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ＷｅｓｕｗｅｙｈｅｒｅｔｈｅｒｅＢｕｴﾋＢｏｆｅｉｇｈにyearsoEresearchin上ｏとｈｅｓ上rucとure
ofradiopropagationinurbanﾉsUburbanareaB，startinBwithⅣide-bandpropaga-
tionexperimentBandmodelingat500-3000mz［1]，proceedingthroughprelim-
inarysimulationexperimentB［2]，continuingwithmoreelaboratｅｍｏｄelingand
Bimu1a上ion［3】，［4]，andcurren上lyinahigh-ratedatatransmiBBionsimulation
phase【5ル

エ、にheunder1yingexperimeTl七ｓ【１]，pulsetranBmiﾋﾋerswereplacedat
EixedDeﾕeva上ｅｄＢｉｔｅｓｉｎ上heSanFranciscoBayArea・oncepersecond，theBe
simultaneousｴysentoutlOO-ns-Uyidepulsesａ上４８８，１２Ｂ０ａｎｄ２９２０ｍｚ･The
puｴseswerereceivedinamobi1evanthatmovedthrough上ypica1urban/suburban
areas，labeledA（densehigh-rise)，Ｂ（sparsehigh-rise)，Ｃ（lowrise)，ａｎｄ
、（suburban/residential)．ThereceivedpulseswerediBpｴayedonamultitrace
oscilloscope，Whichｗａｓ上riggeredbyaRubidiumErequencystandard．（This
standardwassynchronizedwﾕﾋｈａｓｉｍｉｌａｒｕｎｉｔａヒヒｈｅ上ransmi上terspriorto
each亟perimentaエrun，ｓｏ上haにabsolutepropaga上ionde1aysweremeasurable.）
Onethousandsuchdisp1ayswererecordedonEilmineachoftheabove-
mentionedareaB9ｗｉｔｈｄｕｅｒｅｇａｒｄＥｏｒｏｂｔａｉｎｉｎｇrepresentativetopographiesin
eacharea・SeeFiguresエａｎｄ２．

Ｔｂ…d・ﾕuPorwhic…u……h…に……h1…鞭｡仁b……

::.:i;｡:w:i戊鰔鷺:::蝋:１‘ﾁﾞ.[鷺.戦1値届,:;↓:1.札典;.::…
expression，thereisarandomnumber，Ｘ，ｏｆｐａｔｈｓ･Thekthorthesehas
BtrengthcIｋ,modula上iondelaytk，andcarrierphaseshif上0ｋ．ThepurposeoE
thedatareductiｏｎｈａｓｂｅｅｎｔｏｄｅ上ermineascompｴｅ上ｅｌｙａｓｐｏｓＢｉｂｴｅ上he

statis上ｉｃｓｏＥ亡herandomvariab1esuk，ｔｋ，中ｋ（ｋ＝０，．．．，K-1)，ａｎｄＫ・

Ｓincetheunder1yingexperimenｔｃａｎｒｅｓｏｴｖｅｔｗｏｐａにhsonlyiEEheyhave
adelaydiEEerezlceoEmore上ｈａｎｌＯＯｎｓ，themodeユabovewasEirs上approximated
byadiscre上e一七imemodel･ＴｈｅｄｅｌａｙａｘｉｓｗａｓｄｉｖｉｄｅｄｉｎｔｏｌOO-nBbinsD
centeredaにmultiplesO,１，２，．．．ｏＥ１００ｎｓ，ｅａｃｈｂｉｎｂｅｉｎｇエOO-nsuFide･Ｔｈｅ
ｃenteroEthezero上hbincorrespondBtoエine-of-sigh上（LOS）de1ay3aにotal
of71biTuswasconsidered，corresponding上ｏａｍａｘｉｍｕｍｄｅ１ａｙｉｎｅｘｃｅｓｓｏＥＬＯＳ
ｏｆｒｏｕｇｈｌｙ７ＵｓＤａｆｉ席ureEoundeXperimentaｴｴytobeSatisEactory･

Ｄａｔａｗｅｒｅ上henreducedasfollo百ｓ･Ｔｈｅｄｅﾕａｙａ】KisoEeachrecorded
mul亡ipa上hproEile（Figureエ）wasreferencedtoLOSde1ay･Ｔｈｅｄｅ１ａｙＢｏＥｔｈｅ
ｐａｔｈｓｉｎ上heprofi1ewereesにimatedbya上echniqueexpｴainedin［11,itbeing
recognizedthaLmu1tiplepathswithinadeﾕａｙｓｐｒｅａｄｏｆエＯＯＴｕｓｗｏｕ１ｄｂｅ
ｉｄｅｎｔｉｒｉｅｄａｓａｓing1epath･Thedelayswerequan上izedaccordingtoEhebin
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numbersintowhich上heyfeユエ，andprobabiｴity-oE-occupancycurvesandpa上h-
numberdistributionswerecomputed．（SeeFigureB3and4.）Ｓにreng上h
diBtributionsofpathsineachbｉｎⅣerea1soEound（Figure5)．Additionally，
cerとaintemporaエandspatialcorre1ationsofｖａｒｉａｂ１ｅｓ－ｄｉｓｃｕＢＢｅｄｌａｔｅｒ－

wereestinmted･ＯｎｔｈｅｏにherhandDcarrierphaseshiE上Bweremodeled
aprior聖asbeinguniEormlydistributedｏｖｅｒ（0,2丁]・エヒBhou1dbenotedhere
tha上ｎｅｉｔｈｅｒｔｈｅｔｏ上aldelayspreadnorthevarianceoEtheユogarithmic
strengthwerefound上odependupontTansmitter-receiverB1antrange，１eading
上otheconjecture-at1easにEorthetopographiestested-themulにipa上h
phenomenonユargeﾕｙｏｃｃｕｒｓｉｎ上ｈｅユoｃａｌｉｔｙｏＥｔｈｅreceiver・

HodeﾕｉｎｇｏＥ上heurbanmu1tipathchannelfromthereducedda上ａエedtoa
modiEiedPoiBson-processdescriptionforpa上hdelaytimeB，にhemodiEication

beingnecessary上oaccountEoratendencyofpaLhｓｎｏヒヒooccurindependent1y，
buにrathertocluster［ﾕ]，［3]，【4]・Thestreng上hvariableswereshown上o
beNakagamidistributedEorpatｈｓｎｅａｒＬＯＳｄｅ１ａｙ，andlog-normallydiBtribu上ｅｄ
Ｅｏｒｐａにｈｓｗｉｔｈエargerdelays【3]･ThesoundnessoftheBemodelsisshownin
Figures3-5，where上hebroken-1inecurvescomeEromsimuﾕａ亡ionsDdescribed
below，baseduponthemodelBandusingempiricalparame上ers．

Ane1aboratemul上ipathBimu1ationprogramwaswritten［4]，ｂａｓｅｄｂｏｔｈ
ｏｎ上hereduceddataandonphysicalreasｏｎｉｎｇｗｈｅｎｔｈｅｄａにawereinsuEEicien上
orundecisive・Theprogramincorpora上esthefirst-orderstaにis上ics

exemp1iEiedbyFigure3-5Dbutalsothetemporaエａｎｄspatialcorre1ations
ofthevariousstrength/delay巾haserandomvariab1esmentionedabove・

Thesimulationenvisagesareceivertravelingthroughanurbanareaand
measuringamultipathproEiｌｅａｔａｓｅｑｕｅｎｃｅｏｆｇｅｏｇｒａｐｈｉｃａｌｐｏｉｎｔｓｓｅｐａｒａ上ｅｄ
ｂｙｄｉｓｔａｎｃｅｄ，Ａｔｔｈｅｆｉｒｓｔｐｏｉｎｔ，ａｓｔｒｉｎｇｏｆ７１００ｓａｎｄｌｏｓｉｓｇｅｎｅｒａted
Erontheclusにered-path-de1aylnodel，ａＯｉｎｄｉｃａｔｉｒｕｇ１１ｎｏｐａｔｈｉｎ上ｈｉｓｂｉｎＤ，O
alindicating上ｈｅｐｒｅｓｅｎｃｅｏｆａｐａｔｈ；ｅ､９．，ｔｈｅｓｔｒｉｎｇｌＯ０１１０１０．．．．O1OOOO
indicatesthepresenｃｅｏｆｐａｔｈｓｉｎｂｉｎｓＯ,３，４，６，．．．，６６Dcorresponding上o
paにｈｓａｔＬＯＳａｎｄａ上delaysoE300，400，600,…,6600nsbeyondLOS．（Typically
上hereareabout20-25rsinthestringforareasAandB，andabout1Ofor
areasCandD.）Ｆｏｒｅａｃｈ１ｉｎ上ｈｅＢにring，astrengthandaphasevariab1e
isgeneraにｅｄ･ThephasevariablesaredrawnindependentlyfromauniEorm
disにribution･Ｔｈｅｓ上rengthvariablesaredrawnEromlo8-,ormaldistributions，
adeviationfrom上heempiricaｴｴｙｄｅ上erminedNakagamidistributionｓｆｏｒ
ｎｅａｒ－ＬＯＳｂｉｎｓ･TheparameterBoEthesedis上ributionsvaryasaEunctionoE
binnumber；additionally，correlationsof上hestrengthsinbinsthatare
closetooneanotherareincludedDthemagni上ｕｄｅｓｏＥ上hｅｃorre1aにionsbeing
determinedfromtheundｅｒｌｙｉｎｇｅｍｐｉｒｉｃａｌｄａｔａ･

Atthesecondandsubsequentgeographicalpointsinthesimulaｔｅｄ
ｖｅｈｉｃｌｅｏＢｒｏｕｔｅ，ａｎｅｗｓｔｒｉｎｇｏＥＯｏｓａｎｄｌｕｓｉｓＥｉｒｓ上generated，ｕｓｉｎｇ
[ｈｅｃｌｕｓｔｅｒｅｄ－ｄｅｌａｙｍｏｄｅ１，ａｓｍｏｄｉｆｉｅｄ上ｏｒｅＥ１ｅｃにｓｐａｔｉａ１ｃｏｒｒｅｌａｔｉｏｎｓｕＦｉにｈ

ｔｈｅｐａｔｈｄｅｌａｙｓａＬｔｍｅｐｒｅviousgeographicalpoint．Ａｇａｉｎｐｆｏｒｅａｃｈｌｉｎ
にｈｅｓｔｒｉｎｇ，ａｐｈａｓｅａｎｄａＢｔｒｅｎｇ上hvariablearegenera上ｅｄ，withspatial
correlaにionsrelatingthemtophase/s上rengthvariab1eBattheprevious
geographicalpoint．ＴｈｅｓｐａＬｉａｌｃｏｒｒｅｌａｔｉｏｎｄｉｓｔａｎｃｅｓｒｕｎＥｒｏｍａｆｒａｃｔｉｏｎ

ｏＥａｗａｖｅｌengthEorthephases，亡hroughにensoEwavelengthsEorthesにrengths
anddelays，tohundredsofwave1eng上hsEorgloba1varia上ionsoELhemeans
andvariancesoEにｈｅｓ上rengLhdistributions，whicharea1soconsideredにｏ
ｂｅｒａｎｄｏｍｖａｒｉ１ｍｅｓ．
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Trans・エEEE，VT-21，ｐｐ、９－１６ＤＦｅｂ、１９７２．

[3］Ｈ・SuzukiDo1AstatisticalmodelEorurbanradiopropagation,Ｉ０Ｐｈｐ・Thesis，
Dep上．ｏＥＥＥＣＳ，Ｕｎｍ・ｏＥＣａｌｉＥ．，Berkeley，1975．SeealsoTrans・エEEE，COM－２５，
ｐｐ、673-680,Ｊｕｌｙ1977．

[4］Ｈ･Hashemi，OlSimulationoftheurbanratiopropagationchannel,ｉＩ
Ｐｈ.、、Thesis，ＤｅｐＬｏＥＥＥＣＳ，Ｕｎｉｖ･ｏｆＣａｌｉｆ．，Berkeley，１９７７．Seealso
Proc、1977Natil、Telecom･ＣｏｎＥ.，paper38-1.
[5］Ｇ、Ｌ・ＴｕｒｉｎａｎｄＭ･Kamil，workinprogress，sponsoredbySRエエ､にerna上iona1，
undercontractwiththeAdvancedResearchProjectsAgency．
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FigureL．Ｅ亜ｐｐｌｅｏｆ西ul上ipaにhprofllcs8dcnse
highrise･Ｔｏｐ上ｏｂｏヒヒ函：ｚ９ＺＯｏ１２８０Ｄ４Ｂ８ｗ＝o
VerticalBcalcg35dB/c、．Horizontnlscale：

lIJBﾉc､、DifEcren上apparentLOSdelnyBaredue上o
differenceBineqdipmcnにdelqyB･Ｐｒｏ団【１]．
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