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Performance Analysis of Triple Selection Diversity Over
Exponentially Correlated Nakagami-Fading Channels

George K. Karagiannidjsviember, IEEEDimitris A. Zogas Student Member, IEEENd Stavros A. Kotsopoulos

Abstract—in this letter, an approach to the performance anal- channels, but they are limited to the case of dual diversity [1],
ysis of a triple selection-diversity system over exponentially corre- [3], [4]. As far as higher order diversity is concerned, Ugweje
lated Nakagamlm fading channels is presented. Closed-form ex- and Aalo in [5], using a previously published formula for the
pressions of converged sums for both outage and average error - - ) . .
probabilities are derived. Numerical results are presented to point multlvar!ate gamma probability density function (PDF), der'v_ed
out the effect of the fading correlation, the fading severity, aswellas €Xpressions for the-branches SC output PDF and cumulative

the improvement achieved by the triple selection combining com- distribution function (CDF) in the form of multiple integral of

pared with the corresponding dual diversity case. infinite sum of Laguerre polynomials. In [5] the dual SC case
Index Terms—Fading correlation, Nakagami-m fading chan- IS analyzed, due to the complexity of the proposed formulation.
nels, Rayleigh fading channels, selection diversity. Finally, Zhang and Lu in [6] studied the performance of multi-

branch SC over correlative fading channels via the joint char-
acteristic functions of the inputs SNRs, but the derived formula
for the SC output PDF is in the form of a multifold integral with
IVERSITY reception using multiple antennas has bednfinite limits.
successfully used in wireless communications systems tan this letter, using closed-form expressions for the multi-
mitigate the effect of channel fading and to improve the receivegdriate Nakagamin PDF and CDF, recently proposed by the
signal-to-noise ratio (SNR). Among several types of diversityuthors in [7], a unified performance analysis of a triple SC
combining, selection combining (SC) is the least complicatenier exponentially correlated Nakagamifading channels is
since the processing is performed only on one of the diversityesented. Both outage and average error performance are in-
branches. Traditionally, in SC, the branch with the highest SNRstigated. The effect of the fading correlation and the fading
is selected, which corresponds to the strongest signal, if eqealerity on the performance of the SC is also presented. The
noise power is assumed among the branches. However, sogreposed approach in this paper can be efficiently extended to
times itis better to analyze the SC performance using the voltagie v branches SC, using [7] and similar mathematical analysis.
SNR, defined as the square root of the power SNR [1]. The per-
formance analysis of SC, assuming independent channel fading, II. OUTAGE PROBABILITY
has been studied extensively in the literature [2]. However, inde-
pendent fading assumes antenna elements be placed sufficient

far apart, which is not always realized in practice due to il . . . . . .
D y P odel, which describes multipath scattering with relatively

sufficient spacing, especially in small-size terminals. In su : . .
P g: esp y e delay-time spreads, with different clusters of reflected

cases, the fading among the channels is correlated, resul %g% i Nak : iable. then it di
in a degradation of the diversity gain obtained. Several corrg: es. 7 1s a Nakagamin variable, then Is corresponding

lation models have been proposed and used for the performa Pé: is described by [2]

analysis of various wireless systems, corresponding to specific 9p2m—1 r2
modulation, detection, and diversity combining schemes. One fr(r) = W exp <—§> ;o 120
of the most frequently used models is the exponential correla- m

tion model. This model corresponds to the scenario of mu'WhereF(-) is the Gamma functiorf) = T_z/m’ with 72 being

channel reception from equispaced diversity antennas, in whigla average signal power, andis the inverse normalized vari-

the correlation between the pairs of combined signals decay$ase of-2 which must satisfyn > 1/2, describing the fading

the spacing between the antennas increases [2]. In the Iit_eratg[;g,erity_ Recently, the authors in [7] proposed a useful formula-

fchere are several approaches to the pen_‘ormance_ analy§|s ofBffor the multivariate (joint) Nakagamiz PDF and CDF with

in the presence of correlative Nakagamier Rayleigh fading g exponential correlation matrix that can be efficiently applied

in the performance analysis of the triple SC. According to this

Paper approved by G. M. Vitetta, the Editor for Equalization and Fadirf&rmwat'on' the trivariate Nakagarm PDF can be written as
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I. INTRODUCTION

| the last years, there has been a continuing interest in
deling various propagation channels with the Nakagami-
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whereasl, (-) is the first kind andvth-order modified Bessel where
function andp is the power correlation coefficient defined as

by pbyi—1 —a(

cov(r,iz,rjz»)/ var(r,i?)var( Hwith0 < p < 1.1In (2) is as- G —a{(’b 16— 47(b2’a207(b3’a1<)
sumed, without loss of generallty, and for simplification pur- Gz =ay’ (™ *¢7(b1, a1¢)v(bs, a1()
poses of the correlation matrix of, 7o, 73, ; = 207,i =1, 2, Gy =ab*¢P e 418 (by, a1¢)y(ba, asl)
3, and the variance? = 1. The corresponding trivariate CDF m (p +1)m

i i ) = ———=, G2 =

is extracted in [7] as (1-p2)C (1-p2)C

by =m+i1,bo =m+ 11 +i2,b3 = m + io.
FRI;R2;R3 (R17R27R3)

1_p2ym & 20, +2is The average bit-error rate (ABER), can be extracted
_d=p)" D 2“’* averaging the conditional error probabilitf,(c/¢), over the
I'(m) “, (P2 1)ntetm PDF of the output SNR. For binary differentially phase-shift

2 2) keying (BDPSK) and noncoherent binary frequency-shift

. R . . 2 +1)R; —Z
gl (Zl +m, 2(T1pz)) gl (21 +i2+m, (S(fr_,),zf keying (BFSK),P., can be written as [2]
X

L1'L2'F(L1 + m)F(LQ + m) 7 )
_ R Po= [ Se fe(QdC )
(i) “ °

ith ~(-) bei he “ - | G ‘ . 8With g = 1 for BDPSK andy = 1/2 for BFSK. As the quantity
V\gtS 2( )Thelng t ed gwebr| incomp e’;e amma unctlodnl [ 'in,the double sum of (6) is Riemann integrable and converges
( )| The nested double sum in (3) converges rapidly a[]ﬂlformly on the range [0xo), the order of integration and sum-

a few terms need to be summed in order to obtain accur tion is interchangeable. The integrals produced in (7) have
at the seventh significant digit. Also, in [7] a formula for theche following form:

bound of the error resulting after the truncation of the nested in-
finite series in (3) is presented. Defining now the instantaneous <
SNR per symbol and per channgl= r?E, /Ny, i = 1, 2, 3, /
with E, /N, being the symbol energy-to-Gaussian noise spec-

tral density ratio, and the average SNR per sympet ¢; = _ _ _
12E,/No = 2m E, /Ny, the joint trivariate CDF of1, (s, (s which, using [8, (6.5.12)] and applying the Kummer transfor-

can be found directly from (3) as mation [9, (9.20)], can be written as

—az b v(dy, c12)y(da, cox)dx (8)

Feyaca(Cri G20 G3) = /efa””wb’y(dl,clx)’y(d%@x)
0
2 2 2
hfillFr, gy g, <¢ mr ¢ LS: ¢ m<‘°’> ) % st
d1d2 / (ateci+ez)
. . . . . 0
The assumption of identical powers in all three branches is x 1F1(1,dy + 1;c12)1 Fi(1,da + 15 com)dx

reasonable if the diversity channels are closely spaced and the

gain of each channel is such that all the noise powers are equals )

[2] Using (4), the outage probability of the SC output SNR
P,., defined as the probability that &li, (>, and(s fall below

a threshold;;,, can be evaluated as

Where 1 F (21, 22, ) is the well-known confluent hypergeo-
metric function. The integral in the second part of (9) can be
written in a closed form using [10, App. C] resulting in

Pouwe = Fe(Gen) = Feyoca.05 (Cens Cens Gen)- (5) ]O
0

e~ "zl (dy, e17)y(dz, cox)

IIl. AVERAGE ERROR PERFORMANCE B BT (b + dy + dy 4+ 1)
The PDF of the triple SC output SN (¢), can be derived dida(a + c1 + co)(0Fditdat1)
as
X Fg(b+d1~|—d2~|—1,171,d1 +1/d2+1)
_ dF(<)
fe(Q)
d(: . C1 C2 ) (10)
ovm 0O "a+ci+eatcl e
(1—-p7) Z
I'(m) 4~ with F, being the hypergeometric function of two variables de-
12 =0 fined in [9, (9.180/2)]. Using (10), and after some algebraic ma-
PPt (G + G+ G nipulations, the ABER for BDPSK and BFSK can be written as

X (p2+1)iFizFtmi Vg IT (m+i1 )T (m+ig) ©) shown in (11) at the bottom of the next page.
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Fig. 1. Outage probabilityP,..., versus(,, /¢, for dual and triple SCp = Fig. 2. ABER, P., versus(, for dual and triple SC in noncoherent BFSK,
0.5, and several values o#. p = 0.5, and several values of.

Now, working as in [3], it can be easily recognized that the utage performance degrade_s as the fading severity incre_ases
is a similarity between the formulae &< /¢) for several mod- """ decreases) as well as the Improvement qffered _by the tnple
ulation schemes. Hence, single finite-interval integration Slﬁ-c’_ compared to the dual one, is lower for high fading severity
fices for direct computation of the desired ABER. For exampl nwropments (small values af). At oy, = 0'1. andm - L

in coherent BPSK or orthogonal BFSI. can be derived as ;:ﬂg'gg())’r}?e |mpr10(;/_e3m(;.\k? ; ?:f;?rr:;jpgi/\ (;ihnegtir:glpiosvce:r;seﬁtb ?SUt
D _ 77/2 D D : : : 4 . . out — ’

'f(J;be (rtlaglgcgd Wi?;(ae))di v(v;/e(rst?%((g)))l)sagrl]\ézn;n flg)zwit?g about 2.5 dB forn = 2.6 and 1.25 dB forn = 4.7. Fig. 2 plots

for BPSK and orthogonal BFSK, respectively ’ the ABER for noncoherent BFSK, for both dual and triple SC,

' ’ p = 0.5, and several values of. It is evident that the triple di-
versity offers an improvement to the error performance. When
P. = 1073 the gain offered by the triple SC compared with
The double infinite sumin (11) converges rapidly and a medhne dual-diversity case is about 3.5 dB far = 1, and when
number of five terms (for each sum) is adequate to be summBd= 10~* the corresponding gain is 2 dB foer = 2.6 and 1
for accuracyl0—1° at = 10 dB, and three terms for accuracydB for m = 4.7. Finally, Figs. 3 and 4 show the impact of the
10715 at¢ = 20 dB. In Fig. 1, the outage probability is plottedfading correlation to the outage probability (fy, /¢ = 0 dB)
versus the normalized threshalg, /¢ for the dual and triple and average error performance (coherent BPSK yita 15
SC,p = 0.5 and for several values of. It is evident that the dB) correspondingly, for several valueswf As expected, an

IV. NUMERICAL RESULTS AND DISCUSSION

5 _ 1 i mPi R m 22 (1 — )" ['(2i1 + 2iz 4 3m)[Uy + Uz + Us] 1)
20 o (02 4+ 3ymet (1= p2)Cg) T At D )T )

with
U _F2(3m+2L1+2L2+1,1,1,m+L1+22+1,m+22+1,v2vl)
L (m + i1 +i2)(m + io)

Fo(3m+2iy + 2io+ 1; 1, 1;m+ 4 + L,m + 0 + 1,01, 01)

Vo= (m +i1)(m + i2)
U, :F2(3m+2i1—|—2i2—|—1;171‘;m+i1.—|—17m+i1+i2+1;v17v2)
(m +i1)(m + i1 +ia)
- m
(PP H3)m+ (1)
m(p® +1)

Vg = —

(p? +3)m + (1 - p*)Cg
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the dual selection-diversity case were obtained using the anal-
ysis proposed in [7] witlh. = 2, and following the same proce-
dure as in Sections Il and IlI.

V. CONCLUSIONS

In this letter, a unified performance analysis for the triple SC
over exponentially correlated Nakagamifading channels is
presented. Closed-form expressions of converged sums for the
outage probability and ABER are derived. Numerical results
show that the improvement obtained using a three-branch se-
lection combiner is considerable compared to the dual diversity
case. Moreover, the effect of the fading correlation to the system
performance is more significant in the triple diversity case, com-
pared with the dual one.
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