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SUMMARY

In this letter, capitalising on a recently presented expression for the joint probability density function of the
Weibull fading statistical model, a novel closed-form expression is derived for the average output signal-to-
noise ratio (SNR) of an L-branch receiver employing equal-gain combining (EGC). The obtained
expression includes the case of correlative fading with arbitrary correlation among the input branches, as
well as non-identical fading statistics. Numerical results depict the effects of the fading severity, the fading
correlation and the number of diversity branches, on EGC performance. An interesting outcome is that the
average output SNR is not a clear and meaningful measure for the EGC receivers performance, when these
operate in correlative fading channels. Copyright © 2005 AEIT.

1. INTRODUCTION

Antenna diversity is widely applied in wireless communi-
cation systems to reduce the effects of fading and to pro-
vide increased signal strength at the receiver. Various
techniques are known to combine the signals received
from multiple diversity branches. The most popular of
them are selection combining (SC), equal-gain combining
(EGC), maximal-ratio combining (MRC) and a combina-
tion of SC and MRC called generalised-selection combin-
ing (GSC) [1]. An SC receiver chooses the branch with the
highest instantaneous signal-to-noise ratio (SNR), while
MRC provides optimum performance, at the expense of
implementation complexity, since it requires knowledge
of all channel parameters. EGC is an intermediate solution
as far as the performance and the implementation com-

plexity are concerned. In EGC receivers, the signals in
all branches are weighted with the same factor, irrespective
of the signal amplitude. Moreover, co-phasing of all input
signals is needed to avoid output signal cancellation.

The performance of EGC receivers has been extensively
studied in the past for several well-known fading-channel
models, such as Rayleigh, Rice, Nakagami-m and Hoyt,
assuming independent or correlative fading [1]. Surpris-
ingly, another well-known fading-channel model, namely
the Weibull model, has not yet received as much attention
as the previously mentioned models, despite the fact that it
provides a very good fit to experimental fading channel
measurements for both indoor [2, 3] as well as for outdoor
[4, 5] environments. Previously published works related to
the performance analysis of digital receivers over Weibull
fading channels include the following. In Reference [6],
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the Weibull fading-channel model has been considered for
the evaluation of the first two moments of the output SNR
of GSC receivers. In a more recent work [7], the perfor-
mances of switched and stay diversity receivers in Weibull
fading has been studied. In Reference [8], dual SC recei-
vers in correlated Weibull fading have been considered,
while in Reference [9], important performance measures
such as the outage probability and the average output
SNR have been studied, for L-branch SC receivers over
independent and identically distributed Weibull fading
channels. However, to the best of the authors’ knowledge,
the average output SNR, which is one of the most impor-
tant and best-understood performance criteria in wireless
communication theory, has not been addressed for EGC
receivers operating in correlated Weibull fading channels.

In this letter, the average output SNR of L-branch EGC
receivers operating over correlated, but not necessarily
identically distributed, Weibull fading channels is studied.
Numerical results demonstrate the effects of the system
and channel parameters on EGC average output SNR.
The remainder of this letter is as follows. In Section 2, after
presenting the system and channel model, the EGC aver-
age output SNR is derived in closed-form. In Section 3,
several numerically evaluated results are presented, while
some useful concluding remarks are provided in Section 4.

2. CHANNEL MODEL AND EGC ANALYSIS

This section presents the correlated Weibull fading-chan-
nel model, and the EGC average output SNR is obtained
in closed-form. A detailed discussion, concerning the
effect of the correlation coefficient on the derived perfor-
mance metric is also provided.

2.1. The Weibull fading model

Considering L Weibull distributed fading channels, the
cumulative distribution function (CDF) of the /th envel-
ope, Ry, ¢ =1,2,...,L)is given by [10]

FEU)=1—CH{—<;>W 1)

where w? = e(R?)/T(d), T'(+) is the Gamma function [11,
Equation (6.1.1)], dx = 1 + k/f with k being a positive
real value and £(R?) is the average fading power, with
e(+) denoting statistical averaging. Moreover, f3 is the Wei-
bull fading parameter (ff > 1). As f§ increases, the severity
of fading decreases, while for § = 2, Equation (1) reduces
to the well-known Rayleigh CDF.
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The complementary CDF (or survival function) of the
bivariate Weibull distribution for the correlated signal
envelopes R; and R; (i,j =1,2,...,L), which has been
presented for the first time in the open technical literature
in the field of telecommunications in Reference [8], is
given by

FRi,Rj (X7y) =

ij
[(x)ﬁ/5iJ <y)ﬁ/5i.f| . (2)
expy — || — + (=
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with marginal CDFs as in Equation (1). The parameter 6;;
(0 < 6;;<1) is connected with the correlation coefficient
between the ith and jth branches p;; (0<p;;<1) as
Reference [12]

 I(ds,)T(da) = T*(d))T (d2s,)
P9 T (o ) D (o) — T2(ay)]

with p;; =1, when i =j and p;; = p;;, when i # j. An
interesting property of Equation (3) is that the uncorrelated
case (p;; = 0) is obtained when 6, ; = 1, since in that case
Equation (2) can be written as a product of two marginal
complementary CDFs. Moreover, the average product of
R; and R; is given by [12]

(3)
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2.2. Average output SNR

We consider an L-branch EGC receiver operating in the
fading environment described in Subsection 2.1. The
instantaneous SNR measured at the output of the diversity
receiver is given by [1]

E (& ’

s

Vegc = L—]V() (Z Rl) (5)
i=1

The instantaneous SNR at the /th input branch is

E
v =R} = 6
Ve ZN() (6)

where Ej is the transmitted symbol energy and N is the
single-sided power spectral density of the additive white
Gaussian noise (AWGN), while the corresponding average
input SNR is

E,
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Using Equation (5), the EGC average output SNR can be

written as
2
_ E, L
=— R; 8
weti{(Ge)) o

which using Equation (6) can be further expressed as

?egc = i€< (zl: \/5/_1-> > (9)

Expanding the term (Y-, \/%)2, using the multinomial
identity [11, Chapter 24.1.2], Equation (9) can be written as

L h/2
I IS <H > (1)
=0 hy= h; =0 i=1
h]+h2+ +hp=2

?egc =

which can be easily expressed as
')_)egc =

Z%HZZ Z
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Despite the complicated form of the above formula, it can
be easily recognised that only terms of the form 5<\/m>
need to be evaluated. These terms can be easily obtained
using Equation (4), with Equations (6) and (7), as

)=

Hence, by substituting Equation (12) in Equation (11) and
after some straightforward mathematical manipulations,
the average output SNR of an L-branch EGC receiver oper-
ating over correlated, but not necessarily identically dis-
tributed, Weibull fading channels can be obtained in a
simple closed-form expression as

(12)

i—1 Fz(d§ )

Z UREDD T(dan,)

Note, that Equation (13) may be used with arbitrary corre-
lation between the diversity input branches, such as con-
stant, exponential etc.

?egc = (13)

2.3. Extreme cases discussion

In order to reveal the effect of correlation on the average
SNR, assuming identically distributed input branches
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Y, =7y, we further study two extreme cases. The first one
is when the EGC input branches are same (p;; = 1), where
Equation (13) simplifies to

yegc

Y

meaning that ), is independent on p. It is interesting to
mention that the average output SNR of L-branch MRC
receivers 7y, is also given by Equation (14). The contra-
dictory result of Equation (14) can be explained as follows.
Due to the specific combining technique applied in EGC,
cross-product terms of the input-fading envelopes contri-
bute to the average output SNR. These terms are directly
related to its correlation coefficient. Hence, the higher its
correlation coefficient is, the higher the average output
SNR yields.

The other case arises when the EGC input branches are
uncorrelated (p;; = 0), where Equation (13) simplifies to

L T
7o t ['(d2)

In this case, the EGC average output SNR is always less
than that in Equation (14). Hence, contrary to the prior
knowledge that the branch-fading correlation degrades
all the performance measure characteristics, in case of
EGC receivers the average output SNR increases with an
increase of the correlation coefficient between the
branches, without necessarily meaning that it directly
translates into an improved EGC receiver performance.

Taking into account the above observations, we may
conclude that the average output SNR is not a clear and
meaningful performance measure for both EGC and
MRC receivers, when these operate in correlative-fading
channels. Note, that a similar behaviour, concerning
EGC receivers operating in correlative Nakagami-m-fad-
ing channels, as that described above, has been also
observed in Reference [13].

~L (14)

?egc

(L-1)<L (15)

3. NUMERICAL RESULTS

Equation (13) is numerically evaluated and the results are
illustrated in Figures 1 and 2. The average output SNR of
L-branch MRC receivers is also plotted in both figures for
comparison purposes. Assuming that the receiver operates
with an exponentially decaying power delay profile (PDP)

@ (£—1) (16)

in Figure 1, the first branch normalised average output
SNR of EGC, 7, /7;, With exponential correlated input

Yo = 71exp[—
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Figure 1. First branch normalised average output SNR of EGC,
Yege/ 71> and MRC, 7., /7, versus L with exponentially decaying
PDP, exponential correlation and f§ = 2.5.
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Figure 2. First branch normalised average output SNR of dual-
branch EGC, Y, /7, and MRC, ¥, /7,, versus f.

paths is plotted, as a function of L, for § = 2.5, and for sev-
eral values of p and the power decaying factor . It is
easily recognised that the combining loss of the receiver
gets more accentuated as ¢ increases, while with an
increase of p better performance is obtained. For p =1
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and ¢ = 0, the performance of EGC receiver is identical
with that of MRC, as Equation (14) reads. In Figure 2,
the first branch normalised average output SNR of dual-
branch EGC is plotted as a function of f3, for identically
distributed input branch SNRs and for several values of
p12 = p. It is observed that contrary to the average SNR
at the MRC output, which is unaffected by the correlation,
the average SNR at the EGC output increases with an
increase of the correlation, which is in agreement with
the similar result, observed in Figure 1. Moreover, as
expected, the receiver performs better with increasing f3.
It is also obvious from Figure 2 that while the fading sever-
ity decreases (i.e. f§ increases), the average output SNR
becomes less sensitive to p.

4. CONCLUSIONS

In this letter, using a simple approach based on the multi-
nomial identity, we studied the average output SNR, for L-
branch receivers employing EGC diversity operating over
correlated, but not necessarily identically distributed,
Weibull fading channels. Numerically evaluated results
demonstrated that the higher the correlation coefficient
the higher the value of the average output SNR, without
necessarily translating into an improved EGC receiver per-
formance. Hence, we conclude that the average output
SNR is not a clear and meaningful performance measure
for EGC (and MRC) receivers, when these operate in cor-
relative fading channels.
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