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Introduction

Fading, which appears as the result of spreading
multichannel signals in the wireless telecommunication
systems, is the main cause of performance degradation of
digital wireless communication systems. Many statistical
distributions are available in the literature to model the
fading process in order to predict the system performance.
One of these is the Nakagami-distribution, which has
attracted considerable interest as a channel-fading model.
This model is very flexible, because it can be used to
account for both severe and weak fading conditions, and
includes Rayleigh fading as a special case. The Nakagami-
distribution provides a very good fit for measured data in a
variety of fading environments [1].

Diversity systems are an effective and often used
techniques for mitigating the fading appeared as the results
of spreading multichannel signals in the wireless
telecommunication systems (for example: mobile phone
system). In this work, authors discuss the results of EGC
(Equal Gain Combiner) and MRC (Maximal-Ratio
Combiner) diversity systems. Also, these systems are used
in exceptional cases with shadow effect and in special
cases with simultaneous fading and shadow effect.

The performance of MRC in a Nakagami-fading
environment has been studied extensively [1-3]. It is well
known that MRC, which provides the best system
performance (the highest average output signal-to-noise
ratio — SNR), is difficult to implement in practice. EGC,
however, is easier to implement, but incurs a performance
penalty.

In this study, we calculated the moments of output
combiner signals for EGC and MRC combiner with two or
more branches in presence of Nakagami and Rician fading.
Mathematical relations who were formed in this paper
calculate the average signal, the square average signal and
the signal variance. The moments of the combiner output
signals can be used for determining optimal parameter
values of diversity systems.
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EGC model system with L inputs (diversity channels)

We consider a diversity system with L uncorrelated
branches (L diversity channels) and a predetection EGC
combiner. This architecture is shown in Fig. 1.

S1
§2

EGC

SL

Fig. 1. EGC diversity system model with L inputs

Output signal of EGC diversity system is equal to the
sum of combiner input signal amplitudes and we can write:
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where s; denotes envelope of the &-th diversity channel.
Probability density function for input signal sy, in case
of Nakagami fading is:
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where F[] is the Gamma function, Q; = ElsiJ, k=1; L -
my >0.5
parameter of the k-th channel; E[] — denoting statistical
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the average power; — the fading severity

expectation. Note that my =0.5describes a one-sided

Gaussian fading; m; =1 represents the Rayleigh fading



model; 0.5<m; <1 models fading conditions more severe
than Rayleigh, whereas m; >1models fading conditions

less severe than Rayleigh.
N-order moment of the output signal is expressed as:
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Since input signals are independent, the joint

probability density function can be expressed as a product
of input probability density functions. Thus, the average
value for product in (4) can be written as:
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After substituting (1) in (5) and integrating, we
obtain:
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Putting p, =m, /Q, , expression (6) becomes:
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Substituting (7) in (4) we obtain final expression for
N-order moment:
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As a special case, we consider EGC diversity system
with two channels, which often appears in practical
telecommunications systems. By using binomial formula
and (7), we obtain N-order moment as:

( 1 J(n—i)/Z( 1 ji/Z
— R X
P1 P2
xf(ml +Ejf(m2 +ij.

2 2

n
Mn:z

©

~

60

The average value of signal from output of EGC
combiner with two branches and the signal variance can be
calculated by:
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We consider only the case of equal fading severities

on all the branches. Putting m;=my=m and
p1 =Py = p , we obtain:
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Fig. 2 and Fig. 3 show the average value and the
variance of the EGC diversity system output with two

inputs as functions of ratio p , respectively.

Average value

Fig. 2. Average value of EGC diversity system output versus
ratio p in case L=2 and m=0.5, 0.8, 1, 2

Variance

Fig. 3. Variance of EGC diversity system output versus ratio p in
case L=2 and m=0.5,0.8, 1, 2



Now, we consider a case when the input probability

densities are Rician with mean 4, and variance o'}
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where [[.] denotes zero-order modified Bessel function of
the first kind.
If we put (14) into (5) and use integral relation

14
F(;ij[a} 2
B 2 2/ e4ﬂ2><

0 2841 (v+1)
_ 2
X B =Ly (15)
2 48

where F[.] denotes Kummer confluent hypergeometric

function, we obtain an expression for average value of
product in form
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By using binomial formula and (16), we obtain N-
order moment for EGC diversity system with two channels

as:
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MRC model system with L inputs (diversity channels)

We consider MRC architecture such as shown in Fig. 4.
This is the diversity system with signals in L separate
branches with the Nakagami fading.
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Fig. 4. MRC diversity system model with L inputs

The probability density function of r; s
mathematically expressed as:
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where F[] — the Gamma function; Q; =E [rk], k=1; L -
my >0.5
parameter of the k-th channel.

Output signal of MRC diversity system is equal the
sum of square combiner input signals:

L
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where 7, denotes the square envelope of the k-th diversity
channel. Note, that formula (19) has the same form as (1),
with difference that r; denotes square envelope while s, is
the envelope of the k-th diversity channel. Thus, we can
use (4) to obtain a final expression for N-order moment of
the output of MRC combiner.

Putting (18) in (5), we obtain an expression for
average value of product in form:

the average power; — the fading severity
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N-order moment for MRC diversity system with two
branches is given with:
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Now, from (22), we can determinate average value
and variance for the output of MRC combiner:
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e _u, _M12 ZL{F(m+2)_ Fzgmﬂ)] 6) Conclusions
p*| T(m) [ (m) In this paper, we consider output signals of EGC and
) MRC combiner in presence of Nakagami fading which is
The graphs of the average value and variance of the  the general and the most useful form of fading besides
MRC diversity system output with two inputs as functions  Ricjan and Rayleigh fading. The output combiner signal is
of ratio p are shown in Fig. 5 and Fig. 6, respectively. simply the sum of combiner input signals in case of EGC
or it is the sum of square combiner input signals in case of
‘ MRC combiner. Also, we determinate N-order moments of
s output signals for these combiners. The moments of the
30t combiner output signals can be used for determining
‘ optimal parameter values of diversity systems. It was
needed to use the multinomial formula for calculating N-
order moment. The average signal from output of EGC and
MRC combiner with two or more branches, the square
average output signal and the signal variance can be
calculated by obtain formulas. Also, the signal probability
density can be calculated by, on that way, obtain output
signal moments and some assembly of orthogonal
functions.
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Average value

Fig. 5. Average value of MRC diversity system output versus
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