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Re: AmendmentɄofɄtheɄCommission’sɄRulesɄwithɄRegardɄtoɄCommercialɄ
OperationsɄinɄtheɄ3550-3650ɄMHzɄBand​, GN Docket No. 12-354Ʌ

Dear Ms. Dortch:

TheɅCommission’sɅAprilɅ2015ɅReportɅandɅOrder​ɅadoptingɅrulesɅforɅexpandedɅuseɅ
of the 3550-3700 MHz band (the 3.5 GHz band) generally struck a reasonable balance
betweenɅtheɅinterestsɅofɅexistingɅfederalɅandɅcommercialɅusersɅandɅtheɅneedsɅofɅnewɅ
entrants. ɅɅConsistentɅwithɅthatɅbalance,ɅGoogleɅaddressesɅinɅthisɅletterɅseveralɅissuesɅ1

regardingɅCitizensɅBroadbandɅRadioɅServiceɅDeviceɅ(CBSD)ɅoperationɅinɅtheɅnewɅbandɅ
and proposes resolutions that will improve utilization without causing harmful
interferenceɅtoɅincumbentɅusers.Ʌ

Specifically, and as explained below: (1) while allowing Priority Access (PA)
licenseesɅtoɅreportɅtheirɅownɅuseɅofɅlicensedɅchannels,ɅthoseɅreportsɅshouldɅbeɅtestedɅ
forɅreasonablenessɅagainstɅobjectiveɅengineeringɅcriteria;Ʌ(2)ɅtheɅCommissionɅshouldɅ
allowɅnetworkɅoperatorsɅtoɅdeployɅhigherɅpowerɅdevicesɅwhenɅsitedɅinɅsignal-impedingɅ
clutter; and (3) for both accuracy and fairness reasons, the Commission should allow
measurementɅofɅCBSDɅemissionsɅusingɅaɅrootɅmeanɅsquareɅ(rms)Ʌdetector.ɅɅ

1. In establishing rules for determining whether PA channels are “in use,” the
Commission should permit PA licensees to report their coverage areas, but
these requests for protection should be bounded by reasonable engineering
considerations.

TheɅCommission’sɅReportɅandɅOrder​ɅrecognizedɅthatɅ“permittingɅopportunisticɅ
accessɅtoɅunusedɅ[PA]ɅchannelsɅwouldɅmaximizeɅtheɅflexibilityɅandɅutilityɅofɅtheɅ3.5ɅGHzɅ
Band for the widest range of potential users.” The Second FNPRM sought comment on2

1ɅɅInɅtheɅMatterɅofɅAmendmentɅofɅtheɅCommission’sɅRulesɅwithɅRegardɅtoɅCommercialɅOperationsɅ
in the 3550-3650 MHz Band, Report and Order and Second Further Notice of Proposed
Rulemaking,Ʌ30ɅFCCɅRcd.Ʌ3959Ʌ(2015)Ʌ(ReportɅandɅOrder​ɅorɅSecondɅFNPRM​).ɅɅ
2 Id. ¶ 72.
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howɅbestɅtoɅdoɅso. ɅɅInɅresponse,ɅGoogleɅrecommendedɅthatɅtheɅCommissionɅadoptɅanɅ3

engineeringɅdefinitionɅofɅ“use,”ɅunderɅwhichɅPAɅlicenseesɅwouldɅreportɅtheɅcontoursɅofɅ
theɅareasɅforɅwhichɅtheyɅsoughtɅprotection,ɅbasedɅonɅtheirɅactualɅdeployments. ɅɅThisɅ4

approachɅprovidesɅaɅreadilyɅadministered,Ʌlow-costɅmechanismɅforɅestablishingɅ
PA-protectionɅrequirements.Ʌ

ɅAtɅtheɅsameɅtime,ɅtoɅpromoteɅcomplianceɅandɅensureɅthatɅunusedɅPAɅspectrumɅ
isɅavailableɅforɅGeneralɅAuthorizedɅAccessɅ(GAA)Ʌuse,ɅthereɅshouldɅbeɅaɅcheckɅonɅtheɅ
claimsɅofɅPAɅlicensees.ɅɅToɅconfirmɅthatɅtheɅprotectionɅrequestedɅis,Ʌindeed,ɅbasedɅonɅ
reasonableɅtechnicalɅconsiderations,ɅtheɅCommissionɅshouldɅrequireɅallɅPAɅlicenseeɅ
claimsɅtoɅbeɅmeasuredɅagainstɅmaximumɅserviceɅcontourɅareasɅdevelopedɅbyɅaɅSAS.Ʌ
TheɅSAS-developedɅmaximaɅshouldɅbeɅvettedɅthroughɅtheɅcertificationɅprocess,ɅandɅ
eachɅSASɅprovidingɅthisɅfunctionalityɅshouldɅbeɅrequiredɅtoɅpresentɅitsɅmethodologyɅtoɅ
theɅCommissionɅandɅplaceɅitɅinɅtheɅpublicɅrecord.ɅɅFurther,ɅinɅorderɅtoɅensureɅthatɅ
reasonableɅassumptionsɅareɅused,ɅSASsɅshouldɅbeɅrequiredɅtoɅdemonstrateɅthatɅtheɅ
methodologyɅusedɅinɅcalculatingɅclaimedɅserviceɅareasɅisɅconsistentɅwithɅtheɅ
methodologyɅusedɅtoɅcalculateɅprotectionɅtoɅincumbents,ɅgrandfatheredɅoperations,ɅandɅ
otherɅPAɅlicensees.ɅɅForɅexample,ɅSASsɅshouldɅnotɅbeɅpermittedɅtoɅmakeɅpropagationɅ
assumptionsɅthatɅsuggestɅstrongɅsignalɅpropagationɅoverɅlongɅdistancesɅwhenɅ
calculatingɅPAɅlicenseeɅprotectedɅserviceɅcontours,ɅwhileɅsimultaneouslyɅusingɅaɅmodelɅ
thatɅassumesɅsignificantɅattenuationɅwhenɅcalculatingɅprotectionɅofɅFSSɅoperations.Ʌ
OnceɅaɅSAS’sɅmodelɅisɅapprovedɅthroughɅtheɅcertificationɅprocess,ɅPAɅlicensees’Ʌ
protectionɅareaɅrequestsɅwouldɅbeɅcheckedɅforɅreasonablenessɅagainstɅthatɅmodel,ɅandɅ
theɅprotectionɅrequestsɅcouldɅbeɅgrantedɅprovidedɅthatɅtheɅrequestedɅareaɅisɅnoɅmoreɅ
thanɅtwiceɅtheɅtheɅareaɅcalculatedɅbyɅtheɅSASɅ(orɅ41%ɅgreaterɅinɅradius,ɅforɅaɅcircularlyɅ
shapedɅarea).ɅɅ

AsɅanɅexample,ɅtheɅtableɅbelowɅsetsɅforthɅillustrativeɅmaximaɅforɅindividualɅ
CBSDsɅoperatingɅoutdoorsɅatɅstreetɅlevelɅ(1.5ɅmɅheight)ɅinɅtheɅMountainɅView,ɅCaliforniaɅ
area,ɅwhichɅareɅrepresentativeɅforɅotherɅareasɅwithɅsimilarɅterrainɅandɅclutterɅ
characteristics.ɅɅ

Type of CBSD Maximum Protected Service Area

CategoryɅAɅ 0.5Ʌkm2Ʌ

CategoryɅBɅ(non-rural)Ʌ 1.1km2Ʌ

CategoryɅBɅ(rural)Ʌ 3.1Ʌkm2Ʌ
Ʌ

Table 1: Proposed Maximum Protected Service Areas in Mountain View, CaliforniaɅ

Ʌ

3ɅɅId.Ʌ​¶¶Ʌ420-24.Ʌ
4ɅɅCommentsɅofɅGoogleɅInc.,ɅGNɅDocketɅNo.Ʌ12-354,ɅatɅ1-3Ʌ(filedɅJulyɅ15,Ʌ2015).ɅɅ
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TheseɅvaluesɅreflectɅtheɅfollowingɅassumptions:ɅɅ

● CBSDɅtransmissionsɅwillɅnotɅexceedɅtheɅmaximumɅEIRPsɅsetɅforthɅinɅtheɅ
Commission’sɅorder:Ʌ30ɅdBmɅforɅCategoryɅAɅCBSDs,Ʌ40ɅdBmɅEIRPɅforɅnon-ruralɅ
CategoryɅBɅCBSDs,ɅandɅ47ɅdBmɅEIRPɅforɅCategoryɅBɅCBSDs. ɅɅTheɅfiguresɅsetɅ5

forthɅaboveɅforɅCategoryɅBɅCBSDsɅassumeɅtheɅuseɅofɅanɅomnidirectionalɅ
antenna.ɅɅGoogleɅexpectsɅthatɅreal-worldɅdeploymentsɅwillɅuseɅhighlyɅdirectionalɅ
antennas,ɅsoɅtheɅassumptionɅofɅcircularɅsymmetryɅatɅtheɅstatedɅdistanceɅisɅveryɅ
conservative.Ʌ

● TheɅminimumɅusableɅreceiveɅsignalɅforɅanɅendɅuserɅdeviceɅisɅ-96ɅdBm. ɅɅThisɅ6

figureɅreflectsɅtheɅ3GPPɅreferenceɅsensitivityɅforɅ10ɅMHzɅTD-LTEɅend-userɅ
equipmentɅinɅ3GPPɅBandsɅ42ɅandɅ43Ʌ(3400-3800ɅMHz). Ʌ7

● EndɅuserɅdevicesɅwillɅoperateɅwithɅanɅantennaɅgainɅofɅ0ɅdBiɅorɅless.ɅɅAntennaɅ
gainsɅonɅsmallɅdevicesɅsuchɅasɅhandsetsɅandɅdonglesɅareɅtypicallyɅlessɅthanɅ0Ʌ
dBi.ɅɅTherefore,ɅassumingɅ0ɅdBiɅgainɅisɅconservative.Ʌ

● TheɅdataɅreflectɅoutdoorɅoperation.ɅɅIndoorɅoperationɅwouldɅbeɅsubjectɅtoɅ
additionalɅbuildingɅattenuationɅandɅreducedɅdistances.Ʌ Ʌ

BasedɅonɅtheseɅassumptions,ɅwhenɅpropagationɅlossesɅfromɅtheɅCBSDɅ
transmitterɅexceedɅtheɅlimitsɅbelow,ɅtheɅsignalɅisɅnoɅlongerɅusable,ɅtherebyɅdefiningɅtheɅ
edgeɅofɅtheɅserviceɅareaɅboundary.ɅɅForɅexample,ɅtheɅsignalɅofɅaɅCategoryɅAɅCBSDɅhasɅ
reachedɅtheɅouterɅedgeɅofɅitsɅserviceɅareaɅwhenɅitɅattenuatesɅtoɅ126ɅdB.Ʌ Ʌ

Type of CBSD Received power at the service area boundary

CategoryɅAɅ 30ɅdBmɅ(maxɅEIRP)Ʌ-Ʌ-96ɅdBmɅ(endɅuserɅdeviceɅ
referenceɅsensitivity)Ʌ=Ʌ126ɅdBɅ

CategoryɅBɅ(non-rural)Ʌ 40ɅdBmɅ(maxɅEIRP)Ʌ-Ʌ-96ɅdBmɅ(endɅuserɅdeviceɅ
referenceɅsensitivity)Ʌ=Ʌ136ɅdBɅ

CategoryɅBɅ(rural)Ʌ 47ɅdBmɅ(maxɅEIRP)Ʌ-Ʌ-96ɅdBmɅ(endɅuserɅdeviceɅ
referenceɅsensitivity)Ʌ=Ʌ143ɅdBɅ

Ʌ
Table 2: Received Power at Service Area Boundary for Each CBSD Category

TheɅchartɅbelowɅcapturesɅdataɅfromɅoverɅ70,000ɅpropagationɅmeasurementsɅ
collectedɅinɅtheɅvicinityɅofɅMountainɅView,ɅCalifornia, ɅandɅprovidesɅtheɅrelationshipɅ8

5ɅɅ47ɅC.F.R.Ʌ§Ʌ96.41(b).Ʌ
6ɅɅ3GPPɅTSɅ36.101ɅV13.2.1,ɅTableɅ7.3.1-1.Ʌ
7ɅɅId​.Ʌ
8ɅɅGoogleɅcollectedɅtheseɅmeasurementsɅpursuantɅtoɅanɅexperimentalɅauthorizationɅgrantedɅbyɅ
theɅCommissionɅ(CallɅSignɅWH2XNF).ɅɅForɅadditionalɅdetailɅregardingɅhowɅtheseɅmeasurementsɅ
wereɅcollected,ɅpleaseɅseeɅtheɅattachedɅDeclarationɅofɅDr.ɅAndrewɅW.ɅCleggɅ(CleggɅDeclaration).
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betweenɅminimumɅreceivedɅpowerɅandɅdistance.ɅɅBecauseɅtheɅoverwhelmingɅmajority,ɅifɅ
notɅall,ɅofɅtheɅblueɅpointsɅ(measuredɅloss)ɅexceedɅ126ɅdBɅatɅdistancesɅgreaterɅthanɅ400Ʌ
metersɅfromɅtheɅtransmitter,ɅaɅdistanceɅofɅ400ɅmetersɅrepresentsɅtheɅmaximumɅ
distanceɅatɅwhichɅanɅendɅuserɅdeviceɅcanɅreceiveɅaɅusableɅsignalɅfromɅaɅCategoryɅAɅ
CBSD.ɅɅAɅradiusɅofɅ400ɅmɅaroundɅaɅCBSDɅinstallationɅcorrelatesɅtoɅaɅserviceɅareaɅofɅ0.5Ʌ
km2—theɅproposedɅprotectedɅserviceɅsetɅforthɅinɅTableɅ1ɅaboveɅforɅCategoryɅAɅCBSDs.ɅɅ

Ʌ
Chart 1: Propagation Loss Measured in Mountain View, California

ByɅtheɅsameɅtoken,ɅmeasuredɅlossesɅexceedɅ136ɅdBɅinɅalmostɅallɅcasesɅatɅ600Ʌ
meters,ɅandɅlossesɅexceedɅ143ɅdBɅatɅ1Ʌkm.ɅɅTheɅcorrespondingɅmaximumɅserviceɅareaɅ
sizesɅareɅapproximatelyɅ1.1Ʌkm2ɅɅforɅnon-ruralɅCategoryɅBɅCBSDsɅandɅ3.1Ʌkm2ɅforɅruralɅ
CategoryɅBɅCBSDs.ɅɅTheseɅmaximumɅserviceɅareasɅproposedɅaboveɅrepresentɅ
conservativeɅestimatesɅregardingɅtheɅrangeɅofɅPartɅ96ɅdevicesɅinɅMountainɅView,Ʌ
California.Ʌ Ʌ

MoreɅgenerally,ɅGoogle’sɅmeasurementsɅillustrateɅtwoɅimportantɅprinciplesɅthatɅ
shouldɅinformɅtheɅdeterminationɅofɅmaximumɅprotectedɅserviceɅareas.ɅɅFirst,ɅmaximumɅ
protectedɅserviceɅareasɅwillɅalmostɅalwaysɅbeɅsubstantiallyɅsmallerɅthanɅcensusɅtracts.Ʌ
TheɅcensusɅtractɅthatɅencompassesɅGoogle’sɅtestɅareaɅinɅMountainɅView,ɅCalifornia,ɅforɅ
example,ɅisɅ27.6Ʌkm2,ɅorɅ55ɅtimesɅlargerɅthanɅtheɅcalculatedɅmaximumɅcoverageɅareaɅforɅ

4Ʌ



Ʌ
Ʌ
GoogleɅInc.Ʌ
GNɅ12-354Ʌ
FebruaryɅ16,Ʌ2016Ʌ
Ʌ

CategoryɅAɅdevicesɅoperatingɅatɅstreetɅlevel. ɅɅSecond,ɅtheɅmeasurementsɅillustrateɅtheɅ9

dramaticɅimpactɅofɅclutterɅonɅCBSDɅsignalɅpropagation.ɅɅAsɅsetɅforthɅinɅgreaterɅdetailɅinɅ
theɅattachedɅCleggɅDeclaration,ɅmeasuredɅpathɅlossɅexceededɅfreeɅspaceɅpathɅlossɅ
predictionsɅbyɅ56.7ɅdBɅonɅaverage,ɅandɅbyɅasɅmuchɅasɅ85.3ɅdB, ɅoverɅdistancesɅlessɅ10

thanɅ1Ʌkm.ɅɅEvenɅLongley-RiceɅpredictionɅsubstantiallyɅunderstatedɅpropagationɅlosses:Ʌ
measuredɅpathɅlossɅexceededɅtheɅLongley-RiceɅpredictionsɅby,ɅonɅaverage,Ʌ45.7ɅdB,ɅandɅ
byɅasɅmuchɅasɅ78.1ɅdB. ɅɅBothɅtheɅfreeɅspaceɅandɅLongley-RiceɅmodelsɅunderestimatedɅ11

pathɅlossɅinɅmoreɅthanɅ99.6%ɅofɅmeasurements. ɅɅThisɅisɅtrueɅevenɅthoughɅtheɅtestɅareaɅ12

isɅaɅlightlyɅclutteredɅenvironment,ɅparticularlyɅasɅcomparedɅtoɅruralɅareasɅwithɅdenseɅ
grovesɅofɅtrees,ɅorɅurbanɅareasɅwithɅtightlyɅpacked,ɅtallɅbuildings.ɅɅTheɅimpactɅofɅclutterɅ
cannotɅbeɅignoredɅwhenɅdeterminingɅtheɅreasonablenessɅofɅclaimedɅCBSDɅserviceɅ
areas,ɅandɅbothɅPAɅlicenseesɅandɅSASsɅshouldɅbeɅexpectedɅtoɅaccountɅforɅclutterɅinɅ
makingɅsignalɅpropagationɅcalculations.Ʌ Ʌ

EnsuringɅthatɅrequestsɅforɅprotectionɅareɅbasedɅonɅreasonableɅengineeringɅ
considerationsɅwillɅsupportɅintensiveɅuseɅofɅtheɅband.ɅɅTheɅapproachɅproposedɅaboveɅ
allowsɅsignificantɅflexibilityɅtoɅPAɅlicenseesɅwhileɅensuringɅthatɅtheirɅrequestsɅareɅnotɅ
grosslyɅexcessive.Ʌ

2. The Commission should allow network operators to deploy higher power CBSDs
when sited in clutter.

AsɅnotedɅabove,ɅtheɅCommission’sɅReportɅandɅOrder​ɅestablishedɅmaximumɅ
powerɅlevelsɅforɅendɅuserɅdevices,ɅCategoryɅAɅCBSDs,ɅandɅCategoryɅBɅCBSDs. ɅɅInɅ13

establishingɅtheseɅrules,ɅtheɅCommissionɅlimitedɅoutdoorɅoperationɅofɅCategoryɅAɅ
CBSDsɅtoɅnoɅmoreɅthanɅ6ɅmetersɅaboveɅaverageɅterrain,ɅandɅobservedɅthatɅtheseɅ
devicesɅwouldɅlikelyɅbeɅbeɅusedɅtoɅofferɅsmall-cellɅorɅsimilarɅservices. ɅɅCategoryɅBɅ14

CBSDs,ɅbyɅcontrast,ɅareɅpermittedɅtoɅoperateɅoutsideɅatɅgreaterɅheightsɅandɅatɅhigherɅ
powerɅlevels,ɅandɅareɅexpectedɅtoɅprovideɅbackhaul,Ʌcoverage,ɅorɅcapacityɅforɅmanagedɅ
networks. ɅɅInɅJulyɅ2015,ɅtheɅWirelessɅInnovationɅForumɅ(WinnForum)ɅfiledɅaɅrequestɅforɅ15

reconsiderationɅofɅtheɅCommission’sɅReportɅandɅOrder​,ɅaskingɅthatɅtheɅmaximumɅpowerɅ
levelsɅbeɅraisedɅforɅbothɅCategoryɅAɅandɅBɅCBSDs. Ʌ16

WinnForum’sɅrequestɅdidɅnotɅaddressɅtheɅimpactɅofɅCBSDɅheightɅaboveɅclutterɅonɅ
signalɅprotection.ɅɅAsɅillustratedɅbyɅtheɅmeasurementsɅtakenɅinɅMountainɅView,Ʌ

9ɅɅOfficeɅofɅStatewideɅHealthɅPlanningɅandɅDevelopment,ɅTractɅ5046.01,Ʌ
http://gis.oshpd.ca.gov/atlas/places/tract/06085504601.Ʌ
10ɅɅCleggɅDeclaration,Ʌ¶Ʌ8.Ʌ
11ɅɅId.Ʌ
12ɅɅId.Ʌ
13ɅɅReportɅandɅOrder​Ʌ¶Ʌ213.Ʌ
14ɅɅId.​Ʌ¶¶Ʌ206,Ʌ213.Ʌ
15ɅɅId.​Ʌ¶¶Ʌ211,Ʌ213.ɅɅ
16ɅɅWirelessɅInnovationɅForumɅPetitionɅforɅReconsideration,ɅGNɅDocketɅNo.Ʌ12-354,ɅatɅ5-9Ʌ(filedɅ
JulyɅ22,Ʌ2015)Ʌ(WinnForumɅPetition).ɅɅ
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California,ɅandɅdiscussedɅabove,ɅclutterɅinɅtheɅlocalɅenvironment,ɅsuchɅasɅfoliageɅorɅ
manmadeɅstructures,ɅcanɅhaveɅaɅsubstantialɅeffectɅonɅsignalɅpropagation:ɅWhenɅCBSDɅ
antennasɅareɅplacedɅhighɅaboveɅterrainɅandɅlocalɅobstructions,ɅtheyɅwillɅhaveɅaɅmuchɅ
largerɅimpactɅonɅsurroundingɅdevices.ɅɅOnɅtheɅotherɅhand,ɅwhenɅCBSDɅantennasɅareɅ
shieldedɅbyɅlocalɅclutter,ɅtheyɅmayɅbeɅableɅtoɅoperateɅatɅhigherɅpowerɅlevelsɅwithoutɅ
impairingɅtheɅuseɅofɅtheɅsameɅfrequenciesɅbyɅotherɅnearbyɅusers.Ʌ Ʌ

ToɅquantifyɅtheɅimpactɅofɅlocalɅclutterɅonɅCBSDɅsignalɅpropagation,ɅGoogleɅ
conductedɅanɅanalysisɅusingɅtheɅmodelɅsetɅforthɅinɅInternationalɅTelecommunicationɅ
UnionɅ(ITU)ɅRecommendationɅP.452. ɅɅTheɅmodelɅcalculatesɅpropagationɅlossɅdueɅtoɅ17

localɅclutterɅasɅaɅfunctionɅof:Ʌ(1)ɅtheɅheightɅofɅaɅtransmitterɅaboveɅgroundɅlevel;Ʌ(2)ɅtheɅ
heightɅofɅlocalɅclutterɅaboveɅgroundɅlevel;ɅandɅ(3)ɅoperatingɅfrequency.Ʌ Ʌ

Ʌ
Chart 2: Clutter loss v. antenna height above ground level for clutter height of 10 mɅ

AsɅillustratedɅabove,ɅtheɅmodelɅdescribedɅinɅITU-RɅP.452ɅdemonstratesɅthatɅadditionalɅ
lossesɅareɅhighɅwhenɅaɅtransmitterɅisɅembeddedɅinɅclutterɅandɅreduceɅtoɅzeroɅwhenɅtheɅ
antennaɅheightɅbecomesɅequalɅtoɅtheɅlocalɅclutterɅheight. Ʌ18

BecauseɅtransmissionsɅfromɅCBSDsɅembeddedɅinɅclutterɅwillɅexperienceɅgreaterɅ
attenuation,ɅasɅsetɅforthɅinɅtheɅfigureɅaboveɅandɅconfirmedɅbyɅcommonɅsense,ɅtheɅ
CommissionɅshouldɅallowɅCategoryɅBɅdevicesɅwithɅantennaɅheightsɅatɅorɅbelowɅ75%ɅofɅ

17ɅɅSeeɅ​PredictionɅProcedureɅforɅtheɅEvaluationɅofɅInterferenceɅBetweenɅStationsɅonɅtheɅSurfaceɅ
ofɅtheɅEarthɅatɅFrequenciesɅAboveɅAboutɅ0.1ɅGHzɅ§Ʌ4.5,ɅITU-RɅRecommendationɅP.452-15Ʌ
(2015),ɅavailableɅat​Ʌhttps://www.itu.int/rec/R-REC-P.452/en.Ʌ
18ɅɅInɅthisɅanalysis,ɅaɅclutterɅheightɅofɅ10ɅmetersɅwasɅselectedɅforɅillustrativeɅpurposes.Ʌ
VariabilityɅinɅclutterɅheightɅisɅaddressedɅonɅpageɅ8,Ʌinfra​.ɅɅ
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theɅlocalɅclutterɅheightɅtoɅoperateɅatɅhigherɅpowers. ɅɅCategoryɅBɅdevicesɅdeployedɅatɅ19

elevationsɅofɅmoreɅthanɅ75%ɅofɅtheɅlocalɅclutterɅheightɅshouldɅcontinueɅtoɅbeɅsubjectɅtoɅ
theɅpowerɅlimitsɅsetɅforthɅinɅtheɅReportɅandɅOrder​. ɅɅAndɅbecauseɅitɅisɅexpectedɅthatɅ20

nearlyɅallɅCategoryɅAɅdevicesɅwillɅoperateɅeitherɅindoors,ɅwhereɅtheyɅwillɅbothɅbeɅinɅ
clutterɅandɅexperienceɅadditionalɅbuildingɅloss,ɅorɅoutdoorsɅatɅlowɅheightsɅwellɅbelowɅ
surroundingɅclutter, ɅallɅCategoryɅAɅCBSDsɅshouldɅbeɅpermittedɅtoɅoperateɅatɅtheɅhigherɅ21

powerɅlevelsɅrequestedɅbyɅtheɅWinnForum.ɅɅ

OfɅcourse,ɅclutterɅheightɅvariesɅbyɅlocation.ɅɅSASsɅshouldɅbeɅallowedɅtoɅuseɅ
clutterɅheightɅmodelsɅbasedɅonɅpubliclyɅavailableɅlandɅuseɅmapsɅorɅgatherɅtheirɅownɅ
dataɅtoɅsupportɅclutterɅmodeling.ɅɅForɅexample,ɅtheɅclutterɅmodelɅinɅtheɅITUɅP.452Ʌ
propagationɅlossɅmodelɅidentifiesɅnominalɅclutterɅheightsɅassociatedɅwithɅparticularɅ
landɅuseɅenvironmentsɅ(e.g.,Ʌurban,Ʌsuburban,ɅorɅrural),ɅandɅsuchɅlandɅuseɅtypeɅmapsɅareɅ
freelyɅavailableɅforɅtheɅUnitedɅStates. ɅɅTheɅclutterɅmodelsɅusedɅbyɅSASsɅcanɅbeɅ22

validatedɅduringɅtheɅSASɅcertificationɅprocess.ɅɅ

AdoptingɅthisɅrecommendationɅwouldɅyieldɅtheɅfollowingɅpowerɅlimitɅtable:Ʌ

Ʌ Ʌ

19ɅɅInɅtheɅabstract,ɅdevicesɅoperatingɅatɅorɅbelowɅtheɅclutterɅlevelɅshouldɅbeɅsubjectɅtoɅclutterɅ
loss.ɅɅLimitingɅhigherɅpowerɅtransmissionsɅtoɅthoseɅantennasɅwellɅwithinɅclutterɅisɅaɅ
conservativeɅapproach.Ʌ Ʌ
20ɅɅGoogleɅagreesɅwithɅtheɅWinnForumɅthatɅallowingɅruralɅtransmittersɅtoɅuseɅanɅantennaɅgainɅofɅ
17ɅdBiɅwhileɅlimitingɅnon-ruralɅoperationsɅtoɅgainsɅofɅ16ɅdBiɅorɅlowerɅmakesɅɅlittleɅpracticalɅ
sense.ɅɅWinnForumɅPetitionɅatɅ6.ɅɅTheɅmanufacturersɅofɅsuchɅdevicesɅwillɅhaveɅnoɅwayɅtoɅknowɅ
inɅadvanceɅinɅwhichɅcontextɅtheyɅareɅdeployed,ɅandɅareɅthereforeɅunlikelyɅtoɅinvestɅinɅhigherɅgainɅ
antennasɅspecificallyɅforɅtheɅruralɅsetting.ɅɅTherefore,ɅtheɅ17ɅdBiɅmaximumɅgainɅshouldɅapplyɅ
acrossɅtheɅboard.Ʌ
21Ʌ47ɅC.F.R.Ʌ§Ʌ96.43(a). 
22ɅɅSee,Ʌe.g.​,ɅMODISɅOverview,Ʌhttps://lpdaac.usgs.gov/dataset_discovery/modis;ɅNationalɅLandɅ
CoverɅDatabase,Ʌhttp://www.mrlc.gov/nlcd2011.php.Ʌ
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Device Type Geographic
Area and
Height

Maximum
Conducted
Output Power

Maximum
EIRP

Maximum
Conducted
PSD

Maximum
Antenna
Gain

End-userɅDeviceɅ allɅ n/aɅ 23ɅdBm/10Ʌ
MHzɅ

n/aɅ n/aɅ

CategoryɅAɅ
CBSDɅ

allɅ 30ɅdBm/10Ʌ
MHzɅ

36ɅdBm/10Ʌ
MHzɅ

20ɅdBm/MHzɅ 6ɅdBiɅ

CategoryɅBɅ
CBSDɅ

non-rural,Ʌ
<=75%ɅclutterɅ
heightɅ

40ɅdBm/10Ʌ
MHz*ɅɅ

49ɅdBm/10Ʌ
MHzɅ

30ɅdBm/MHz*ɅɅ 17ɅdBiɅ

CategoryɅBɅ
CBSDɅ

non-rural,Ʌ
>75%ɅclutterɅ
heightɅ

32ɅdBm/10Ʌ
MHz*ɅɅ

41ɅdBm/10Ʌ
MHzɅ

22ɅdBm/MHz*ɅɅ 17ɅdBiɅ

CategoryɅBɅ
CBSDɅ

rural,Ʌ<=75%Ʌ
clutterɅheightɅ

40ɅdBm/10Ʌ
MHz*ɅɅ

56ɅdBm/10Ʌ
MHzɅ

30ɅdBm/MHz*ɅɅ 17ɅdBiɅ

CategoryɅBɅ
CBSDɅ

rural,Ʌ>75%Ʌ
clutterɅheightɅ

32ɅdBm/10Ʌ
MHz*ɅɅ

47ɅdBm/10Ʌ
MHzɅ

22ɅdBm/MHz*ɅɅ 17ɅdBiɅ

*ɅDecreasingɅwithɅhigherɅantennaɅgain.Ʌ

Table 3: Proposed Power LimitsɅ

Ʌ
AllowingɅhigherɅpowerɅoperationsɅinɅsituationsɅwhereɅCBSDɅsignalsɅareɅlikelyɅtoɅ
experienceɅgreaterɅattenuationɅstrikesɅtheɅrightɅbalanceɅinɅmaximizingɅoperatorɅ
flexibility,ɅincumbentɅprotection,ɅandɅfrequencyɅreuse.Ʌ

3. Using a Root Mean Square (rms) detector, not a peak detector in maximum
hold, to measure compliance with in-band and out-of-band emissions limits will
protect incumbents from harmful interference without crippling CBSD
operations in the band.

JustɅasɅsettingɅappropriateɅpowerɅlevelsɅwillɅmakeɅtheɅ3.5ɅGHzɅspectrumɅmoreɅ
useful,ɅdevelopingɅaɅreasonableɅmeasurementɅmethodɅisɅcriticalɅtoɅsuccessfulɅ
implementationɅofɅtheɅReportɅandɅOrder​.ɅɅInɅresponseɅtoɅtheɅCommission’sɅReportɅandɅ
Order​,ɅCTIAɅfiledɅaɅPetitionɅforɅReconsiderationɅaskingɅtheɅCommissionɅtoɅrevisitɅitsɅ
approachɅtoɅmeasuringɅcomplianceɅwithɅtheɅin-bandɅandɅout-of-bandɅemissionsɅ
standardsɅestablishedɅinɅPartɅ96. ɅɅGoogleɅsupportsɅthisɅrequest,ɅandɅtheɅ23

23ɅɅPetitionɅforɅReconsiderationɅofɅCTIAɅ–ɅTheɅWirelessɅAssociation®,ɅGNɅDocketɅNo.Ʌ12-Ʌ354,ɅatɅ
2,Ʌ6-7Ʌ(filedɅJulyɅ23,Ʌ2015).ɅɅ
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WinnForum—whichɅincludesɅaɅdiverseɅgroupɅofɅcompaniesɅwithɅinterestsɅinɅtheɅ3.5ɅGHzɅ
band—agrees. Ʌ Ʌ24

SatelliteɅindustryɅclaimsɅtoɅtheɅcontraryɅshouldɅbeɅrejected. ɅɅTheɅSatelliteɅ25

IndustryɅAssociationɅ(SIA)ɅmakesɅtheɅunremarkableɅobservationɅthatɅ“peakɅemissionsɅ
canɅhaveɅsignificantɅinterferenceɅeffects.” ɅɅItɅisɅlogicallyɅinconsistent,Ʌhowever,ɅforɅSIAɅ26

toɅaskɅtheɅCommissionɅtoɅcharacterizeɅinterferingɅemissionsɅbyɅtheirɅpeakɅamplitude,Ʌ
whileɅnotɅcharacterizingɅtheɅsystemɅnoiseɅlevelɅofɅFSSɅearthɅstationsɅinɅtheɅsameɅ
fashion.ɅɅCharacterizingɅinterferenceɅeffectsɅbasedɅsolelyɅonɅpeakɅemissionsɅwouldɅ
departɅfromɅCommissionɅprecedentɅasɅwell.Ʌ

First,ɅasɅpointedɅoutɅbyɅtheɅWinnForum,ɅallɅsignals,ɅincludingɅLTE,ɅWi-Fi,ɅWiMax,Ʌ
andɅevenɅGaussianɅthermalɅnoise ɅwillɅhaveɅstatisticalɅvariationsɅinɅtheɅinstantaneousɅ27

amplitudeɅofɅtheɅwaveform. ɅɅɅForɅthisɅreason,ɅneitherɅcellular,ɅPCS,ɅAWS,ɅnorɅ700ɅMHzɅ28

emissionsɅareɅmeasuredɅusingɅpeakɅhold. ɅɅMoreover,ɅcomparingɅLTEɅsignalsɅtoɅ29

GaussianɅthermalɅnoiseɅillustratesɅtheɅabsurdityɅofɅSIA’sɅposition.ɅɅTheɅpeak-to-averageɅ
ratiosɅandɅsignalɅstatisticsɅofɅLTEɅandɅGaussianɅthermalɅnoiseɅareɅgenerallyɅsimilar,ɅandɅ
thermalɅnoiseɅisɅtypicallyɅevaluatedɅusingɅmeanɅmeasurements. ɅɅBecauseɅtheɅ30

characteristicsɅofɅtheseɅtwoɅtypesɅofɅemissionsɅareɅsimilar,ɅtheɅmeasurementɅofɅtheirɅ
interferenceɅpotentialɅshouldɅbeɅtreatedɅtheɅsame. Ʌ Ʌ31

IfɅSIAɅinsistsɅthatɅCBSDɅemissionsɅbeɅevaluatedɅbyɅtheirɅpeakɅvalues,Ʌthen,Ʌ
logically,ɅtheɅsystemɅnoiseɅofɅsatelliteɅreceiversɅshouldɅbeɅcharacterizedɅbyɅtheɅsameɅ
metric.ɅɅAnɅrmsɅsystemɅnoiseɅtemperatureɅofɅ142.8ɅKɅcorrespondsɅtoɅaɅ“peakɅnoiseɅ
temperature”ɅofɅ2263ɅKɅafterɅapplicationɅofɅaɅ12ɅdBɅcrestɅfactorɅappropriateɅforɅ
GaussianɅnoise.ɅɅHowever,ɅmanyɅsatelliteɅprovidersɅhaveɅarguedɅthatɅaɅ78ɅKɅsystemɅ
noiseɅtemperatureɅisɅappropriateɅforɅcalculatingɅnoise-to-interferenceɅratios. ɅɅInɅotherɅ32

words,ɅtheyɅbelieveɅaɅmeanɅlevelɅisɅappropriateɅforɅcharacterizingɅtheirɅownɅoperations.Ʌ

24ɅɅLetterɅfromɅKumarɅBalachandran,ɅetɅal.,​ɅtoɅMarleneɅH.ɅDortch,ɅSecretary,ɅFCC,ɅGNɅDocketɅNo.Ʌ
12-354Ʌ(filedɅDec.Ʌ4,Ʌ2015)Ʌ(WinnForumɅExɅParteɅLetter).ɅɅ
25ɅɅSee​ɅOppositionɅofɅtheɅSatelliteɅIndustryɅAssociationɅtoɅPetitionsɅforɅReconsideration,ɅGNɅ
DocketɅNo.Ʌ12-354,ɅatɅ5-6Ʌ(filedɅOct.Ʌ19,Ʌ2015)Ʌ(SIAɅOpposition).ɅɅ
26ɅɅId.​ɅatɅ6.Ʌ
27ɅɅGaussianɅthermalɅnoiseɅisɅtheɅnoiseɅattributedɅtoɅnaturalɅrandomɅpowerɅfluctuationsɅdueɅtoɅ
theɅthermalɅmotionɅofɅmolecules,Ʌatoms,ɅandɅelectrons.Ʌ 
28ɅɅWinnForumɅExɅParteɅLetter,ɅAttach.ɅatɅSlideɅ8.Ʌ
29ɅɅId.Ʌ​atɅSlideɅ10.ɅɅ
30ɅɅSee​,ɅforɅexample,ɅProfessorɅRobɅCandler,ɅAɅ(Very)ɅLittleɅBitɅAboutɅNoiseɅ(Apr.Ʌ2007),Ʌ
http://web.stanford.edu/class/me220/data/lectures/lect02/Noise_writeup.pdf.Ʌ
31ɅɅSeeɅ​WinnForumɅExɅParteɅLetter,ɅAttach.atɅSlidesɅ19,Ʌ24.Ʌ Ʌ
32ɅɅSee,Ʌe.g.​,ɅReplyɅCommentsɅofɅCBSɅCorporation,Ʌ21stɅCenturyɅFox,ɅInc.,ɅTimeɅWarnerɅInc.,Ʌ
ViacomɅInc.,ɅandɅtheɅWaltɅDisneyɅCompany,ɅGNɅDocketɅNo.Ʌ12-354,ɅAttachmentɅAɅatɅ5,Ʌ(filedɅ
Aug.Ʌ14,Ʌ2015). 
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SIA’sɅassertionɅthatɅCBSDɅemissionɅlevelsɅshouldɅbeɅmeasuredɅusingɅaɅpeakɅ
detector,ɅwhileɅtheirɅownɅsystemɅnoiseɅlevelsɅareɅexemptɅfromɅsuchɅaɅrequirement,ɅisɅ
logicallyɅinconsistentɅandɅmathematicallyɅandɅphysicallyɅunsound.ɅɅTheɅCommissionɅ
shouldɅgrantɅCTIA’sɅPetitionɅforɅReconsiderationɅwithɅrespectɅtoɅthisɅissue.ɅɅ

InɅsum,ɅtheɅCommission’sɅimplementationɅofɅitsɅReportɅandɅOrder​ɅshouldɅ
prioritizeɅactualɅuseɅandɅrecognizeɅtheɅpracticalɅrealitiesɅofɅCBSDɅoperation.ɅɅTheɅ
CommissionɅthusɅshouldɅ(1)ɅevaluateɅclaimedɅPAɅserviceɅareasɅbasedɅonɅobjectiveɅ
engineeringɅcriteria;Ʌ(2)ɅallowɅnetworkɅoperatorsɅtoɅdeployɅhigherɅpowerɅdevicesɅwhenɅ
sitedɅinɅclutter;ɅandɅ(3)ɅallowɅmeasurementɅofɅCBSDɅemissionsɅusingɅaɅrootɅmeanɅ
squareɅdetector.ɅɅ

RespectfullyɅsubmitted,ɅɅ

Ʌ
AustinɅC.ɅSchlickɅ
Director,ɅCommunicationsɅLawɅ

AparnaɅSridharɅɅ
CounselɅ

GoogleɅInc.Ʌ
Ʌ
Ʌ
Ʌ
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DECLARATION OF ANDREW W. CLEGG, Ph.D. 

1. My name is Andrew W. Clegg. I am a spectrum engineering lead for 

Google Inc.  Before joining Google, I served as electromagnetic spectrum manager at 

the National Science Foundation.  In addition, I worked for several years in senior 

engineering positions at companies that are today part of AT&T Mobility, and at 

Comsearch, a spectrum management and wireless engineering company.  I received 

my Ph.D. in radio astronomy, with a minor in electrical engineering, from Cornell 

University, and a B.A. in physics and astronomy from the University of Virginia. 

2. In preparing this declaration, I have reviewed the Report and Order and 

Second Further Notice of Proposed Rulemaking in GN Docket No. 12-354,  including 1

the Commission’s proposals for the definition of “use” of Priority Access License (PAL) 

frequencies, as well as its proposals for optimizing protection of fixed-satellite service 

(FSS) operations.  

Introduction 

3. Google has collected hundreds of thousands of propagation 

measurements in the 3550-3700 MHz band (3.5 GHz band) for the purpose of refining 

propagation models used in its 3.5 GHz Spectrum Access System (SAS).  This ongoing 

testing and measurement effort seeks to improve our understanding of the impact of 

clutter (e.g., buildings and foliage) on propagation loss.  Many standard propagation 

models, such as free space loss (FSL) and Longley-Rice, do not take clutter into 

1  In the Matter of Amendment of the Commission’s Rules with Regard to Commercial 
Operations in the 3550-3650 MHz Band, Report and Order and Second Further Notice of 
Proposed Rulemaking, 30 FCC Rcd. 3959 (2015) (Report and Order or Second FNPRM). 
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account, and as a result, they can substantially overestimate received signal strengths. 

This overestimation, in turn, will result in overstatements of the predicted service area 

over which 3.5 GHz networks can operate, and the potential for interference caused by 

new Citizens Broadband Radio Service Devices (CBSDs) operating in the 3.5 GHz 

band.  

4. Our early experience measuring the impact of a Navy radar on LTE 

systems clearly demonstrated that clutter has a substantial impact at 3.5 GHz.   This 2

declaration contains a high-level overview of the preliminary results from our 

measurements in the Mountain View, California, area and demonstrates in a more 

systematic fashion that FSL and Longley-Rice substantially underestimate propagation 

losses. 

Test Environment 
 

5. The data presented here were obtained in Mountain View under an 

experimental license (WH2XNF) issued by the Commission.  Mountain View is a light 

industrial/residential area consisting mostly of relatively low (one- or two-story) 

commercial and residential structures, mixed with streets, parking lots, grass, and 

foliage.  It is a relatively flat area: The root mean square terrain variation over the routes 

used for testing is 1.5 m, while the minimum and maximum heights on those routes are 

0 and 17 m above mean sea level, respectively.  The highest test point is on a highway 

overpass.  Because the test area is relatively flat and lightly cluttered, it presents little 

complexity for terrain-aware propagation models such as Longley-Rice.  It is also an 

2  See Reply Comments of Google Inc., Declaration of Dr. Andrew W. Clegg, ¶ 15, GN Docket 
No. 12-354 (filed Aug. 15, 2014). 
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area with only light-to-moderate clutter, particularly as compared to rural areas with 

dense groves of trees, or urban areas with tightly-packed tall buildings. It therefore 

provides an ideal environment for characterizing the effects of specific clutter objects on 

propagation. Figure 1 is an aerial view of the core test area, while Figure 2 shows the 

terrain relief. 

 
Figure 1: Aerial photo of core propagation test area in Mountain View, California. 

 

 
Figure 2: Terrain elevation in the core propagation test area. Red corresponds to 

approximately 30 m above mean sea level, while gray is approximately mean sea level. 
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Experimental Setup 
 

6. Google has conducted its propagation tests using a stationary transmitter 

and a vehicle-mounted receiving system.  

7. Transmitter system: The transmitter consists of a Software-Defined Radio 

(SDR) controlled by software running on a small compute module. The SDR signal, 

which transmits at about 15 dBm output, is connected to a power amplifier, and boosted 

to 34.8 dBm power.  The output of the power amplifier is connected directly to the feed 

point of an omnidirectional antenna that has 11.6 dBi gain and 6.5 deg vertical 

beamwidth, with a center point approximately 1.5 m above ground level.  The power 

amplifier includes a voltage monitor (Vmon) output, which provides a voltage that 

corresponds to a particular RF output power based on factory-provided calibration 

curves.  Vmon is recorded to verify stability of the RF signal power throughout the course 

of testing. 

8. Receiving system: The receiving system consists of the same model 

antenna used for the transmitter, mounted on the roof of a test vehicle, with a center 

point height of approximately 1.5 m.  A preamplifier providing approximately 23 dBi gain 

is mounted at the feed point of the receive antenna.  The output of the preamplifier is 

routed into the vehicle using a 2-m length of coaxial cable, then through a bandpass 

filter and limiter, and into a spectrum analyzer for measurement.  The spectrum 

analyzer output is captured and recorded to disk files using commercial software.  A 5 

kHz span with 10 Hz resolution bandwidth was used on the spectrum analyzer, which 
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allows for ample Doppler spread of as much as +/- 800 km per hour  and resolution of 3

about 3 km per hour. 

9. Google utilized a continuous wave (CW) tone for the propagation tests, 

which allows the receiving system to utilize a relatively narrow (10 Hz) bandwidth, 

thereby reducing the displayed noise level on the spectrum analyzer and improving its 

sensitivity to weak received signals at the boundary of the test area.  After accounting 

for pre-amplifier gain (23 dB) and cable/filter/limiter losses (0.5 dB) in the receive 

system, the noise level measured was equivalent to approximately -159.6 dBm received 

with an isotropic antenna within a single (10 Hz) resolution bandwidth.  The variation in 

the noise level was measured to be approximately σ = 5.5 dB, as measured at the lower 

and upper band edges, away from the desired signal. 

10. When processing the received data, Google considered a detection only if 

the peak amplitude of the CW signal in any 10-Hz bin across the spectrum was at least 

5σ (27.5 dB) above the noise floor.  Because the CW signal was generally Doppler 

spread across more than a single 10-Hz bin, a peak amplitude of 27.5 dB above the 

noise corresponds to a minimum received signal strength integrated across all Doppler 

shifts of approximately 4 dB larger than the 5σ single-bin limit, or 31.5 dB above the 

noise floor for a single bin.  The minimum received signal detection level was therefore 

-128.1 dBm, or -159.6 dBm + 31.5 dB.  Given the EIRP of our transmitter (46.4 dBm) 

3  In testing, reflections off airplanes at Doppler shifts of a few hundred km per hour were 
occasionally received. Doppler spread of ~100 km per hour (~330 Hz) was typical for vehicular 
motion at about 33 km per hour, due to reflections off oncoming traffic. 
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and the gain of our receive antenna (11.6 dBi), we could therefore measure propagation 

losses up to approximately 46.4 dBm + 11.6 dBi - -128.1 dBm, or 186.1 dB. 

Results and Discussion 

11. After conducting the propagation measurements described above, Google 

compared the path losses measured to those predicted by FSL and Longley-Rice.  The 

comparisons are shown graphically in Figures 3 and 4.  In each figure, the x-axis is the 

distance (m), and the y-axis is loss (dB).  For each model, we calculated the predicted 

path loss for both the FSL and Longley-Rice models specific for that path, and those 

values are plotted in green.  The difference between the measured value and the 

predicted value, for each specific path, is plotted in red.  In the Longley-Rice analysis, 

the predicted loss (green dots) may be different for the same distance, depending on 

the specific terrain along the path from transmitter to receiver.  The difference between 

measured and predicted values (red) are on a point-by-point basis, taking into account 

the specific terrain corresponding to each measured loss and its corresponding 

predicted loss for that path.  For the Longley-Rice comparison, we utilized a 1” (30 m) 

terrain database, 1.5 m transmit and receive antenna heights, a time variability factor of 

50%, and a situational variability factor of 50% as input parameters for the model. 

Because path loss fluctuates somewhat over time due to many factors, such as moving 

vehicles and changing weather patterns, the 50% time variability factor reflects an 

expectation that a stationary receiver located at a given point and making continuous 

measurements will capture the predicted path loss, or less, 50% of the time.  The 
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situational variability factor accounts for observational repeatability of the 

measurements using different equipment, different personnel, or different methods. 

 
Figure 3: Comparison of measured path loss to path loss predicted by 

the free space loss model. 
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Figure 4: Comparison of measured path loss to path loss predicted by 

the Longley-Rice model. 
 

12. In both cases, the measured propagation loss was almost always larger 

than the predicted loss.  99.7% of the measured values exceeded the FSL prediction. 

At distances greater than 90.1 m, 100% of measurements exceeded FSL prediction. 

The measured path loss value exceeded FSL by 56.7 dB on average, and by as much 

as 85.3 dB.  In the latter case, the receiver was located immediately adjacent to the side 

of a large building, and the path was further blocked by several other buildings and 

foliage.  In the 0.28% of points where FSL exceeded the measured value, the largest 

discrepancy was 7.8 dB (which occurred at a distance of 30 m), and the average 

discrepancy was 2.2 dB.  Both values are considerably smaller than the spread in 
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measured values at distances less than 90.1 m, which was approximately 20 dB.  The 

limited instances where measured loss is less than FSL is most likely due to multipath 

propagation, where a direct ray and a ray reflected off of the ground or a nearby building 

(for example) could add up in phase at the receive antenna, producing an effective path 

loss that is less than FSL.  However, path loss due to multipath propagation that is less 

than FSL is generally only significant at very short distances (such as less than 90 m as 

observed here), and only with direct line of sight between the transmit and receive 

antennas. 

13. In the Longley-Rice case, the measured path loss exceeded the predicted 

path loss in 99.6 % of the cases (essentially the same as for the comparison with FSL). 

The measured path loss exceeded the Longley-Rice prediction by, on average, 45.7 dB, 

and by as much as 78.1 dB.  The largest delta was observed at the same geographical 

point where the 85.3 dB difference between FSL prediction and measured loss 

discussed above was observed.  In the 0.43% of points where the Longley-Rice loss 

prediction exceeded the measured loss, the average difference was 2.4 dB, and the 

largest discrepancy was 9.3 dB, which occurred in the shadow of a ~30 m hill at a 

distance of approximately 934 m from the transmitter.  However, within 10 m of this 

point at which the maximum discrepancy occurs, the measured loss exceeds the 

Longley-Rice prediction by an average of 3 dB.  The hill is covered only by short grass, 

has no clutter (structures or foliage), and the path from the top of the hill back to the 

transmitter is unobstructed.  As a result, the measurements reinforce the conclusion that 

Longley-Rice is a reasonable predictor of path loss in the absence of clutter, but it 
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significantly understates loss on cluttered paths, including almost all of our other 

measured data points. 

Conclusion 

14. This high-level summary of initial results from our propagation 

measurements in the Mountain View, California, area demonstrates that two standard 

propagation models (free space loss and Longley-Rice) underestimate typical 

propagation loss by 45 - 57 dB on average, more than 99.6% of the time, over distances 

less than 1 km.  The data support the conclusion that the discrepancy is due to the 

existence of clutter (buildings and foliage) along the propagation path. 

15. Google continues collecting 3.5 GHz propagation data in Mountain View 

and in other areas, and, based on these data, is deriving statistical models that can 

establish a lower limit of predicted path loss as a function of clutter along the affected 

paths.  We intend to file the results of these studies with the Commission at a later date. 

 

I, Andrew W. Clegg, declare under penalty of perjury that the foregoing 

declaration is true and correct. Executed on February 16, 2016. 

 

 

Dr. Andrew W. Clegg 
 

 


