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Abstract: In this paper, closed-form expressions for the probabil#épsity function
(PDF) and cumulative distribution function (CDF) of the rsidrto-interference ra-
tio (SIR) at the output of triple selection combining (SCteier over correlated
Weibull fading channels are obtained. These expressi@ssad to study important
system performance criteria such as the outage probabiigyage bit error probabil-
ity (ABEP) and average output SIR. Numerical results are gtaphically presented
showing the effect of various systems parameters such asénage input SIR, fading
severity and level of correlation on the systems performanc

Keywords: Cochannel interference, correlated Webull fading chanmrsellection di-
versity.

1 Introduction

IVERSITY combining [1] is an efficient and widely employed technique in

digital communication receivers for mitigating the multipath fading effects
and upgrading transmission reliability at relatively low cost. Space divetesity-
niques [2, 3] combine input signals from multiple receive antennas in sorge wa
to ameliorate systems quality-of-service (Qo0S). The most popular linear-div
sity techniques are selection combining (SC), equal-gain combining (EGL) an
maximal-ratio combining (MRC) [4]. MRC is optimal combining technique in the
sense that it achieves the highest output signal-to-noise ratio (SN&tegs of
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the fading statistics on the diversity branches. However, MRC requiedsnibwI-
edge of the channel fading amplitudes and phases of each divergitghbndnich
must be continuously estimated by the receiver. This estimations requinasepa
receiver chain for each branch of the diversity system increasingitgplexity.
EGC provides performance comparable to MRC, but with simpler implementation
complexity. EGC does not require the estimation of the channel fading amglitude
since it combines signals from all branches with the same weighting factec-Se
tion combining is the least complicated technique. It is reposed on procesging
one of the diversity branches. SC combiner chooses the branch withgtmesh
SNR, or equivalently, with the strongest signal assuming equal noiser@omong

the branches. In wireless communication systems, the influence of the thermal
noise may be negligible as compared to the influence of the cochannelrietede
(CCI). In that case, SC combiner processes the branch with the higjgaat-to-
interference ratio (SIR-based selection diversity) [5].

Despite the fact that Weibull fading model confirms experimentally attained
fading channel measurements, for both indoor [6], as well as for outelovi-
ronments [7], it has not yet received as much attention as Rayleigh, Rite a
Nakagami-m fading models. Very recently the topic of digital communications
over Weibull fading channels has begun to receive some interest. &m [gpuse-
ful analytical expressions for the probability density function, cumuladimesity
function, moment-generating function (MGF) and product moments for tfzibi
ate and multivariate Weibull distribution have been derived and applied tgzana
the performance of dual and multibranch SC, EGC and MRC receivhespdrfor-
mance of a class of generalized-selection combining (GSC) receivarsoepen-
dent and nonidentical Weibull fading channels has been studied in [®@fahch
EGC and MRC receivers operating over nonidentical Weibull fadingiecbis have
been considered in [10]. Performance of dual selection combinindgvezcaver
correlated Weibull fading channels in the presence of Weibull distribu@dn@s
been presented in [11]. In [12], closed-form expression for thagauprobabil-
ity of SIR-based multibranch selection combining receiver over correl&esdull
fading channels has been derived.

In this paper, triple selection combining receiver operating over cortelate
Weibull fading channels in the presence of Weibull distributed CCl is censdl
Expressions for the probability density function and cumulative densittifumof
SIR at the output of selection combining receiver are presented atid@appan-
alyze the performance of triple selection combining receiver. Various ncatlg
evaluated results for the outage probability, average bit error probatAR¥P)
and average output SIR are presented showing the effect of thegavieiput SIR,
fading severity and correlation coefficient on the systems performance.
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2 Triple-branch SC output statistics

Since Weibull fading model exhibits an excellent fit to experimental fadiragoél
measurements, especially in urban and nonhomogeneous environmeesffts
are concentrated on case in which both desired and interference sigedbpes
follow the correlated Weibull distribution with joint PDFs [8, eq. (23) fo& 3]:
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respectively. Paramet@ris Weibull fading parametei3(>> 0) and represents fad-
ing intensity measureq is correlation coefficientQg = RZ2andQg = r;2 are the
average powers of desired and interference signal at ith brarsggeatvely. When
value of parameteB increases, fading intensity decreases, whileGe2 Weibull
distribution becomes Rayleigh distribution. Furthermore, it must be mentioned tha
the effect of only the strongest interference signal is considerednlilee 11-14].
Instantaneous value of SIR on the ith diversity branch of SC receamibe
defined asyi = R /ri, (i = 1,2,3). Let us denotes the instantaneous SIR at the
output of SC receiver, i.eug; = max{ t1, Uz, U3}. The CDF ofug is [12, eq. (10)
for L=3]
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whererl () is the Gamma function andF; (a, b; c; d) is the Gaussian hypergeomet-
ric function.

Fig. 1. Probability density function of instantaneous SIR at the output dét8E receiver.
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The PDF of the instantaneous SIR at the output of SC receiver is [1212))
for L=3]
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Fig. 1 shows the PDF of SIR at the output of triple SC receiver for variou
values of correlation coefficient and average powers of desiredrdederence
signal.

3 System performance measures

Analytically extracted expressions for the PDF and CDF can be appliedato an
lyze the performance of triple SC receiver operating in correlated Wetudithg
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environment. Several performance quality indicators are considereid isetttion.

3.1 Outage probability

Outage probability is standard system performance measure of diveysis
operating over fading channels. In the interference-limited environmenbutage
probability is defined as the probability that the output SIR falls below a spdcifi
thresholdpy,. It can be obtained by replacing with pyyin the CDF expression
given by (3).

Hth
Pout = Pr(Hsc < Hth) = 0 Pus (H)AH = Fug (Ln) ©)

Numerical results show that expression for the outage probability cgeser
for all values of system parametres. As Table 1 indicates, the numbernad ter
needed to be summed in (5) to achieve accuracy at the 4th significant digiylgtr
depends on the correlation coefficient. The number of terms increasesastion
coefficient increases.

Table 1. Terms need to be summed in expression for the outage prob-
ability to achieve accuracy at the 4th significant digit.

| Number of terms

p=0.2 7
p=0.4 14
p=06 22

In Fig. 2, the outage probability of triple SC receiver is plotted as a function o
the outage threshold for different system parameters. For lower vafities outage
threshold, the outage probability decreases as Weibull fading paramateases.
When desired signal dominates (higher valueggf, increasing of Weibull fad-
ing parameter leads to deterioration of system performance. For a fikeesva
of Weibull fading parameters, system performance are better in the tiseen
correlation coefficient.

3.2 Average bit error probability (ABEP)

Average bit error probability (ABEP) is another useful performanéerion char-
acteristic of wireless communication systems. Conditional bit error probability
(BEP) is a nonlinear function of the intstantaneous SIR and the nature nbthe
linearity is a function of the modulation/detection scheme employed by the system.
The conditional BEP for a given SIR is
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Fig. 2. Outage probability of triple SC as a function of the outage threshold.

Pe(ll) =-eH (6)

whereg denotes modulation constant, ige= 1 for BDPSK andy= 1/2 for BFSK.
ABEP at the SC output can be evaluated directly by averaging the condiii&ifa
over the PDF ofug.

= Dy ()P @

Based on (4), (6) and (7), the error performance of triple SC receian be
obtained for several modulation schemes. ABEP of triple and dual [11¢&€ver
with BFSK and BDPSK signaling is plotted in Fig. 3 as a function of the average
SIRs at the input branches of the SQy{/Qc1 = Q42/Qc2 = Qu3/Qc3 = 9 for
several values gb. Therefore, the case of balanced input SIRs is considered. The
obtained performance evaluation results show that ABEP improves witkeakacr
of p and increase of number of diversity branches. Moreover, systéiorpmance
is better for BDPSK signaling. Itis very interesting to observe that for foxakies
of S, ABEP performance of dual SC receiver with BDPSK signaling is better tha
ABEP performance of triple SC receiver with BFSK signaling.
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Fig. 3. ABEP of dual and triple SC with BFSK and BDPSK signaling as a funaticthe average
input SIR.

3.3 Average output SIR

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

s = /0 U Py (H)dH (8)

Based on (4) and (8), Fig. 4 demonstrates numerically obtained resuttefor
average output SIR as a function pffor diffrent system parameters. It is obvi-
ously that diversity gain decreasesmand/or fading parameters increase. Average
output SIR degrades rapidly for higher valuespofincreasing of S leads 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 Weibull distributed CCI was studied. Closed-form sgjames for
the PDF and CDF of the instantaneous SIR at the output of SC combiner were
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Fig. 4. Average output SIR as a function of the correlation coefficient.

presented and applied to analyze system performance measuress fuelbatage
probability, ABEP for several modulation schemes and average outRuvatious
numerical results of these performance measures are presentedhidgsbeir
dependence on the average input SIR, correlation coefficient, fadveyity and
modulation format.

References

[1] A. Goldsmith,Wreless Communications. Cambridge University Press, 2005.
[2] E. Biglieri, Coding for Wireless Channels. New York. USA: Springer, 2005.

[3] N. Morinaga, R. Kohno, and S. Samp#®ireless communication technologies. new
multimedia systems.  Kluwer Academic, 2002.

[4] M. Simon and M. Alouini,Digital Communication Over Fading Channels, 1st ed.
New York, USA: Wiley, 2000.

[5] S. Okui, “Effects of SIR selection diversity with two getated branches in the m-
fading channel,1EEE Trans. on Comm., vol. 48, no. 10, pp. 1631-1633, Oct. 2000.

[6] F. Babich and G. Lombardi, “Statistical analysis andreleterization of the indoor
propagation channellEEE Trans. on Comm., vol. 48, no. 3, pp. 455-464, Mar. 2000.

[7] G. Tzeremes and C. Christodoulou, “Use of Weibull disitibn for describing out-
door multipath fading,” ifProc. | EEE Antennas, Propagation Soc. Int. Symp., vol. 1,
San Antonio, TX, June 2002, pp. 232-235.



98

(8]

9]

[10]

[11]

[12]

[13]

[14]

P. Spalewé, N. Sekulovt, Z. Georgios, and E. Me&i

N. Sagias and G. Karagiannidis, “Gaussian class multitea Weibull distributions:
theory and applications in fading channel&EE Trans. Inf. Theory, vol. 51, no. 10,
pp. 3608-3619, Oct. 2005.

P. S. Bithas, G. K. Karagiannidis, N. C. Sagias, P. T. N@gbulos, S. A. Kotsopou-
los, and G. E. Corazza, “Performance analysis of a class &f @Eeivers over non-
identical Weibull fading channelsfEEE Trans. Veh. Technal., vol. 54, no. 6, pp.
1963-1970, Nov. 2005.

G. K. Karagiannidis, D. A. Zogas, N. C. Sagias, S. A. Kpsulos, and G. S.
Tombras, “Equal-gain and maximal-ratio combining overidentical Weibull fad-
ing channels,1EEE Trans. Wreless Commun., vol. 4, no. 3, pp. 841-846, May 2005.

M. C. Stefanowg, D. M. Milovi¢, A. M. Miti €, and M. M. Jakovljews, “Performance
analysis of system with selection combining over correldeibull fading channels
in the presence of cochannel interferen@&U - International Journal of Electron-
ics and Communications, vol. 62, no. 9, pp. 695-700, Oct. 2008.

M. C. Stefanow, D. L. Dr&ta, A. S. Panajoto&i and N. M. Sekulow, “Performance
analysis of system with I-branch selection combining oweredated Weibull fading
channels in the presence of cochannel interferenicg,”J. Comm. Syst., vol. 23,
no. 2, pp. 139-150, Jan. 2010.

G. K. Karagiannidis, “Performance analysis of SIR4xhglual selection diversity
over correlated Nakagami-m fading channel§EE Trans. Veh. Technol., vol. 52,
no. 5, pp. 1207-1216, Sept. 2003.

A. S. Panajotow, M. C. Stefanowg, and D. L. Dr&a, “Performance analysis of sys-
tem with selection combining over correlated Rician fadihgnnels in the presence
of cochannel interference AEU - International Journal of Electronics and Commu-
nications, vol. 63, no. 12, pp. 1061-1066, Dec. 2009.



