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I.ProblemStatement2

ScenarioswithSpatialDiversity:Micro-diversity
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ScenarioswithSpatialDiversity:Macro-diversity

Receiver Receiver
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I.ProblemStatement4

SynchronousCDMAUplinkSystemModel
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SynchronousCDMAUplinkSystemModel
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II.LinearMMSEDetectors6

LinearMMSEdetector
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Dependenceonthespreadingsequencesandchannelgainsofallusers!
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III.AsymptoticPerformanceAnalysis:StateofArt7

StateofArt:Micro-diversity
HanlyandTse,ResourcepoolingandeffectivebandwidthinCDMAnetworkswith

multiuserreceiversandspatialdiversity,2001.

Hypotheses•i.i.d.circularsymmetriccomplexGaussianrandomchips;

•Channelgains:

–Independentforallusersandantennas;

–Identicallydistributedtoallantennas,givenauser.

ThesisLimitingsystemperformancecharacterizedbyaconstantasolution
ofafixedpointequation

lim
K=βN→∞

SINRk
∑

L
i=1|`k,i|2

P
=a

Resourcepoolinginterpretation:Samelimitingperformanceasa
systemwithasingleantennaandprocessinggainNL.

CottatellucciandMüller:AGeneralizedResourcePoolingResultforCorrelatedAntennas...c©ftw.2004



III.AsymptoticPerformanceAnalysis:StateofArt8

StateofArt:Macro-diversity

HanlyandTse,2001.

Hypotheses•i.i.d.circularsymmetriccomplexGaussianrandomchips;

•Channelgainsindependentforallusersandantennas.

ConjectureLimitingsystemperformancecharacterizedbyLconstantsaisolu-
tionstoasystemofLfixedpointequations

lim
K=βN→∞

SINRk
P
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IV.AsymptoticPerformanceAnalysis:CorrelatedChannelGains9

PerformanceforCorrelatedChannelGains

Empiricaljointdistributionofthechannelgains:

F
(K)

(`1,`2,...,`L)=
1

K

K∑

k=1

1(`1,k≤`1)1(`2,k≤`2)1(`L,k≤`L)

Hypotheses•Independentrandomchips;

•Thesequenceoftheempiricaljointdistributionconvergestoalimiting

jointdistributionwithboundedsupport

lim
K→∞

F
(K)

(`1,`2,...,`L)=F(`1,`2,...,`L)

ThesisGiventhechannelgainsofuserk,`k

l.i.m.
K=βN→∞

SINRk=
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kA`k
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AsymptoticperformanceischaracterizedbyanL×LmatrixA
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IV.AsymptoticPerformanceAnalysis:CorrelatedChannelGains10

RevisitingtheKnownResults

Micro-diversityinHanlyetal.,2001

•Channelgainsindependentforallusersandantennas;

•Identicallydistributedtoallantennas,givenauser.

A=aI

Macro-diversityinHanlyetal.,2001

•Channelgainsindependentforallusersandantennas;
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Canwefindmoregeneralconditionsunderwhich
theresourcepoolingeffectarises?
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IV.AsymptoticPerformanceAnalysis:CorrelatedChannelGains11

GeneralizedResourcePooling

HypothesisAThejointprobabilitydensityfunctionf(`1,`2,...,`L)isanevenfunc-

tionofRe(`i)andIm(`i)foranyi.

HypothesisBf(`1,`2,...,`L)isexchangeable,i.e.foranypermutationπof

{1,2,...,L}

f(`1,`2,...,`L)=f(`π(1),`π(2),...,`π(L))

HypothesisAVAisdiagonal

HypothesisAandBVA=aI

TheresourcepoolingeffectarisesunderhypothesesAandB
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IV.AsymptoticPerformanceAnalysis:CorrelatedChannelGains12

Remarks

Thecorrelationsofthechannelgainsatthetransmittersdonotaffectthe
asymptoticperformanceoftheLMMSEreceiver.

Themultiuserefficiencyvariesfromusertouser.

TheSINRismaximumif`khasthesamedirectionastheeigenvector
correspondingtothemaximumeigenvalueofA

.

ForchannelswithGaussianlimitingp.d.f,matrixAhasthesameeigenvec-
torsofthecovariancematrixE{``

H
}.
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IV.AsymptoticPerformanceAnalysis:CorrelatedChannelGains13

AsymptoticversusFinitePerformance

–ReceivingantennasL=3.

–SpreadingfactorN=256.

–UsersK=128.

–SNR=10dB.

–Gaussianchannelgainswith

covariancematrix
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Asymptotic versus Finite Systems: Relative SINR Error 
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IV.AsymptoticPerformanceAnalysis:CorrelatedChannelGains14

Summary

•AsymptoticperformanceoflinearMMSEdetectorsforCDMAsys-
temswithspatialdiversityandcorrelationofthechannelgains.

•RigorousproofofHanlyandTse’sresultsformacro-diversitywith
strongerconvergence(inmeansquarevsprobability).

•Generalizationoftheconditionsfortheresourcepoolingeffect.

SystemperformancecharacterizedbyanL×Lmatrix.

Varyingmultiuserefficiency.

Performancedependsonthedirectionofthechannelgainvector
w.r.t.theeigenvectorsofA.
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