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Abstract: - Wireless communication system operating over interference limited, α-k-μ multipath fading channel 
is considered. Closed form expressions for cumulative distribution function and level crossing rate of the ratio 
of two k-μ random variables and the ratio of the two α-k-μ random variables are calculated. These expressions 
are used for evaluation level crossing rate of wireless communication system with  L-branches, SIR based SC 
receiver operating over. α-k-μ multipath fading environment in the presence of co-channel interference affected 
to α-k-μ multipath fading. Numerical results are plotted to show Rice factor affects and α-k-μ fading severity 
parameter affects on level crossing rate. 
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1 Introduction 
Small scale fading and co-channel interference 
degrade system performance and limit channel 
capacity. Received signal experiences short term 
fading resulting in signal envelope variation. There 
are more distributions can be used to describe small 
scale signal envelope variation. The k-μ distribution 
can be used to describe small scale signal envelope 
variation in linear, line-of sight multipath fading 
environment. This distribution has two parameters. 
The parameter k is Rice factor. Rice factor is 
defined as the ratio of dominant components power 

and scattering components power [6]. The 
parameter μ is related to the number of clusters in 
propagation environment. Reyleigh, Rician, 
Nakagami-m distribution can be obtained from k-μ 
distribution as special cases. By setting k=0 the k-μ 
distribution reduces to Nakagami-m distribution and 
Rician distribution can be derived from k-μ 
distribution by setting μ=1. By setting μ=1 and k=0, 
the k-μ distribution approximates Reyleigh 
distribution [8], [11]. 

In this paper, wireless communication system 
with L-branches SIR based SC diversity receiver 
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operating over α-k-μ multipath fading environment 
in the presence of co-channel interference subjected 
to α-k-μ multipath fading is considered. The α-k-μ 
distribution can be used to describe small scale 
signal envelope variation in non-linear and line-of-
sight fading environment. The parameter α is related 
to nonlinearity of system. The α-k-μ is general 
distribution. By setting α=2, the α-k-μ distribution 
reduces to k-μ distribution, and the α-μ distribution 
can be obtained from α-k-μ distribution by setting 
k=0. By setting α=2 and k=0, the α-k-μ distribution 
approximates Nakagami-m distribution. 

There are several diversity combining techniques 
that can be used to reduce fading affects and 
influence of co-channel interference on outage 
probability, bit error probability and system capacity 
[7]. In this paper, SC diversity combining 
techniques is used to reduce α-k-μ fading affects and 
co-channel interference affects on average level 
crossing rate and average fade duration. In 
interference limited environment the SC receiver 
selects and outputs the branch with the highest SIR. 
There are more works considered first and second 
order statistics of wireless communication system in 
open technical literature [4], [5], [9], [10]. 

In papers [1], [13], level crossing rate of SC 
receiver operating over Rician multipath fading 
channel in the presence of co-channel interference 
subjected to Reyleigh multipath fading is calculated.  

In paper [2], second order statistics of wireless 
system with SC receiver operating over Nakagami-
m multipath fading environment are evaluated. In 
this paper, the ratio of two k-μ random variables and 
ratio of two α-k-μ random variables are considered. 
The joint probability density function of the ratio of 
two k-μ random variables and the first derivative of 
the ratio of two k-μ random variables is calculated. 
This expression is used for calculating the joint 
probability density function of the ratio of two α-k-μ 
random variables and it’s the first derivative and 
level crossing rate of ratio of two α-k-μ random 
variables. Closed form expression for level crossing 
rate and average fade duration of wireless system 
with L-branches SC receiver operating over α-k-μ 
multipath fading environment in the presence of co-
channel interference subjected to α-k-μ multipath 
fading are derived. 
 
 
2 Level crossing rate of two k-μ 
random variables  
The ratio of two k-μ random variables is: 
 

xz
y

=
                                 (1) 

where x and y follow k-μ distribution [8]. 

( ) ( ) ( )

( )

2

1

1 1
2

1
12

1

1
1

2 1

2 1
, 0

k x

x
k

k
p x x e

k e

k k
I x x

µ µ
µ

µ
µ µ

µ

µ

µ

+ +
−

Ω
+

+

−

+
= ⋅

Ω

 +
 ⋅ ≥
 Ω 

        (2) 

( ) ( ) ( )

( )

2

2

1 1
2

1
12

2

1
2

2 1

2 1
, 0

k y

y
k

k
p y y e

k e

k k
I y y

µ µ
µ

µ
µ µ

µ

µ

µ

+ +
−

Ω
+

+

−

+
= ⋅

Ω

 +
 ⋅ ≥
 Ω 

       (3) 
The first derivative of ratio of two k-μ random 

variables is: 

2

x xyz
y y

= =
 



                           (4) 
Squared k-µ random variable x is: 

2 2 2 2
1 2 2x x x x µ= + + ⋅⋅⋅ +

                 (5) 
The first derivative of k-μ random variable x is:  

( )1 1 2 2 2 2
1x x x x x x x
x µ µ= + +…+   

          (6) 
Squared k-µ random variable y and the first 

derivative of k-μ random variable y are: 
2 2 2 2

1 2 2y y y y µ= + + ⋅⋅⋅ +
                (7) 

( )1 1 2 2 2 2
1y y y y y y y
y µ µ= + ++ ⋅⋅⋅   

     (8) 
After substituting (6) and (8) in (4) expression 

for the first derivative of the ratio of two k-μ random 
variables becomes:  
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The main of z is zero. The variance of z is: 
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where: 
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After substituting, the expression for variance of 
z becomes: 
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The joint probability density function of z, z and y 
is:  
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Where is: 

( ) ( )x
x/ yz

dp z p zy
dz

=
 

The first derivative of x respect to z is: 

xd y
dz

=
 

After substituting, the expression for joint 
probability density function z, z and y becomes: 

( ) ( ) ( ) ( )z xz y y zz zp z y yp p y py z zy=
 

 

(14)  

The joint probability density function of z 
and z can be calculated by integrating previously 
expression respect to y: 

( ) ( ) ( ) ( )
0
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∞

= ∫ 

 

 (15) 

Level crossing rate of ratio of two k-μ random 
variable can be calculated as the average value of 
the first derivative of ratio of two k-μ random 
variable: 
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The expression for level crossing rate of two k-μ 
random variable can be used in performance 
analysis of wireless communication system 
operating over k-μ multipath fading environment in 
the presence k-μ co-channel interference. 
 
 
3 Level crossing rate of ratio of two  
α-k-μ random variable  
The α-k-μ random variable z1 and the first derivative 

of α-k-μ random variable 1z  are: 
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where z is k-μ random variable and z is the first 

derivative of k-μ random variable 
The joint probability density function of α-k-μ 

random variable z1 and it’s the first derivative 1z is: 
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By substituting (19) in (18), the joint probability 

density function of z1 and  1z  becomes: 
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Level crossing rate of z1 is: 
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After substituting (2) and (3) in (20), the 

expression for level crossing rate of the ratio of two 
α-k-μ random variable becomes: 
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Cumulative distribution function of ratio of two 
α-k-µ random variables is: 
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where: 
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4 Level crossing rate of SC receiver 
output SIR 
Wireless communication system with L-branch, SIR 
based SC receiver operating over α-k-μ multipath 
fading channel in the presence of co-channel 
interference subjected to α-k-μ multipath fading is 
considered. The SIR’s at inputs of SC receiver are 
denotes with z1,z2,…,zL and SC receiver output SIR 
is denoted with z. The joint probability density 
function of SC receiver output SIR z, and its first 
derivative z is: 
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     For identical α-k-μ fading, the previously 
expression becomes: 
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     Where 
( )zzp zz




is given by (20) and Fz1(z) is 
given with (23). 
     The level crossing rate of SC receiver output SIR 
can be calculated as average value of the first 
derivative of SC receiver output SIR: 
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     where Nz1(z) is given with (22). 
     The outage probability of SC receiver is: 
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     The average fade duration of SC receiver can be 
calculated as ratio of outage probability and level 
crossing rate of SC receiver output SIR:  

( )( )
( )( ) ( )

( )
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1 1
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2

1 22

z zo
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For L=2, the expression for level crossing rate of SC 
receiver output SIR is: 

( ) ( )
1

2z z zN F z N z=
                      (29) 
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Fig.1. CDF versus SC output SIR for different parameters 

á, k, ì and  Ω1=3, Ω2

At Figure 1, the cumulative distribution function  
is presented versus SC receiver output SIR for 
several values of fading parameters α, k and µ and 
constant values powers of desired signal and co-
channel interference. As parameters k and µ increase 
the CDF decreases. The influence of parameter µ of 
SC output SIR for performance improvement, 
regarding CDF is greater. As parameter α increases, 
CDF increases. 

=1. 

 

Fig.2. Normalized LCR versus SC output SIR for 
different parameters á, k , ì and  Ω1=3, Ω2

At Figure 2, the LCR versus SC receiver output 
SIR  is shown. For lower values of SC receiver 
output SIR, the LCR increases as SC receiver output 
SIR increases and for higher values of SC receiver 
output SIR, LCR decreases as output SIR increases.  
The curves for LCR have maximum, which depends 
on parameters α, k and µ. 

=1. 

 
Fig.3. Normalized AFD versus SC output SIR for 
different parameters á, k , ì and  Ω1=3, Ω2

In Figure 3, the average fade duration is presented 
in term of SC output SIR for various values of 
fading parameters and constant values of desired 
signal envelope power and co-channel interference 
envelope power. The influence of fading parameters 
on average fade duration cannot be ignored. As SC 
output SIR increases, the average fade duration is 
greater. As parameter µ increases, average fade 
duration decreases and improves system 
performances. For greater values of parameter α, the 
system performance degrade.  

=1. 

 

Fig.4. CDF versus SC output SIR for different parameters 
Ω1 and Ω2, and á, k, ì=2. 
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Fig.5. Normalized LCR versus SC output SIR for 
different parameters Ω1 and Ω2, and á, k, ì=2. 

 

Fig.6. Normalized AFD versus SC output SIR for 
different parameters Ω1 and Ω2

 
, and á, k, ì=2. 

In figure 4, cumulative distribution function of SC 
receiver output SIR versus SC receiver output for 
several values of average desired signal envelope 
power and average co-channel interference envelope 
power SIR is plotted. Cumulative distribution 
function increases as SC receiver output SIR 
increases. CDF, also, increases as desired signal 
envelope power decreases and CDF decreases as co-
channel interference envelope power increases. The 
system performance is better as CDF  of SC output 
SIR decreses. In figure 5, normalized level crossing 
rate of SC receiver output SIR versus SC receiver 
output SIR for several values of average desired 
signal envelope power and average co-channel 
interference power is shown. For lower values of SC 
receiver output SIR the system performance is better 
for lower values of level crossing rate. LCR 
decreases as average desired signal envelope 

increases but also LCR decreases as average co-
channel envelope decreases. In figure 6, normalized 
average fade duration of proposed system versus SC 
receiver output SIR versus SC receiver output SIR 
for different values of average signal envelope and 
co-channel interference powers is shown. The 
system performance is better for lower values of 
average fade duration. AFD decreases as average 
signal envelope power increases or average co-
channel envelope power decreases 
 
5 Conclusion 
Wireless communication system with L-branches, 
SIR based SC receiver operating over multipath 
fading channel in the presence of co-channel 
interference is considered. System performance are 
analysed in interference limited environment. 
Desired signal experiences α-k-μ small scale fading 
resulting in signal envelope variation. Co-channel 
interference is subjected to α-k-μ multipath fading. 
LCR and AFD are second order performance 
measure of wireless communication system. Closed 
form expressions for probability density function, 
cumulative distribution function and average level 
crossing rate of the ratio of two k-μ random 
variables and the ratio of two α-k-μ random 
variables are calculated. Those expressions are used 
for evaluation of average level crossing rate and 
average fade duration of SC receiver output SIR of 
wireless communication system. The average level 
crossing rate of the ratio of two α-k-μ random 
variables is calculated as average value of the first 
derivative of the ratio of two α-k-μ random 
variables. The average fade duration of considered 
system is determined as the ratio of outage 
probability and level crossing rate. In interference 
limited environment outage probability is defined as 
the probability that SC receiver output SIR falls 
below the predetermined threshold. Numerical 
results are presented graphically to show α-k-μ 
fading parameter affects on average level crossing 
rate and average fade duration.    
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