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Abstract—Since the diversity reception is relatively often used
in wireless receivers to improve performance in fading channels,
this paper investigates equal gain combining (EGC) diversity
receiver performance in a fading channel. More precisely, the
outage probability of the EGC receiver in two wave with diffuse
power (TWDP) fading channel will be analyzed. The influence of
different fading parameters on the system performance will be
considered through the theoretical analysis and simulation.
Finally, some topics for the future work in this area will be
proposed.

Index Terms—QOutage probability; Equal gain combining;
Two wave with diffuse power fading.

I. INTRODUCTION

IN wireless communications, the transmitted signal reflects
from different obstacles and the receiver receives multiple
copies of the transmitted signal with different delays. This
multipath  propagation causes the variation of the
instantaneous value of the received signal, or fading. Fading is
one of the main causes of performance degradation in wireless
communication systems. The fading channels are usually
described by Rayleigh, Rician or Nakagami-m probability
density functions (pdfs) [1]. However, certain fading
situations cannot be characterized by the fading models
mentioned above. A newer, more general fading model - two
wave with diffuse power (TWDP) was introduced and
investigated in [2]. For TWDP fading, there are two specular
multipath components in the presence of diffusely
propagating waves. A research [3] demonstrated that TWDP
fading channel may produce worse propagation conditions
than Rayleigh fading channel if the two direct waves are equal
in strength and have a combined power of more than 6 dB
higher than the diffuse power. This is an important result
since the Rayleigh fading is often considered as the worst-
case scenario in the design of communication links. Also, by
choosing the TWDP fading parameters, it may be simplified
to Rayleigh or Rician fading.
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Since fading is always present in wireless channels, some
techniques should be used to combat the harmful effects of it.
A relatively simple and often used techniques is the diversity
reception. It is particularly significant since it does not require
higher transmitting power or bandwidth. Diversity receiver
receives independent multiple copies, usually using spatially
separated receiver antennas, of the transmitted signal through
different fading paths. These copies are combined and the
signal to noise ratio (SNR) is improved. The diversity receiver
is able to improve SNR because it is not very likely that all
fading paths go into a deep fade at the same time. Particular
diversity methods and combining techniques are presented in
[1], [4]. Diversity reception in TWDP channel is studied in
[5—-12]. The optimum diversity technique, maximal ratio
combining (MRC) is analyzed in [5 — 7]. Bit error rate (BER)
for binary phase shift keying (BPSK) modulation is
considered in [5], and quadrature amplitude modulation
(QAM) BER is studied in [6]. Reference [7] presented symbol
error rate (SER) analysis of the coherent and non-coherent m-
ary modulation techniques using M-MRC diversity receiver.
Selection combining (SC), the simplest combining technique,
is considered in [8 — 11]. These papers analyze BER, SER [8],
[9], the outage probability [9], [10], and the system capacity
[11]. The third combining technique, often used in
telecommunication systems, is the equal gain combining
(EGC). The performance of the EGC receiver is very close to
the performance of the MRC, with an advantage that the
complexity is considerably lower [1]. However, EGC is not
often analyzed within the receivers operating in TWDP
channels. BER of the postdetection EGC for noncoherent
frequency shift keying (NCFSK) and differential phase shift
keying (DPSK) is considered in [12]. Reference [13] analyzes
dual-EGC (EGC with two diversity branches) receiver in
TWDP channel.

In this paper we extend the analysis from [13] and consider
M-EGC (EGC with M diversity branches). Theoretical and
simulation results for the outage probability will be given for
different channel conditions.

The rest of the paper is organized as follows. Section II
describes TWDP fading model. The outage probability is
derived in Section III, and the numerical results are given in
Section IV. The conclusion summarizes the results and
provides proposal for the future work.

II. CHANNEL AND SYSTEM MODEL

Although there is no an exact closed form of amplitude
probability density function (pdf) for TWDP fading, in [2]
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authors proposed a family of approximate pdfs. The
approximation of TWDP channel model includes two
parameters K=V +V;)/20° and A=2VV,/ (V7 +V}),
where V) and V, are voltage magnitudes of two specular
waves, and 26° is the average power of the diffuse waves. K
represents the ratio of total specular power to diffuse power,
and A describes the relative strength of the two specular
waves. For different combinations of K and A, the fading
channel behaves differently, as shown in Table I [3].

TABLEI
TWDP FADING CHANNEL BEHAVIOR

Parameter(s) Value Behavior
K<2 ~ Rician fading
KA<2 ~ Rician fading
K=0 ~ Rayleigh fading
K< min{Z ra/Ja=a? —1} ~ Rayleigh fading

As K —>10,A =1 Deviate from Rician

BER poorer than
Rayleigh

Large K, A=1

The channel is assumed to be slow, frequency nonselective,
with  TWDP fading statistics. The complex low pass
equivalent of the received signal over one symbol duration T
can be expressed as

r(t) =re’s(t) +n(t) , (1)

where s() is the transmitted symbol, Ej is transmitted symbol
energy and n(f) is the complex Gaussian noise having zero
mean and two-sided power spectral density 2N,. Random
variable ¢ represents the phase and r is the TWDP distributed

fading amplitude. Without the loss of generality, we will
assume that the channel coefficients in all branches are
identically distributed random variables. Therefore, the
received signal amplitude pdf in each branch is equal to [2]

f (r)—Lex i -K iaD(L‘K aj
T O_z p 20_2 = i O" s & ) (2)

m=12,...

where

z(i—1)
2M -1

a, = Acos
D(x;K, ) = %exp(aK)]O (x, 2K —a))+ 3)
+%exp(—0:[()1O (xJZK(l + a))

Values for a;, for L =1...5 are given in Table II [2]:

TABLE I
COEFFICIENTS OF a FOR THE TWDP PDF

L al ar as (223 as
1 1
1 3
2 4 4
3 19 25 25
144 48 72
4 75 3577 49 2989
8640 8640 320 18640
5 2857 5741 27 1209 2889
44800 44800 1120 2800 22400

The SNR at the output of the EGC receiver is given by [14]:

E 1(& Y
=—— r.o|, 4
ycut NO M(Z mj ( )

m=1

where 7, is the received signal envelope in mth input path,
modeled as TWDP random variable.

III. PERFORMANCE ANALYSIS

In order to determine the outage probability, we need first
to determine the statistics of the instantaneous signal to noise
ratio. The characteristic function of the received signal
envelope in mth input path is, by definition:

o, (0) = E<ef("r> = ]c.fr (r)e’” dr . (5)

The characteristic function of the sum of the received signal
envelopes

S= irm (6)
is equal to
?5(@) = ¢, (@)%, (@)% ). (7

Since random variables in all branches are identically
distributed, (7) becomes

@5 (0) = (9, ()" . ()

The pdf for the random variable S may be obtained by
taking inverse Fourier transform of (8):

py(r) = %Ico (@) do. ©)

Now, pdf of the squared sum S is



1
psz(r):ﬁps('\/;)' (10)
Finally, pdf of the EGC output SNR is
M M
= 2 . 11
1, ES/NofS“[yES/No] (1D

The outage probability is defined as a probability that the
output SNR drops below a certain threshold y,, :

Yin

P, =Pr(y<yy)= | £,(ndy. (12)

IV. NUMERICAL RESULTS

Since there is no closed form for the expressions (7) to (12),
the results are obtained by numerical integration. Also, the
Monte-Carlo simulation results prove the validity of the
theoretical expressions. For all figures, the outage probability
threshold is y, =5 dB.
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Fig. 1. Outage probability as a function of SNR for different fading
parameters and M = 3.

Fig. 1. depicts the outage probability as a function signal to
noise ratio, for different fading parameters and M =3
diversity branches in the receiver. As can be seen, for higher
A the outage probability is higher. Also, for higher K, the total
power of specular waves is higher compared to the power of
diffuse waves, and the outage probability is lower.
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Fig. 2. Outage probability as a function of SNR for different number of
receiver branches.
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Fig. 3. Outage probability as a function of SNR for different fading severity
and M =3.



The influence of the number of the diversity branches in the
receiver is shown in Fig. 2. As expected, the higher the
number of branches, the lower outage probability is.

Finally, the outage probability as a function of SNR for
different fading severity is shown in Fig. 3, for M=3
diversity branches in the receiver. There are three
combinations of parameters: (K=1, A=0, one direct wave
with diffuse component), which models Rician fading
conditions, (K=0, A=0, diffuse component without direct
wave), which represents Rayleigh fading, and (K =10, A=1),
which creates fading worse than Rayleigh fading. It may be
noticed that the conditions worse than Rayleigh appear for
SNR > 7 dB, and the difference is higher for higher SNR.

All three figures demonstrate an excellent match between
theoretical and simulation curves.

V. CONCLUSION

The outage probability for M branch EGC receiver in
TWDP fading channel is analyzed. The theoretical
expressions are derived and the performance of the considered
system are demonstrated, both theoretical and simulation. The
results show the importance of TWDP fading model, since it
is able to create communication channel worse than Rayleigh.

As a future work, it may be significant to explore the
performance of the cooperative relaying systems in TWDP
channel.
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