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Abstract:Theusersignalqualityaswellastheperformanceoftransmissionlinkexperiencesseverelossduetowirelesschannel
fadingandpropagationlossinhigh-speedrailwayscenario.Toimprovethequalityatthereceivingend,spatialdiversitywas
realizedbymeansofcooperativecommunicationtechnologybasedontheuncorrelatedcharacteristicsofthechannels.Themodel
ofmobilecommunicationsysteminhigh-speedrailwaywassetup,andacooperativeschemebasedonstatisticswasproposed.
Mathematicalanalysisandsimulationresultsshowthatthequalityofthereceivedsignalandtheperformanceofthe
transmissionlinkaresignificantlyimprovedusingcooperativecommunicationtechnologycomparedtothatinnon-cooperative
communicationmode.
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0 Introduction
 Withtherapiddevelopmentofhigh-speedrailway,
high-speedtrainbringsagreatconveniencetotravel,
butitalsobringsanewchallengetothereliability
andeffectivenessofrailwaywirelesscommunication
system.Lowerdatarate,higherdroprateand
received signal quality variation have become
important problems of high-speed railway
communication[1].Sincecooperativecommunication
technologycan obtain spatialdiversity gain and
improvethetransmissionperformanceofthesystem,
ithasbeenwidelystudied.Thebasicideaisthatina
multi-user communication environment, adjacent
single antenna users share their antennas to
cooperativecommunicationinacertainway,which
meansthattherearesimilarmultipleantennasina
virtual environment[2]. Coordinated multi-point
transmission technology in the public mobile
communication scene (coordinated multi-point
transmission/reception)caneffectivelyimprovethe
communicationquality ofthecelledge user by
sharingtheinformationonuserdataandchannel
stateinapluralityofbasestations[3].Considering
user distribution is not random at high-speed

railway,theuseofdistributedantennasystem was
proposedbyQiu,etal.[4],whereremoteantenna
unitsconnectedtoabasestation weredistributed
along the railway through radio-over-fibre and
adjacent antenna units utilized cooperative
transmissiontoenhancechannelcapacity.Becauseof
the penetration lossthrough train bodyin the
wireless mobile communication environment,the
notionofrelaysystem wasproposedbyYang,et
al.[5]Atwo-hopcommunicationnetworkarchitecture
wasestablishedbydeployingvehicularrelayonthe
topofthetrain,whichcouldeffectivelyavoidthe
penetrationlossthroughthetrainbody,andusers
andbasestationcouldexchangeinformationthrough
vehicularrelays.InRef.[6],Luo,etal.proposed
two schemesfor multi-antennalinearcombining
diversityreceptionandstatisticscombiningdiversity
reception respectively based on differential
modulationanddemodulation modelinhigh-speed
railway mobile communication system,and the
resultsshowthatthesetwoschemescanreducebit
errorrate(BER)level.Butinpracticalapplications,
the complexity and performance should be
comprehensivelyconsidered.However,theauthor
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didnotconsidertheeffectsofpathlossonthe
receivedsignalpowerandtheperformanceofthe
entirescheme.
 Inthisstudy,wefocusonarelaycooperative
schemethatcombinescooperativecommunication
technologyandvehicularrelayantennamodelbased
on statistics for high-speed railway mobile
communicationsystem,andtherelayantennamodel
of high-speed mobile communication system is
describedindetail.ThedownlinkBERperformance
oftheproposedrelaycooperativeschemeisanalyzed,
andthesimulationresultsareverified.

1 Systemmodel
 Thetraditionalmodelofrailwaycommunicationis
thatthesignaltransmitted bythe base station
directlyarrivesattheuserterminal.Becausethe
trainisclosed,thetrainbodycausesserioussignal
penetrationloss,whichmakesthesignalqualityat
thereceivingendworse.Inthispaper,wedeploy
mobilerelaynodes(MRNs)onthetopofthetrain.
Basebandunit(BBU)andremoteradiounit(RRU)
areconnectedwithopticalfibre.TheRRUandthe
userterminalusedirectlink.RRUand MRNuse
backhaullink.MRNanduserterminaluseaccess
link.BackhaullinkmodelobeysRicefadinginthe
high-speedrailwayenvironment.Accesslinkand
directlinkmodelsobeyRayleighfading.Thenoiseis
additive white Gauss noise[7]. Accesslink and
backhaullink adopt time division multiplexing
(TDM).

Fig.1 Relayantennamodelforhigh-speedrailwaymobile
communicationsystem

 Duetotherapidtime-varyingcharacteristicsof
channelfadingandthepenetrationlossthroughthe
train body of high-speed railway mobile
communication,thedirectlinksignalofthereceiving
end becomes worse, and the cooperative
communicationtechnologybetweenMRNsisadopted
toimprove the quality ofthe received signal.
Cooperativetransmission processis as follows:
firstly,basestationtransmitsBBUmodulationsignal
toRRUthroughtheopticalfibre,andthenRRU
sendsthe modulatedsignalthroughthe wireless
channeltotheuserterminaland MRN.Afteran
independenttime slot,the MRN transmitsthe
receivedRRUsignaltotheuserterminalincertain
modulationmodeanddemodulationmode.Finally,
thecopiesoforiginalsignalsfromRRUandMRNare
dealt with togatherandthusthe userterminal
receivestheminamaximumratioway.
 Attherelaytransmissionstage,MRNtransmits
andreceivesinformationbyusingDFprotocoland
TDM.Thefirstphase MRN and userterminal
signalsare

ysr=pshsrx+nsr, (1)

ysd =pshsdx+nsd, (2)

wherehsrandhsddenotethechannelgainsofbackhaul
link and directlink,respectively;ps is RRU
transmissionpower;nsrandnsdarethebackground
noisesofbackhaullinkanddirectlink,respectively,
withmeanvalueof0andvarianceofσ2;andx
representsthesignalmodulationofbasestation.
 Atthesecondstage,theuserterminalsignal
receivedfromMRNisexpressedas

yrd =prhrdxr+nrd, (3)

wherehrdandnrdrepresentthechannelgainandthe
noiseofaccesslink,respectively;pristhesending
powerofMRN;xrrepresentsthere-encodingdataof
MRN,whichhasdecodedinformationfromRRU.It
isassumedthatdirectaccesslinkandbackhaullink
havethesamenoisepowerspectraldensity.

2 Cooperativescheme
2.1 Analysisofkeyparameters

 First we need to determine the distance of
deploying MRNs.Becausethe distance between
MRNsisdifferent,accordinglythepathlossisalso
different.Inaddition,thelengthoftrainisfixed,
thereforethetotalnumberofdeployedMRNscanbe
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determinedaccordingtothedistancebetweenMRNs.
Thesefactorswillaffectthecooperativeperformance
ofthesystem.Thepathlossofhigh-speedrailway
mobilecommunicationsystemiscalculatedby[8]

PL =40lnd+10.5-18.5lnhms+

1.5lnfc5-18.5lnhBS, (4)

wheredisthedistancebetweenthetransmitterand
thereceiver;hmsandhBSdenotetheheightsofrelay
antennaandbasestation,respectively;andfcisthe
systemfrequency.
 TherelationshipbetweenthedistanceandtheBER
ofthe MRNisshownin Fig.2.Thesimulation
environmentrecognizesthebasestationperpendicular
tothetraintrackasastartingpoint.Increasingthe
distancebetweenthe MRNscan makethe BER
highergradually.Thisisbecausethelongerthe
distance,the greater the path loss, which is
consistent with the theory. The least distance
between MRNscanensurethatthechannelsare
independentofeachother,whichisrequiredthatthe
distancebetweenrelayantennasmustbegreaterthan
0.8timescarrierwavelength[9].

Fig.2 RelationshipbetweendistanceandBERofMRN

 DuetotheintroductionofMRNs,bothbackhaul
linkunderRicefadingchannelandaccesslinkunder
Rayleighfadingchannelarise.Inordertoimprove
thesignalqualityfrom thebasestationtouser
terminals,weneedtocleartheimpactofbackhaul
linkandaccesslinkontwo-hoplinkrespectively.
 Fig.3showstherelationshipbetweenkfactorand
BERofRicefadingchannelwithoneMRNwhenits
signal-to-noiseratio (SNR)is10 dB and5 dB
respectively.SinceSNRisaconstant,increasingthe
valueofkfactorwillleadtohigherBER.Whenthe
valueofkfactorisfixed,thehighertheSNR,the
lowertheBER.Whenthevalueofkfactoriszero,
RicefadingchanneldegeneratestoRayleighchannel.

Inotherwords,thevalueofkfactoriszero,which
representstheRayleighfading;thevalueofkfactor
isnotzero,which meansthechannelobeysRice
fading.It can be seen from Fig.3 that the
performanceofbackhaullinkispoorthanthatof
accesslink.Thisisbecausethegreaterthevalueofk
factor,thelesstheenergyscatteringcomponent.As
aresult,theselectionofcooperativerelayisbasedon
theparametersofbackhaullinkofMRN.

Fig.3 RelationshipbetweenkfactorandBER

2.2 Cooperativerelayselectionbasedonstatistics

 WiththenumberofMRNsincreasing,thechannel
environmenthasbecomemoreandmorecomplicated
andthe channelconditions dynamically change.
Signalingcontrolalsobecomesmorecomplexwhen
thenumberofMRNsselectedbasedonaparticular
algorithmislarger.Thereforethecooperativerelay
selectionalgorithmmustbeefficient.Inthispaper,a
relayselectionschemeisproposedaccordingtothe
principleofstatistics.Regardingthetrainofall
MRNsasasetofantennapool,eachMRNmeasures
thechannelconditionofbackhaullinkandreportsit
tothebasestationrespectively.Thebasestation
ordersthevaluesofchannelconditionsofallMRNs
fromlargetosmallandthengeneratesstatistical
matrixas

G=
a11 … 0
︙ ︙
0 … ann















 .

 ThediagonalelementsofGarethevaluesofMRN
channelconditions.Next,wedefineachoicematrix

C=
am … 0
︙ ︙
0 … 0
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whereCconsistsofm-dimensionalunitmatrixand
zeromatrices.ThenumberofcooperativeMRNsis
m.ThusthechosencooperativeMRNisrepresented
by

y=GC. (5)

3 Performanceanalysis

 Thesimulationexperimentisconductedbasedon
theparameterslistedinTable1.

Table1 Simulationparameters

Carrierfrequency(GHZ) 2

Channelmodel WINNERⅡ
Modulation 2PSK

High-speedrailscene Viaductmodel
Basestationheight(m) 32

MRNantennaheight(m) 1.5
Basestationtransmitpower(dBm) 46

Trainlength(m) 400
Verticaldistancebetweenbasestation

andrailway(m)
50

Bandwidth(MHz) 20
MRNdistance(m) 20

 Thesignalsreceivedbytheuserterminalincludea
directlinksignalandapluralityoforiginalsignals
sentbythecooperativeMRNs.TheSNRoutputat
themaximumratiocanbeexpressedas

γ=γsd+∑
n

i=1

γsriγrid
γsri +γrid+1

, (6)

whereγisSNR;γsd,γsr =∑
n

i=1
γsriandγrd =∑

n

i=1
γrid

indicatetheSNRofdirectlink,theSNRratioof
backhaul link and the SNR of access link,
respectively.
 Assumingthathsd andhrd submitto Rayleigh
distribution,andhsrsubmitstoRicedistribution;Pi

isthetransmissionpowerofnodei;E(P/γ)isa
functionofinstantaneousSNR,whichcanbewritten
as

E(P/γ)=Q γrd+∑
n

i=1

γsriγrid
γsri +γrid+1  , (7)

where Q (·)represents standard Gauss error
function.
 TheBERformulaobtainedbytrialintegrationis
expressedas

E(P)=∫
∞

0
E(P/γ)fγ(γ)dγ, (8)

wherefγ(γ)istheprobabilitydensityfunctionfor

theSNRofoutput.E(P/γ)canberepresentedby

E(P/γ)= 1π∫
π
2

0
exp - γ

sin2θ  dθ. (9)

 Theconditionisthatthemodulationmodeis2PSK
andtheintegralformofthestandardGausserror
functionisused.SubstitutingEq.(9)intoEq.(8),it
canbeobtainedas

E(P)= 1π∫
∞

0∫
π
2

0
fγ(γ)exp - γ

sin2θ  dγdθ.(10)

 Theprobabilitydensityfunctionofthedirectlink
whichobeysRayleighdistributionis

fγ(γ)= 1
γsd
exp γ

γsd  . (11)

 Theprobabilitydensityfunctionoftheaccesslink
subjecttoRayleighdistributionis

fγ(γ)= 1
γrd
exp -γ

γrd  . (12)

 Theprobabilitydensityfunctionofthebackhaul
linkwhichobeysRicedistributionis[11]

fγ(γ)=
k+1
γsr
exp -k+1

γsr
γ-k  I0 4k(k+1)γ

γsr  ,(13)
whereI0(·)representsthefirstkindzero-order
modifiedBesselfunction,andkisRicefactor.For
theaccesslinkandthedirectlink,becausethe
channelissubjecttoRayleighfading,theBERis

P =∫
∞

0
exp - γ

sin2θ  fγ(γ)dr= sin2θ
sin2θ+γ.(14)

 Forthebackhaullinkofbasestationtorelay
antenna,whosechannelobeysRiceFading,theBER
isobtained by variablesubstitution andintegral
methodoffirst-orderMafunctionas

P =∫
∞

0
exp γ

sin2θ  fγ(γ)dγ=

∫
∞

0

k+1
γsr
exp

(k+1)
γsr

γ-k γ
sin2θ  ×

I0 4k(k+1)γ
γsr  dγ=

(k+1)sin2θ
(k+1)sin2θ+γsr

.(15)

 Therefore,theBERoftheuserterminalreceivedis

E(P)= 1π∫
π
2

0∏
n

i=0

(1+φ(i,θ))-1dθ, (16)

whereφ(i,θ)canbeexpressedas

φ(i,θ)=

γsd
sin2θ i=0,

γv

(k+1)sin2θ
otherwise,
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whereγvisexpressedasγv=
γsriγrid

γsri+γrid
.

 TherelationshipbetweentheSNRandBERof
backhaullinkisshowninFig.4,whosesimulation
environmentincludesrepeaterstation,vehiclerelay
modeandcooperationschemeproposedinthispaper.
ItcanbeseenfromFig.4thattheBERofthetwo
hoplink gradually decreases whenthe SNR of
backhaullinkincreases.WhentheSNRofbackhaul
linkislessthan6dB,theperformancebasedon
cooperativeschemeinthispaperisworsethanthat
basedonrepeaterstationandvehiclerelay mode.
ThetotalpowerisassignedtothecooperativeMRN
intheprocessofcooperation.Theperformanceofthe
wholelinkis worsethanthatbasedonrepeater
stationandvehiclerelay mode whenthechannel
conditionsofbackhaullinkwithcooperativeMRNs
arepoor.WhenSNRisgreaterthan6dB,itcanbe
seenthattheperformancebasedoncooperativemode
isbetterthanthatbasedrepeaterstationandvehicle
relay mode. Meanwhile, with the increase of
cooperativenumber,theperformanceofBERismuch
better.

Fig.4 BERcurvesofcooperationandnocooperation

4 Conclusion
 Thequalityofthesignalreceivedbytheuser
terminalisvariablein high-speedrailway mobile
communicationsystemduetopathlossandcomplex
channelenvironment.Inordertoimprovethesignal
qualityofuserterminal,thispaperusescooperative
communication technology between MRNs. The
selectionofcooperativeMRNsisbasedonstatistical
principle.Thesimulationresultsshowthatwhen
Ricefadingchanneland Rayleighfadingchannel
coexist,Ricefadingchannelhasagreaterimpacton
the BER oftwo-hoplink than Rayleigh fading
channel.Thecooperative MRN schemebasedon

statistialprinciplecansignificantlyimprovethesignal
qualityoftheterminalcomparedwiththerepeater
modeandthevehiclerelaymodewhenthebackhaul
link channelconditionis better.The morethe
numberofcooperativeMRNs,thebettertheBER
performance.
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高铁场景下基于中继天线的协作通信技术研究

雷锡骞,蒋占军,冯 婧,何杰文
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摘 要: 高速铁路环境下无线信道衰落和传输损耗会使用户接收端信号质量变差,传输链路性能急剧下

降。为了提高接收端的信号质量,采用协作技术利用信道的非相关性以实现空间分集 搭建了高速铁路移动

通信系统模型,提出了一种基于统计的中继协作方案。理论推导和仿真结果表明,与无中继协作方式相比,

采用协作方案使接收端信号质量得到了显著的提升,改善了传输链路性能。

关键词: 高铁;信道衰落;传输损耗;协作通信技术;空间分集
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