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Cognitiveamplify-and-forwarddual-hoprelaynetworks
overα-μfadingchannels①
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Abstract:Thispaperprovidesananalyticperformanceevaluationofdual-hopcognitiveamplify-and-forward(AF)relaying
networksoverindependentnonidenticallydistributed(i.n.i.d.)fadingchannels.Twodifferenttransmitpowerconstraint
strategiesatthesecondarynetworkareproposedtoinvestigatetheperformanceofthesecondarynetwork.Inthecaseof
combinedpowerconstraint,themaximumtolerableinterferencepowerontheprimarynetworkandthemaximumtransmit
poweratthesecondarynetworkareconsidered.Closed-formlowerboundanditsasymptoticexpressionfortheoutage
probability(OP)areachieved.Utilizingtheaboveresults,averagesymbolerrorprobability(ABEP)athighsignal-to-noise
ratios(SNRs)arealsoderived.Inordertofurtherstudytheperformanceofdual-hopcognitiveAFrelayingnetworks,the
Closed-formlowerboundsandasymptoticexpressionsforOPwithsinglepowerconstraintofthetolerableinterferenceonthe
primarynetworkisalsoobtained.Bothanalyticalandsimulationareemployedtovalidatetheaccuracyofthetheoretical
analysis.Theresultsshowthatthesecondarynetworkobtainsabetterperformancewhenhigherpowerconstraintisemployed.
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0 Introduction
 Cognitiveradio(CR)isapromisingparadigmthat
canimprovespectralefficiency.InCRnetworks,the
secondaryusers(unlicensedorcognitiveusers)are
allowedtosharethespectrumofprimaryusersifthe
interference on the primary users is below a
predefinedinterferencethreshold.Recently,relay
technologiesareintroducedinto CR networksto
improvethetotalthroughputandcoverageareaof
networks.Numerousrelayingprotocolshavebeen
incorporatedintocognitivenetworks,e.g.,amplify-
and-forward (AF)anddecode-and-forward (DF).
FortheDFcognitiverelaynetworks(CRNs)[1],the
outageprobabilityofCRNsoverRaleighfadingwas
evaluated,whereinterferenceconstraintonprimary
usersand maximum allowabletransmissionpower
constraintsofsecondaryusersareconsidered.In
Ref.[2], an exact outage probability (OP)
expressionofDFCRNsoverNakagami-mfadingwas
derived.InRef.[3],theauthorsderivedtheexact
expressionfortheoutageprobabilityofadual-hop
DF CRNsover Rayleighfading withinterference

fromprimaryusers.A DFrelaybasedspectrum-
sharingnetwork withinterferenceconstraintsover
generalα-μfadingchannelwasstudiedbyArzykulov,
etal.[4].Recently,becauseofitssimplicity,AF
relaying protocols have attracted researchers’
interest.Duong,etal.investigated the outage
performanceforAFcognitiverelaynetworksover
Rayleighfadingchannelsandgavethetightlower
boundsandasymptoticexpressionsofOPfortheAF
CRNs over Nakagami-m fading channels[5-6].
Sharma,etal.ConsideredtheAFCRNswithdirect
linkandgaveanapproximateoutageprobabilityfor
therelayselection[7].Yang,etal.gaveathorough
performanceanalysisofadual-hopAFbasedCRNs
overindependentnonidenticallydistributed(i.n.i.d)

η-μfadingchannels
[8].

 In alltheaforementioned studies,small-scale
fadingismodeledbytheRayleigh [1,3,5]orthe
Nakagami-m[2,6,7]fadingdistributions.Although
these modelsareuseful,theyhavelimitationsto
accuratelyfitallexisting wirelessenvironment[9].
Additionally,theadequacyoftheNakagami-mand
theRayleighdistributionshasbeenquestioned[10].
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Motivatedbythis,Weanalyzetheperformanceofa
dual-hopcognitive AFrelayingnetworkoverα-μ
fadingchannelsunderinterferencepowerconstraint,
whereprimaryuserscoexistwithsecondaryones.

1 Systemmodel
 A dual-hopcognitive AF relaying networkis
consideredasshowninFig.1,whichincludesone
secondaryuser(SU)source(S),oneAFSUrelay
(R),oneSdestination(D),andoneprimaryuser
(PU)destination(P).

Fig.1 Modelforadual-hopAFcognitiverelaynetwork

 WeassumethatSUnodesarefarawayfromthe
PU source,thusthey do notimpose any real
interference,andallnodesareequippedwithasingle
antenna and operatein half-duplex mode. The
transmissionfromStoDisdividedintotwoframes.
Inthefirstframe,StransmitsinformationtoRwith
transmissionpowerPS,then,therelay node R
amplifiesthe messageandforwardsitto D with
transmissionpowerPR.ToensurethattheSUsand
PUcancoexist,thetransmissionpowersatSandR
arelimited,sothatSandRareallowedtotransmit
uptothe maximum powerP.Furthermore,the
interferenceimpingedonthePU receiverremains
belowthemaximumtolerableinterferencepowerQ.
Therefore,thetransmissionpowersatSandRcan

bemathematicallywrittenasPS=min Q
|h1|2

,P  and
PR=min Q

|h2|2
,P  ,whereh1andh2representthe

channelcoefficientsoftheinterferencelinksS→ P
andR→P,respectively.
 Considering these two transmission power
constraints,the exact end-to-end instantaneous
signal-to-noiseratio(SNR)atDisgivenby[5]

γD = γ1γ2
γ1+γ2+1

, (1)

γ1 =min
γQ

|h1|2
,γP  |g1|2,

γ2 =min
γQ

|h2|2
,γP  |g2|2, (2)

whereγQ = Q
N0
,γP = P

N0
,and N0isthenoise

variance.

 AnothersituationisthatwhenSandRarenot
power-limited terminals,the transmission power
constraintonlyconsidersthePUtoleratelevel.In

thiscase,PS= Q
|h1|2andPR= Q

|h2|2
,nowtheend-

to-endinstantaneousSNRatDcanberewrittenas

γ*
D = γ3γ4

γ3+γ4+1
, (3)

γ3 =
γQ|g1|2

|h1|2
,

γ4 =
γQ|g2|2

|h2|2
. (4)

 Herein,weassumethatallchannelcoefficients
undergoi.n.i.d.α-μfading.Asaresult,h1,h2,g1
andg2 areα-μ distributed with fading severity
parametersαh1

,αh2
,αg1

,αg2andμh1
,μh2

,μg1
,μg2

,
respectively.Thus,theprobabilitydensityfunction
(PDF)andcumulativedistributionfunction(CDF)
ofX,forX∈{|h1|2,|h2|2,|g1|2,|g2|2},canbe
expressedrespectivelyas

fX(x)=αμμx
αμ
2-1

2̂rαμΓ(μ)
exp -μx

α
2

r̂α  , (5)

FX(x)=
γμ,μ

x
α
2

r̂α  
Γ(μ)

, (6)

whereΓ(·)andγ(·,·)representtheGamma
functioninRef.[11,Eq.(8.310.1)]andthelower
incomplete Gamma function in Ref.[11, Eq.
(8.350.2)],respectively;α∈{αh1

,αh2
,αg1
,αg2
};μ∈

{μh1
,μh2
,μg1
,μg2
};and̂r∈{̂rh1

,̂rh2
,̂rg1
,̂rg2
}.

2 Performanceanalysisanddiscussion
2.1 Combinedpowerconstraints:tolerable

interferencepoweratPUandmaximum
transmissionpoweratSUs

2.1.1 LowerboundexpressionforOP
 The OPisdefinedastheprobabilitythatthe
instantaneous SNR at D is below a predefined
thresholdγth,i.e.,Pout=P(γD≤γth),whereγDin
Eq.(1)canbetightlyupperboundedbyγD≤γup=
min(γ1,γ2).Therefore,wegetthelowerboundsof
OP,Pout≥FγUP

(γth)=1- (1-Fγ1
(γth))(1-

Fγ2
(γth)). According to Eq.(2), since the

derivationsoftheCDFsofγ1andγ2aresimilar,one
canobtainoneCDFfromtheotherbyreplacingthe
correspondingparameters.TheCDFofγ1isgivenas
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Fγ1
(γ)=P min

γQ

|h1|2
,γP  |g1|2 ≤γ  =

P |g1|2 ≤ γ
γP
,
γQ

|h1|2 ≥
γP  +

P |g1|2

|h1|2 ≤
γ
γP
,
γQ

|h1|2 ≤
γP  . (7)

 ThefirsttermofEq.(7)canberewrittenas

I1 =P |g1|2 ≤ γ
γP
,
γQ

|h1|2 ≥
γP  =

F|g1|
2

γ
γP  F|h1|

2
γQ
γP  , (8)

whereF|g1|2(·)andF|h1|2(·)canbeobtainedfrom
Eq.(6),thenI1canbeexpressedas

I1 =
ψ1γμg1

,μg1

r̂αg1g1

γ
γP  

αg1
2  

Γ(μg1
) , (9)

whereψ1=γμh1
,μh1

γQ
γP  

αh1
2

r̂αh1h1  Γ(μh1
).

 ThesecondtermofEq.(7)canberewrittenas

I2 =∫
∞
γQ
γP

f|h1|
2(y)∫

γy
γP

0
f|g1|

2(x)dxdy=

∫
∞
γQ
γP

f|h1|
2(y)F|g1|

2
γy
γQ  dy. (10)

 UsingpowerseriesrepresentationinRef.[11,
Eq.(8.354.1)]instead ofthelowerincomplete
Gammafunction,Eq.(10)canberewrittenas

I2 =φ1 ∑
∞

n=0

(-1)nμμg1+ng1 γ
αg1

(μg1
+n)

2

γ
αg1

(μg1
+n)

2Q r̂αg1
(μg1

+n)
g1 Γ(n+1)(μg1 +n)

×






∫
∞
γQ
γP

y
αh1

μh1
2 +

αg1
(μg1

+n)

2 -1exp -μh1y
αg1
2

r̂αg1h1
  dy


 , (11)

whereφ1=
αh1μμh1h1

2Γ(μg1
)Γ(μh1

)̂rαh1μh1h1
.Withthehelpof

Ref.[11,Eq.(3.351.2)],I2canbeobtainedas

I2 =φ1 ∑
∞

n=0

(-1)nμμg1+ng1 γ
αg1

(μg1
+n)

2

γ
αg1

(μg1
+n)

2Q r̂αg1
(μg1

+n)
g1

×






Γ μh1 +
αg1
(μg1 +n)
αh1

+1,μ
h1

r̂αh1h1

γQ
γP  

αh1
2  

Γ(n+1)(μg1 +n)μh1

r̂αh1h1
  μh1

+
αg1

(μg1
+n)

αh1
+1











.(12)

 SubstitutingtheexpressionsofI1 andI2into
Eq.(7),theclosedformofFγ1

(γ)canbederivedas

Fγ1
(γ)=I1+I2. (13)

 The CDF ofγ2 can be directly achieved by
substitutingthe parameters of Fγ2

(γ)forthe
correspondingparametersofFγ1

(γ)(i.e.,αh1→αh2
,

αg1→αg2
,μh1→μh2

,μg1→μg2
,̂rh1 →̂rh2

,̂rg1 →̂rg2
).

Finally,theOPcanbelowerboundedby

Pout≥1-(1-I1-I2)(1-I3-I4),

where

I3 =
ψ2γμg2

,μg2

r̂αg2g2

γ
γP  

αg2
2  

Γ(μg1
) ,

I4 =φ2∑
∞

n=0

(-1)nμμg2
+n

g2 γ
αg2

(μg2
+n)

2

γ
αg2

(μg2
+n)

2Q r̂αg1
(μg1

+n)
g1

×






Γ μh2 +
αg2
(μg2 +n)
αh2

+1,μ
h2

r̂αh2h2

γQ

γP  
αh2
2  

Γ(n+1)(μg2 +n)μh2

r̂αh2h2
  μh2

+
αg2

(μg2
+n)

αh2
+1











.(14)

2.1.2 AsymptoticanalysisforOP
 Tofurtheranalyzetheimpactoffadingparameters
andinterferencepowerconstraintonthenetwork
performance,weturnourattentiontothehigh-SNR
regimes.Withoutlossofgenerality,wesupposethat
γQ=θγP,whereθisapositiveconstant,andthe
averageSNRisdefinedasγ=γP.Consideringthe
casethatx→0,theincompleteGammafunctionis
simplifiedas

γ(b,ax)
(ax)b
b

,asx→0. (15)

 BysubstitutingEq.(15)intoEq.(6),weget

FX(x)=
γμ,μ

x
α
2

r̂α  
Γ(μ)

 μμx
αμ
2

r̂αμΓ(μ+1)
,asx→0.(16)

 Then by plugging Eq.(16)into Eq.(8)and
Eq.(10),the CDF of γ1, Fγ1

(γ) can be
approximatedas

Fγ1(γ)=Φ1× γ
γ  

αg1
μg1
2

 asγ→ ∞, (17)

 Simiarly,

Fγ2(γ)=Φ2× γ
γ  

αg2
μg2
2

asγ→ ∞, (18)

where
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Φ1 =
γμh1

,μh1θ
αh1
2

r̂αh1h1
  μμg1g1

Γ(μh1
)̂rαg1μg1g1 Γ(μg1 +1)+

θ-
αg1

μg1
2 μμh1

h1μμg1g1Γ μh1 +
αg1μg1

αh1

,μh1

r̂αh1h1

θ
αh1
2  

Γ(μh1
)̂rαh1μh1h1 Γ(μg1 +1)̂rαg1μg1g1

μh1

r̂αh1h1
  μh1

+
αg1

μg1
αh1

  
, (19)

Φ2 =
γμh2

,μh2θ
αh2
2

r̂αh2h2
  μμg2g2

Γ(μh2
)̂rαg2μg2g2 Γ(μg2 +1)+

θ-
αg2

μg2
2 μμh2

h2μμg1g1Γ μh2 +
αg2μg2

αh2

,μh2

r̂αh1h1

θ
αh2
2  

Γ(μh2
)̂rαh2μh2h1 Γ(μg2 +1)̂rαg2μg2g2

μh2

r̂αh2h2
  μh2

+
αg2

μg2
αh2

  
. (20)

 Further,ifαh1=αg1=2,μh1=mh1
,andμg1=mh1in

Eq.(17),aftersome mathematicalsimplifications,
asymptoticexpressionforFγ1

(γ)undernakagami-m
fadingisobtainedinRef.[6,Eq.(16)].Thelower
boundof OPisrewrittenasPout =Fγ1

(γth)+
Fγ2
(γth)-Fγ1

(γth)Fγ2
(γth).Accordingtothefact

thatFγ1
(γth)Fγ2

(γth)≪Fγ1
(γth)+Fγ2

(γth),after

somesimplificationsandomissionofthesmallterms,
anappropriateexpressionofOPcanbegotas

PoutϕA
γth
γ  

min
αg1

μg1
2 ,

αg2
μg2
2  

asγ→ ∞,(21)

whereϕAisgivenby

ϕA =

Φ1, if
αg1μg1

2 <
αg2μg2

2
,

Φ1+Φ2,if
αg1μg1

2 =
αg2μg2

2
,

Φ2, if
αg1μg1

2 >
αg2μg2

2 .













(22)

2.1.3 Averagebit-errorprobability
 Theaveragebit-errorprobabilityPbeofagreat
varietyofdigitalmodulationschemesoverfading
channelscanbecalculatedbyRef.[12,Eq.(12)]as

Pbe= 1
π∫

∞

0
exp(-t2)Pout

2t2

β  dt. (23)

 Substituting Eq.(18) into Eq.(23), using
Ref.[11,Eq.(3.351.3)],wegettheaveragebit-
errorprobabilityathighSNRsas

Pbe=
ϕAβC-1Γ C+12  

πγCβC
, (24)

whereC=min
αg1μg1

2
,
αg2μg2

2  ;βdependsonthe
specificmodulationschemeinRef.[13,Ch.5],for
example,bysettingβ=1andβ=2,theperformance
ofquadraturephase-shiftkeyingandbinaryphase-
shiftkeying(BPSK)isobtained,respectively.

2.2  Single power constraint: tolerable
interferencepoweratPU

2.2.1 TightlowerboundforOP
 Inthissection,asanalysisinsection1.1,weare
committedtoinvestigateOPwiththesinglepower

constraint of the interference on the primary
network.Onceagain,theCDFsofγ3andγ4arevery
similar,andherein,weconcentrateonthederivation
oftheCDFofγ3,namely

Fγ3
(γ)=∫

∞

0
F|g1|

2
γy
γQ  f|h1|

2(y)dy. (25)

 ByexpandingF|g1|2
γy
γQ  inthepowerseries,with

theaidofRef.[11,Eq.(3.351.3)],Eq.(25)canbe
solvedas

Fγ3
(γ)= μμh1h1

Γ(μg1
)Γ(μh1

)̂rαh1μh1∑
∞

n=0

(-1)nμμg1+ng1

γ
αg1

(μg1
+n)

2Q

×






γ
αg1

(μg1
+n)

2 Γ μh1 +
αg1
(μg1 +n)
αh1

  
r̂αg1

(μg1
+n)

g1 Γ(n+1)(μg1 +n)μh1

r̂αh1h1
  μh1

+
αg1

(μg1
+n)

αh1











.

(26)

 Usingthesimilarapproach,theCDFofγrcanbe
directlyderivedfromtheCDFofγ3aftersubstituting
the respective parameters by their counterparts
(i.e.,αh1→αh2

,αg1→αg2andμh1→μh2
,μg1→μg2

)as
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Fγ4 =1- μμh2h2

Γ(μg2
)Γ(μh2

)̂rαh2μh2
×

∑
∞

n=0

(-1)nμμg2
+n

g2 γ
αg2

(μg2
+n)

2 Γ μh2 +
αg2
(μg2 +n)
αh2

  
γ

αg2
(μg2

+n)

2Q r̂αg2
(μg2

+n) μh2

r̂αh2h2
  μh1

+
αg2

(μg2
+n)

αh2

.

(27)

 Thus,thelowerboundsofOPwithsinglepower
constraintisgivenby

Pout≥1-[1-Fγ3
(γ)][1-Fγ4

(γ)].

2.2.2 AsymptoticOPanalysis
 For high values of SNRs,Fγ3

(γ)can be
approximatedby

Fγ3
(γ)=

μμh1h1μμg1g1
γ
γθ  

αg1
μg1
2

Γ(μh1
)̂rαh1μh1h1 Γ(μg1 +1)̂rαg1μg1g1

×

Γ μh1 +
αg1μg1

αh1
  
μh1

r̂αh1h1
  μh1

+
αg1

μg1
αh1

  
 asγ→ ∞. (28)

 Asdiscussedintheprevioussection,theCDFofγ4
canbeobtainedeasily.Then,similarly,thelower
boundsforOPcanbeasymptoticallyexpressedby

PoutϕB
γth
γ  

min
αg1

μg1
2 ,

αg2
μg2
2  

asγ→ ∞, (29)

whereϕBisgivenby

ϕB =

Φ3, if
αg1μg1

2 <
αg2μg2

2
,

Φ3+Φ4,if
αg1μg1

2 =
αg2μg2

2
,

Φ4, if
αg1μg1

2 >
αg2μg2

2
,














(30)

Φ3 = μμh1h1μμg1g1

θ
αg1

μg1
2 Γ(μh1

)̂rαh1μh1h1 Γ(μg1 +1)̂rαg1μg1g1

×
Γ μh1 +

αg1μg1

αh1
  
μh1

r̂αh1h1
  μh1

+
αg1

μg1
αh1

  
, (31)

Φ4 = μμh2h2μμg2g2

θ
αg2

μg2
2 Γ(μh1

)̂rαh2μh2h2 Γ(μg2 +1)̂rαg2μg2g2

×
Γ μh2 +

αg2μg2

αh2
  
μh2

r̂αh2h2
  μh2

+
αg2

μg2
αh2

  
. (32)

2.2.3 Averagebit-errorprobabilityanalysis
 By the way,one can get the asymptotical
expression ofaverage bit-errorprobability under
singlepowerconstraintas

Pbe=
ϕBβC-1Γ C+12  

πγCβC
. (33)

3 Numericalresultsandsimulation
 Usingtheaforementionednumericalanalysis,the
performance of cognitive AF relay networksis
discussedhere.Theoutagethresholdγthissetat
-3dB,andtherootmeanvalueofthesecondary
networkisgivenbŷrh1 =̂rh2 =̂rg1 =̂rg2=2.Inorder
toconfirmthetightnessofthebounds,thecurves
obtainedbyMonteCarlosimulationsareincluded.It
can be seen thatthe asymptotic curvestightly
convergetothelowerboundsinthehigh SNR
regimes,whichmeetsouranalysis.

 Fig.2depictstheOPfortheconsiderednetwork
withcombinedpowerconstraintunderα-μ fading
channels.

Fig.2 OPforcombinedpowerconstraintoverα-μfadingchannels
withparametersαh1=αh2=3,μh1=1,μh2=2andμg1=2

 Forαh1=αh2=3,μh1=1,μg1=2,weinvestigate
theimpactofparametersμg2

,αg1 andαg2 onthe
performance of OP. Asit shows,the outage
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performanceimprovesasμg2increasesand/orαg1and
αg2increase.

Fig.3 OPofsinglepowerconstraintoverα-μfadingchannels
withparametersαh1=αh2=3,μh1=1,μh2=2andμg1=2

 Moreover,theoutageprobabilitydecreasesasthe
average SNR increases, which means the
performanceofthesecondarynetworkgetsbetteras
thevaluesoftolerablepoweror/andthemaximum
allowabletransmitpowerincrease.Fig.3showsthe
OPperformanceofsinglepowerconstraintofthe
interferenceontheprimarynetwork.InFig.3,we
assumeαh1=αh2=3,μh1=1,μh2=2,μg1=2butthe
valuesofμg2

,αg1andαg2vary.Onecanseethatthe
OPdecreasesasμg2 increasesand/orαg1 andαg2

increase.

Fig.4 AsymptoticalPbeofBPSKforconsiderednetworksover
α-μfadingchannelsasafunctionofaverageSNRandfor
differentvaluesofμg1

,μg2
,αg1 andαg2

(αh1 =αh2 =3,μh1 =

1,μh2=2,β=2)

 InFig.4,forαh1=αh2=3,μh1=1,μh2=2and
severalvaluesofμg1

,μg2
,αg1andαg2

,theperformance
evaluationresultsshowthatPbeimprovesasμg1

,μg2

and/orαg1
,αg2inecrease.Italsocanbeseenthatthe

performanceofsinglepowerconstraintofCRNsis
betterthanthecombinedpowerconstraint.

4 Conclusion
 Inthispaper,wehaveinvestigatedtheoutage
probabilityandaveragebit-errorprobabilityofa
cognitiveAFdual-hoprelayingsysteminα-μfading
channels under two different transmit power
constraintstrategies.Theclosedlowerboundsand
its asymptotical expressions for OP with the
combined powerconstraint orthe single power
constraintareattained.Theresultsshowthatthe
performanceofsecondarynetworkgetbetterasthe
valuesoftolerable power or/and the maximum
allowabletransmitpowerincrease.

References
[1]LeeJ,WangH,AndrewsJG,etal.Outageprobability
ofcognitiverelaynetworkswithinterferenceconstraints.
IEEETransactionsonWirelessCommunications,2011,10
(2):390-395.

[2]ZhongC,RatnarajahT,WongKK.Outageanalysisof
decode-and-forwardcognitivedual-hopsystemswiththe
interferenceconstraintin Nakagami-mfadingchannels.
2011,60(6):2875-2879.

[3]XuW,ZhangJ,ZhangP,etal.Outageprobabilityofde-
code-and-forwardcognitiverelayinpresenceofprimaryus-
er’sinterference.IEEECommunicationsLetters,2012,
16(8):1252-1255.

[4]ArzykulovS,NauryzbayevG,Tsiftsis T A.Underlay
cognitiverelayingsystemoverα-μfadingchannels.IEEE
CommunicationsLetters,2017,21(1):216-219.

[5]DuongTQ,BaoVNQ,ZepernickHJ.Exactoutage
probabilityofcognitiveAFrelayingwithunderlayspec-
trumsharing.ElectronicsLetters,2011,47(17):1001.

[6]DuongTQ,CostaDBD,ElkashlanM,etal.Cognitive
amplify-and-forwardrelaynetworksovernakagami-mfa-
ding.IEEETransactionsonVehicularTechnology,2012,
61(5):2368-2374.

[7]SwarmaPK,SolankiS,UpadhyayPK,etal.Outagea-
nalysisofcognitiveopportunisticrelaynetworkswithdi-
rectlinkinnakagami-mfading.IEEECommunications
Letters,2015,19(5):875-878.

[8]YangJ,ChenL,LeiX,etal.Dual-hopcognitiveamplify-
and-forwardrelayingnetworksoverη-μfadingchannels,
2016,65(8):6290-6300.

[9]HashemiH.Theindoorradiopropagationchannel.In:
ProceedingsoftheIEEE,1993,81(7):943-968.

[10]SteinS.Fadingchannelissuesinsystemengineering.
IEEEJournalonSelected Areasin Communications,
1987,5(2):68-89.

[11]GradshteynIS,RyzhikIM.Tableofintegrals,series
andproducts.MathematicsofComputation,2007,20
(96):1157-1160.

[12]SuraweeraH A,LouieR H Y,LiY,etal.Twohop
amplify-and-forwardtransmissioninmixedrayleighand

47 JournalofMeasurementScienceandInstrumentation Vol.10No.1,Mar.2019



ricianfadingchannels.IEEE CommunicationsLetters,
2009,13(4):227-229.

[13] ProakisJ G.Digitalcommunications.New York:
McGraw-Hill,2000.

认知两跳AF中继网络在α-μ衰落信道下的性能分析

韩彦博,高 丽,闫文华

(兰州交通大学 电子与信息工程学院 ,甘肃 兰州730070)

摘 要: 基于独立非同分布α-μ衰落信道研究认知两跳放大转发(amplify-andforward,AF)中继网络的性

能,分别在两种认知用户发射功率控制策略下分析二级用户网络性能。首先,综合考虑了主用户网络最大可

容忍干扰功率和认知网络最大允许发射功率,分别给出了中断概率下界的封闭表达和渐近表达。利用以上

结果,得出高信噪比下的平均误码率。为了进一步分析认知两跳AF中继网络的性能,在只考虑主用户网络

最大可容忍干扰功率条件下,给出了中断概率下界闭式表达和渐近表达。最后,通过数值仿真及蒙特卡洛仿

真验证了理论分析的准确性。结果表明,当主用户网络最大可容忍干扰功率或认知网络最大允许发射功率

变大,二级用户网络的中断概率和误码率均降低。

关键词: 认知中继网络;放大转发中继;中断概率;α-μ衰落信道
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