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Approximate BER Performance of Generalized
Selection Combining in Nakagami-Fading
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Abstract—The error performance of generalized selection ever, closed-form expression for the MGF was possible only
combining (GSC), which optimally combines the K highest for individual combination of and L. Moreover, deriving the
signal-to-noise ratio (SNR) signals out of total diversity signals, |5sed-form expression for the MGF for every different combi-
in Nakagami-m fading was recently evaluated using moment - . .
generating function (MGF) of the GSC output SNR. However, no natlo_ns ofK andL was arather tedious process. Inthis letter, for
single closed-form expression for the MGF exists for arbitraryk 4 being a factor o, we are able to derive a single closed-form
and L. In fact, closed-form expression for the MGF is possible expression for approximating the MGF, and then make a com-

only for individual combination of K and L. In this letter, a parison between the exact and the approximate average BER's.
single closed-form expression for approximating the MGF is,

therefore, derived and employed in evaluating the approximate

error performance. Although the approximation is only applicable Il. EXACT AVERAGE BEROF GSC

for GSC with K being a factor of L, it nonetheless achieves a high With the assumption of independent and identically dis-

degree of accuracy. tributed (i.i.d.) diversity branches in GSC, the exact MGF of
Index Terms—Bit error rate, generalized selection combining, the GSC output SNR in Nakagami-fading is given by [4]

Nakagami fading.
L‘F(Lm) ' ' = Im—1
|. INTRODUCTION Mexcact (s) = (T(m))E /0 /0 H Zy
=1

IVERSITY combining has long been recognized as one
of the effective compensation techniques for combating
detrimental effects of channel fading. The optimal combining @)
technique is maximal ratio combining (MRC), which maxi-
mizes the signal-to-noise ratio (SNR) of the combined signaMere
at the expense of implementation complexity. The selection
combining (SC) is, however, considered as the least compl (s; z1, ©2, ..., xr—1)
cated, but it achieves much lower diversity gain than MRC. — (1 — (Q/m)s){1 4+ zp_1 + 211212
In attempting to compromise between error performance and
implementation complexity, Kongt al. [1], [2] proposed a

X (H(s; 21, ©2, oo, 3p-1)) "™ dop_1 -+ day

+ FTo1Tr—2 T K42B—K41) + T 1T =2

new diversity combining technique known as the generalized " #L—K+1%L—k + -+ TL1Tp—2 T2

diversity combining (GSC), which optimally combines (as per  +zr_171_2 21 ()
the rules of MRC) only thei largest signals froni total

diversity branches, as shown in Fig. 1(a). where( is the average SNR per bit per branghjs the fading

Nakagamim distribution is considered as one of the mosteverity parameter anti() denotes the gamma function. No
versatile fading distributions. However, most studies have ondjngle closed-form expression exists for (1) because both the
investigated the error performance of GSC over Rayleigh fadin@gmber of integrals in (1) and the number of terms in (2) de-
channels (see, e.g., [2]). Recently, Alougtial.[3] presented pend onK and L of particular GSC. Therefore, closed-form
a bit error rate (BER) analysis of coherent binary signals widkpression for the exact MGF has to be derived for every com-
GSC over Nakagamis fading channels fol = 2 andL = bination of K and L. For instance, in the cases of: k) = 2
3 and4. The error rate analysis was then extended for arkindL = 4 and 2)K = 3 andL = 6, the exact MGF'’s, with
trary K and L, and M -ary modulations in [4] based on a mo-integerm, can be, respectively, manipulated into closed-form
ment generating function (MGF) approach. In particular, MG&s shown in (3a) and (3b) at the bottom of the next page, where
of the GSC output SNR was derived in Nakagamfadingand H = 1 — (Q/m)s. For large values o and L, the above
employed for evaluating the average BER performance. Hoderivation of the exact MGF is thus tremendously tedious. The

exact average BER....... of coherent binary phase-shift keying
(BPSK) with GSC in Nakagamir fading can then be obtained
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Fig. 1. Block diagrams for: (a) a generalized selection combining receiver and (b) a cascade combining receiver.

[ll. APPROXIMATE AVERAGE BER OF GSC This approximation can be applied to those GSC #tlbeing
factor ofL. With i.i.d. diversity branches in alvV-branch se-
8'gion combiners in a CC receiver, the probability density func-
pdf) of the instantaneous SNR per 4t~ at the selection

The inconvenient form of the exact MGF in (1) is resulte{il
because GSC receiver employs a special selection combiner b
fore a maximal ratio combiner. If the special selection combinQPn ( X S
can be mimicked by several conventional selection combine?g,mb'ner output is given by [6]
then the derivation of the exact MGF should be greatly simpli-
fied. The closest mimicry possible is by the useffconven- mym Nym—l myy Y N1
tional selection combiners havilg = L/K antennas each as Prsc(7) = (5) Ty {’y (m, ﬁ)}
shown in Fig. 1(b). In fact, the diversity combining, as shown my
in Fig. 1(b) is called cascade combining (CC) [5]. Although X exp (—ﬁ) (5)
both GSC and CC are not exactly the same, similar error per-
formance is however expected because of the close similarity
in combining operations. Most importantly, the MGF of the C@herey(-, -) is the incomplete gamma function, given by [3]
output SNR in Nakagamir fading can be expressed in a simple
closed-form expression without any integral. Hence the MGF of oo
the CC output SNR (now being called as approximate MGF) is ~ ( m’V) _ Z n'(_l)n (m’V)mJ“" . ©)

m, —- —
used to approximate the exact MGF of the GSC output SNR. Q fm+n) \ Q

n=0

S ST ) () () (1) ()

k=0 =0 r=0 ¢=0 p=0 t=0
y m4+i +p—r—g—1 (_1)k+p+t y 2—(rn+k—i)H—27n(2H + 1)—(rn+i+p_r_q)
t Bm+k)  (2m+i+p)(r+qg+m+t)(2H + 2)rtarmtt’
forK=2,L=4 (3)
6'F(6m) m—1 ks m4ks—iz—1 ka+is mtis—tat+ka—1 ks+is mtis—iz+ks—1ko+tis m+tiz—iotko—1 m—1 ks
Mot = {2 TS T ST S S () ()
ks=0 15=0 ky=0 14 =0 k3=0 13=0 ko=0 10=0 k1=0

y ka+ s ks + 14 m-+ks—is—1 m4is —t4+ ks —1 m4+ig—t3+ k3 —1
i4 ig k‘4 kg k?

o <m iz — iz + ko — 1) y <k2 + z'3> (—1)ksthathathoth g—(mths—is)
k1 i (dm +i5 + ki) (3m 4 s + k3)

37(rn+i3 7i4+k4)H73nl(3H + 1)7(nl+i47i3+k3)(3H + 3)7(nl+i3+k1)
(2m + i3 + ko)(m +ig + k1) (5m + ks)(3H + 2)(m+is—iz+kz)

}, forK=3,L=6

(3b)
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Combining (5) and (6), the MGF efs¢ can then be obtained as

M"/sc: (3) = /0 eswp"/sc: (’7) dy

by raisingM.,, (s) of (7) to theKth power as []

2 E
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N oo o0 ‘é 104 r 3
ny= np_1= a . .f E
« (_1)n1+---+nL71(m/Q)(N—l)rn-l—nl-l—----l—nL,l-l—rn :’g,
N-1 g 3
H nk'(m =+ nk) < 10® S /ézap::ximate
k=1 ]
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((m/Q) — S)J\T'rn'i’nl‘i""‘i’nL—l 5
(7) Average SNR per bit per branch Q (dB)
(@
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Note that the infinite summations in (7) can be shown to be co ; 3
vergent. The approximate MGH..,,,.ox(s) can then be found : !
102 r_A‘. 3

104

MaPPTOX(S) = [M"/sc: (3)]K . (8)

Unlike the exact MGF in (3a) and (3b), the approximate MGF i b
(8) is not restricted to integen. Using (8), the truncation of the

infinite summations will, however, inevitably introduce errors r
even though they can be made negligible. If infinite summatiol F
are not desirable, approximate MGF containing only finite sun

Average Bit Error Rate

108 I
E o eeeennn Approximate
Exact

10_10:.I.I.|.I

mations can be derived. With integer (5)becomes [6] B4 8 8 e e 2
Average SNR per bit per branch Q (dB)
N = N-1 ®
Prsc (V) = 55— Z (—1)1 < ) exp (—(l + 1)@) Fig. 2. Exactand approximate average BER’s against average SNR per bit per
F(m) =0 l Q2 branch(2 for fading parameters: of 1, 2 and 3. (a) GSC witlk' = 2, L = 4.
o) (b) GSC with = 3, L = 6.

o Z bi ﬂ)nﬁ—k ,yrn—l—k—l (10)

P ated and compared for two cases: 1) the exact MGF Witk

2 and L = 4 and the approximate MGF witll' = 2 and

N (=L/K) = 2, and 2) the exact MGF withk' =3 andL =6
0aﬂd the approximate MGF withh = 3andN = 2. Fig. 2 shows

te exact and the approximate average BER performanee for

where the notatio follows [6]. Using (9) and following the
same derivation steps as in (7) and (8), we obtain the appr

mate MGF as of 1 and 2. As can be observed, the difference between the exact
and the approximate average BER’s is slim, and the accuracy is
N—-1 l(m—1) . .
N N =1\, uniformly good for the entire range 6f andm.
Mappeon(s) = o5 D2 >0 (V{77
=0

k=0
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