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I.ProblemStatement2

SynchronousCDMAUplinkSystemModel
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I.ProblemStatement3

LinearMultiuserDetection
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Withappropriatecoefficients(w̃0,w̃1,...,w̃K−1).

MultistageDetectors
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I.ProblemStatement4

MultistageDetectorStructure

Filtering
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Complexity/bit!
(likeSUMF)

Performance
Degradation
w.r.t.LMMSE

Projection&optimumfiltering

1.Implementation:M−1identicalstagesperformingre-spreadingandmatchedfiltering.

2.Trackingsignalsubspacenotrequired.

3.Noscalingoftheneededrankwiththesystemsize.
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II.Symbol-AsynchronousbutChip-Synchronous.5

Symbol-Async.andChip-Sync.SystemsModel
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III.LinearMMSEdetectorsforasynchronoussystems.6

LMMSEDetector:Truncation
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III.LinearMMSEdetectorsforasynchronoussystems.7

LMMSEDetector:TruncationEffects
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AsthewindowsizeT→∞,theeffectofasynchronicityvanishes.
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IV.Multistagedetectorsforasynchronoussystems.8

MultistageDetectors:NoTruncationEffects

1-stStage:RH
H
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forthe
estimationofbi(n)dependsonly
onHn−1,Hn,Hn+1!
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IV.Multistagedetectorsforasynchronoussystems.8

MultistageDetectors:NoTruncationEffects

2-ndStage:R
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IV.Multistagedetectorsforasynchronoussystems.8

MultistageDetectors:NoTruncationEffects
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withfinitedelay!

Cottatellucci,Debbah,andMüller:AsymptoticDesignandAnalysisofLinearDetectorsforAsynchronousCDMASystemsc©ftw.2004



IV.Multistagedetectorsforasynchronoussystems.9

AsynchronousDetectorStructure
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1.Notruncationeffects.

2.Enlargementoftheobservationwindowwithnumberofstages.
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V.Performanceanalysis.10

LinearDetectors:AComparison

•LinearMMSEDetector:

–Optimizationinthefullsignalspace.

–Truncationeffects!

•MultistageDetector:

–Optimizationinasubspace.

–Notruncationeffect.

WHICHONEPERFORMSBETTER?
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V.Performanceanalysis.11

PerformanceAnalysis

SINR[bk(n)]dependson
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R
m
T,kk(n)convergesalmostsurelytoadeterministicconstant

∗

asK,N→∞with
K
N→β

∗
seeTheoreminthefullversionofthepaper
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V.PerformanceAnalysis12

R
m
T,kk(n):AsymptoticversusFiniteSystems
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V.PerformanceAnalysis13

LMMSEversusMultistageDetectors:AsymptoticPerformance

–ChannelmatrixA=I.

–ObservationwindowT=3.

–SNR=7dB.

–β=
1
2.
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with observation window T=3  
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V.PerformanceAnalysis14

R
m
T,kk(n)asT→∞:EffectonMultistageDetectors

AsT→∞thediagonalelements
ofRTequalthediagonalelements
ofRforsynchronoussystems.

Multistagedetectorsforlargesyn-
chronousandasynchronoussys-
temshave:
–Sameperformance.
–Sameweights.012345678910
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Matched Filter
Async. Multistage Detector M=2
Async. Multistage Detector M=3
Async. Multistage Detector M=4
Async. Multistage Detector M=5
Sync. Multistage Detector M=2
Sync. Multistage Detector M=3
Sync. Multistage Detector M=4
Sync. Multistage Detector M=5
Sync. LMMSE Detector

Eb/N0 

Flat Rayleigh fading channel,  K=64, N=128, QPSK modulation. 
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VI.Summary15

Summary

•Amultistagedetectorstructureforchipsynchronousbut
symbol-asynchronoussystems.

•AnalgorithmtodeterminethediagonalelementsofR
m
TV

largesystemperformance.

IncontrasttoLMMSEdetectors,multistagedetectorshave:

Notruncationeffects!

Sameperformanceasforsynchronoussystems.

SINRindependentofthetimeshiftofthedetectedsymbol.

Samecomplexityorderperuserasthematchedfilter.

ForasufficientlargenumberofstagestheycanoutperformtheMMSE
detectorswithfixedobservationwindow.
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VI.Summary16

Remarks

Effectofchipasynchronicity:

Multistagedetectors:

LauraCottatellucciandRalfR.Müller.Multistagedetectorsforasynchronous
CDMA.InternationalZurichSeminaronCommunications(IZS),Zurich,Feb.
2004.

LinearMMSEdetector:

LauraCottatellucciandRalfR.Müller.Ageneralizedresourcepoolingresult
forcorrelatedantennasorasynchronousCDMAsystems.Proc.ofInterna-
tionalSymposiumonInformationTheoryanditsApplications(ISITA),Parma,
Oct.2004.
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