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ABSTRACT

This article describes how recursive spatial multiplexing (RSM) is a closed-loop multiple-input
multiple-output (MIMO) structure for achieving the capacityofferedbyMIMOchannelswith a
low-complexitydetector.TheauthorsinvestigatehowtomakeRSMabletoprovideabit-errorrate
performance,which is robust against different types and levels of interference.The interference
arising fromsimultaneous transmissionof informationsignals is taken intoaccount in theRSM
schemeatthereceiverusingawhiteningapproach.Here,thecovariancematrixisestimatedandused
subsequentlyfordefiningtheretransmissionsubspaceidentifiertobefedbacktothetransmitter.The
performanceofthisadaptiveRSMschemeiscomparedwithstandardlineardetectionschemeslike
zero-forcingandminimummean-squarederrorreceivers.Itturnsoutthattheadaptiveinterference
whiteningsubstantiallyimprovesthebit-errorrateperformance.Moreover,adaptiveRSMleadstoa
performancebeingindependentofthecorrelationcoefficientoftheinterferencesignals.
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INTRodUCTIoN

Multiple-inputmultiple-output(MIMO)systemsareconsideredastopcandidatesforachievinghigh
capacitywirelesssystems.Linearreceiverslikezero-forcing(ZF)orminimummean-squarederror
(MMSE)receivershavelowcomplexity,butincaseofanill-conditionedchannelmatrixcausenoise
enhancement.Abetterperformance isofferedbyotherreceivers likeVertical-BellLaboratories-
Layered-Space-Timereceiver(V-BLAST).Thelatterusessuccessive layer-wisedecoding,which
leadstohighercomplexityattheexpenseoferrorpropagation(Loyka&Gagnon,2004).

Clearly,theweakpointintheZFdetectoristhenoiseenhancement.Incaseofabadly-conditioned
channelmatrix,thesmalleigenvaluesofthechannelmatrixseverelyaffectthesystemperformance.
In (Hunziker, Edlich, & Dahlhaus, 2007), the authors suggest a recursive spatial multiplexing
(RSM)structure,whichaimstoreduceoravoidnoiseenhancement.Tothatend,RSMincludesa
retransmissiondependingontheprojectionofthetransmittedsignalinthepreviousframeontoa
subspace.Thedimensionofthesubspaceischosenbasedonthesmalleigenvaluesofthechannel
matrix.Policiesareusedinordertoguaranteeacertainlevelofsignal-to-noiseratio(SNR)atthe
detector input. In (Shah, Hunziker, Edlich, & Dahlhaus, 2010), RSM has been studied with an
independentandidenticallydistributed(i.i.d.)Gaussianinterference.
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Inthiswork,weaddressthreeproblemsinRSM:

1. Tostudythebit-errorrate(BER)performanceofRSMforthesakeofdescribingthesystem
performanceinadditiontopreviouslypresentedcapacityexpressions(Hunzikeretal.,2007),
(Shahetal.,2010)

2. TomakeRSMadaptivetodifferentinterferencescenariosbyincludingtheestimationofthe
interferencecovariancematrix

3. ToinvestigatehowRSMperformsindifferentinterferencescenarios.

Throughout theworkboldfacedcharactersareusedforvectorsandmatrices.TheHermitian
transposeofX iswrittenasX† . I

N
isthe( )N N× identitymatrix, ⋅{ } isthecardinalityofaset

⋅{ } and det A( ) ,E ⋅{ } denotethedeterminantofAandexpectation,respectively.

SySTeM ModeL

IneachtransmittedframethereareK signalvectorsofdimensionM .Thek thvectorinthe � th
receivedframeisgivenby

y H x n w H x v
� � � � � � � �, , , , , ,k k k k k k
= + + = + 

with � =1,2,...dependsonthefollowingquantities:

• H
�

isthe ( )N M× MIMOchannelmatrixwhereM andN arethenumberoftransmitting
andreceiving,resp.,antennas.WeassumeH

�
tobeconstantoveroneframetransmission.The

elementsofthechannelmatrixareassumedi.i.d.complexGaussianrandomvariableswithzero
meanandunitvariancegivingrisetoRayleighfading.Weassumealsothat H

�
 isperfectly

estimatedatthereceiver.
• x

�,k
 is the k th ( )M ×1 vectorof the transmitted frame � .Wemodel the signalvectors as

uncorrelatedcomplexrandomvariableswithcovariancematrix

R x x Ix x= { } =E
� �, ,

†
k k M

ε 

beingknownatthereceiversideandvariance εx > 0 ofthecomponents.

• n
�,k

 is a ( )N ×1  complex-valuedzero-mean i.i.d.Gaussian randomvectorwithcovariance
matrix

R n n In n= { } =E
� �, ,

†
k k N

ε 

andvariance εn > 0 .
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