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Abstract –Wireless communication system operating 
over Gamma shadowed multipath fading channel in the 
presence of cochannel interference subjected to small 
scale fading is delineated in this paper. Desired signal 
experiences Gamma long term fading, k-μ short term 
fading and cochannel interference affected by k-μ 
multipath fading. In interference limited environment, 
the signal to interference ratio (SIR) for proposed 
wireless communication system can be calculated as the 
ratio of product of square rooted Gamma random 
variable and k-μ random variable and k-μ random 
variable. The probability density function (PDF), 
moments and moment generating function of signal to 
interference ratio will be calculated as expressions in the 
closed form. The impact of Rician factor of desired 
signal and Rician factor of cochannel interference on 
moments will be analyzed and discussed.   

Keywords-cochannel interference; Gamma 
shadowing; k-μ fading; moments; moment generating 
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I.  INTRODUCTION 

The k-μ short term fading, Gamma long term 
fading and k-μ cochannel interference degrade the 
outage probability and average symbol error 
probability of wireless communication system [1][2]. 
The k-μ statistical model can describe small scale 
desired signal envelope variation in line of sight 
multipath fading environment where signal propagates 
with two or more clusters [3]. The k-μ distribution is 
described with two parameters, k and μ [4]. The 
parameter k is Rician factor and defined as the ratio of 
dominant component power and scatter components 
power. The parameter μ is in relation with the number 
of clusters in propagation environment. 

 The k-μ distribution is general distribution and 
Rayleigh, Rician and Nakagami-m distributions can be 
derived from k-μ distribution as special cases [5]. By 
using for k=0, the k-μ distribution reduces in 

Nakagami-m distribution and for μ=1, Rician 
distribution is derived from k-μ distribution. Rayleigh 
distribution is obtained from k-μ distribution by setting 
k=0 and μ=1. When k goes to infinity, the k-μ 
multipath fading channel becomes no fading channel. 

Long term fading can be described by using log-
normal distribution or Gamma distribution. When 
signal envelope average power is modeled by using 
the Gamma distribution, the expressions for outage 
probability and bit error probability can be derived in 
the closed form. 

There are a lot of papers in open technical 
literature considering performance of wireless 
communication system in the presence of long term 
fading and short term fading and performance of 
wireless communication system in the presence of 
short term fading and cochannel interference. 

In papers [6]-[9], the second order performance 
measures of macrodiversity system with 
macrodiversity selection combining receiver and two 
microdiversity maximal ratio combining receivers 
operating over shadowed multipath fading channels 
are evaluated. In [10]-[12], wireless communication 
systems with selection combining receiver working 
over multipath fading channels in the presence of 
cochannel interference subjected to short term fading 
are analyzed. For this model, probability density 
function, cumulative distribution function, moments, 
outage probability and bit error probability are 
calculated.  

In this paper, wireless communication system 
operating over multipath fading and the presence of 
cochannel interference subjected to long term fading 
and short term fading is estimated. Desired signal is 
subjected to k-μ short term fading and cochannel 
interference experiences Gamma long term fading and 
k-μ short term fading. In interference limited 
environments, the ratio of desired signal envelope to 



 

cochannel interference envelope is important 
performance measure. For proposed model, signal to 
interference ratio can be calculated as ratio of product 
of square rooted Gamma random variable and the k-μ 
random variable and the k-μ random variable. The 
probability density function, moment generating 
function and moments of proposed ratio are calculated 
as expressions in the closed form.        

II. PERFORMANCE OF OUTPUT SIGNAL TO 

INTERFERENCE RATIO 

A. Probability Density Function of Output Signal 
Envelope to Interference Envelope Ratio 
The output signal to interference ratio (SIR) is an 

important entity in communications engineering which 
indicates the quality of a link between transmitter and 
receiver in a multi transmitter-receiver environment.  

By definition, the noise is the unwanted signal that 
contaminates the original signal causing false decision 
on the information contained by the original signal at 
the receiver. There are two types of noise according to 
their source. The noise is said to be intrinsic if it is 
generated in the communication devices such as the 
thermal, the shot and the 1/f noise generated in the 
resistive elements inside the electronics. This is 
because of the statistical nature of the electronic 
conduction in the element of the circuits. The second 
type of noise is the extrinsic noise which arises from 
interference of the other signal sources that might be 
exiting in the same space and time of the original 
signal. The intrinsic noise is simply called noise and 
the extrinsic noise is called simply interference signal 
[13]. 

So, at any point of the path between the transmitter 
and the receiver there is a value for the wanted signal 
power, called S and there is noise N and interference 
signal power I. The most important point is the point 
of the decision on the information value of the symbol 
in the receiver. Ideally, at this point theoretically 
speaking one has to make N=0 and I=0.  The 
interference can be eliminated if it is known. If it is 
unknown, one can measures it and subtract it from the 
signal. It is the correlation between signal and 
interference that cannot be eliminated. The intrinsic 
noise can be reduced by using low noise devices and 
matched filters. Since the received signal r = S + N + 
I, it is observed the signal to noise plus interference 
ratio S/ [I+N] at the input of the decision device in the 
receiver. 

The SINR is defined as the power of a certain 
signal of interest divided by the sum of the 
interference power (from all the other interfering 
signals) and the power of some background noise. If 
the power of noise term is close to zero, then the SINR 
reduces to the signal-to-interference ratio (SIR). 
Conversely, zero interference reduces the SINR to the 
well known signal-to-noise ratio (SNR). SINR is 
commonly used in wireless communication as a way 
to measure the quality of wireless connections. 

If the level of interference is significantly higher 
than the level of noise in the channel, we will also use 
SIR for further analysis of wireless systems. 

The ratio of product of square rooted Gamma 
random variable and k-μ random variable, and k-μ 
random variable is: 

x yw
z
⋅= .          (1) 

The random variable x is: 
1/2 2
1 1,x x x x= = ,                    (2) 

where x1 has Gamma distribution: 
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Probability density function of x is: 
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The random variable y follows k-μ distribution 
[4]: 
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Random variable z has also k-μ distribution [4]: 
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Probability density function of w is: 
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Let us introduce the integral J1 in the form: 
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His solution is [14]: 
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By using the formula [14]: 
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the integral J1 obtains the form: 
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B. Moments of Output Signal to Interference Ratio 
Moments of output signal to interference ratio are: 
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Let it be that integral J2 is: 
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In the next step of the moment’s derivation, we use 
the formula: 
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For the considered case it is valid: 
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After substituting, the expression for J2 becomes: 
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C. Moment Generating Function of Output Signal to 
Interference Ratio 
Moment generating function of w is: 
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Let there be integral J3: 
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The integral J3 be solved as: 
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III. NUMERICAL RESULTS 

The first moment of w (mean value w ) is given 
versus Rician factor of desired signal k1, Rician factor 
of interference signal k2 and Gamma long term shape 
parameter β in the next few figures, with different 
parameters of curves, such as Gamma large scale 
severity parameter c and parameter μ.  



 

In Fig. 1, the main value w  versus Rician factor of 
desired signal k1 is presented for β=0.2, μ=2, and c=2; 
Rician factor of interference signal k2 is variable. In 
Fig. 2, the first moment w  is plotted versus Rician 
factor of desired signal k1. The parameters of curves 
are: Rician factor of interference signal k2=0.2, μ=2 
and c=2; parameter β is changeable. One can see from 
Fig. 1 that the first moment of w increases when 
Rician factor of desired signal, k1, increases. The first 
moment also is growing up with declining of Rician 
factor of interference signal k2. An increment of mean 
value of w is visible from Fig. 2 for reduction of 
parameter β, whereby the increase is more 
conspicuous for larger values of Rician factor of 
desired signal k1. 

 
Figure 1.  Mean value w  versus Rician factor of desired signal k1 

for β=0.2, μ=2, c=2 and variable Rician factor of interference 
signal k2. 

 
Figure 2.  The first moment of w versus Rician factor of desired 

signal k1 for c=2, μ=2, k2=0.2,  and changeable parameter β . 

 
Figure 3.  Mean value w  versus Rician factor of interference 
signal k2 for c=2,  μ=2, β=0.2 and changeable Rician factor of 

desired signal k1. 

Mean value w  versus Rician factor of interference 
signal k2 is shown in Figs. 3 and 4. In Fig. 3, the 
parameters of curves are: c=2, μ=2, β=0.2 and 
modifiable Rician factor of desired signal k1. In Fig. 4, 
the curves are drawn for: c=2, μ=2, k1=1and variable 
parameter β. It is evident from these figures that the 
mean value wanes with increasing of Rician factor of 
interference signal k2, increases with increasing of  
Rician factor of desired signal k1 and rises with bigger 
parameter β. For smaller values of Rician factor k2, the 
influence of  Rician factor k1 and parameter β is larger. 

The first moment of w versus parameter β is 
presented in Figs. 5. and 6. Gamma shadowing 
severity parameter c and k-µ distribution parameter µ 
are equal for all observed cases: c=2, µ=2.  

 
 

Figure 4.  Mean value w  versus Rician factor of interference 
signal k2 for c=2,  μ=2, k1=1 and variable parameter β. 

 

Figure 5.  Mean value w  versus parameter β for c=2, µ=2, Rician 
factor of interference signal k2=0.2, and variable Rician factor of 

desired signal k1. 

 
Figure 6.  The first moment of w versus parameter β for c=2, µ=2, 
Rician factor of desired signal k1=1 and changeable Rician factor of 

interference signal k2. 



 

 

 
Figure 7.  The second moment of w versus parameter β with 
parameters c=2 and µ=2, and variable Rician factor of desired 

signal k1 and Rician factor of interference signal k2. 
 

 
Figure 8.  The squared average value 2w  versus Rician factor of 

interference signal k2 for c=2, µ=2, and changeable Rician factor of 
desired signal k1 and parameter β. 

 
Figure 9.  The second moment 2w  versus Rician factor of desired 
signal k1 for c=2, µ=2 and mutable Rician factor of interference k2 

and parameter β. 

 
The Rician factor of desired signal k1 is changeable 

in Fig. 5. and Rician factor of interference signal k2 is 
varying in Fig. 6. It is obvious from these two figures 
that mean value w  is growing with an enlargement of 
parameter β. One can also see that influence of Rician 
factors k1 and k2 is bigger for larger values of 
parameter β. 

The second moment of w i.e. squared average 
value 2w , is given versus parameter β, Rician factor of 
interference signal k2 and Rician factor of desired 
signal k1, in Figs. 7 to 9, respectively. The parameters 

of curves are Gamma shadowing severity parameter c 
and parameter μ: c=2, µ=2, as well as Rician factor of 
desired signal k1, Rician factor of interference signal k2 
and parameter β. It is obvious from last three figures 
that second moment 2w  enhances with enlargement of 
parameter β and Rician factor of desired signal k1. 

The squared average value decreases with 
increasing of Rician factor of interference signal k2. 
The greatest impact on increasing of the second 
moment of w has increment of parameter β. The 
influence of parameter β is bigger for higher values of 
Rician factor of desired signal k1 and vice versa. For 
bigger values of Rician factor of desired signal k1, the 
impact of increase of Rician factor of interference k2 is 
negligible. 

IV. CONCLUSION 

Wireless communication system operating over k-μ 
multipath fading channel in the presence of cochannel 
interference subjected to shadowed short term fading 
is considered here. Desired signal experiances k-μ 
multipath fading resulting in signal envelope variation. 
Cochannel interference expiriences Gamma long term 
fading resulting in signal envelope average power 
variation and also k-μ short term fading resulting in 
signal envelope variation. 

In interference limited environments, ratio of 
signal envelope to interference envelope is important 
performance measure which for proposed model can 
be calculated as the ratio of product of square rooted 
Gamma random variable and the k-μ random variable 
and k-μ random variable. The closed form expressions 
for probability density function, moments and moment 
generating function of signal to interference ratio at 
output are derived.        

From obtained expressions it is possible to 
evaluate probability density function, moments and 
moment generating function of signal to interference 
ratio at the output of wireless communication system in 
the presence of Nakagami-m short term fading and 
cochannel interference subjected to Gamma long term 
fading and Nakagami-m short term fading [15].  

System performance is better for higher values of 
the first moment and the second moment. The first 
moment increases as Rician factor of desired signal 
increases. The impact of Rician factor of desired 
signal, Rician factor of cochannel interference and 
Gamma long term severity parameter on the first 
moment and the second moment are analyzed and 
discussed.  
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