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ABSTRACT

Achievablespatialdiversitysupportedbyasingletransparentamplify-and-forward(AF)relayrelies
ondisintegratedchannelstateinformation(CSI)thatcanbeacquiredatthedestination.Thispaper
studiestheimpactofthequantizationofthesource-relay(SR)CSIintermsofthefirst-andsecond-
orderstatisticsofmaximal-ratiocombining(MRC)receptionwith the incompleteSRCSIat the
destination.Probabilitydensityfunctions(PDFs)oftheupperandlowerboundsofthesignal-to-noise
ratio(SNR)achievedatthedestinationarederived.Correspondinglevel-crossingrate(LCR)and
averagefade-duration(AFD),whichareundoubtedlyrequiredtochooseparametersofforwarderror
correcting(FEC)mechanismsacrossthetransparentAFrelaynetwork,areevaluatedviaMonteCarlo
simulations.ThesimulationsshowthattheSNRPDF,LCRandAFDhighlydependsnotonlyonthe
accuracyofSRCSIatthedestinationbutalsoonthelocationoftheAFrelay.
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1. INTROdUCTION

Diversitycombininganderror-correctioncoding techniquesare the twomost importantways to
overcomechannel fadingeffects.Cooperativecommunicationhasbecomeaneffectivemeansof
achievingspatialdiversity,especiallywhenadirectlinkwouldfrequentlyincurdeepchannelfades
(Kimetal.,2011;Khanetal.,2012;Duongetal.,2011).Arelaycancreateanadditionallinkbetween
thesourceandthedestinationtoprovidespatialdiversity.Theeffectivenessofthespatialdiversity
providedbyanamplify-and-forward(AF)relaynetworkinevitablyreliesontheknowledgeofthe
channelstateinformation(CSI)ofthedisintegratedchannels,whichconsistof(i) thedirect link
fromsourcetodestination(SD)and(ii)theindirectlinkfromsourcetorelay(SR)andfromrelay
todestination(RD).Ondiversityreception,considerableresearchregardingthefirst-andsecond-
orderstatisticshasbeenundertaken.Signal-to-noiseratio(SNR)probabilitydensityfunction(PDF)
isoneofthecommonlyemployedfirst-orderstatistics,meanwhilelevel-crossingrate(LCR)and
averagefadeduration(AFD)arethecommonlyemployedsecond-orderstatistics.TheSNRPDFis
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oftenadoptedtoquantitativelydescribetheseverityofchannelfadingandisthereforeoftenusedto
evaluatethetime-averagebit-errorrate(BER)(Dwivedi&Singh,2011),theoutageprobabilityand
theergodiccapacityofvarioustime-varyingchannels(Simon&Alouini,2005).LCRandAFDconvey
importantinsightsforthechoiceofforwarderrorcorrecting(FEC)blockcoding,determinationof
theinterleavingdepth,parameterselectionofretransmissionmethodsandanalysisofachievablerates
(Chan&Chuang,1996;Alouini&Goldsmith,2000;Anastasovetal.,2013).

AperformanceevaluationofanAFrelaynetworkwithquantizedSRCSIwasconductedina
previousstudyusingsimulations(Aminetal.,2010).WiththeobjectiveofSNRmaximization,a
brute-forceapproachwasstudiedtooptimizeaquantizerattherelay(Abdallah&Papadopoulos,
2008).Apreviousstudy(Fang&Wang,2009)studiedtheoptimalrelayselectionproblemforanAF
network.In(Abdallah&Papadopoulos;2008),amodifiedbeamformingalgorithmwasdeveloped
withfullknowledgeoftheRDCSIandaquantizeddescriptionoftheSRCSIformulti-relayAFand
decode-and-forward(DF)networks.Apreviousstudy(Karamadetal.,2013)derivedatightboundon
thesum-rateperformancewithquantizationerrorforadual-hopDFnetwork,andefficientquantization
andbit-allocationtechniqueswereproposed.Althoughtheimpactofthechannelquantizationerror
inanAFrelaynetworkwasinvestigatedinapriorstudy(Linetal.,2017),nopriorstudyfurthermore
investigatedLCRandAFDofmaximal-ratiocombining(MRC)receptionsupportedbyatransparent
AFrelaynetwork.Especially,LCRandAFDaremuchimportantinanAFrelaynetworkbecausea
transparentAFrelaydoesnotdemodulatesignals,performanyerrorcorrectiondecoding,thenencode
andfinallyremodulatethesignals,whichmustbeperformedinDForfilter-and-forward(FF)(Chou
etal.,2016)relaynetworks.AtransparentAFrelaypassesthesectoridentification(SID)andcell
identification(CID)fromtheservingbasestationandtheinitialsynchronizationprocess(Lin,2018;
Linetal.,2016)hasneverbeenconductedatthetransparentAFrelay.Therefore,aneffectivechannel
codingschemeusedinatransparentAFnetworkmusttakecareoftheoverallchannelimpairment
fromthesourcetothedestinationbothviaindirectanddirectlinksbecausetheFECdecoderonly
worksaftertheinnerreceiver,whichconsistsofadiversitycombiner,atthedestination.Asaresult,
LCRandAFDobtainedusingMRCreceptionsupportedbyatransparentAFrelayatthedestination
are,ofcourse,requiredtochooseparametersofaneffectivechannelcodingschemeandtodetermine
interleavingdepth.

In this paper, performance assessment of a transparent AF relay network that adopts the
quantization-basedsignalingstrategyisstudiedinthepresenceofchannelquantizationerror(CQE)
occurringwith theSRCSIoverRayleigh fadingchannels.Closed-formexpressionsof theSNR
PDFwerederivedbymeansofthemoment-generatingfunction(MGF)methodtoprovidesufficient
insight.LCRandAFDarethenevaluatedviacomputersimulations.Theremainderofthispaperis
organizedasfollows.SignalmodelsandproblemformulationsarebrieflydescribedinSection2.
PerformanceevaluationswithimpactofCQEarederivedinSection3.Simulationresultsaregiven
inSection4andconcludingremarksaregiveninSection5.

2. SIGNAL MOdeLING

ThereisasourcenodedenotedasS,adestinationnodedenotedasDandarelaynodedenotedasR
inthestudiedAFrelaynetwork.Itisassumedthattherelaynetworkoperatesinahalf-duplexmode
accordingtothebi-phasetransmissionprotocol.Inthefirstphase,Stransmitsinformation-bearing
signalstobothRandD.Inthesecondphase,RsendsthesignalreceivedfromStowardDaftersignal
amplification,whileSsendsablankslottoavoidinter-linkinterference.Thecomplex-valuedchannel
weightsoftheS−D,S−RandR−Dlinks,h
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,canbemodeledascomplexGaussian
RVswithzeromeanandvariancesΩ
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,respectively.ThesignalsreceivedatRand

Dinthefirstphasecanbewrittenas:
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