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Abstract: - Two wireless relay communication systems with two sections on selection combining (SC) are 
considered in this paper. Received signal in sections experiences κ-μ small scale fading. Signal envelope at 
output of relay systems can be evaluated as product of signal envelopes in sections. Therefore, probability 
density function (PDF) and cumulative distribution function (CDF) at output of relay system are calculated. SC 
receiver selects relay system with higher signal envelope. Thus, PDF and CDF of SC receiver signal envelope 
are calculated by solving integrals in the closed forms by using sums and Bessel function of the second kind. 
Then, they are graphically presented. The influence of Rician factors of κ-μ short term fading in sections and κ-
μ short term fading severity parameters on the outage probability of considered relay system is analyzed and 
discussed. These results serve to designers of wireless systems to choose optimal system parameters in 
appropriate fading environment.     
 
 
Key-Words: - κ-μ short term fading; probability density function (PDF); cumulative distribution function 
(CDF); outage probability; relay communication system 

1 Introduction 
A radio transmission system in which intermediate 
radio stations or radio repeaters receive and 
retransmit radio signals is known as relay system. 
Here, two relay systems on selection combining 
(SC) receiver are considered. Such relay system has 
two sections. Received signal in each section is 
subjected to κ-μ short term fading. SC receiver 
selects relay system with higher signal envelope at 
output [1]. Signal envelope at output of relay system 
can be calculated as product of signal envelope in 
sections or signal envelope at output of relay system 
can be evaluated as product of two κ-μ random 
variables. Signal envelope at output of proposed 
wireless relay system can be evaluated as maximum 
of two signal envelopes at outputs of relay systems.  

The outage probability is important the first 
order performance measure of wireless 
communication system which is defined as 
probability that signal envelope falls below of the 

specified threshold or can be calculated from 
cumulative distribution function [2] [3].  

The κ-μ distribution can describe small scale 
signal envelope in fading channel with two or more 
clusters in the presence of more line of sight 
components [4]. This distribution is general 
distribution from witch can be derived Rician, 
Nakagami-m and Rayleigh distributions as special 
cases. The κ-μ distribution has two parameters: κ 
and μ [5]. The parameter κ is Rician factor which 
can be evaluated as ratio of dominant component 
power and scattering components power. The κ-μ 
fading is more sever for lower value of Rician 
factor. Rician factor has lower values for higher 
values of scattered components power and lower 
value of dominant component power. The parameter 
μ is in relation with the number of clusters and 
denoted as severity parameter. 

There are papers analyzing performance of 
wireless system in the presence of k-μ multipath 
fading, shadowing and k-μ cochannel interference 
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[6], or influence of κ-μ fading on the performance of 
systems with diversity combining [7]. Also, a few 
works consider wireless relay communication 
mobile radio systems with two or more sections, 
outage and error performance in the presence of 
long term fading, short term fading and cochannel 
interference [8]-[11]. 

In this paper, two wireless relay communication 
systems with two sections and with SC receiver in 
the presence of κ-μ short term fading in sections are 
studied. Signal envelopes at output of relay systems 
can be written as product of two κ-μ random 
variables. Therefore, probability density function 
and cumulative distribution function of product of 
two κ-μ random variables with different parameters 
are evaluated. The signal envelope at output of 
proposed system can be presented as maximum of 
signal envelopes at outputs of relay systems. Then, 
probability density function, cumulative distribution 
function and outage probability of considered 
system are evaluated and the influence of Rician 
factors at sections on outage probability is analyzed 
and discussed. By the authors’ knowledge, radio 
systems consists of two relays with two sections and 
with SC receivers in the presence of the κ-μ fading 
are not considered in open technical literature. 

This article consists of five sections. After an 
introduction to the field and description of the 
papers published in this area, in the second section, 
the wireless relay communication mobile radio 
system with SC receiver is presented and the 
probability density functions and cumulative 
distribution functions of input and output signals are 
derived. Then, in third section, CDF of SC receiver 
output signal is carried out and numerical results are 
given in the forth one. Some conclusions with 
described contribution are given in the fifth section. 

   
 

2 System Model 
In this paper, the wireless relay communication 
mobile radio system with SC receiver is considered. 
Model of proposed system is shown in Fig. 1. 

The signal envelopes x1 and x2 follow κ-μ 
distribution: 
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Fig.1. System model 

 
By solving we have: 
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Random variables y1 and y2, also, follow κ-μ 
distribution: 
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Random variable x can be evaluated as product 
of two κ-μ random variables: 

2
121 ,

x
xxxxx =⋅=   (4) 

PDF of x is [12]: 
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Here, Kn(x) is the modified Bessel function of the 
second kind with argument x and order n [13]. 

CDF of x is: 
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The PDF of y is: 
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The CDF of y is: 
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The outage probability is probability that 
communication relay system output signal envelope 
drops below the defined threshold. The outage 
probability for this case is equal to the CDF of 
product of signal envelopes at sections. 

 
 

3 The CDF of SC Receiver Output 
Signal 
The SC receiver output signal is: 

z=max(x, y)   (9) 

The CDF of z is: 
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The outage probability is defined as the 
probability that the receiver output signal envelope 
is falling below a given threshold value. 
Mathematically, the outage probability is the CDF 
of the signal and is given by [14, eq. (2.23)]: 

( ) ( )out th thP P zγ γ= < ,  (11) 

with γth being the threshold value. 
 
 
4 Numerical results  
The probability density function of SC receiver 
output signal envelope is plotted in Figs. 2 and 3. for 
some values of fading severity parameter μ and 
Rician factors. In Fig. 2, fading severity parameter 
μ=2 and Rician factors are kij=1; i, j = 1, 2. In the 
Fig. 3, fading severity parameter μ=3 and Rician 
factors are kij=2; i, j = 1, 2.  In all figures parameters 
are assigned as: k11=k1, k12=k2, k21=k3, k22=k4. 
 

 
Fig. 2. PDF of x for μ=2 and kij=1. 

 

 
Fig. 3. PDF of x for μ=2 and kij=2. 

 
The cumulative distribution functions of SC 

receiver output signal envelope are plotted in Figs. 4 
to 9. for different quantities of fading severity 
parameter μ and Rician factors. In Figs. 4 to 7, 
parameter μ=2, and in Figs. 8 and 9, fading severity 
parameter μ=3. The CDF is plotted for variable 
parameters κ. 

 

 
Fig. 4. The cumulative distribution function of      

SC receiver output signal envelope 
 

 
Fig. 5. The cumulative distribution function of      

SC receiver output signal envelope. 
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Fig. 6. The cumulative distribution function of SC 

receiver output signal envelope. 
 

 
Fig. 7. The cumulative distribution function of SC 

receiver output signal envelope. 
 

 
Fig. 8. The cumulative distribution function of SC 

receiver output signal envelope. 
 
It is visible that CDF increases with increasing of 

the signal envelope. The cumulative distribution 
function decreases for larger values of Rician factor 
κij. 

 
Fig. 9. The The cumulative distribution function of 

SC receiver output signal envelope. 
 
Also, one can see from these figures that CDF is 

smaller for bigger values of fading severity 
parameter μ. 

System performances are better for lower values 
of the outage probability. Because the outage 
probability is mathematically the CDF, previous few 
figures for CDF are drawn curves for the outage 
probability versus signal envelope. From them, the 
influence of different fading parameters can be seen.  

 
 
5 Conclusion  
In this paper, wireless system with two relay 
communication systems, both with two sections, 
whose outputs are inputs in SC receiver, in the 
presence of κ-μ short term fading in sections, is 
studied. Signal envelopes at output of relay systems 
are products of two κ-μ random variables. The 
probability density function and cumulative 
distribution function of products of two κ-μ random 
variables with different parameters are evaluated.  

The signal envelope at output of proposed 
system is presented as maximum of signal 
envelopes at outputs of relay systems. Then, 
probability density function, cumulative distribution 
function and outage probability of considered 
system are determined and the influence of Rician 
factors at sections on outage probability is analyzed 
and discussed. 

System performance is better for lower values of 
the outage probability. This can be achieved by 
larger values of Rician factor κij when cumulative 
distribution function decreases. Also, the CDF is 
smaller for bigger values of fading severity 
parameter μ. 

Presented figures for the outage probability 
versus signal envelope are given to show the 
influence of fading parameters what contributes to 
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the wireless system designers to choose optimal 
system parameters. 
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