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Performance analysis of system with triple selection
combining over correlated Weibull fading channel in the
presence of cochannel interference

Petar Spalevt, Nikola Sekulovic and Zachos Georgios

Abstract: In this paper, closed-form expressions for probability gignfunction
(PDF) and cumulative distribution function (CDF) of the readrto-interference ra-
tio (SIR) at the output of the triple selection combining §$€ceiver over correlated
Weibull fading channels in the presence of correlated cocblinterference (CCI)
are derived. These expressions are used to study wirelsgsysperformance crite-
ria, such as outage probability, average bit error probiglsind average output SIR.

Keywords: Cochannelinterference, correlated fading, diversitga&sn combining,
Webull fading channels.

1 Introduction

IVERSITY combining [1] is an efficient and widely employed technique in dig-
D ital communication receivers for mitigating the multipath fading effects [2]
and upgrading transmission reliability at relatively low cost. Space diveesity-
niques [3] combine input signals from multiple receive antennas, also cafled
antenna array, in some way to ameliorate system’ s quality-of-service (Qb&)
most popular linear diversity techniques are SC, equal-gain combininG)E®&d
maximal-ratio combining (MRC) [4]. MRC is the optimal combining technique
in the sense that it achieves the highest output signal-to-noise ratio (®y&)-
less of the fading statistics on the diversity branches. However, MR@resgthe
knowledge of the channel fading amplitudes and phases of eachitivananch
which must be continuously estimated by the receiver. This estimations require
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separate receiver chain for each branch of the diversity systeemasiog its com-
plexity. EGC provides performance comparable to MRC, but with simpler imple-
mentation complexity. EGC does not require the estimation of the channel fading
amplitudes since it combines all of the branches with the same weighting factor.
SC is the least complicated technique, since it is reposed on processingnenly

of the diversity branches. SC combiner chooses the branch with theshighi®,

or equivalently, with the strongest signal assuming equal noise powearngthe
branches. In wireless communication systems the influence of the thermaisois
negligible as compared to the influence of the cochannel interferendg¢ $6GSC
combiner processes the branch with the highest signal-to-interferatiog$IR
based selection diversity) [5].

Despite the fact that Weibul fading model confirms experimentally attained fad
ing channel measurements, for both indoor [6], as well as for outdminomments
[7], it has not yet received as much attention as Rayleigh, Rice andgdakam
fading models. In paper [8], useful analytical expressions for the poimbability
density function, cumulative density function, moment-generating functicddkM
and product moments for the bivariate and multivariate Weibull distributioe hav
been derived and applied to analyze the performance of dual- and mudtib&C,
EGC, and MRC receivers. In [9], performance of dual-branch &@iver over
correlated Weibull fading channels in the presence of correlated Weiktributed
CCl has been presented. Closed form expressions for the joint statistires cor-
related Weibull variates have been obtained in paper [10].Triple seledtiersity
system over correlated Nakagami-m fading channels has been envisdd#].

In this paper, triple SC receiver operating over correlated Weibull éaclivan-
nels in the presence of correlated Weibull distributed CCI is considerepres-
sions for PDF and CDF of SIR at the output of SC receiver are andlytaerived.
These expressions are applied to analyze the performance criteriataptae&sC
receiver. Numerical results show the effect of fading severity angkladion coef-
ficient on the combiners performance.

2 PDF and CDF of the output SIR at SC receiver

Since Weibull fading model exhibits an excellent fit to experimental fadirgohl
measurements, especially in urban and nonhomogeneous environmepf sl
are concentrated on case in which both desired and interfering sigrelbpas
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follow the correlated Weibull distribution with joint PDFs ([8] eq. (23) for L3
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respectively. Paramet@ris Weibull fading parametgi > 0) and represents fad-
ing intensity measurey is correlation coefficientQq = R* andQg = r? are the
average powers of desired and interfering signathabranch, respectively. When
value of parametef increases, fading intensity decreases, whilefee 2 pro-
posed Weibull distribution becomes Rayleigh distribution. Instantaneous wélu
SIR on theith diversity branch of SC receiver can be defined(@s-, 1, 2,3). Joint
PDF of these random variables can be obtained as
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Substituting (1) and (2) in (3), and after triple integration using ([12],32448/1)),
joint PDF becomes
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For this case joint CDF can be written as

Hi pH2 M3
Fripops (M1, Ho, U3) = /0 /0 A Pu oz (X1, X2, X3) OX1 0X20X3 (5)

Substituting (4) in (5) and after some manipulations, triple integral can bedsolve
with the use of [12, eq.(3.194/1)] obtaining
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where,F;(a,b; c;d) is hypergeometric function.

Let ug. denotes the instantaneous SIR at the output of SC combiner, i.e.
Usc = maxuy, Uz, Us. CDF of ug. could be derived from (6), by equating input
instantaneous SIR% = Uy = Uz = U resulting in
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PDF of the output SIR can be obtained by definition
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or by differentiating expression (7)
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In both cases PDF of instantaneous SIR at the output of SC receiver is
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Fig.1 shows PDF of SIR at the output of triple SC for various values akeor
lation coefficient and average powers of desired and interferinglsigna

1, =03]

PDF - p o 4

Fig. 1. Probability density function of instantaneous SIR at the output d&¢tBE receiver.
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3 System performance measures

Analytically derived expressions for PDF and CDF can be applied to anahe
performance of triple SC receivers operating in correlated Weibull ¢geiviron-
ment. Several performance quality indicators are considered in this section

3.1 Outage probability

Outage probability is standard system performance measure of diveysis
operating over fading channels. In the interference limited environmetdgeu
probability is defined as the probability that the output SIR falls below a certain
specified thresholdys. It can be obtained by replacing with i, in the CDF
expression given by (7).

"Hth
Pout = Pt < ) = [ P (M) = P (1) )

Numerical results show that outage probability converges for all valtisgstem
parametres. As table 1 indicates, the number of terms that are needed torbecu
in expression for outage probability to achieve accuracy at the 4th digngir
depends on the correlation coefficient. The number of terms increasesastion
coefficient increases.

Table 1. Terms need to be summed in expression for outage probabilithitva accuracy at the
4th digit

Number of terms
p=02 7
p=04 14
p=06 22

Based on (7) and (11), in Fig.2, outage probability for triple SC recesrer
plotted as a function of the outage threshpid for different system parameters.
For lower values of outage threshold, outage probability decreasesibsll¥ad-
ing parametres increase. When desired signal dominates (higher valugg, o
increasing of Weibull fading parametres leads to deterioration of systeforpe
mance. For a fixed values of Weibull fading parameters, better systéampance
are in the case for lower correlation coeficient.

3.2 Average bit error probability (ABEP)

Average bit error probability is another useful performance critertvaracteris-
tic of wireless communication systems. Conditional bit error probability (BEP) is
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Fig. 2. Outage probability of triple SC as a function of the outage threshold.

a nonlinear function of the intstantaneous SIR and the nature of the naitjnea
is a function of the modulation/detection scheme employed by the system. The
conditional BEP for a given SIR is
1

Pe(H) = ée * (12)
where g denotes modulation constant, i.e., g = 1 for BDPSK and g =1/2 foKBFS
ABEP at the SC output can be evaluated directly by averaging the condiii&fa
over PDF ofug.

Pe(l) = /0 i Pug (U)Pe(u)dut (13)

Based on (10), (12) and (13), the error performance of triple S€lvexccan be ob-
tained for several modulation schemes. Average BEP for triple and €ua{ re-
ceiver with BFSK and BDPSK signaling is plotted in Fig.3 as a function of thetinpu
average signal to average interference power ratio for severas/aficorrelation
coeficient. From Fig.3, the obtained performance evaluation results fandwzal
input SIRS Qq1/Qc1 = Qu2/Qc2 = Qu3/Qcz = S) show that ABEP imroves with
the decrease of correlation coefficient and increase of numberarsitivbranches,
as expected. Moreover, system performances are better for BDB&#ing. It is
very interesting to observe that for lower values of S, ABEP performafciual
SC receiver with BDPSK signaling is better than ABEP performance of trigle S
receiver with BFSK signaling.
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Fig. 3. Average BER of triple SC as a function of the average input SiRdoal
branch average SIRs.

3.3 Average output SIR

Average output SIR is very useful parameter for describing wirelessmunica-
tion systems in the presence of CCl and it can be evaluated as

s = /0 wupusc(u)du (14)

Based on (10) and (14), Fig.4 demonstrates numericaly obtained results fo
average output SIR as a function of the correlation coefficient forediffsystem
parameters. It is obviously that diversity gain decreases as corretatédficient
and/or fading parameters increase. Increasing of average inpue&iR to ame-
lioration of system performance. This amelioration is more significant fordowe
values of fading parameters.

4 Conclusion

The performance of triple SC receiver operating over Weibull fadiranokls in
the presence of correlated Weibull distributed CCI was studied. Clased¢x-
pressions for PDF and CDF of the instantaneous SIR at the output obi@Gimmer
were derived and applied to analyze system performance measuwiesssoutage
probability, ABEP for several modulation schemes and average outRut\Vari-
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Average output SIR

Fig. 4. Average output SIR as a function of the correlation coefficient.

ous numerical results of these performance measures are presesttidg their
dependence on correlation coefficient, fading severity and modulatiorato
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