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Abstract-In this paper, system performances of selection 
combining and correlated α-µ (Generalized Gamma) 
fading channels are analyzed. Fading between the diversity 
branches is correlated and distributed with α-µ 
distribution.Very useful closed-form expressions are 
obtained for the output signal's probability density 
function (PDF) and cumulative distribution function 
(CDF). The main contribution of this analysis for 
dualbranch signal combiner, is that it has been done for 
general case of α-µ (Generalized Gamma) distribution, 
which includes as special cases important other 
distributions such as Weibull  and Nakagami-m (therefore, 
the One-Sided Gaussian and Rayleigh are also special 
cases of it), so our analysis has high level of generality. 
Keywords: selection combining, α-µ distribution 
 

I. INTRODUCTION 
 
Various techniques for reducing fading effect and 
influence of cochannel interference are used in wireless 
communication systems [1]. Diversity reception is an 
effective remedy that exploits the principle of providing 
the receiver with multiple faded replicas of the same 
information-bearing signal. The goal of diversity 
techniques is to upgrade transmission reliability without 
increasing transmission power and bandwidth and to 
increase channel capacity. When multiple receiver 
antennas are used space diversity is an efficient method 
for amelioration system’s quality of service (QoS) [2].  
There are several principal types of combining 
techniques and division can be generally performed by 
their dependence on complexity restriction put on the 
communication system and amount of channel state 
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 information available at the receiver. One of the least 
complicated combining methods is selection combining 
(SC). Combining techniques like equal gain combining 
(EGC) and maximal ratio combining (MRC) require all 
or some of the amount of the channel state information 
of received signal. MRC and EGC combining 
techniques require separate receiver chain for each 
branch of the diversity system, which increase its 
complexity. 
 SC receiver process only one of the diversity branches, 
and is much simpler for practical realization, in 
opposition to these combining techniques. 
In general, selection combining, assuming that noise 
power is equally distributed over branches, selects the 
branch with the highest signal-to-noise ratio (SNR), that 
is the branch with the strongest signal [1-3]. There is 
also a type of selection combining that chooses the 
branch with highest signal and noise sum [4]. In fading 
environments as in cellular systems where the level of 
the cochannel interference is sufficiently high as 
compared to the thermal noise, SC selects the branch 
with the highest signal-to-interference ratio (SIR-based 
selection diversity) [5]. When the correlation is 
considered, most of the works deal with the case of dual 
branch because the analysis becomes complicated as the 
diversity order grows [6], [7]. 
The multipath fading in wireless communications, is 
modeled by several distributions including Weibull, 
Nakagami-m Hoyt, Rayleigh, and Rice. By considering 
two important phenomena inherent to radio propagation, 
namely non-linearity and clustering, the α-µ fading 
model was recently proposed in [8], [9]. The model 
provide a very good fit to measured data over a wide 
range of fading conditions. This distribution has the 
same functional form as the Generalized Gamma or 
Stacy distribution [10].The α-µ distribution is written in 
terms of physically-based fading parameters, namely α 
and µ. Roughly speaking, α is related to the non-
linearity of the environment whereas µ is associated 
with the number of multipath clusters [11]. The effect of 
correlated fading has been extensively analyzed on the 
performance metrics of wireless communication system. 
In papers [12, 13] selction diversity over  Wielbull 
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fading channels has been analyzed. In recent works [14-
15] the joint PDF and CDF of the multivariate 
Nakagami-m and Rayleigh distributions. Moreover to 
the best author's knowledge, no analytical study of 
selection combining involving assumed correlated α-µ 
fading for desired signal, has been reported in the 
literature. 
 
In this paper, we consider diversity system with 
multiple correlated α-µ fading channels model in the 
presence of mutually correlated interferences. We model 
fading and interference by α-µ fading distribution with 
constant correlation model, which is an adequate for 
multipath waves propagating in a nonhomogenous 
environment. 
 
In order to study the effectiveness of any modulation 
scheme and the type of diversity used, it is required to 
evaluate the system’s performance over the channel 
conditions [3]. In this paper, for proposed system 
model, expressions for cumulative distribution function 
(CDF) and probability distribution function (PDF) of 
the output signal for selection combining diversity are 
derived. Numerical results for PDF and CDF are 
graphically presented. 
 
Outage probability is shown graphically for different 
system parameters. The main contribution of this 
analysis is that α-µ fading channels model includes as 
special cases important other distributions such as 
Weibull and Nakagami-m (therefore, the One-Sided 
Gaussian and Rayleigh are also special cases of it), so 
our analysis has high level of generality. 

 
II. STATISTICS OF THE SC OUTPUT 

 
 The α-µ distribution is a general fading distribution that 
can be used to better represent the small-scale variation 
of the fading signal in a non line-of-sight fading 
condition. In provides good fits to other distributions 
such as Weibull and Nakagami-m which are used in 
many wireless communications applications. In this 
paper, wireless communication system with dual SIR-
based SC diversity is considered. The desired signal 
received by the i-th antenna can be written as [13]: 
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where fc is carrier frequency, Φ(t) desired information 
signal, фi (t) the random phase uniformly distributed in 
[0.2π], and Ri(t), a α-µ distributed random amplitude 
process given by [9]: 
 

( )
( )

,0exp
^^

1

≥
⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛
−

Γ
=

−

t
t

t

t

ttf
i

i

ii

iii

i i

i

ii
R α

α

µα

µαµ

µ
µ

µα          (2) 

where Γ(•) is the Gamma function, Ω=t2/m, with  
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and E(.) and V (.) are, respectively, the expectation and 
variance operators.  
The performance of the dualbranch SC can be carried 
out by considering, as in [13], the effect of insufficient 
antennae spacing, so desired, envelopes experience 
correlative α -µ  fading, with joint distributions [11]: 
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substituting (2) into (4): 
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It is important to quote that ρ denotes the power 
correlation coefficient defined as cov(Ri

2, 
Rj

2)/(var(Ri
2)var(Rj

2))1/2. Ln
k(x) is generalized Laguerre 

polynomial given by [16]: 
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The selection combiner chooses and outputs the branch 
with the largest signal level. 

 
R =Rout= max(R1, R2).                           (7) 

 
For this case joint cumulative distribution function can 
be written as [3]:  
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 Cumulative distribution function of output SIR, could 
be derived from (6) by equating the arguments R1=R2=R 
as in [13]: 
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with:  

231

BUPT



( )
( ) ( )

( )( )
( ) ( ) ( ) ( )lmj

l
mljlmj

lG
lmj

+ΓΓ+−+−
+−

−−
−=

+

1111

2
112

1 !1!1
!1

!!!!
!1

µµµµ
µρ  

                                             (10)  
 

and γ  (a, x), being the lower incomplette Gamma 
function [17].  
 
The nested infinite sum in (9), ,for two branches 
diversity case, converges for any value of the 
parameters ρ, 

^

1R , 
^

2R , µ1, α1 and α2. The number of the 
terms need to be summed to achieve a desired accuracy, 
depend strongly on the correlation coefficient ρ. The 
number of the terms increases as correlation coefficient 
increases. For the special case of µ1=1 we can evaluate 
expression for cdf for Weibull - desired signal and co-
channel interference, and For the special case of α1=2 
and α2, =2 we can evaluate expression for cdf for 
Nakagami-m - desired signal and co-channel 
interference. This generality of cumulative distribution 
function of output signal for a number of fading 
distributions is the main contribution of our work. 
 
Probability density function (PDF) of the output SIR 
can be obtained easily from previous expression: 
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Fig. 1 shows probability density function of output 
signal for balanced and unbalanced ratio of signal at the 
input of the branches and various values of correlation 
coefficient and various fading types (various values of  
α and µ, including special cases of  Nakagami-m and 
Weibull distributions) 
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Fig. 1. Probability density function of output signal for various values 

of fading types and corelation coefficient 

 
Outage probability Pout is one of the accepted 
performance measure for diversity systems operating in 
fading environments. Outage probability is a measure of 
the system's performance, used to control the cochannel 
interference level, helping the desingers of wireless 
communications system's in order to meet the QoS and 
grade of service (GoS) demands. Pout  is defined as the 
probability that the output signal of the SC falls below a 
given outage threshold q also known as a protection 
ratio. 
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   Protection ratio depends on modulation technique 
and expected QoS. Outage probability versus 
normalized parameter  

^

1R /q for balanced and 
unbalanced ratio of signal at the input of the branches 
and various values of corelation coefficient and fading 
severity parameters is shown on Fig. 2.  
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Fig. 2. Outage probability versus 
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1R /q for various values of fading 
types and corelation coefficient 

 
III. CONCLUSION 

 
 In this paper, system performances of selection 
combining over correlated α-µ channels are analyzed. 
Fading between the diversity branches is correlated and 
α-µ distributed. The complete statistics for the SC 
output signal is given in the closed form, i.e., PDF, 
CDF. As an illustration of the mathematical formalism, 
numerical results of these performance criteria are 
presented, describing their dependence on correlation 
coefficient and fading severity. The proposed 
approximations turns out to be simple, effective, and 
highly accurate tool for evaluating the outage 
probability of selection diversity systems. The main 
contribution of this analysis for dualbranch signal 
combiner, is that it has been done for general case of α-µ 
(Generalized Gamma) distribution, which includes as 
special cases important other distributions such as 
Weibull  and Nakagami-m (therefore, the One-Sided 
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Gaussian and Rayleigh are also special cases of it), so 
our analysis has high level of generality. 
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