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요 약

무선통신에서 페이딩은 피할 수 없는 문제이다.그러므로 전송신호에 있어서는 BER형태의 오류개념이 도입된다.다른 페

이딩 채널들 상에서 이러한 오류들의 동작을 인식하는 것이 필요하다.CoherentMPSK의 평균 BER에 대한 수학적인 해법을

얻기 위해서 몇 가지 기법들을 제안한다.본 논문에서,느리고 평탄한 라이시안 페이딩 채널 상에 diversity의 영향도 또한 분

석되어진다.여기서,변조 지표 값 M은 변화하고 이 변화의 효과들 또한 묘사되어진다.다양한 diversity값과 페이딩 파라미

터에 따른 성능 곡선들은 믿을 수 있는 통신 시스템을 위하여 무선 채널을 설계하고 평가하는데 유용하다.

Abstract

Inwirelesscommunicationsystem,fadingisanunavoidableproblem.Hence,errorsinform ofBERareintroducedwith

thetransmittedsignal.Itisnecessarytorecognizethebehavioroftheseerrorsindifferentfadingchannels.Toobtainthe

mathematicalsolutionfortheaveragebiterrorrate(BER)ofcoherentMPSK,sometechniquesarepresented.Inthispaper,

theimpactofdiversityisalsoanalyzedoverslow andflatRicianfadingchannel.Inhere,thevalueofmodulationindex,

M isvariedandtheeffectsofitsvariationarealsodepicted.So,theseperformancecurveswithdifferentdiversityvalues

andfadingparameterareusefultodesignandevaluatetheradiochannelforfaithfulcommunicationsystem.

Keywords:BitErrorRate,M-PSK,Rician,FadingChannel,Diversity,PDF

Ⅰ. Introduction

Thebehaviorofwirelesschannelistime-variant.

Soitisnecessarytoknow theapproximatechannel

statusoractivitiesforagoodcommunicationsystem.

Thequalityofreceptionisdegradedduetotheeffect

ofmultipathfadingandfluctuatingthesignalatthe

receiverend.Thefadingstatisticsofdifferentradio
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channelsarewidelyinvestigatedandchannelmodels

aredevelopedtocharacterizethebehaviorofsuch

channels.

For GSM 800/900 MHz radio channel,some

experimentsshow thatatany fixedterminal,the

temporalenvelopefading isbestfitby aRician

distributionwiththeRicianparameterk,i.e.,the

specular to scatterratiowhichvariesbetween6to

12 dB
[1]
. In [1], a slow, flat, Rician fading

performance analysis for differentialphase shift

keying(DPSK)transmissionisdeveloped.In[2],the

errorprobabilityformultiphasesignalingisderived
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overaslow,frequency-nonselective,Rayleighfading

channel.In[3],theperformanceofbinarycoherent

andnon-coherentmultireceiverforM equal-energy

equiprobableorthogonalwaveformsisdemonstrated

overRicianfadingchannel.Theresultdoesn’textend

totheM-arycaseforcoherentreception.Inaddition,

Robertsin[4]derivedanexpressionforthebiterror 

probability(BER)ofnoncoherentDPSK forRician

fadingchannel,buthedidn’textendthisworkupto

theM-arycase.Forthisreason,itisappreciable

work to establish a generalform oferrorrate

equation forPSK modulation overRician fading

channel.

In this paper,a closed-form solution ofPSK

performanceinaRicianfadingchannelispresented

anditincludesAWGNandRayleighfadingasspecial

cases.Thismethodisappliedtobothacoherent

multiplephaseshiftkeying(MPSK)system anda

multiple differentialphase shiftkeying (MDPSK)

system.Infirstcaseslow andflatRicianfadingis

assumed here.In this fading environment,the

durationofasymbolwaveform issufficientlyshort

sothatthefadingvariationscausenegligiblelossof

coherencewithineachreceivedsymbol.Atthesame

time,theindividualwaveform is assumed to be

sufficiently narrow-band (sufficiently long in

duration)sothatfrequencyselectivityisnegligiblein

thefadingofitsspectralcomponents.Asaresult,the

receivercanbedesignedandanalyzedonthebasisof

optimalprocessingofthereceivedwaveform,e.g.,by

amatchedfilterorotherappropriatesubstituteinthe

samemannerusedinthenonfadingcase.

Inthispaper,thetheoreticalperformanceanalysis

startswiththeprobabilityoferrorforanonfading

channel.Then,thisprobabilityoferrorisaveraged

overtheadditionaleffectsoffading.Finally,theerror

rateperformanceisexpressedasafunctionofthe

mean signal-to-noiseratio(SNR)and thefading

factor.

In this paper,the probability density function

(PDF)approachforcalculatingerrorratesofdifferent

modulationschemesoverfadingchannelisdiscussed.

Intheanalysisoflinearcombining,thestatisticsof

the instantaneous SNR after combining are

determinedasafunctionofthefadingparameterk,

themeaninstantaneousSNR,andtheorderNofthe

diversityfortheidenticalcommunicationlink.Thus

in thePDF approach,the errorprobability is a

functionofkorNofthesystem andthiserrorrate

can be calculated by averaging the conditional

probabilityoferroroverthe PDFof,[5],i.e.

 


∞

  (1)

where    denotes the symbolorbiterror

probability ofan additive white Gaussian noise

(AWGN) channeland   correspondstothe

PDFofcombineroutputSNR inaspecified fading

environment.

Ⅱ. BER Derivation of M-PSK for Single and 

Multiple Rician Fading Channel

It is shown that a simple formula for the

probabilityofsymbolerrorforcoherentMPSK is

obtainablefrom thedegeneratecaseofthestatistics

ofthephaseanglebetweentwovectorsperturbedby

Gaussiannoise
[7]
.Anapplicationofthismethodyields

theprobabilityofsymbolerror forcoherentMPSK

asfollows
[7]
:

  


 






 


  
 

 

(2)

Itisknown thatphase-coherentcommunication

performsbettercomparedtonon-coherentmodeof

transmission.However,infadingenvironmentsignals

areinterferedwitheachotheri.e.,therearesome

constructiveanddestructiveinterferencesandasa

resultdeepfadesareformed.Forthisreasonitis

verydifficultforperfectsynchronizationinreceiving

end.But,stillin phase shiftkeying modulation

technique, reliable phase information should be
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necessaryanditisdonebyaddingthepilottone

withtransmission.Thus,itisobviouslyrequiredto

evaluatetheperformanceofcoherentM-PSKovera

fadingchannel.

Now theprobabilitydensityfunctionoftheRician

envelopeisgivenby[5～6].

 
















×






(3)

where

k=Ricianparameter=




 

 

 =AveragepoweroftheRicianenvelope

=  

 =Bessel'sfunctionoftheorderofN-1

N=Numberofchannelsatthereceiver

Now thisdensityfunctionistransformedtoan

expression where random variable is the

instantaneoussignaltonoiseratio, 




instead

ofthesignalamplitude.







∴



 






Therefore,placingthevaluesof andzinto(3),

wecan derivetheprobability density functionof

instantaneoussignaltonoiseratiooverRicianfading

channelwhichis,

 



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
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 


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






Puttingthevaluesof   and  into(1)

wefindthat,theprobabilityofbiterrorforMPSK

andtheequationisgivenbelow,
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(4)

Againwecanwriteanintegralrelationshipfrom [8]

anditisshownbelow




∞
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Thereforeusingtherelationin(5)wefind
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(6)

SubstitutingN =1inequation(6),wefindthebit

errorprobabilityofMPSK oversingleRicianfading

channel.SubstitutionofM =2in(6)yieldsthe

probabilityofbiterrorforBPSKovermultipleRician

fadingchannel.ForM =2andN=1,equation(6)

representsprobabilityofbiterrorforBPSK over

singleRicianfadingchannel.

Ⅲ. Simulation Results 

Using(6)wefindthefiguresfrom 1to10for

MPSK modulation technique with and without

diversity.HeretheBER ofBPSK modulationover
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slow,flat,i.i.d.fadingchannelsforvariousvaluesof

K andN areillustratedinFig.1-3.Ifweincrease

thediversitythentheeffectoffadingisgradually

decreased.ItisshowninFig.1thatthecurvefor

AWGN channelshowsbetterresponsecomparedto

others.On the contrary Rayleigh fading channel

showsworseresponsecurve.

InFig.1,itshowsthatanyfadingchannelis

worsethannon-fadingAWGNchannel.Ricianfading

channelliesbetweenRayleighandAWGN channel.

WhenRicianparameterkincreasesfrom0toinfinity,

itcomesfromRayleightoAWGNchannel.InFig.2,

Fig. 1. AWGN,랠리 및 라이시안 채널 상에서 N=1

(다이버시티 존재)인 BPSK경우의 BER

Fig. 1. BERofBPSKforN=1(withoutdiversity)over

AWGN,RalyeighandRicianchannel.

Fig. 2. AWGN,랠리 및 라이시안 채널 상에서 N=2,

12(다이버시티 미존재)인 BPSK경우의 BER

Fig. 2. BERofBPSKforN=2,12(withdiversity)over

AWGN,RalyeighandRicianchannel.

itis shown thatthe valueofBER is zero at

approximately40dBSNRforthechannelsthoseare

closetoRayleigh fading.

Increasing the diversity shows a better

performance.Forlowervaluesofk, Ricianchannel

actslikeRayleighchannel.InfromFig.2toFig.3,it

isshown thatthediversity N hasnoeffecton

AWGN channel.ForahighdiversityN =12,the

fadingchannelcurvesarevicinitytoAWGN and

showsalmostthesameperformance.ForN=infinite,

thereisnofadingeffect(RayleighandRicianfading

channel)aslikeAWGN.

ForaparticularBER,Rayleighchannelrequires

moresignaltonoiseratiothananyotherchannel.

ButinRicianchannel,italsodependsonk.Ask

increasesitgivesbetterperformance.So,inFig.3,it

isshown that,foraparticularBER,fork = 6

(Rician)withoutdiversityactsaslikeasfork=0

(Rayleigh)withdiversityN=2.Similarlyfork=12

inRicianwithoutdiversityactsabetterperformance

than k= 0(Rayleigh)andk = 6(Rician)with

diversityN=2.

Now the response for QPSK modulation are

depictedwithvaryingthedifferentvaluesofN.In

wireless communication system,diversity and bit

Fig. 3. AWGN,랠리 및 라이시안 채널 상에서 N=2,

12(다이버시티 존재 및 미존재)인 BPSK경우

의 BER

Fig. 3. BERofBPSKforN=2,12(withandwithout

diversity)over AWGN,Ralyeigh and Rician

channel.
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errorrateareverymuchrelatedtoeachother.Space

diversityisimportanttoreducethefadingeffect.

TheBER performanceofQPSK modulationover

slow,flat,i.i.d.fadingchannelsforvariousvaluesof

kandNareillustratedinFig.4,Fig.5andFig.6.In

thesefigures,theeffectsofM andNaresimilaras

previousdescribedframes.From thesefigures,itcan

besaidthatinpracticaldesignconsideration,the

effectoffading on channelcan notberemoved

absolutely.Sobyincreasingthenumberofantennas,

the fading effect is removed significantly.But

comparingthesethreefigureswithpreviousfigures,

Fig. 4. AWGN,랠리 및 라이시안 채널 상에서 N=1

(다이버시티 미존재)인 QPSK경우의 BER

Fig. 4. BERofQPSKforN=1(withoutdiversity)over

AWGN,RalyeighandRicianchannel.

Fig. 5. AWGN,랠리 및 라이시안 채널 상에서 N=2,

12(다이버시티 존재)인 QPSK경우의 BER

Fig. 5. BER ofQPSK forN =2,12(withdiversity)

overAWGN,RalyeighandRicianchannel.

BER performanceofBPSK issuperiortothatof

QPSK.ItmeansBPSK needslessSNRthanQPSK

atafixedbiterrorprobability.

From Fig.7,itisshownthat,inAWGNchannel,

itactsthesameperformanceeitherforN=1,=2or

=12forafixedmodulationindexM.Iftheindex,M

isincreased,theperformancedegrades.Itindicates

thatincreasingthetransmittingbitsneedsahigh

valueofSNRforaparticularvalueofbiterrorrate.

IfM isincreased,itismorevulnerabletonoise.

InFig.8-10,itcanbeshownthat,increasingthe

Fig. 6. AWGN,랠리 및 라이시안 채널 상에서 N=1,

2,12(다이버시티 존재 및 미존재)인 QPSK경

우의 BER

Fig. 6. BER ofQPSK forN =1,2,12(withand

withoutdiversity)overAWGN,Ralyeigh and

Ricianchannel.

Fig. 7. N=1,2,12인 AWGN에서 MPSK(M =4,16,

64)경우의 BER

Fig. 7. BERforMPSK(M=4,16,64)inAWGNforN

=1,2,12.
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Fig. 8. N=1,2,12인 랠리에서 MPSK(M=4,16,64)

경우의 BER

Fig. 8. BERforMPSK(M =4,16,64)inRayleighfor

N=1,2,12.

Fig. 9. N=1,2,12인 라이시안에서 MPSK(M=4,16,

64)경우의 BER

Fig. 9. BERforMPSK(M=4,16,64)inRacianforN

=1,2,12.

diversityN,increasesthesystem performancefora

particularvalueofM infadingchannellikeRayleigh

orRician.ForafixedN,theMPSK(M =4,16,64)

behavesalwaysthesame.Moreover,comparingthese

threecurves,itisfoundthat,Rayleighfadingisthe

worstchannel.ForafixedM,itisfoundthat,higher

diversity(inhere,N=12)performanceisveryclose

toAWGN(N=Infinitydiversity).

Again,inRicianchannelforafixedM thesystem

performance is also dependent on k (Rician

parameter)foralowerdiversityorwithoutdiversity.

Askincreases,thefadingcharacteristicdecreasesfor

Fig. 10.N=1,2,12인 라이시안(K=12)에서 MPSK(M

=4,16,64)경우의 BER

Fig. 10.BERforMPSK(M =4,16,64)inRacian(K=

12)forN=1,2,12.

afixedvalueofdiversityNandmodulationindexM.

Or,asdiversityNincreasesforafixedM andkthe

fadingbehavioralsodecreases.

Ⅳ. Conclusions 

In thispaper,weobtained simpleclosed form

expressionofbiterrorrate(BER)todeterminethe

performance of M-PSK modulation technique

transmitted overslow,flat,identically independently

distributed i.i.d fading channels by using space

diversity.Therearetwofadingchannelsconsidered

asRayleighandRician.Inhere,wetriedtomakea

relationship between modulation index M and

diversityorderN,andfadingparameter(kforRician).

Obviously,differentcurvesofBERversusSNRare

plottedbyvaryingtheaboveparameters.According

totheabovediscussionthefollowingpointsshould

benoted.

- Ask increases,thefading effectreducesand

reducing fading effect decreases the bit error

probabilityinMPSK modulationschemeoverslow,

flatfadingchannel.

-Rayleighfadingchannelshowsworstperformance

comparativelywithotherfadingchannelsonMPSK

performance.

-DiversityNhasnoeffectonAWGNchannel.
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-Fadingeffectreduceswhendatarateormodulation

indexofPSKdecreases.

-BPSKshowsbetterBERperformancethanQPSK

overfadingchannels.

-4-PSKhasbetterperformancethan16or64PSK

overfadingchannels.

The work ofthis papercan be extended by

analyzing the response under other fading

characteristic like Nakagami-m and non identical

channel.
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