees
commence deployments in Protection Zones.

The WG suggests that it is important to verify thethodologies and objectives
mentioned above through a mutually-agreed testingrpm involving all stakeholders.
The testing program must:

» Validate co-channel and adjacent channel sharisgnagtions model and
interference mitigation methods prior to the adapif technical rules.

6 The WG notes that the Trusted Agent conceptlisustiler discussion and development among stakehald

CSMAC WG-4 Final Report 17 July24, 2013



» Validate the effectiveness of proposed interferanitegation methods upon
completion of the auction and prior to coordinabd@eration within Protection
Zones.

» Establish mutual agreement and successful demaostia proposed validation
and verification methods.

» Clearly assign responsibility for verification tggéns and schedules.

» Be adaptable for future or potentially changing $Td&d commercial
configurations.
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Appendix 1. Working Group 4 Participants

Below is a list of participants in the WG. Thedeaship team included:

Dave Pierce ASMO Co-Chair
Mike Chartier Intel Co-Chair
Mark Gibson Comsearch

Gary Patrick NTIA

Steve Buenzow FCC

CSMAC Liaison

NTIA Representative
FCC Representative

Note: the Editorial Sub-Committee consisted ofdheve leadership team plus those members
listed below denoted by an *.

Table1: List of WG-4 Participants

First Name
Colin
Tom

Eric

Brent
Jeffrey
Mark
Milind
Stephe
Duane
David
Jasol
Bryar
Mike

Jay
Chrysanthac
Tim
William
Johr
Josep
Arthur
Richarc

* Thomas
David
Thoma
Gregon
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Bedforc
Boksine
Brushwoo
Buddhiko
Buenzov
Calloway
Campbel
Chabo
Chapma
Chartie
Chauhar
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Clancy
Copelan:
Cornicelli
Crame
DeLeor
Desalvc

Dombrowsky, J

Duncat
Fagal
Formosi
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Federal (CERDEC(

Industry(Bell-Labs’
Federal (FCC
Federal (ATEC
Federal (DHS
Federal (USAF
Federal (ASMC
Industry (Intel
Federal (DSC
Federa(CERDEC
Federal (Army
Federal (Navy
Federal (Homeland Securi
Industry (Boeing
Federal (USMC
Federal (ASMC
Industry (CTIA
Federal (Army
Industry (Raytheol
Federal (Army
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* Eric
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Rober
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David
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Michae
Rober
Eric
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David
Jeffrey
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Tim Fitz
Andy

* Mark
Dar
Pierre
Frec
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Vincen
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Landry
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Martin
Maurice
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McHenry
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Missuc
Moorefielc
Moorut
Morgar
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Industry (Research in Motio
Federal (Army
Industry (Motorola
Industry (Comsearc
Federal (ASMQ
Industry (Motorola
Industry (1-Mobile)
Federal (PEO C3
Federal (DSC
Industry (AT&T)
Industry(Plateaute
Federal (NTIA
Federal (CERDEC(
Industry (1-Mobile)
Federal (Navy
Federal (Army
Federal (Army
Constratu
Federa(Navy)
Industry (Samsun
Federal(Homeland Securi
Federal (JTRS

Federal (ATEC
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alcate-lucen

Federal (Army

Federal (WIMT)
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Industry (Shared Spectrur
Industry (Alltel Wireless
Federal (DOI
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Federal (DSC
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Appendix 2: Description of Federal Systems

A.2.1 Fixed Point-to-Point Microwave Systems

Federal agencies use fixed point-to-point microwsystems for the transmission of
voice, data, and/or video in support of law enfareat, military command and control,
emergency preparedness and response, the natiosphaee system, energy grid control,
and resource management activities. These systsmsugport the distribution of
meteorological data to a variety of users includimgpublic. Fixed point-to-point
microwave systems provide service where commeogibns are either unavailable, too
expensive, or do not provide the level of relidpitiequired by federal users. Relocation
time frames for Fixed systems are shown below inigal’

Table 2: Relocation Time Framesfor Fixed Systems

Agencies/Services Relocation Time Frame
1755-1780 MHZ 1755-1850 MHz
Army 5 Years 10 Years
Air Force 5 Years
Navy - -
UsSMC - -
DOE 5 Years 5-10 Years
DHS 5 Years
DOl 5 Years 10 Years
DOC 5 Years
FAA 2 Years

A.2.2 Tactical Radio Relay (TRR)?®*°

DoD requires efficient methods of exchanging laggantities of digital data throughout
the battlefield and are expected increase expabnitn support of command and
control, intelligence, logistics, etc. The DoD ogttes various Tactical Radio Relay

" NTIA Report, Tables 4-1 and 4-2, pp 25 and 26 eetpely.

18Department of Defense Investigation of the Feasjtif Accommodating the International Mobile
Telecommunications (IMT) 2000 Within the 1755-1888iz Band (9 Feb 2001).

9 NTIA Report
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(TRR) capabilities across the 1755-1850 MHz baf&R link various subordinate,
lateral and strategic headquarters, functionalcamiponent nodes, into an integrated
area-wide network. TRR are transportable, fixexn{pto-point microwave
communications systems which provide mid-to-highacity digital information to
battlefield commanders for command and controfdoctes. TRR provides highly
transportable lightweight, survivable systems amerana that can be quickly set-up and
taken down to establish robust communications Ithks support the concept of
maneuver warfare. TRR usage within the UnitedeStand Possessions (US&P) is
primarily for training. However, TRR systems mag/diperationally deployed for DoD
support to state and local governments in the evemational emergencies, natural
disasters or humanitarian relief missions. Theeet&®o major TRR capabilities currently
fielded by DoD; the Army’s High Capacity Line-oft8i(HCLOS) system and the Navy
and Marine Corps Digital Wideband Transmission &ys(DWTS). TRR operating
locations are shown below in Table 4. Relocatioetframes for TRR systems are
shown below in Table %

Table 3: Relocation Time Framesfor TRR Systems

Relocation Time Frame

1755-1780 MHz/1755-1850 MHz

Army (HCLOS) 5 Years 8 - 10 Years
Navy USMC (DWTS) 8- 10 Years

Agencies/Services

~N

The following system descriptions are provided:

A.221 High Capacity Line-of-Site (HCLOYS)

Army HCLOS is comprised of the AN/GRC-245 HCLOStsys. HCLOS is a multi-
band, multi-mode, radio providing high data thropgthcommunications for
command and control, intelligence, imagery, logstmedical and morale and
welfare support. HCLOS comprises a major functi@eamponent of the Army’s
Warfighter Information Network — Tactical (WIN-Tapability. HCLOS provides
the Army with wide-area communications for tactioperations at the battalion
brigade and division levels. The AN/GRC-245 tuaess the 1350-2690 MHz
frequency band, requires 50 MHz separation betwlsetransmit and receive
frequencies and has a typical transmission lintadise from 30-50 kmTechnical
characteristics of the HCLOS system are shown beioliable 4 and the architecture
is shown below in Figure 1.

20 NTIA Report at Table 4-3, p 28.
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Table4: Army Tactical Radio Relay (TRR) Analysis Characteristics

AN/GRC-245

Radio Function

High Capacity LOS

Frequency Range

1350 — 2690 MHz

Transmit power

3ImW-16W

Emission Bandwidth*

2.0 (-3dB), 2.9 (-20dB), 7.2 (-60dB)

(MH2)
AntennaMambeam 23 dBi
Gain
DoD Equipment — 15 meters
Antenna Heights User Equipment — 1.5 meters (initial analysis)] b varied in follow-on

analysis

Receiver Bandwidth,
MHz

6.7 (-3dB), 8.1 (-20dB), 10.0 (-60dB)

Receiver Noise Figure

7dB

Receiver Sensitivity

-86 dBm @ 8192 Kb/s and BER = 10E-5

Receiver Noise Power -99 dBm
Interfering Signal )
Threshold 105 dBm
Waveform 2M50W1D, 320-8256 kb/s, 32 TCM, rate 4/5 code

Analysis L ocations
(Thistypeof radiois
located at all Army
sites)

Ft Lewis, WA
Ft Carson, CO
Camp Blanding, FL

Antenna Locations

DoD radios use directional antennas. For worst sagnario, the backlobe of
the antenna will be analyzed against the bordegactt of the locations.
Additional runs will be made at each of the thrasds with links running
parallel to the border of the base for a side-labhalysis.

DoD Link Distance

10 Km

User Equipment
Characteristics

Baseline Characteristics Provided by LTE Working @G
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Figure 1: Army Tactical Radio Relay (TRR) Architecture

A.2.2.2 Digital Wideband Transmission System (DWTYS)

DWTS is comprised of the Navy’'s AN/SRC-57 (ship-mbaystem) and the Marine
Corps AN/MRC-142B and AN/MRC-142C (the AN/MRC-14%Ca vehicle mounted
variant of the AN/GRC-245 HCLOS system above). D8\frovides the back-bone
digital communications capability (voice, data amdko) which supports the Marine
Expeditionary Force (MEF) down to the regiment Iever both amphibious and
ground combat operations (ship-to-ship/ship-to-skstrore-to-shore). The AN/SRC-
57 and AN/MRC-142B variant tune across the 135001851z frequency band and
requires 63 MHz separation between transmit angivedrequencies. The
AN/MRC-142C variant tunes across the 1350-2690 Nteguency band and
requires 50 MHz separation between transmit aneivecThe typical DWTS
transmission link distance is 30-50 km. Technitelrecteristics of the DWTS are
shown below in Table 5 and the architecture is shbalow in Figure 2.
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Table 5: Navy-Marine Corps Tactical Radio Relay (TRR) Analysis Characteristics

AN/MRC-142C
(a.k.a. AN/GRC-245)

AN/MRC-142B AN/SRC-57

Radio Function

High Capacity LOS Digital Wideband Transmission System (DWTS

Freguency Range

1350 - 2690 MHz 1350-1850 MHz 1350 - 1850 MHz

Transmit power

16 W 60 W 100 W

Emission Bandwidth
(MH2)

2.0 (-3dB), 2.9 (-20dB), 7.2 (-| 0.4 (-3dB), 1.05 (-20dB)|1.0 (-3dB), 3.0 (20 dB), 8.
60dB) 3.15 (-60dB) (-60 dB)

Antenna M ainbeam
Gain

20.3 dBi (Parabolic), 6.3

dBi at 26-deg 6 dBi Omni

23 dBi

Antenna Heights

USMC Equipment — 15 meters
Navy Equipment — 120 feet (above water)
User Equipment — 1.5 meters (initial analysis)) b varied in follow-on analysis

Receiver Bandwidth,
MHz

0.8 (-3dB), 1.0 (-40 dB)| 4.0 (-3 dB), 8.0 (-20 dB),

6.7 (-3dB), 8.1 (-20dB), 10.0 (
4.4 (-60 dB) 25.0  (-60 dB)

60dB)

Receiver Noise Figure

7dB 8dB 7dB

Receiver Sensitivity

-86 dBm @ 8192 Kb/s and

-93dBm BER =10 E-4| -84 dBm BER = 10E-5

BER = 10E-5
Receiver Noise Power -99 dBm -107 dBm -105 dBm
Interfering Signal _ ) _
Threshold 105 dBm 113 dBm 111 dBm
Waveform 2M50W1D, 320-8256 Kbls, 32 610KOF7W, 576kb/s FS| 2M85F7D, 2048 kb/s FS¥

TCM, rate 4/5 code

Analysis L ocations

Camp Pendleton/San Diego
Norfolk

Antenna L ocations

DoD radios use directional antennas. For worst eagnario, the backlobe of the
antenna will be analyzed against the borders 4t efthe locations. Additional runs
will be made at each of the three bases with lmk&ing parallel to the border of the|
base for a side-lobe analysis. The above locatidihinclude a ship to shore link. thd

ship antennas (SRC-57) are omni-directional..

DoD Link Distance

10 Km /35 KM

User Equipment
Characteristics

Baseline Characteristics Provided by LTE Workin@@r
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Figure 2: Navy-Marine Corps Tactical Radio Relay (TRR) Architecture

A.2.3 Joint Tactical Radio System / Softwar e Defined Radio (JTRS/SDR)

SDR systems are capable of generating differenefeans and RadiFrequency (RF)
modulations of varying complexity through modifialdoftware and by the use of digi
synthesis. Systems under various stages of dawelaipinclude th Harris AN/PRC-
117G, theJoint Tactical Radio System (JTRHandheld Manpackmall Form-Fit
(HMS) Manpack Rdic (AN/PRC-155), the handheld Rifleman Radio (AN/F-154)
and the MidTier Networking Vehicular Radio (MNVF

JTRS is not just about the radios or waveformse JTRS suite provides the capabi
to network combat units. Also, JS allows DoD to deploy functionality throut
software enhancemer

JTRS represents a family of m-band/multimode Software Defined Radios (SDF
designed to provide communications within the 2 Mbl2 GHz frequency range. T
NTIA Assessment of tt Viability of Accommodating Wireless Broadband ireth755
1850 MHz Band released in March of 2012 identifiechparable spectrum bands ab
2 GHz. Since the software defined radios havegddsnitations that prevent tunir
above 2 GHz, the JTRS ros will not relocateentirely out of the band. Specificall
JTRS locations will compress up to operate at B0 1850 MHz band except at the !
installations identified in Section 2.3 above; tha#tes will continue to opera
throughout the 175%850 MH band.
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JTRS operates with new advanced waveforms that ér@vanced performance
capabilities. The JTRS Wideband Networking Wavef¢®VNW) and the Soldier Radio
Waveform (SRW) are capable of operating in the 2286-MHz, 1350-1390 MHz, and
The SRW is opgtahifor constrained bandwidth
and is carried by a soldier (manpacked and handfzldnts). The WNW allows greater
bandwidth, optimizes network throughput and isfptat mounted.

The Joint Enterprise Network Manager (JENM) sofenvaroduct enables control of these
wideband networks. Many variants of JTRS will €sisd be used by all three military
departments. DoD projects JTRS operations to catcall major testing, training, and
Infantry Brigade Combat Team locations, most ofchiare shown in Table 6.

The WNW will be used with the JTRS MNVR, and theb&irne, Maritime, and Fixed
Station (AMF) equipment (Small Airborne NetworkiRgdio (SANR)). The SRW will
be used on the JTRS Handheld, Man-Pack, Small-FtiiiiMS) variants, the MNVR,
as well as the AMF SANR. The AN/PRC-154 (Riflenf@adio) is a single channel
radio mainly used by dismounted soldiers. The ARZPL55 (HMS Manpack) is a 2-
channel radio operated by dismounted soldiers dsaw@ehicular mounted.

1755-1850 MHz frequency bands.

In addition, a critical aspect to consider regagd8DR operations is that the terrestrial
Intelligence, Surveillance, and Reconnaissance)(#id communications relay

capabilities must be available for training, tegtand system development.

Table 6: Location of TRR & JTRS Operations

L ocation State TRR JTRS
HCLOS | DWTS
Aberdeen Proving Ground* Maryland X X
Alpena CRTC Michigan
Apra Harbor Guam X
Barksdale AFB Louisiana
Bogue Field North Carolina
Bridgeport California X
Brooklyn New York X
Camp Atterbury Indiana X X
Camp Blanding Florida X X
Camp Grayling Michigan X
Camp Guernsey Wyoming X
Camp Lejeune* North Carolina X
Camp Mabry Texas X
Camp Pendleton California X
Camp Ripley Minnesota X X
Camp Roberts* California X X
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TRR

L ocation State JTRS
HCLOS | DWTS
Camp Shelby* Mississippi X X
Cincinnati Ohio X
Craney Island* Virginia X
Dugway Proving Ground* Utah X
Eglin AFB Florida
Eielson AFB Alaska
El Centro California
Elizabeth City* North Carolina X
Ellsworth AFB South Dakota
Elmendorf AFB North Carolina
England Industrial Park Louisiana X
Faribault Minnesota
Fort A. P. Hill Virginia X
Fort Benning* Georgia X X
Fort Bliss* Texas X X
Fort Bragg North Carolina X X
Fort Bragg/Camp McKall North Carolina
Fort Campbell Kentucky X X
Fort Carson Colorado X X* X
Fort Drum New York X
Fort Gordon Georgia X
Fort Greely Alaska X
Fort Hood Texas X X
Fort Huachuca* Arizona X X
Fort Hunter Liggett California X
Fort Indiantown GAP Pennsylvania X X
Fort Jackson South Carolina X
Fort Leavenworth* Kansas
Fort Lee* Virginia X
Fort Leonard Wood Missouri X
Fort McCoy Wisconsin X
Fort Pickett Virginia X
Fort Polk Louisiana X X
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L ocation State TRR JTRS
HCLOS | DWTS

Fort Riley Kansas X X
Fort Rucker* Alabama X X
Fort Sill Oklahoma X X
Fort Stewart Georgia X X
Fort Wainwright Alaska X
Fox Lake lllinois X

Fort Chaffee Arkansas X
Fort Knox* Kentucky X

Great Falls ANGB Montana

Great Lakes lllinois X
Greensboro North Carolina

Grissom Indiana

Gulfport CRTC Mississippi

Hawthorne Nevada X

Hill AFB Utah

Holloman AFB New Mexico

Homestead ARB Florida

Huntington Beach* California X

lowa lowa X

Jacksonville ANGB Florida

Joint Base Charleston South Carolina X

Joint Base Elmendorf-Richardson Alaska X

Joint Base Langley-Eustis* Virginia X

Joint Base Lewis-McChord Washington X X
Joint Base Pearl Harbor-Hickam Hawaii X

JRTC (Fort Polk North) Louisiana X X
Kaneohe Hawaii X

Kauai Hawaii X

Langley AFB Virginia

Letterkenny Pennsylvania X

Luke AFB Arizona

MCAS Beaufort South Carolina

MCAS Cherry Point North Carolina
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L ocation State TRR JTRS
HCLOS | DWTS
McEntire INGB South Carolina
McGregor New Mexico X
Midway Research Center* Virginia X
Miramar California X
Morehead City North Carolina X
Mt Home AFB Idaho
NAS Fallon Nevada
NAS Key West Florida
NAS Lemoore California
NAS New Orleans Louisiana
NAS Oceana Virginia
Nellis AFB Nevada
NTC/Fort Irwin California X
Oahu Hawaii X
Ohio Ohio X
Orchard Park Idaho X
Panama City Florida X
Patuxent River NAS Maryland
Pinon Canyon Colorado X* X
Pohakuloa Training Area (PTA) Hawaii X
Point Mugu* California X
Portland ANGB Oregon
Portsmouth* Virginia X
Quantico Virginia X
Redstone Arsenal* Alabama X
Rosemount Minnesota X
Saint Joseph Missouri X
San Clemente Island* California X
Sand Ridge lllinois X
Savannah CRTC Georgia
Seymour Johnson AFB North Carolina
Shaw AFB South Carolina
St. Juliens Creek Virginia X
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L ocation State TRR JTRS
HCLOS | DWTS
Sub-California Off Range Environ (SCORE) California
Telegraph Pass* Arizona
Twenty Nine Palms California
Two Rivers Wisconsin
Tyndall AFB Florida
Vacapes Virginia X
Vichy Airfield Missouri
Volk Field CRTC Wisconsin
White Sands Missile Range New Mexico X X
Yakima Firing Center Washington X
Yakima Training Area Washington X
Yukon Range Alaska
Yuma Proving Grounds* Arizona X X X
*indicates planned location for TRR & JTRS 57 33 37
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Table 7: Military Bases L ocated in Economic Areas, Ranked by EA

L ocation EA |Median EA Name MEA MEA Name REAG REAG Name
# | Rank # #

Aberdeen Proving Ground | 10 1 |(NYC-LongIs. NY-NJ-CT- |2 (New York City) 1 (Northeast)
PA-MA-VT)

Fort Indiantown GAP 10| 1 (NYC-Long Is. NY-NJ-CT- |2 (New York City) 1 (Northeast)
PA-MA-VT)

Letterkenny 0|1 (NYC-Long Is. NY-NJ-CT- |2 (New York City) 1 (Northeast)
PA-MA-VT)

Camp Pendleton 1602 (LA-Riverside-Orange Cnty |44  |(Los Angeles-San Diego) 6 (West)
CA-AZ)

Camp Roberts 16(2 (LA-Riverside-Orange Cnty (44  |(Los Angeles-San Diego) 6 (West)
CA-AZ)

Fort Hunter Liggett 1602 (LA-Riverside-Orange Cnty |44  |(Los Angeles-San Diego) 6 (West)
CA-AZ)

Huntington Beach 162 (LA-Riverside-Orange Cnty [44  |(Los Angeles-San Diego) 6 (West)
CA-AZ)

Miramar 160|2 (LA-Riverside-Orange Cnty |44  |(Los Angeles-San Diego) 6 (West)
CA-AZ)

NTC/Fort Irwin 160[2 (LA-Riverside-Orange Cnty (44  |(Los Angeles-San Diego) 6 (West)
CA-AZ)

Point Mugu 16022 (LA-Riverside-Orange Cnty (44  |(Los Angeles-San Diego) 6 (West)
CA-AZ)

San Clemente Island 162 (LA-Riverside-Orange Cnty |44  |(Los Angeles-San Diego) 6 (West)
CA-AZ)

Telegraph Pass 162 (LA-Riverside-Orange Cnty [44  |(Los Angeles-San Diego) 6 (West)
CA-AZ)

Twenty Nine Palms 16( (LA-Riverside-Orange Cnty |44  |(Los Angeles-San Diego) 6 (West)
CA-AZ)

Yuma Proving Grounds 16@ (LA-Riverside-Orange Cnty (44  |(Los Angeles-San Diego) 6 (West)
CA-AZ)

Fox Lake 64 | 3 (Chicago-Gary-Kenosha IL-|18  |(Chicago) 3 (Great Lakes)
IN-WI)

Great Lakes 64| 3 (Chica;QO-Gary-Kenosha IL-|18  |(Chicago) 3 (Great Lakes)
IN-WI

Grissom 64 |3 (Chicago-Gary-Kenosha IL-|18  |(Chicago) 3 (Great Lakes)
IN-WI)

Camp Mabry 1314 (Houston-Galveston-Brazorig1  |(Houston) 5 (Central)
TX)

England Industrial Park 131 (Houston-Galveston-Brazorig1  |(Houston) 5 (Central)
TX)

Fort Hood 1314 (Houston-Galveston-Brazorig1  |(Houston) 5 (Central)
TX)

Fort Polk 131/4 (Houston-Galveston-Brazori@1 | (Houston) 5 (Central)
TX)

JRTC (Fort Polk North) 1314 (Houston-Galveston-Brazorig1  |(Houston) 5 (Central)
TX)
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Location EA |Median EA Name MEA MEA Name REAG REAG Name
# | Rank #

Bridgeport 1636 (San Fran.-Oakland-San Jos¢3  |(San Francisco-Oakland-Safg (West)
CA) Jose

Camp Roberts 16% (San Fran.-Oakland-San Jos¢3  |(San Francisco-Oakland-Safg (West)
CA) Jose

Fort Hunter Liggett 1636 (San Fran.-Oakland-San Jos¢3  |(San Francisco-Oakland-Safs (West)
CA) Jose

Hawthorne 1636 (San Fran.-Oakland-San Jos¢3  |(San Francisco-Oakland-Safs (West)
CA) Jose

Fort Bliss 1587 (Phoenix-Mesa AZ-NM) 40 | (Phoenix) (Central)

Fort Huachuca 158 (Phoenix-Mesa AZ-NM) 40 | (Phoenix) (Central)

McGregor 1587 (Phoenix-Mesa AZ-NM) 40 | (Phoenix) (Central)

Telegraph Pass 158 (Phoenix-Mesa AZ-NM) 40 | (Phoenix) (Central)

White Sands Missile Range  1%B (Phoenix-Mesa AZ-NM) 40 | (Phoenix) (Central)

Yuma Proving Grounds 158 (Phoenix-Mesa AZ-NM) 40 | (Phoenix) (Central)

Camp Mabry 1278 (Dallas-Fort Worth TX-AR- 32 |(Dallas-Fort Worth) (Central)
OK)

Fort Hood 127)8 (Dallas-Fort Worth TX-AR- 32 |(Dallas-Fort Worth) (Central)
OK)

Fort Polk 1278 (Da)llas-Fort Worth TX-AR- |32 |(Dallas-Fort Worth) (Central)
OK

Fort Sill 12718 (Da)llas-Fort Worth TX-AR- |32 |(Dallas-Fort Worth) (Central)
OK

Ft Chaffee 1278 (Dallas-Fort Worth TX-AR- 32 |(Dallas-Fort Worth) (Central)
OK)

JRTC (Fort Polk North) 1218 (Dallas-Fort Worth TX-AR- 32 |(Dallas-Fort Worth) (Central)
OK)

Aberdeen Proving Ground | 12 9 (Phil.-Atl. City PA-NJ-DE- |4 (Philadelphia) (Northeast)
MD)

Fort Indiantown GAP 12| 9 (Phi)|--At|- City PA-NJ-DE- |4 (Philadelphia) (Northeast)
MD

Letterkenny 12| 9 (Phi)|--At|- City PA-NJ-DE- |4 (Philadelphia) (Northeast)
MD

Quantico 129 (Phi)|--At|- City PA-NJ-DE- |4 (Philadelphia) (Northeast)
MD

Camp Pendleton 1610 (San Diego CA) 44 (Los Angeles-San Diego) Hves

Huntington Beach 16110 (San Diego CA) 44 (Los Angeles-San Diego) HVves

Miramar 161|10 (San Diego CA) 44 (Los Angeles-San Diego) HVves

San Clemente Island 1610 (San Diego CA) 44 (Los Angeles-San Diego) HVves
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L ocation EA |Median EA Name MEA MEA Name REAG REAG Name
# | Rank # #

Twenty Nine Palms 16110 (San Diego CA) 44 | (Los Angeles-San Diego) 6 (WES

Camp Grayling 57| 11 (Detroit-Ann Arbor-Flint M) 16 |(Detroit) 3 (Great Lakes)

Camp Blanding 30| 14 (Orlando FL) 10 |(Tampa-St. Petersburg- |2 (Southeast)

Orlando

Aberdeen Proving Ground | 13 15 |(Wash.-Balt. DC-MD-VA- |5 (Washington) 2 (Southeast)
WV-PA)

Craney Island 13| 15 |(Wash.-Balt. DC-MD-VA- |5 (Washington) 2 (Southeast)
WV-PA)

Fort A. P. Hill 13 |15 (Wash.-Balt. DC-MD-VA- |5 (Washington) 2 (Southeast)
WV-PA)

Fort Indiantown GAP 13| 15  |(Wash.-Balt. DC-MD-VA- |5 (Washington) 2 (Southeast)
WV-PA)

Fort Lee 13 | 15 (Wash.-Balt. DC-MD-VA- |5 (Washington) 2 (Southeast)
WV-PA)

Fort Pickett 13| 15 (Wash.-Balt. DC-MD-VA- |5 (Washington) 2 (Southeast)
WV-PA)

Joint Base Langley-Eustis | 13 15 |(Wash.-Balt. DC-MD-VA- |5 (Washington) 2 (Southeast)
WV-PA)

Letterkenny 13| 15 (Wash.-Balt. DC-MD-VA- |5 (Washington) 2 (Southeast)
WV-PA)

Midway Research Center | 13 15 |(Wash.-Balt. DC-MD-VA- |5 (Washington) 2 (Southeast)
WV-PA)

Portsmouth 13| 15  |(Wash.-Balt. DC-MD-VA- |5 (Washington) 2 (Southeast)
WV-PA)

Quantico 13 | 15 (Wash.-Balt. DC-MD-VA- |5 (Washington) 2 (Southeast)
WV-PA)

St. Juliens Creek 13| 15 |(Wash.-Balt. DC-MD-VA- |5 (Washington) 2 (Southeast)
WV-PA)

Vacapes 13| 15 |(Wash.-Balt. DC-MD-VA- |5 (Washington) 2 (Southeast)
WV-PA)

Joint Base Lewis-McChord | 1706 (Seattle-Tacoma-Bremertoni46 | (Seattle) 6 (West)
WA)

Yakima Firing Center 17016 (Se?ttle-Tacoma-Bremerton 46 |(Seattle) 6 (West)
WA

Yakima Training Area 17016 (Se?ttle-Tacoma-Bremerton 46 |(Seattle) 6 (West)
WA

Camp Blanding 34| 17 (Tampa-St. Petersburg FL 1{fTampa-St. Petersburg- |2 (Southeast)

Orlando

Camp Atterbury 49| 18 (Cincinnati-Hamilton OH- |13 |(Cincinnati-Dayton) 3 (Great Lakes)
KY-IN)

Cincinnati 49 | 18 (Cincinnati-Hamilton OH- |13 |(Cincinnati-Dayton) 3 (Great Lakes)
KY -IN)

Grissom 49 | 18 (Cincinnati-Hamilton OH- |13 |(Cincinnati-Dayton) 3 (Great Lakes)
KY -IN)

Fort Benning 40 | 19 (Atlanta GA-AL-NC) 8 (Atlanta) 2 |(Southeast)
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Location EA |Median EA Name MEA MEA Name REAG REAG Name
# | Rank # #
Fort Gordon 40| 19 (Atlanta GA-AL-NC) 8 (Atlanta) 2 |(Southeast)
Fort Rucker 40| 19 (Atlanta GA-AL-NC) 8 (Atlanta) 2 |(Southeast)
Redstone Arsenal 40 19 (Atlanta GA-AL-NC) 8 (Atlant 2 (Southeast)
Letterkenny 53| 20 (Pittsburgh PA-WV) 12 (Pittsbyrgh 3 (Great Lakes)
Camp Mabry 13421 (San Antonio TX) 38 | (San Antonio) 5 (Central)
Fort Hood 13421 (San Antonio TX) 38 | (San Antonio) 5 (Central)
Fort Campbell 96 | 22 (St. Louis MO-IL) 30 | (St Louis 4 (Mississippi Valley)
Fort Leonard Wood 96| 22 (St. Louis MO-IL) 30| (Stuis) 4 (Mississippi Valley)
Sand Ridge 96| 22 (St. Louis MO-IL) 30| (St Louis) 4 |(Mississippi Valley)
Vichy Airfield 96 |22 (St. Louis MO-IL) 30 | (St Los) 4 (Mississippi Valley)
Camp Atterbury 67| 23 (Indianapolis IN-IL) 19 | (Indipolis) 3 (Great Lakes)
Cincinnati 67 | 23 (Indianapolis IN-IL) 19 | (Indiandjs) 3 (Great Lakes)
Grissom 67 | 23 (Indianapolis IN-IL) 19 (Indianapblis 3 (Great Lakes)
Fort Bragg 23| 24 (Charlotte-Gastonia NC-S¢) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’
Fort Bragg/Camp McCall | 23| 24 (Charlotte-Gastonia$IC) |7  |(Charlotte-Greensboro- 2 (Southeast)
Greenville-Raleigh
Fort Jackson 23| 24 (Charlotte-Gastonia NC-SC)  7|(Charlotte-Greensboro- 2 (Southeast)
Greenville-Raleigh
Greensboro 23| 24 (Charlotte-Gastonia NC-SC)  7|(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’
Fort McCoy 63 | 25 (Milwaukee-Racine WI) 17 (Milwawhe 3 (Great Lakes)
Fox Lake 63 | 25 (Milwaukee-Racine WI) 17 (Milwaukee) 3 (Great Lakes)
Great Lakes 63| 25 (Milwaukee-Racine WI) 17 (Milwaak 3 (Great Lakes)
Two Rivers 63 | 25 (Milwaukee-Racine WI) 17 (Milwaehe 3 (Great Lakes)
Dugway Proving Ground 1526 (Salt Lake City-Ogden UT- |42  |(Salt Lake City) 6 (West)
ID)
Camp Ripley 10727 (Minneapolis-St. Paul MN- |20 |(Minneapolis-St. Paul) 3 (Great Lakes)
WI-1A)
Faribault 107|127 (Minn;eapoliS-St. Paul MN- |20  |(Minneapolis-St. Paul) 3 (Great Lakes)
WI-I1A
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Location EA |Median EA Name MEA MEA Name REAG REAG Name
# | Rank # #
Fort McCoy 10727 (Minneapolis-St. Paul MN- |20 |(Minneapolis-St. Paul) 3 (Great Lakes)
WI-1A)
Rosemount 10727 (Minneapolis-St. Paul MN- |20 |(Minneapolis-St. Paul) 3 (Great Lakes)
WI-1A)
Camp Mabry 13028 (Austin-San Marcos TX) 32 (Dallas-Fort Worth) 5 |(Central)
Fort Hood 13028 (Austin-San Marcos TX) 32 (Dallas-Fort Worth) 5 |(Central)
Camp Shelby 83| 29 (New Orleans LA-MS) 27|  (New QrieBaton Rouge)| 4 (Mississippi Valley)
Bogue Field 19| 30 (Raleigh-Durham-Chapel Hill7 (Charlotte-Greensboro- 2 (Southeast)
NC) Greenville-Raleigh
Camp Lejeune 19| 30 (Raleigh-Durham-Chapel Hillz (Charlotte-Greensboro- 2 (Southeast)
NC) Greenville-Raleigh
Craney Island 19| 30 (Raleigh-Durham-Chapel Hill7 (Charlotte-Greensboro- 2 (Southeast)
NC) Greenville-Raleigh
Elizabeth City 19 | 30 (Raleigh-Durham-Chapel Hill7 (Charlotte-Greensboro- 2 (Southeast)
NC) Greenville-Raleigh
Fort Bragg 19 | 30 (Raleigh-Durham-Chapel Hillz (Charlotte-Greensboro- 2 (Southeast)
NC) Greenville-Raleigh
Fort Bragg/Camp McCall 19| 30 (Raleigh-Durham-Chapel Hillz (Charlotte-Greensboro- 2 (Southeast)
NC) Greenville-Raleigh
Fort Lee 19 | 30 (Raleigh-Durham-Chapel Hill7 (Charlotte-Greensboro- 2 (Southeast)
NC) Greenville-Raleigh
Fort Pickett 19 | 30 (Raleigh-Durham-Chapel Hilly (Charlotte-Greensboro- 2 (Southeast)
NC) Greenville-Raleigh
Greensboro 19| 30 (Raleigh-Durham-Chapel Hilly (Charlotte-Greensboro- 2 (Southeast)
NC) Greenville-Raleigh
Joint Base Langley-Eustis | 19 30 |(Raleigh-Durham-Chapel Hily  |(Charlotte-Greensboro- |2 (Southeast)
NC) Greenville-Raleigh
Morehead City 19| 30 (Raleigh-Durham-Chapel Hill7 (Charlotte-Greensboro- 2 (Southeast)
NC) Greenville-Raleigh
Portsmouth 19| 30 (Raleigh-Durham-Chapel Hilly (Charlotte-Greensboro- 2 (Southeast)
NC) Greenville-Raleigh
St. Juliens Creek 19| 30 (Raleigh-Durham-Chapel Hilly (Charlotte-Greensboro- 2 (Southeast)
NC) Greenville-Raleigh
Vacapes 19| 30 (Raleigh-Durham-Chapel Hilly (Charlotte-Greensboro- 2 (Southeast)
NC) Greenville-Raleigh
Camp Guernsey 14B1 (Denver-Boulder CO-KS-NHE33 (Denver) 5 (Central)
Fort Carson 14131 (Denver-Boulder CO-KS-NHE33 (Denver) 5 (Central)
Pinon Canyon 14131 (Denver-Boulder CO-KS-NHE33 (Denver) 5 (Central)
Bridgeport 15332 (Las Vegas NV-AZ-UT) 44 (Los Angeles-San Diego) |6 (West)
Hawthorne 15332 (Las Vegas NV-AZ-UT) 44 (Los Angeles-San Diego) |6 (West)
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L ocation EA |Median EA Name MEA MEA Name REAG REAG Name
# | Rank # #
NTC/Fort Irwin 153(32 (Las Vegas NV-AZ-UT) 44 | (Los Angeles-San Diego) |6 (West)
Telegraph Pass 1532 (Las Vegas NV-AZ-UT) 44 | (Los Angeles-San Diego) |6 (West)
Twenty Nine Palms 1582 (Las Vegas NV-AZ-UT) 44 (Los Angeles-San Diego) |6 (West)
Yuma Proving Grounds 1532 (Las Vegas NV-AZ-UT) 44 (Los Angeles-San Diego) |6 (West)
Cincinnati 51 | 33 (Columbus OH) 14 | (Columbus) 3 (@neakes)
Camp Blanding 29| 34 (Jacksonville FL-GA) 9 (Jacksite) 2 (Southeast)
Fort Stewart 29| 34 (Jacksonville FL-GA) 9 (Jacksbey 2 (Southeast)
Bridgeport 16235 (Fresno CA) 43 5%22 Francisco-Oakland-Safs (West)
Camp Roberts 16185 (Fresno CA) 43 5%22 Francisco-Oakland-Safs (West)
Fort Hunter Liggett 16235 (Fresno CA) 43 Sif;\g Francisco-Oakland-Safs (West)
Hawthorne 16235 (Fresno CA) 43 Sif;\g Francisco-Oakland-Safs (West)
NTC/Fort Irwin 162(35 (Fresno CA) 43 5%22 Francisco-Oakland-Safs (West)
Joint Base Pearl Harbor- 172 (37 (Honolulu HI) 48 | (Hawaii) 8 (Hawaii)
Hickamr
Kaneohe 17237 (Honolulu HI) 48 (Hawaii) 8 (Hawaii)
Kauai 172|37 (Honolulu HI) 48 | (Hawaii) 8 (Hawaii)
Oahu 17237 (Honolulu HI) 48 | (Hawaii) 8 (Hawaii)
Pohakuloa Training Area 172 (37 (Honolulu HI) 48 | (Hawaii) 8 (Hawaii)
(PTA)
Bridgeport 16438 (Sacramento-Yolo CA) 43 5%22 Francisco-Oakland-Safg (West)
Hawthorne 16438 (Sacramento-Yolo CA) 43 5%22 Francisco-Oakland-Safg (West)
Fort Sill 125(39 (Oklahoma City OK) 37 (Oklahoma City) 5 (Cenyral
Fort Campbell 73| 40 (Memphis TN-AR-MS-KY)| 26 (Meniptdackson) 4 (Mississippi Valley)
Redstone Arsenal 73 40 (Memphis TN-AR-MS-KY) 26 (MzEhis-Jackson) 4 (Mississippi Valley)
Sand Ridge 73| 40 (Memphis TN-AR-MS-KY)| 26 (Memphackson) 4 (Mississippi Valley)
Camp Atterbury 70| 41 (Louisville KY-IN) 23 |(Louisville-Lexington- 4 (Mississippi Valley)
Evansville
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L ocation EA |Median EA Name MEA MEA Name REAG REAG Name
# | Rank # #
Cincinnati 70 | 41 (Louisville KY-IN) 23 |(Louisville-Lexington- 4 (Mississippi Valley)
Evansville
Fort Campbell 70| 41 (Louisville KY-IN) 23 |(Louisville-Lexington- 4 (Mississippi Valley)
Evansville
Fort Campbell 71| 42 (Nashville TN-KY) 25 (Nashvjlle 4 (Mississippi Valley)
Redstone Arsenal 71 42 (Nashville TN-KY) 25 (Nadhyi 4 (Mississippi Valley)
Sand Ridge 71| 42 (Nashville TN-KY) 25 | (Nashville) 4 |(Mississippi Valley)
Fort Leavenworth 99| 43 (Kansas City MO-KS) 29| (Kam€ity) 4 (Mississippi Valley)
Fort Leonard Wood 99| 43 (Kansas City MO-KS) 29 (k@ City) 4 (Mississippi Valley)
Fort Riley 99 |43 (Kansas City MO-KS) 29 | (Kansas/Tit 4 (Mississippi Valley)
Saint Joseph 99| 43 (Kansas City MO-KS) 29 (Kansgg C 4 (Mississippi Valley)
Vichy Airfield 99 |43 (Kansas City MO-KS) 29 | (Kans@y) 4 (Mississippi Valley)
Bogue Field 20 | 44 g\INCO)rfolk-Virginia Beach VA-|g (Richmond) 2 (Southeast)
Camp Lejeune 20| 44 S\INC(:))rfoIk-Virginia Beach VA-|6 (Richmond) 2 (Southeast)
Craney Island 20| 44 g\INCO)rfoIk-Virginia Beach VA-|6 (Richmond) 2 (Southeast)
Elizabeth City 20 | 44 &N&rfolk-Virginia Beach VA-|6 (Richmond) 2 (Southeast)
Fort A. P. Hill 20 |44 &N&rfolk-Virginia Beach VA-|6 (Richmond) 2 (Southeast)
Fort Lee 20 | 44 g\lNco)rfoIk-Virginia Beach VA-|6 (Richmond) 2 (Southeast)
Fort Pickett 20 | 44 S\INC(:))rfoIk-Virginia Beach VA-|6 (Richmond) 2 (Southeast)
Joint Base Langley-Eustis | 20 44 g\INCO)rfoIk-Virginia Beach VA-|6 (Richmond) 2 (Southeast)
Midway Research Center | 20 44 g\INCO)rfoIk-Virginia Beach VA-|6 (Richmond) 2 (Southeast)
Morehead City 20| 44 g\INCO)rfolk-Virginia Beach VA- |6 (Richmond) 2 (Southeast)
Portsmouth 20| 44 S\INCO)rfolk-Virginia Beach VA- |6 (Richmond) 2 (Southeast)
Quantico 20 | 44 S\INCC:J)”O”(-Vifginia Beach VA-|6 (Richmond) 2 (Southeast)
St. Juliens Creek 20| 44 S\INCC:J)”O”(-Vifginia Beach VA-|6 (Richmond) 2 (Southeast)
Vacapes 20| 44 g\INCO)rfolk-Virginia Beach VA- |6 (Richmond) 2 (Southeast)
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Location EA |Median EA Name MEA MEA Name REAG REAG Name
# | Rank # #
Joint Base Lewis-McChord| 16@5 (Portland-Salem OR-WA) 45 | (Portland) 6 (West)
Yakima Firing Center 1675 (Portland-Salem OR-WA) 45 | (Portland) 6 (West)
Yakima Training Area 16745 (Portland-Salem OR-WA) 45 (Portland) 6 (West)
Fort Indiantown GAP 8 | 46 (Buffalo-Niagara Falls NY- |3 (Buffalo) 1 (Northeast)
PA)
Fort Benning 78 | 47 (Birmingham AL) 24 | (Birmingham) 4 (Mississippi Valley)
Redstone Arsenal 78 47 (Birmingham AL) 24|  (Birmiagh 4 (Mississippi Valley)
Fort Bragg 18 | 49 (Greensboro-Winston-Salenyy (Charlotte-Greensboro- 2 (Southeast)
NC-VA) Greenvill-Raleigh’
Fort Bragg/Camp McCall 18| 49 (Greensboro-Winston-Salenyy (Charlotte-Greensboro- 2 (Southeast)
NC-VA) Greenville-Raleigh’
Fort Jackson 18| 49 (Greensboro-Winston-Salenyy (Charlotte-Greensboro- 2 (Southeast)
NC-VA) Greenvill-Raleigh’
Fort Pickett 18 | 49 (Greensboro-Winston-Saleny (Charlotte-Greensboro- 2 (Southeast)
NC-VA) Greenville-Raleigh
Greensboro 18| 49 (Greensboro-Winston-Saleny (Charlotte-Greensboro- 2 (Southeast)
NC-VA) Greenville-Raleigh
Camp Atterbury 50| 51 (Dayton-Springfield OH) 13| r€hnati-Dayton) 3 (Great Lakes)
Cincinnati 50 |51 (Dayton-Springfield OH) 13 (Cingati-Dayton) 3 (Great Lakes)
Grissom 50 | 51 (Dayton-Springfield OH) 13 (Cincinirlaayton) 3 (Great Lakes)
Fort Huachuca 15%2 (Tucson AZ) 40 | (Phoenix) 5 (Central)
Telegraph Pass 1582 (Tucson AZ) 40 | (Phoenix) 5 (Central)
Yuma Proving Grounds 1582 (Tucson AZ) 40 (Phoenix) 5 (Central)
Fort Leavenworth 11864 (Omaha NE-IA-MO) 34 (Omaha) 5 (Central)
Saint Joseph 11%4 (Omaha NE-IA-MO) 34 (Omaha) 5 (Central)
Camp Shelby 84| 55 (Baton Rouge LA-MS) 27 (New QréeBaton Rouge)| 4 (Mississippi Valley)
England Industrial Park 84| 55 (Baton Rouge LA-MS) 7 2 |(New Orleans-Baton Rouge) 4 (Mississippi Valley)
Fort Polk 84 | 55 (Baton Rouge LA-MS) 27 (New Orle@aon Rouge) | 4 (Mississippi Valley)
JRTC (Fort Polk North) 84| 55 (Baton Rouge LA-MS) 27|(New Orleans-Baton Rouge) 4 (Mississippi Valley)
Craney Island 15| 56 (Richmond-Petersburg VA) 6 ltRiond) 2 (Southeast)
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L ocation EA |Median EA Name MEA MEA Name REAG REAG Name
# | Rank # #
Elizabeth City 15 | 56 (Richmond-Petersburg VA) 6 ctithond) 2 (Southeast)
Fort A. P. Hill 15 |56 (Richmond-Petersburg VA), 6 i¢Rmond) 2 (Southeast)
Fort Lee 15 | 56 (Richmond-Petersburg VA]} 6 (Richmond 2 (Southeast)
Fort Pickett 15| 56 (Richmond-Petersburg VA) 6 (Ricimd) 2 (Southeast)
Greensboro 15| 56 (Richmond-Petersburg VA) 6 (Riahatho 2 (Southeast)
Joint Base Langley-Eustis | 13 56 (Richmond-Petersbid) |6 (Richmond) 2 (Southeast)
Midway Research Center 15 56 (Richmond-Petersbdg V|6 (Richmond) 2 (Southeast)
Portsmouth 15| 56 (Richmond-Petersburg VA) 6 (Richd)o 2 (Southeast)
Quantico 15 | 56 (Richmond-Petersburg VA) 6 (Richmond 2 (Southeast)
St. Juliens Creek 15/ 56 (Richmond-Petersburg VA)  6|(Richmond) 2 (Southeast)
\Vacapes 15| 56 (Richmond-Petersburg VA) 6 (Richmond) 2 (Southeast)
Fort Gordon 41| 57 (Greenville-Spartanburg SCi7 (Charlotte-Greensboro- 2 (Southeast)
NC) Greenvill-Raleigh
Fort Jackson 41| 57 (Greenville-Spartanburg SCi7 (Charlotte-Greensboro- 2 (Southeast)
NC) Greenvill-Raleigh
Fort Drum 7 |58 (Rochester NY-PA) 2 (New York City) 1 (Northeast)
Fort Indiantown GAP 7 | 58 (Rochester NY-PA) 2 (Newark City) 1 (Northeast)
Fort Bliss 15759 (El Paso TX-NM) 39 | (El Paso-Albuquerque) 5 (Caipt
McGregor 15759 (El Paso TX-NM) 39 (El Paso-Albuquerque) 5 (Calint
White Sands Missile Range 159 (El Paso TX-NM) 39 (El Paso-Albuquerque) 5 (Calint
Fort Leavenworth 12460 (Tulsa OK-KS) 36 (Tulsa) 5 (Central)
Fort Riley 124(60 (Tulsa OK-KS) 36 (Tulsa) 5 (Central)
Ft Chaffee 12460 (Tulsa OK-KS) 36 (Tulsa) 5 (Central)
Fort McCoy 10461 (Madison WI-IL-IA) 17 (Milwaukee) 3 (Great LaKes
Fox Lake 104161 (Madison WI-IL-IA) 17 (Milwaukee) 3 (Great LaKes
Great Lakes 10461 (Madison WI-IL-IA) 17 (Milwaukee) 3 (Great LaKes
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Location EA |Median EA Name MEA MEA Name REAG REAG Name
# | Rank # #
Two Rivers 10461 (Madison WI-IL-IA) 17 | (Milwaukee) 3 (Great LaKes
Orchard Park 15062 (Boise City ID-OR) 42 | (Salt Lake City) 6 (West)
Fort Bragg 24 | 63 (Columbia SC) 7 |(Charlotte-Greenshboro- 2 (Southeast)
Greenvill-Raleigh’
Fort Bragg/Camp McCall | 24| 63 (Columbia SC) 7 |(Charlotte-Greenshboro- 2 (Southeast)
Greenvill-Raleigh’
Fort Gordon 24 | 63 (Columbia SC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenville-Raleigh’
Fort Jackson 24| 63 (Columbia SC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’
Joint Base Charleston 24 63 (Columbia SC) 7|(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’
Fort Leonard Wood 90| 64 (Little Rock AR) 28| (LitfRock) 4 (Mississippi Valley)
Ft Chaffee 90 | 64 (Little Rock AR) 28 | (Little Rock) 4 (Mississippi Valley)
Fort Gordon 26| 65 (Charleston-North Charlestor (Charlotte-Greensboro- 2 (Southeast)
sC Greenville-Raleigh
Fort Jackson 26| 65 (Charleston-North Charlestor (Charlotte-Greensboro- 2 (Southeast)
sC Greenville-Raleigh
Fort Stewart 26| 65 (Charleston-North Charleston (Charlotte-Greensboro- 2 (Southeast)
SC Greenvill-Raleigh
Joint Base Charleston 26 65 |(Charleston-North Charlestan (Charlotte-Greensboro- 2 (Southeast)
sC Greenville-Raleigh
Fort Riley 122|167 (Wichita KS-OK) 35 (Wichita) 4 (Mississippi Val)
Pinon Canyon 12367 (Wichita KS-OK) 35 | (Wichita) 4 (Mississippi Val})
Fort Leavenworth 11968 (Lincoln NE) 34 | (Omaha) 5 (Central)
Fort Riley 119(68 (Lincoln NE) 34 (Omaha) 5 (Central)
Saint Joseph 11®%8 (Lincoln NE) 34 (Omaha) 5 (Central)
Fort Bliss 156|69 (Albuguerque NM-AZ) 39 (El Paso-Albuquerque) 5 | Ceftral)
McGregor 156|169 (Albuquerque NM-AZ) 39 (El Paso-Albuquerque) 5 | Ceftral)
White Sands Missile Range 15609 (Albuquerque NM-AZ) 39 (El Paso-Albuquerque) 5 | Ceftral)
Fort Drum 6 |70 (Syracuse NY-PA) 2 (New York City) 1 |(Northeast)
Fort Indiantown GAP 6 | 70 (Syracuse NY-PA) 2 (New i €ity) 1 (Northeast)
Cincinnati 56 |71 (Toledo OH) 16 (Detroit) 3 (Greéakes)
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Location EA |Median EA Name MEA MEA Name REAG REAG Name
# | Rank # #
Grissom 56 | 71 (Toledo OH) 16 | (Detroit) 3 (Great sk
Faribault 100/72 (Des Moines IA-IL-MO) 21 | (Des Moines-Quad Cijies |3 (Great Lakes)
Fort Leavenworth 10072 (Des Moines IA-IL-MO) 21 (Des Moines-Quad Ci)ies |3 (Great Lakes)
Fort McCoy 100|72 (Des Moines IA-IL-MO) 21 (Des Moines-Quad Ci)ies |3 (Great Lakes)
Rosemount 10072 (Des Moines IA-IL-MO) 21 | (Des Moines-Quad Cijies |3 (Great Lakes)
Saint Joseph 1002 (Des Moines IA-IL-MO) 21 | (Des Moines-Quad Cijies |3 (Great Lakes)
Bogue Field 25| 73 (Wilmington NC-SC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’
Camp Lejeune 25| 73 (Wilmington NC-SC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenville-Raleigh’
Fort Bragg 25| 73 (Wilmington NC-SC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’
Fort Bragg/Camp McCall | 25| 73 (Wilmington NC-SC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenville-Raleigh
Fort Jackson 25| 73 (Wilmington NC-SC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenville-Raleigh
Joint Base Charleston 25 73 (Wilmington NC-SC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’
Morehead City 25| 73 (Wilmington NC-SC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenville-Raleigh
Camp Shelby 77| 74 (Jackson MS-AL-LA) 26 (Memphisk3an) 4 (Mississippi Valley)
England Industrial Park 77 74 (Jackson MS-AL-LA) 26|(Memphis-Jackson) 4 (Mississippi Valley)
Fort Polk 77 | 74 (Jackson MS-AL-LA) 26 | (Memphis-Jsmk) 4 (Mississippi Valley)
JRTC (Fort Polk North) 77| 74 (Jackson MS-AL-LA) 26 |(Memphis-Jackson) 4 (Mississippi Valley)
Fort Rucker 81| 75 (Pensacola FL) 27 (New OrleantsiBRouge) | 4 (Mississippi Valley)
Panama City 81| 75 (Pensacola FL) 27 (New OrleanisrBRouge) | 4 (Mississippi Valley)
Fort Drum 5 |76 (Alt;any-Schenectady-Troy 2 (New York City) 1 (Northeast)
NY
Bridgeport 15177 (Reno NV-CA) 43 |(San Francisco-Oakland-Safs (West)
Jose
Dugway Proving Ground 157 (Reno NV-CA) 43 |(San Francisco-Oakland-Safs (West)
Jose
Hawthorne 15177 (Reno NV-CA) 43 |(San Francisco-Oakland-Safs (West)
Jose
NTC/Fort Irwin 151(77 (Reno NV-CA) 43 |(San FranciSCO-Oakland-SaF (West)
Jose
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Location EA |Median EA Name MEA MEA Name REAG REAG Name
# | Rank # #

Twenty Nine Palms 15177 (Reno NV-CA) 43 |(San Francisco-Oakland-Safg (West)
Jose

Fort McCoy 59 | 78 (Green Bay WI-MI) 17 | (Milwaukee) 3 |(Great Lakes)

Two Rivers 59 | 78 (Green Bay WI-MI) 17 (Milwaukee) 3 |(Great Lakes)

Camp Grayling 62| 79 (Grand Rapids-Muskegon [i8) | (Detroit) 3 (Great Lakes)

Fox Lake 62 | 79 (Grand Rapids-Muskegon 1§ |(Detroit) 3 (Great Lakes)

Great Lakes 62| 79 (Grand Rapids-Muskegon|b8) |(Detroit) 3 (Great Lakes)

Grissom 62 | 79 (Grand Rapids-Muskegon [{1§) | (Detroit) 3 (Great Lakes)

Two Rivers 62 | 79 (Grand Rapids-Muskegon 1§ |(Detroit) 3 (Great Lakes)

England Industrial Park 85/ 80 (Lafayette LA) 27| \Nerleans-Baton Rouge) 4 (Mississippi Valley)

Fort Polk 85 | 80 (Lafayette LA) 27 | (New Orleans-BaRouge) | 4 (Mississippi Valley)

JRTC (Fort Polk North) 85| 80 (Lafayette LA) 27| (N&neans-Baton Rouge) 4 (Mississippi Valley)

Camp Shelby 80| 81 (Mobile AL) 27 | (New Orleans-BaRwuge) | 4 (Mississippi Valley)

Fort Rucker 80| 81 (Mobile AL) 27 (New Orleans-Baf®auge) | 4 (Mississippi Valley)

Panama City 80| 81 (Mobile AL) 27 (New Orleans-BaRwuge) | 4 (Mississippi Valley)

Sand Ridge 97| 83 (Springfield IL-MO) 18 | (Chicago) 3 |(Great Lakes)

Vichy Airfield 97 |83 (Springfield IL-MO) 18 | (Chicap 3 (Great Lakes)

Bogue Field 21| 85 (Greenville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’

Camp Lejeune 21| 85 (Greenville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenville-Raleigh

Craney Island 21| 85 (Greenville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenville-Raleigh

Elizabeth City 21|85 (Greenville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenville-Raleigh

Fort Bragg 21|85 (Greenville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’

Fort Bragg/Camp McCall | 21| 85 (Greenville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’

Fort Lee 21|85 (Greenville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’

Fort Pickett 21| 85 (Greenville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenville-Raleigh
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Location EA |Median EA Name MEA MEA Name REAG REAG Name
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Joint Base Langley-Eustis | 21 85 (Greenville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenville-Raleigh’
Morehead City 21| 85 (Greenville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’
Portsmouth 21| 85 (Greenville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’
St. Juliens Creek 21| 85 (Greenville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’
Vacapes 21| 85 (Greenville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenville-Raleigh’
Camp Atterbury 68| 86 (Champaign-Urbana IL) 18 (@bm) 3 (Great Lakes)
Great Lakes 68| 86 (Champaign-Urbana IL) 18 (Chiago 3 (Great Lakes)
Grissom 68 | 86 (Champaign-Urbana IL) 18| (Chicago) 3 |(Great Lakes)
Sand Ridge 68| 86 (Champaign-Urbana IL) 18 (Chicago) 3 (Great Lakes)
Aberdeen Proving Ground | 11 87 |(Harrisburg-Lebanon-Carlislg (Philadelphia) 1 (Northeast)
PA)
Fort Indiantown GAP 11| 87  |(Harrisburg-Lebanon-Carlislg (Philadelphia) 1 (Northeast)
PA)
Letterkenny 11| 87  |(Harrisburg-Lebanon-Carlislgy (Philadelphia) 1 (Northeast)
PA)
Midway Research Center | 11 87 (Ha;rrisburg-Lebanon-CarIisI21 (Philadelphia) 1 (Northeast)
PA
Quantico 11 | 87 (Ha;rrisburg-Lebanon-CarlisI21 (Philadelphia) 1 (Northeast)
PA
Fort Leonard Wood 94| 88 (Springfield MO) 30| (Stuis) 4 (Mississippi Valley)
Ft Chaffee 94 | 88 (Springfield MO) 30 | (St. Louis) 4 |(Mississippi Valley)
Vichy Airfield 94 (88 (Springfield MO) 30 (St. Louis 4 (Mississippi Valley)
Camp Blanding 35| 89 (Tallahassee FL-GA) 9 (Jackilehv 2 (Southeast)
Fort Benning 35| 89 (Tallahassee FL-GA) 9 (Jackdt@)vi 2 (Southeast)
Fort Rucker 35| 89 (Tallahassee FL-GA) 9 (Jackstsvil 2 (Southeast)
Panama City 35| 89 (Tallahassee FL-GA) 9 (Jackslenvil 2 (Southeast)
Ft Chaffee 92| 90 (Fayetteville AR-MO-OK) 28 (LitfRock) 4 (Mississippi Valley)
Fort Gordon 28| 91 (Savannah GA-SC) 8 (Atlanta) 2 | ouBeast)
Fort Jackson 28| 91 (Savannah GA-SC) 8 (Atlanta) 2 | Southeast)
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Location EA |Median EA Name MEA MEA Name REAG REAG Name
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Fort Stewart 28| 91 (Savannah GA-SC) 8 (Atlanta) 2 | Southeast)
Joint Base Charleston 28 91 (Savannah GA-SC) 8§ aiffd) 2 (Southeast)
Fort Leonard Wood 98| 92 (Columbia MO) 30 (St. Lyuis 4 (Mississippi Valley)
Vichy Airfield 98 (92 (Columbia MO) 30 (St. Louis) 4  |(Mississippi Valley)
Redstone Arsenal 74 93 (Huntsville AL-TN) 24| (Bimgham) 4 (Mississippi Valley)
Camp Atterbury 66| 94 (Fort Wayne IN) 18| (Chicago) 3 |(Great Lakes)
Cincinnati 66 | 94 (Fort Wayne IN) 18 | (Chicago) 3 ¢arLakes)
Grissom 66 | 94 (Fort Wayne IN) 18 | (Chicago) 3 (Giesltes)
Camp Shelby 82| 95  |(Biloxi-Gulfport-Pascagoula |27  |(New Orleans-Baton Rouge) 4 (Mississippi Valley)
MS)
Fort Carson 14096 (Pueblo CO-NM) 33 | (Denver) 5 (Central)
Pinon Canyon 14006 (Pueblo CO-NM) 33 | (Denver) 5 (Central)
Redstone Arsenal 43 97 (Chattanooga TN-GA) 8 (Adlan 2 (Southeast)
England Industrial Park 88 98 (Sh)reveport-Bossier City LA32  |(Dallas-Fort Worth) 5 (Central)
AR
Fort Polk 88 | 98 (Sh)reveport-Bossier City LA32  |(Dallas-Fort Worth) 5 (Central)
AR
JRTC (Fort Polk North) 88| 98  |(Shreveport-Bossier City LAB2  |(Dallas-Fort Worth) 5 (Central)
AR)
Fox Lake 65 | 99 (Elkhart-Goshen IN-MI) 18 | (Chicago) 3 (Great Lakes)
Great Lakes 65| 99 (Elkhart-Goshen IN-MI) 18 (Chmag 3 (Great Lakes)
Grissom 65 | 99 (Elkhart-Goshen IN-MI) 18 (Chicago) 3 |(Great Lakes)
Camp Atterbury 69| 100 |(Evansville-Henderson IN- |23  |(Louisville-Lexington- 4 (Mississippi Valley)
KY-IL) Evansville
Fort Campbell 69| 100 |(Evansville-Henderson IN- |23  |(Louisville-Lexington- 4 (Mississippi Valley)
KY-IL) Evansville
Sand Ridge 69| 100 |(Evansville-Henderson IN- |23  |(Louisville-Lexington- 4 (Mississippi Valley)
KY-IL) Evansville
Fort Drum 4 102 (Burlington VT-NY) 2 (New York Cixty 1 (Northeast)
Bogue Field 22| 103 (Fayetteville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’
Camp Lejeune 22| 103 (Fayetteville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenville-Raleigh
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Location EA |Median EA Name MEA MEA Name REAG REAG Name
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Fort Bragg 22| 103 (Fayetteville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenville-Raleigh’

Fort Bragg/Camp McCall | 22| 103 (Fayetteville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’

Fort Jackson 22| 103 (Fayetteville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’

Greensboro 22| 103 (Fayetteville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenvill-Raleigh’

Morehead City 22| 103 (Fayetteville NC) 7 |(Charlotte-Greensboro- 2 (Southeast)
Greenville-Raleigh’

England Industrial Park 87| 104 (Beaumont-Port Arfh¥) (31 | (Houston) 5 (Central)

Fort Polk 87 | 104 (Beaumont-Port Arthur TX) 31| (Hmmg 5 (Central)

JRTC (Fort Polk North) 87| 104 (Beaumont-Port ArtfiX) (31  |(Houston) 5 (Central)

Fort McCoy 60 | 105  |(Appleton-Oshkosh-Neenah|17 | (Milwaukee) 3 (Great Lakes)

W)
Two Rivers 60 | 105 |(Appleton-Oshkosh-Neenah|17  |(Milwaukee) 3 (Great Lakes)
W1)

Fort Benning 39| 106 (Columbus GA-AL) 8 (Atlanta) 2 |(Southeast)

Fort Rucker 39| 106 (Columbus GA-AL) 8 (Atlanta) 2 | So(theast)

Redstone Arsenal 39 106 (Columbus GA-AL) 8 (Atlanta 2 (Southeast)

Pinon Canyon 139108 (Santa Fe NM) 39 (El Paso-Albuquerque) 5 (Géntr

Yakima Firing Center 147109 (Spokane WA-ID) 41 | (Spokane-Billings) 6 (West)

Yakima Training Area 147109 (Spokane WA-ID) 41 | (Spokane-Billings) 6 (West)

England Industrial Park 89 111 (Monroe LA) 32 (BatFort Worth) 5 (Central)

Fort Polk 89 | 111 (Monroe LA) 32 (Dallas-Fort Worth) 5 (Central)

JRTC (Fort Polk North) 89| 111 (Monroe LA) 32 (DaHRort Worth) 5 (Central)

Fort Gordon 27| 112 (Augusta-Aiken GA-SC) 8 (Atlgnta 2 (Southeast)

Fort Jackson 27| 112 (Augusta-Aiken GA-SC) 8 (Atant 2 (Southeast)

Fort Stewart 27| 112 (Augusta-Aiken GA-SC) 8 (Ateant 2 (Southeast)

Joint Base Charleston 27 112 (Augusta-Aiken GA-SC) |8 (Atlanta) 2 (Southeast)

Fort Benning 79| 114 (Montgomery AL) 24 (Birmingham) 4 (Mississippi Valley)
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Fort Rucker 79| 114 (Montgomery AL) 24 | (Birmingham) 4 (Mississippi Valley)

Camp Atterbury 47| 116 (Lexington KY-TN-VA-WV) 23 |(Louisville-Lexington- 4 (Mississippi Valley)
Evansville

Cincinnati 47 | 116 (Lexington KY-TN-VA-WV) 23 |(Louisville-Lexington- 4 (Mississippi Valley)
Evansville

Greensboro 47| 116 (Lexington KY-TN-VA-W\)) 23 |(Louisville-Lexington- 4 (Mississippi Valley)
Evansville

Fort Bragg/Camp McCall | 46| 117 (Hickory-Morganton N®) |7 (Charlotte-Greensboro- 4 (Mississippi Valley)
Greenville-Raleigh’

Greensboro 46| 117 (Hickory-Morganton NC-T)  |(Charlotte-Greensboro- 4 (Mississippi Valley)
Greenvill-Raleigh’

Fort Bliss 136(118 (Hobbs NM-TX) 39 | (El Paso-Albuquerque) 5 (Cebtr

McGregor 136|118 (Hobbs NM-TX) 39 | (El Paso-Albuquerque) 5 (Cebtr

White Sands Missile Range 13618 (Hobbs NM-TX) 39 | (El Paso-Albuquerque) 5 (Cebtr

Telegraph Pass 15419 (Flagstaff AZ-UT) 40 | (Phoenix) 5 (Central)

Yuma Proving Grounds 15419 (Flagstaff AZ-UT) 40 | (Phoenix) 5 (Central)

Aberdeen Proving Ground | 14 122 (Salisbury MD-DE-VA) |5 (Washington) 2 (Southeast)

Craney Island 14| 122 (Salisbury MD-DE-VA) 5 (Wagiton) 2 (Southeast)

Elizabeth City 14 | 122 (Salisbury MD-DE-VA) 5 (Wasbton) 2 (Southeast)

Fort A. P. Hill 14 122 (Salisbury MD-DE-VA) 5 (Waistyton) 2 (Southeast)

Fort Lee 14 | 122 (Salisbury MD-DE-VA) 5 (Washington) 2 (Southeast)

Joint Base Langley-Eustis 14 122 (Salisbury MD-DE}V 5 (Washington) 2 (Southeast)

Midway Research Center 14 122 (Salisbury MD-DE-VA) |5 (Washington) 2 (Southeast)

Portsmouth 14| 122 (Salisbury MD-DE-VA) 5 (Washingto 2 (Southeast)

Quantico 14 | 122 (Salisbury MD-DE-VA) 5 (Washington) 2 (Southeast)

St. Juliens Creek 14| 122 (Salisbury MD-DE-VA) 5 @NiEngton) 2 (Southeast)

\Vacapes 14| 122 (Salisbury MD-DE-VA) 5 (Washington) 2 (Southeast)

Fort Benning 38| 123 (Macon GA) 8 (Atlanta) 2 (Saatbt)

Fort Gordon 38| 123 (Macon GA) 8 (Atlanta) 2 (Souatte
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Fort Rucker 38| 123 (Macon GA) 8 (Atlanta) 2 (Souatste
Fort Stewart 38| 123 (Macon GA) 8 (Atlanta) 2 (S@atst)
England Industrial Park 86| 124 (Lake Charles LA) 31(Houston) 5 (Central)
Fort Polk 86 | 124 (Lake Charles LA) 31 (Houston) 5 | Ceiftral)
JRTC (Fort Polk North) 86| 124 (Lake Charles LA) 31j(Houston) 5 (Central)
Camp Mabry 129125 (San Angelo TX) 32 | (Dallas-Fort Worth) 5 (Cattitr
Fort Hood 129125 (San Angelo TX) 32 | (Dallas-Fort Worth) 5 (Cattitr
Orchard Park 148126 (Idaho Falls ID-WY) 42 | (Salt Lake City) 6 (West
Fort Leavenworth 123128 (Topeka KS) 29 | (Kansas City) 5 (Central)
Fort Riley 123|128 (Topeka KS) 29 | (Kansas City) 5 (Central)
Saint Joseph 12328 (Topeka KS) 29 | (Kansas City) 5 (Central)
Faribault 106|130 (Rochester MN-1A-WI) 20 | (Minneapolis-St. Paul) 3 (Great Lakes)
Fort McCoy 106|130 (Rochester MN-IA-WI) 20 (Minneapolis-St. Paul) 3 (Great Lakes)
Rosemount 106130 (Rochester MN-IA-WI) 20 (Minneapolis-St. Paul) 3 (Great Lakes)
Faribault 105131 (La Crosse WI-MN) 17 | (Milwaukee) 3 (Great Lakes
Fort McCoy 105(131 (La Crosse WI-MN) 17 | (Milwaukee) 3 (Great Lakes
Rosemount 105131 (La Crosse WI-MN) 17 (Milwaukee) 3 (Great Lakes
Fort Sill 138132 (Amarillo TX-NM) 32 (Dallas-Fort Worth) 5 (Ceat)
Pinon Canyon 138132 (Amarillo TX-NM) 32 (Dallas-Fort Worth) 5 (Ceat)
Greensboro 45| 134 s/JX)hnson City-Kingsport TN122 | (Knoxuville) 4 (Mississippi Valley)
Fort Benning 36| 135 (Dothan AL-FL-GA) 24 (Birmingha 4 (Mississippi Valley)
Fort Rucker 36| 135 (Dothan AL-FL-GA) 24 (Birminghpm 4 (Mississippi Valley)
Panama City 36| 135 (Dothan AL-FL-GA) 24 (Birmingham 4 (Mississippi Valley)
Fort Indiantown GAP 9 | 136 (State College PA) 12 ttgBurgh) 3 (Great Lakes)
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Letterkenny 9 | 136 (State College PA) 12|  (Pittsbyrgh 3 (Great Lakes)
Camp Blanding 37| 137 (Albany GA) 8 (Atlanta) 2 (8wast)
Fort Benning 37| 137 (Albany GA) 8 (Atlanta) 2 (Sloesist)
Fort Rucker 37| 137 (Albany GA) 8 (Atlanta) 2 (Soedkt)
Fort Stewart 37| 137 (Albany GA) 8 (Atlanta) 2 (Suedst)
Fort A. P. Hill 17 | 138 (Roanoke VA-NC-WV) 6 (Richmd) 2 (Southeast)
Fort Lee 17 | 138 (Roanoke VA-NC-WV) 6 (Richmond) 2 | So(theast)
Fort Pickett 17 | 138 (Roanoke VA-NC-WV) 6 (Richmond) 2 (Southeast)
Greensboro 17| 138 (Roanoke VA-NC-WV) 6 (Richmond) 2 |(Southeast)
Joint Base Lewis-McChord| 16239 \(/l;i:)hland-Kennewick-Pasc046 (Seattle) 6 (West)
Yakima Firing Center 169139 \(/l;i:)hland-Kennewick-Pasc046 (Seattle) 6 (West)
Yakima Training Area 169139 \(/f/%iAC)hland-Kennewick-PaSCO46 (Seattle) 6 (West)
Fort Campbell 75| 140 (Tupelo MS-AL-TN) 26 (Memphizekson) 4 (Mississippi Valley)
Redstone Arsenal 75 140 (Tupelo MS-AL-TN) 26 (Mermsplackson) 4 (Mississippi Valley)
Camp Grayling 61| 141 (Traverse City MI) 16| (Detyoit 3 (Great Lakes)
Two Rivers 61 | 141 (Traverse City MI) 16 | (Detroit) 3 |(Great Lakes)
Ft Chaffee 91| 142 (Fort Smith AR-OK) 28 (Little Rgc 4 (Mississippi Valley)
Camp Ripley 109143 (Duluth-Superior MN-WI1) 20 (Minneapolis-St. Pau 3 (Great Lakes)
Fort Sill 128144 (Abilene TX) 32 (Dallas-Fort Worth) 5 (Central)
Camp Guernsey 14346 (Casper WY-ID-UT) 33 (Denver) 5 (Central)
Orchard Park 14:47 (Twin Falls ID) 42 (Salt Lake City) 6 (West)
Fort Sill 126(148 (Western Oklahoma OK) 37 (Oklahoma City) 5 (cHh
Fort A. P. Hill 16 | 149 (Staunton VA-WV) 6 (Richmaond 2 (Southeast)
Fort Pickett 16 | 149 (Staunton VA-WV) 6 (Richmond) 2 |(Southeast)
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Midway Research Center 16 149 (Staunton VA-WV) 6| iclifond) 2 (Southeast)
Quantico 16 | 149 (Staunton VA-WV) 6 (Richmond) 2 (Brast)
Cincinnati 48 | 150 (Charleston WV-KY-OH) 13 (CincatiDayton) 3 (Great Lakes)
Camp Ripley 116151 (Sioux Falls SD-IA-MN-NE)| 20 (Minneapolis-Staur) 3 (Great Lakes)
Camp Ripley 113152 (Fargo-Moorhead ND-MN) | 20 | (Minneapolis-St. Baul 3 (Great Lakes)
Fort Leonard Wood 95| 153 (Jonesboro AR-MO) 28 (e Rock) 4 (Mississippi Valley)
Sand Ridge 95| 153 (Jonesboro AR-MO) 28 (Little Rock 4 (Mississippi Valley)
Fort McCoy 108|154 (Wausau WI) 17 | (Milwaukee) 3 (Great Lakes)
Two Rivers 108154 (Wausau WI) 17 | (Milwaukee) 3 (Great Lakes)
Fox Lake 102155 (Davenport-Moline IA-IL) 21 | (Des Moines-Quadi€s) 3 (Great Lakes)
Camp Guernsey 1456 (Scottsbluff NE-WY) 33 | (Denver) 5 (Central)
Orchard Park 168159 (Pendleton OR-WA) 41 | (Spokane-Billings) 6 (West
Yakima Firing Center 168159 (Pendleton OR-WA) 41 (Spokane-Billings) 6 (West
Yakima Training Area 168159 (Pendleton OR-WA) 41 (Spokane-Billings) 6 (West
Camp Guernsey 11860 (Rapid City SD-MT-NE-ND)| 33 | (Denver) 5 (Cenjral
Fort Campbell 72| 165 (Paducah KY-IL) 23 |(Louisville-Lexington- 4 (Mississippi Valley)
Evansville
Sand Ridge 72| 165 (Paducah KY-IL) 23|(Louisville-Lexington- 4 (Mississippi Valley)
Evansville
Fort Greely 171166 (Anchorage AK) 47 (Alaska) 7 (Alaska)
Fort Wainwright 171166 (Anchorage AK) 47 (Alaska) 7 (Alaska)
Joint Base Elmendorf- 171|166 (Anchorage AK) 47 | (Alaska) 7 (Alaska)
Richardso
Yukon Range 171166 (Anchorage AK) 47 (Alaska) 7 (Alaska)
Fort Riley 120(167 (Grand Island NE) 34 | (Omaha) 5 (Central)
Camp Grayling 58| 169 (Northern Michigan MI) 16 (et 3 (Great Lakes)
Apra Harbor 173174 (Guam-Northern Mariana |49  |(Guam-Northern Mariana |9 (Guam-Northern Mariana Is
Islands Islands

N
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Camp Shelby 176176 (Gulf of Mexico) 52 | (Gulf of Mexico) 12 (Gulff Mexico)
Fort Rucker 176176 (Gulf of Mexico) 52 | (Gulf of Mexico) 12 (Gulff Mexico)
Panama City 176176 (Gulf of Mexico) 52 (Gulf of Mexico) 12 (Gulff dexico)
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Appendix 3: Commercial Systems

Baseline LTE Uplink Characteristics

12 November 2012 - Rev.2

This document reflects the consensus of the LTE Technical Characteristics group of the CSMAC

Working Groups. Participants include:
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Steve Sharkey — T-Mobile
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Baseline LTE Uplink Characteristics

For use in Interference Analysis for Protection of Federal Operations in the
1695-1710 and 1755-1850 MHz Bands, including adjacent bands

Introduction

The information regarding LTE Uplink Characteristics is intended for use in general analysis of
the potential for interference between commercial LTE operations and Federal Government
operations in the 1755-1850 MHz band. The information represents a collaborative effort
between industry and government representative experts to agree on LTE parameters that are
closer to realistic operational parameters than have been used in past analysis. However,
because these parameters will be used in general analysis, it is not possible to fully capture the
parameters that will be observed in an actual deployment, which will vary by carrier
implementation and site specific geography. In order to provide a uniform set of information to
apply in a wide variety of analysis, a number of simplifying assumptions have been made that
may continue to result in analysis showing a greater level of interference that would actually
occur. These include, but are not limited to, the assumptions being based on 100% loading
rather than a more realistic loading level and use of propagation curves that may result in
higher calculated power. In addition, because the transmit power and interference potential of
a UE device is highly dependent on the UE distance to a base station, developing and applying
UE information that is uncorrelated to interfering path is likely to overestimate the amount of
interference. None-the-less, given the difficulty of developing and running a fully correlated
model, the Technical Group participants agreed that it is reasonable to proceed with
uncorrelated values in order to develop a general understanding of the interference potential
given limited time and resources. Analysis based on this information will serve as useful
guidance in understanding the potential for systems to coexist and the potential for
interference. However, site specific coordination will be necessary to maximize efficient use of
the spectrum.

User Equipment (UE) Transmit Characteristics

Cumulative Distribution Function (CDF) of Total EIRP per Scheduled User Equipment

¢ Assumptions for generation of CDF data:
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0 LTE Frequency Division Duplex (FDD) system
0 10 MHz LTE Bandwidth
0 100% system loading at LTE Base Station (eNodeB)
= All Physical Resource Blocks (PRB) are occupied at all times
0 100% outdoor UE distribution
0 Pp=-90 dBm and alpha = 0.8 for UL Power Control (urban/suburban/rural)
0 Proportional fair algorithm for LTE Scheduler
0 Full-buffer traffic model (i.e. All UEs have data in their Radio Link Control (RLC) layer

buffer at all times)

* Graphical CDF Data

1.0

Suburban

Rural

0.8

0.7

0.6

0.2
J/

B ———-""/ / :

0.0

-30 20 -10 0 10 20
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e Tabulated CDF Data

Urban/Suburban (1.732 Km Rural (7 Km ISD)
ISD) (6 UE
(6 UE scheduled/TTI/sector) scheduled/TTI/sector)
UE EiRP
(dBm) PDF CDF PDF CDF

-40 0.0000 0.0000 0.0000 0.0000
-37 0.0001 0.0001 0.0000 0.0000
-34 0.0002 0.0003 0.0000 0.0000
-31 0.0008 0.0011 0.0000 0.0000
-28 0.0020 0.0031 0.0000 0.0000
-25 0.0040 0.0071 0.0000 0.0000
-22 0.0083 0.0154 0.0002 0.0002
-19 0.0166 0.0320 0.0004 0.0006
-16 0.0327 0.0647 0.0007 0.0013
-13 0.0547 0.1194 0.0026 0.0039
-10 0.0839 0.2033 0.0060 0.0099
-7 0.1128 0.3160 0.0153 0.0252
-4 0.1370 0.4530 0.0325 0.0577
-1 0.1429 0.5959 0.0575 0.1152
2 0.1338 0.7297 0.0911 0.2062
5 0.1094 0.8390 0.1245 0.3307
8 0.0753 0.9143 0.1536 0.4843
11 0.0450 0.9594 0.1605 0.6448
14 0.0236 0.9830 0.1473 0.7920
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Urban/Suburban (1.732 Km Rural (7 Km ISD)
ISD) (6 UE
(6 UE scheduled/TTl/sector) scheduled/TTl/sector)

UE EiRP

(dBm) PDF CDF PDF CDF
17 0.0106 0.9936 0.1203 0.9123
20 0.0064 1.0000 0.0877 1.0000

Assumed Number of Scheduled (transmitting) UE per Sector

Assume Physical Downlink Control Channel (PDCCH) = 6 is typical for a 10 MHz LTE Channel

0 PDCCH contains Downlink Control Information (DCl) blocks, which provide downlink
and uplink resource allocations, and power control commands for UEs

0 Use UEs per sector (i.e. the number of simultaneously transmitting UEs is 6 per sector
or 18 per eNodeB, for a 10 MHz Channel)

0 100 % of uplink resources (PRBs) are equally distributed among transmitting UEs in
each sector

Randomly assign power in accordance with UE power CDF for each independent Monte-

Carlo analysis trial

The PDCCH value and corresponding number of UE should be adjusted based on the LTE

channel bandwidth:

PDCCH Value / Channel Bandwidth

5 MHz 10 MHz 15 MHz 20 MHz

PDCCH=3 PDCCH =6 PDCCH =9 PDCCH =12

Assumed Inter-Site Distance (ISD) for Generic LTE eNodeB Deployment

Use concentric circles centered around metropolitan area unless other site specific
assumptions are agreed upon.

Urban/suburban area assumed to be 30 km radius with rural area covering outer circle up
to 100 km, unless other site specific assumptions are mutually agreed upon

Surrounding rural deployment may be adjusted by mutual agreement if and when there is
more than one urban/suburban area within 100km of the site being analyzed
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eNodeB Antenna .
Deployment ISD Height UE Antenna Height
Urban/Suburban (r<=30km) | 1.732 km 30m 1.5m
Rural (U/S Edge < r <= 100 km) 7 km 45 m 1.5m

Requirements for Unwanted Emissions

LTE specification defines requirements for two separate kinds of unwanted emissions, with
those for spurious emissions being the more stringent. In addition to these minimum
requirements, additional spectrum emission requirements defined in the 3GPP standard must
be fulfilled for a specific deployment scenario such as intra-band contiguous Carrier
Aggregation, cell handover, UL-MIMO, etc.

1) Out-of-Band (OOB) Emissions

a) Spectrum Emissions Mask (SEM)

* 0OB specification is defined with respect to the edge of the occupied bandwidth and
it is absolute value

* The 3GPP defines standard identifies two resolution measurement bandwidths (30
kHz and 1 MHz). For example, -15 dBm/30 kHz for Afoog  0-1 in 5 MHz can be
converted to 1 MHz bandwidth resolution results in a limit of 0.23 dBm/1MHz

e For frequencies greater than (Afoog) as specified in Table below for Band Class 4, the
spurious emissions requirements are applicable

Spectrum Emission Limit (dBm)/ Channel Bandwidth
Afoor 1.4 3.0 5 10 15 20 Measuremen
(MHz) MHz MHz MHz MHz MHz MHz t Bandwidth
+0-1 -10 -13 -15 -18 -20 -21 30 kHz
(5.23) | (2.23) | (0.23) | (-2.77) | (-4.77) | (-5.77) (1 MHz)
+1-2.5 -13 -13 -13 -13 -13 -13 1 MHz
+2.5-2.8 -25 -13 -13 -13 -13 -13 1 MHz
+2.8-5 -13 -13 -13 -13 -13 1 MHz
+5-6 -25 -13 -13 -13 -13 1 MHz
+6-10 -25 -13 -13 -13 1 MHz
+ 10-15 -25 -13 -13 1 MHz
+ 15-20 -25 -13 1 MHz
+ 20-25 -25 1 MHz
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2) Adjacent Channel Leakage Ratio (ACLR)

* ACLR s the ratio of the filtered mean power centered on the assigned channel
frequency to the filtered mean power centered on an adjacent channel frequency at
nominal channel spacing

* Defines ACLR requirements for two scenarios for an adjacent LTE (Evolved Universal
Terrestrial Radio Access (E-UTRA)) channels and/or UMTS channels

e The minimum requirement of ACLR for LTE is specified, as follows:

Channel bandwidth / E-UTRAcr1 / Measurement Bandwidth
1.4 3.0 5 10 15 20
MHz MHz MHz MHz MHz MHz
E-UTRAAcLr1 30dB 30dB 30 dB 30dB 30dB 30 dB
E-UTRA
channel 108 1 7 MHz | 45MHz | 9.0MHz | 13.5MHz | 18 MHz
Measurement MHz
bandwidth
Adjacent
channel +1.4 +3.0 +5 +10 +15 +20
center
frequency / / / / / /
offset (in -1.4 -3.0 -5 -10 -15 -20
MHz)

3) Spurious Emissions

e Occurs well outside the bandwidth necessary for transmission and may arise from a
large variety of unwanted transmitter effects such as harmonic emission, parasitic
emissions, intermodulation products and frequency conversion products, but
exclude OOB emissions unless otherwise stated
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* This value would be used for all the blank spaces in SEM mask

Frequency Range Maximum Measurement Bandwidth Notes
Level
9 kHz <f <150 kHz -36 dBm 1 kHz
(-6 dBm) (1 MHz)
150 kHz < f < 30 MHz -36 dBm 10 kHz
(-16 dBm) (1 MHz)
30 MHz < f < 1000 MHz -36 dBm 100 kHz
(-26 dBm) (1 MHz)
1 GHz<f<12.75 GHz -30 dBm 1 MHz
12.75 GHz<f <19 GHz -30 dBm 1 MHz Note 1
Note 1: Applies for Band 22, Band 42 and Band 43
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LTE Base Station Receive Characteristics

This table endeavors herein to provide an overview of Base Station Receiver characteristics
established by international standards. While the characteristics can be used in a preliminary
analysis of the potential for interference from Government operations to commercial
operations there are numerous implementation specific methods that a carrier can deploy to
significantly impact the potential for interference. Examples include, but are not limited to
antenna down tilt, antenna orientation, power control to improve link margin, temporal use of
specific channels to avoid using channels during periods when interference is likely, and use of
natural terrain to provide shielding. Annex 1 provides a more detailed discussion of the
potential impact of antenna down tilt and orientation. Because these features are
implementation specific it is difficult to include them as part of a general analysis and specific
features should not be included as part of final rules. While a general analysis may be useful in
determining the overall viability as to whether some form of sharing is possible, rules should
not include a defined exclusion or coordination zone that precludes commercial deployments in
a given area based on the potential for interference to the commercial operation. Instead, as
much information as possible regarding the government operations should be provided, thus
allowing the commercial licensee to determine the most effective method to mitigate
interference.

e LTE (FDD) Base Station Receiver Characteristics

Parameter Base Station

Receiver Channel Bandwidth (MHz) 1.4,3,5, 10, 15 and 20

With signal bandwidths of 1.08,
2.7,4.5,9,13.5 and 18 MHz

Adjacent Channel Selectivity (ACS) Channel Wide Area BS

BW Wanted Signal Mean

Wide Area | Power (dBm)
BS
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Parameter Base Station

1.4MHz | -95.8 (Prersens + 11dB)
3 MHz -95.0 (Pgersens + 8dB)
5 MHz -95.5 (Pgersens + 6dB)
10 MHz | -95.5 (Prersens + 6dB)
15 MHz | -95.5 (Prersens + 6dB)

20 MHz -95.5 PREFSENS + 6dB

Reference | Interfering signal

TS 36.104 | Mean POWEr: -
52 dBm

Table

7.5.1-3

Channel Local Area BS

BW

Wanted Signal Mean
Local Area | Power (dBm)
BS

1.4MHz | -87.8 (Prersens + 11dB)
3 MHz -87.0 (Pgersens + 8dB)
5 MHz -87.5 (Prersens + 6dB)
10 MHz | -87.5 (Prersens + 6dB)
15 MHz | -87.5 (Prersens + 6dB)
(

20 MHz -87.5 (Prersens + 6dB)

Reference | Interfering signal

TS 36.104 | MEan POWEr: -
44 dBm
Table

7.5.1-4

Noise Figure (dB) 5
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Parameter

Base Station

Reference Sen§itivity (dBm) PRrersens for
Wide Area BS "

1.4 MHz -106.8
3 MHz -103.0
5 MHz -101.5
10 MHz -101.5
15 MHz -101.5
20 MHz -101.5

Reference Sensitivity (dBm) Pgrersens for
Local Area BS

1.4 MHz -98.8
3 MHz -95.0
5 MHz -93.5
10 MHz -93.5
15 MHz -93.5
20 MHz -93.5

Antenna Gain (Mainbeam) (dBi) ™™

18

Azimuth Off-Axis Antenna Pattern

(dBi as a function of off-axis angle in
degrees)

ITU-R Recommendation F.1336-3
with an elevation 3 dB beamwidth
of 10 degrees, k=0.2 and the
equations in Section 3.2

Elevation Off-Axis Antenna Pattern

(dBi as a function of off-axis angle in
degrees)

ITU-R Recommendation F.1336-3
with an elevation 3 dB beamwidth
of 10 degrees, k=0.2 and the
equations in Section 3.2

Antenna Polarization

Linear

Antenna Height (meters)*

30 (Urban/Suburban)
15 to 60 (Rural)

Antenna Azimuth 3 dB Beamwidth 70
(degrees)?
Antenna Down Tilt Angle (degrees) 3
Cable, Insertion, or Other Losses (dB) 2
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Parameter

Base Station

Interference Criterion

1dB desense. This translates into a
maximum interference = Noise
floor -5.87 dB (I/N="~ -6dB).

the table.

Note 1: For single entry analysis the maximum antenna height of 45 meters
for base stations will be used for rural. For aggregate analysis antenna
heights will be varied between the minimum and maximum values shown in

Note 2: A base station typically has three sectors each 120 degrees wide.
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ANNEX

Example: Interference Mitigation via Antenna Downtilting and Antenna Azimuth Orientation

Commercial cellular deployments do regularly take into account interference considerations.
Even inter-cell interference within the same service provider network typically results in finite
antenna downtilt, particularly for systems with full spectral reuse (i.e., 3G, 4G). Also in the
commercial cellular world there exist numerous instances where adjacent band and other
interference scenarios have been successfully mitigated via proper RF design (e.g., between
service providers in adjacent spectrum, etc).

To illustrate the potentially significant impact of these antenna techniques on the interference
issues, we evaluate two representative commercial base station antennas from
CommScope/Andrew in the discussion below. Depending on the Federal Government systems

involved, different assumptions might be appropriate.

* Andrew HBX-6516DS-TOM: 18 dBi max gain (along the main beam or “bore sight”
direction), 65° horizontal beamwidth, 0° electrical downtilt, 7.1° vertical beamwidth.

e Andrew HBX-9016DS-TOM: 18.3 dBi max gain, 90° horizontal beamwidth, 0° electrical
downtilt, 4.8° vertical beamwidth.

Using these antennas, and orienting them with a 60° azimuthal offset from the Federal
Government system direction, the gain reductions for various reasonable antenna downtilts are
calculated (in the table, the gain reductions listed below are with respect to the max ~18dBi
gain of these antennas). The displayed gain reductions as a function of the downtilt angles are
for the case of an interferer at the horizon. Note that an interference source like JTRS may be
at an elevation (e.g., the WG-5 draft calculation assumed 10,000 feet), which would result in
higher gain reductions.

Antenna Gain Gain reduction Gain reduction Gain reduction
reduction from 4° vertical from 6° vertical from 8° vertical
from 60° downtilt [Total downtilt [Total downtilt [Total
azimuthal reduction from reduction from reduction from

orientation azimuth + downtilt] | azimuth + downtilt] | azimuth + downtilt]
Andrew HBX- 8.6 dB 2.8dB 7.4dB 16.3 db
6516DS-TOM [11.4 dB] [16.0 dB] [24.9 dB]
Andrew HBX- 6.3 dB 8.7 dB 26.9 dB 24.1dB
9016DS-TOM [15.0 dB] [33.2 dB] [30.4 dB]

As can be seen, total gain reductions (summing the reductions due to azimuthal orientation
plus those from vertical downtilt) can be very large, anywhere from 11.4 to 30.4 dB — assuming
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the Federal Government interfering transmitter is at the horizon in our example.

Notes:

This interfering signal mean power is for a wanted signal mean power at P_REFSENS + xdB (where x=6dB for 3-
20MHz channels and 11dB for 1.4MHz channel). One way to interpret this spec is that this is the maximum
interference level for xdB desense criterion. For instance, if 1dB desense is used in the coexistence studies, a
conversion can be done to adjust for the lower desense criterion. For example, if adjacent channel selectivity
is specified as -52dBm and wanted signal mean power is P_REFSENS + 6dB, the level can be adjusted by 11dB
for the smaller sensitivity degradation allowed giving -52-11= -63dBm:

e 1 dB desense: maximum interference = Noise floor - 5.87 dB

Same as in footnote i, interfering signal mean power can be adjusted for 1dB desense if this criterion is used in
the coexistence studies. For example, in the case of wanted signal mean power at P_REFSENS + 6dB, the level
can be adjusted by 11dB for the smaller sensitivity degradation allowed giving -44-11=-55dBm.

See 3GPP TS 36.104, §7.2. Pggrsens iS the power level of a single instance of the reference measurement
channel. This requirement shall be met for each consecutive application of a single instance of FRC A1-3
mapped to disjoint frequency ranges with a width of 25 resource blocks each.

Base station antennas, both receive and transmit, typically have strongly angle-dependent gain characteristics
characterized by a horizontal and vertical beamwidth. The gain value listed here corresponds to the maximum
gain corresponding to the main lobe of the antenna.

Assuming full bore-sight gain of the LTE BS receive antenna (18dBi) may not reflect interference mitigation
techniques as would be naturally deployed. Significant interference mitigation can be achieved via several
factors, which are standard in the industry: e.g., antenna downtilts (point below the horizon, achieved by
either mechanical and/or electrical means), antenna azimuth orientation (orient away from the interferer),
and use of available terrain (where it exists) for additional refraction loss, etc. This needs to be taken into
account when doing interference studies. The antenna techniques are further discussed in the Annex.

See Annex 8 of ITU-R Recommendation F.1336-3, which observes that the recommended equations for
antenna gains often do not accurately reflect the gains of actual antennas — particularly with regard to the side
lobes, as indicated in Figs 24 to 27 in Annex 8. This should be taken account when considering interference in
directions far from the main antenna lobe.
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Appendix 4: Sharing Analyses and Results

A.4.1 Technical Approach

The technical approach for interference analysisRnotection Zone determination is
roughly the same for TRR and for JTRS.

Information on the LTE UE, LTE Base Stations an®3ITRR systems was obtained
from the appropriate sources. The informationudeld the following:

» Technical characteristics and operational charistites

» Deployment/operational scenarios

* Projected density of deployments

» Interference protection requirements: interferethcesholds

The aforementioned information was obtained fro;m\WG1 LTE Subcommittee, the
Technical Working Group and appropriate federahagess.

The primary analysis to@igreed upon by the W@sed for this assessment was Visualyse
(Note: a description of Visualyse is provided belowhe potential interference risks
between the systems were summarized and recomnmmamglfdr required testing, and

any mitigation/sharing approaches that need toelveldped and implemented was
documented in a reporfhe approach and methodology used for the anakassalso

agreed by the WG.

Electromagnetic Interference Analysis:

The compatibility analysis was performed to assiessnterference impact of the LTE
UE devices on the operations of JTRS/TRR and ttegference impact of JTRS/TRR on
the LTE Base Stations by determining the undeseedived signal power of the victim
receiver and required protection distances.

The undesired received signal power at a victinilRstage due to an undesired RF
signal from a Tx is computed using equation (1piel

JTRS/TRR and L TE UE Interference Il mpact Assessment:

Visualyse was used to determine Protection Zonesewne LTE UE devices must
protect the operations of JTRS/TRR from harmfutifgrence. Data on base station
locations was provided by Industry and was usetktermine the deployment of LTE

UE devices based on the Urban and surrounding aveals of the designated JTRS/TRR
installation sité? The Protection Zones were predicted by positigdiiRS/TRR at
designated installations on a software grid ofai@rdata, and computing the level of
received undesired power. The boundary at whiehrtterference threshold is exceeded
was mapped around the installation. This bounadhaligates the area that must be
avoided to prevent harmful interference to the JRR operations. For this analysis,
the grid system used in Visualyse was based ositleeof the installation site.

2L A “randomized cell layout” was provided for usethg Technical Working Group. Please refer tow®5 final
report for a detailed description.
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JTRSTRR and L TE Base Stations I nterference | mpact Assessment:

Visualyse was used to determine Protection ZoneseMhe LTE Base Station might be
subject to interference from JTRS/TRR operatidnslustry data was used to determine
the deployment, technical and operational charsties of the LTE Base Stations.
Protection Zones were predicted by positioning JTRR at designated installations on
a software grid of terrain data, assuming thabthge station is at every grid point
(typically spaced at increments of 2 km) withinaaaa surroundinthe military base, and
computing the level of received undesired poweterference was assessed for on-
azimuth, 60° off-axis, and 180° off-axis cases.e Doundary at which the interference
threshold is exceeded was mapped around the mtsbdall This boundary indicates the
area that must be avoided to prevent harmful iaterfce to the LTE Base Stations. For
this analysis, the grid system used in Visualyse based on the size of the installation
site.

Critical Assumptions:

A list of critical technical and operational assuiops was discussed within the WG
based on the appropriate data. The current asgumtre as follows:

» |/N threshold value of - 6 dB was used.

* NTIA’s Irregular Terrain Model (ITM) Version 1.2.2ongley-Rice, was used for
the propagation loss.

* The JTRS/TRR equipment was placed along the pezmoéthe installation site
unless otherwise noted.

» In cases where calculated Protection Zones areshrpé&ints, they were manually
interpolated..

* When the Protection Zone trace goes within theallaton site, the installation
boundary was used as the exclusion zone.

» Aggregation of interferors was used to assessibeational impact between the
LTE UE devices and JTRS and TRRs.

Reason for representative sample:

Due to the need to first determine the viabilitytied approach before performing
analyses for over 70 discrete sites, a represeatsimple of three sites was selected.
The criteria included such factors as proximitptpulation centers and physical
geography. In regards to the former, bases locdteser to population centers were
preferred because it is in those areas that catiialy will have the most interest in
access to additional spectrum in the near ternm.g€ography, it was desirous that each
sample had different topographical features.

The following TRR systems locations were chosen:

* Ft. Lewis, WA (Army)

* Ft. Carson, CO (Army)

» Camp Blanding, FL (Army)

* Camp Pendleton, CA (Navy/USMC)

Ft. Lewis was selected for its proximity to the Seanetropolitan area and its topology
that includes both mountains and bodies of water.
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Ft. Carson was selected for its high altitude manstand the proximity to Colorado
Springs, Denver and the 1-25 corridor.

Camp Blanding was selected for its central Flohtation which is proximal to
population centers and major transportation aeds well as the surrounding flat
terrain and bodies of water.

Camp Pendleton was chosen for its geography inofueiountains, canyons and the
Pacific Ocean. It is also located almost equabiyasht between Los Angeles and San
Diego. Furthermore, the TRR architecture is unigquie sense that TRR operations at
Camp Pendleton include a mobile ship-to-shore corapb

M ethodology:

JTRS and TRR characteristics were modeled in aaocswith information provided in
WG-4 and its associated J/F-12.

LTE Handset characteristics were modeled in acemelavith information provided by
LTE Technical Working Group associated with WG-1.

Geographic distribution of handsets was based emaihdomized real network in
baseline document and according the EA rankinggiged by WG-2.

Interference power calculations were then perforbvessed on the Worst Case Azimuth
pointing angle of the JTRS and TRR systems.

Analysis for the JTRS and TRR backlobe/sideloberam gain at the perimeter was
performed, however the TRR located at the centéneinstallation with the mainbeam
antenna gain resulted in the worst case scenario.

I nterference Power Calculation
Interference power at victim receiver:

|=Pt+Gt+Gr—Lp—-Lsys—OTR (1)

Where:
I = Interference power at victim Rx antenna ouioliBm)
Pt = Transmitter power of the interferor (dBm)
Gt = Antenna gain of interferer in direction of tia (dBi)
Gr = Antenna gain of victim receiver in directiohiterferer (dBi)
Lp = Propagation loss between victim and interféd®)
Lsys = Additional receive system losses (dB)

OTR On-tune rejection, dB LTE Systems (dB)

Notes to Interference Power Calculation:

* Interference power calculations were performedgi$iisualyse automated
software tool

*  When UE is source, Pt plus Gt not to exceed 20 dBm
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» Propagation loss calculated using Longley-Ricetan@in data (30’ USGS data)
used for ground/ground interactions, antenna heighove local terrain

» Additional receive system losses estimated ~ 4 dB

» On-tune rejection taken as 10log(BWtx/BWrx) in dB

* In this initial analysis, on-tune case considerely o

Calculation of Aggregate Interference:

Total interference at JTRS and TRR receiver isnaseaggregate of on-tuned UE
emissions

Aggregate calculated as:
lagg= 10log{X}_, Ij} + 30 (2)

= Aggregate interference at victim receivasr(g
N = number of UEs
= Interference power at victim receiver from agie UE (Watts)

Application of Interference Power Calculation:
For interference to JTRS and TRR:

» Interference is calculated for positions of aroopérations area boundaries and
locations of JTRS and TRR systems as appropriate.

* Visualyse used to determine distances beyond whkloperations not expected
to exceed interference threshold.

Analysis Assumptions
For JTRS and TRR as interference victim:

» UE transmit power modeled using urban & rural CDFs
» UEs modeled as being located a base of urbanbasd stations (three per UE
carrier frequency at each base station)
» UE interference modeled as six handsets contigumiiequency each modeled at
1.67 MHz UE emitter
* UE antenna height of 1.5m
» UE geographic distribution according to randomizeal network
» Clutter has not been taken into account, 0 dB
* Rural grid extended beyond 100km radius
» Assessed TRR at the center of the installationdasghe antenna pattern.
= JTRS and TRR Directional Antenna, 23 dBi MB
* TRR Link Distance of 10 km

For LTE Base Stations as interference victim:

* LTE Base Station Antenna heights — 30m urban, G{al
» LTE Base Station Sector coverage — pattern asidesdn ITU-R F.1336-3
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* LTE Base Station Downtilt — 3 degrees from the tramial
* LTE Base Station on-azimuth, 60° off-axis, and°18f-axis

Visualyse:

Visualyse is a commercially available, time-basedutation and area analysis tool that
was initially developed to address modeling of tecal issues associated with
International Telecommunication Union (ITU) actigg. The capabilities and
applications of Visualyse have broadened to mardidR@requency (RF) scenarios while
retaining the technical foundations and referemé¢le ITU.

The Visualyse model allows the analyst to makenasieipth assessment of possible
interference interactions using time-based simuiteti detailed descriptions of technical
parameters, and using different propagation maakelppropriate. Of particular interest
is the capability to construct and analyze aggeegatironments and to assess the
associated potential impact to a moving platfoithe analyst can model emission
parameters such as transmitter power, modulatjo®, ymission bandwidth, cable losses,
and transmit antenna patterns and scanning chesticee Receiver parameters such as
receiver bandwidths, noise figures, cable lossdsereive antenna characteristics can
also be modeled. Time-varying parameters of bwhridividual emitters in an
aggregate environment and the movement and scaantegna of a possible victim
receiver can be modeled with Visualyse. The modelcalculate such important
performance criteria as predicted interferencedisenlevels at a victim receiver for each
simulation step in an environment. An overall ifdeence assessment can be made on
the basis of predicted scenario values that catobgared to known interference
thresholds.

The basic inputs to utilize Visualyse are as foow
* Basic Visualyse Transmitter Input
* Frequency
* Power
* Emission Bandwidth
* Antenna Height Above Terrain
e Antenna Gain (or Pattern)

* Basic Visualyse Receiver Inputs
e Frequency

* Power

* Noise Figure

* Receiver Bandwidth

* Receiver Sensitivity

* Antenna Height Above Terrain

* Antenna Gain (or Pattern)

* Protection criteria
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A.4.2 TRR Analysis Results:

Tables 8 and 9 provide a summary of the Prote@umre distances for interference to
Army and Navy TRRs at the selected sites. Fig8résough 8 depict the TRR
Protection Zones for the selected cities.

Table 8: Summary of Protection Zone Distancesfor Army TRR

Interferenceto Army TRR from L TE Handsets

Protection
Selected TRR Sites Distance
. I/N Radius (km)
Propagation Threshold Clutter

Approx. Size Center M odel (dB) (dB) TRR at Base

Name (Widtr(lkﬁ;an gth) Coordinates (ng?]ng:ram)
ot axas TARON miew 6 o ous
came . 15x28 | o)ooous oomy | 1TM (50%) 6 0 45
(F;ertson 22 x 39 gf:gg:ﬁg:gg::\% ITM (50%) -6 0 75

Table9: Summary of Protection Zone Distancesfor Navy/USMC TRR

Interferenceto Navy/Marine TRR from L TE Handsets

' Worst-Case
TRR S|t¢ Victim System Propagation !N Clutter Protection
Approx. Size Name Modél Threshold (dB) Distance
(width x length) (km) (dB) Radius (km)
MRC-142B ITM (50%) -6 0 130
Camp Pendleton
35 x 40 MRC-142C ITM (50%) -6 0 150
SRC-57 ITM (50%) -6 0 120
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Interfe

rence to Army TRR at Fort Lewis
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Figure3: Army TRR Protection Zone at Fort Lewis
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Interference to Army TRR at Camp Blanding
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Figure4: Army TRR Protection Zone Distance at Camp Blanding
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Protection Distance Assessment at Camp Pendleton
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Figure 6: Protection Zone Distance for Navy MRC-142C at Camp Pendleton
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Protection Distance Assessment at Camp Pendleton
Interference to MRC-142B from LTE Handsets
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Figure 7: Protection Zone Distance for Navy MRC-142B at Camp Pendleton
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Protection Distance Assessment at Camp Pendleton
Interference to SRC-57 from LTE Handsets

“Goletd o Barbora |, SantaClarita 7 ok L
Iska Wista e V. Maning Coeps Bae % Erustuk
. Ventura K. omeriot
Oxnard {1 . 5 owislike
S Thousarid Oiaks Yucca Valley Twentyning Palms
Sarda Joshua
Tharine] 4::::;-1 Los - "lr.n
A Mternays Hothua Tree Mational Park
NP Pinto
Basin Faler rp Loie
Cosehella 6
Coldrado Itd:p:l!riil 3 i
%
Desert 'B'aw'“ -'tﬁ,(h
brmyperial ":ﬁ
; -,_.5;“.: El Centro ”i-_, 5
ﬁ' . Calexico o o =
_r—tﬁ—’.ﬁlexlcéﬁ_?
e - 200 T San!
Interference to SRC-57 from LTE Handsets.
TRR Site 5 i ' Worst-Case
Approx. Size Propagation Clutter Center Protection
.ppf Victim System pagd Threshold i
Name (width x length) Model a8 (dB) Coordinates Distance
(km} | . = | S | Radius (km
| 33718'39.70"N,
Camp Pendleton 35 x40 SRC-57 ITM (50%) -6 0 . N 120
| | 117°28'42.98"W

Figure 8: Protection Zone Distance for Navy SRC-57 at Camp Pendleton
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A.4.3 JTRS Analysis Results

Table 10 provides a summary of the Protection Zbs&nces for interference to
ground-based JTRS at the selected sites. Figutes@®gh 11 depict the JTRS
Protection Zones for the selected cities.

Table 10: Summary of Protection Zone Distancesfor Ground-Based JTRS

Interferenceto Ground-Based JTRSfrom L TE Handsets

Selected JTRS Sites
Approx. Size

Name (width x length)
(km)

Fort 21 x 19

Lewis

Camp

Blanding 15x28

Fort 22 x 39

Carson

CSMAC WG-4 Final Report

Propagation

Model

Center

Coordinates

47° 430.00N,

122°3430.00'w ' TM (50%)

29°56'31.20"N, ;

81°5913.20"w | TM (50%)

38°34'59.88"N

104°4926.04"w ' TM (50%)
81

I/N

Threshold

(dB)

JTRS
Protection
Distance
Clutter (km)
dB
(dB) From
Center
Coordinate
0 65
0 30
0 60
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Interference to Ground- Based JTRS at Fort Lewis
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Figure 9: Protection Zone Distancefor Ground-Based JTRS at Ft. Lewis
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Interference to Ground-Based JTRS at Camp Blanding
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Figure 10: Protection Zone Distance for Ground-Based JTRS at Camp Blanding
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Interference to Ground-Based JTRS at Fort Carson
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Figure 11: Protection Zone Distancefor Ground-Based JTRS at Ft. Carson

CSMAC WG-4 Final Report

84

July24, 2013



