
  
Abstract—In this paper, macrodiversity with macrodiversity 

selection reception and two microdiversity selection receptions 
operating over short term fading channel in the presence of long term 
fading and co-channel interference is considered. Desired signal in 
both, the first and the second microdiversity receivers is subjected to 
Rayleigh short term fading and Gamma long term fading. Co-channel 
interference in the first microdiversity receiver experiences 
Nakagami-m short term fading and Gamma long term fading and co-
channel interference in the second microdiversity receiver 
experiences Rician short term fading and Gamma long term fading. 
Level crossing rate of the ratio of Rayleigh random variable and 
Nakagami-m random variable and the ratio of Rayleigh random 
variable and Rician random variable is evaluated. These formulae are 
used for calculation the level crossing rate of macrodiversity 
selection combining (SC) receiver output signal to interference ratio. 
The influence of Nakagami-m short term fading severity parameter 
and Rician κ factor on level crossing rate is analyzed and discussed.     
 

Keywords— Gamma fading, macrodiversity reception, 
microdiversity reception, level crossing rate, Nakagami-m short term 
fading, Rayleigh fading, Rician short term fading.  

I. INTRODUCTION 
AKAGAMI-m short term fading, Rayleigh short term 
fading, Rician short term fading, Gamma long term 

fading and co-channel interference degrade level crossing rate, 
average fade duration and outage probability of wireless 
mobile communication radio systems. By using macrodiversity 
reception, the influence of short term fading, long term fading 
and co-channel interference on system performance can be 
reduced. Macrodiversity with macrodiversity selection 
combining (SC) receiver and two microdiversity SC receivers 
is used in this paper to mitigate short term fading effects, long 
term fading effects and co-channel interference on level 
 

D. S. Krstic is with the Faculty of Electronic Engineering, University of 
Niš, Aleksandra Medvedeva 14, 18000 Niš (e-mail: 
dragana.krstic@elfak.ni.ac.rs). 

S. Milosavljevic, is with University of Pristina, Faculty of Economics, 
Kolašinska156, Kosovska Mitrovica (e-mail: srdjan.milosavljevic@pr.ac.rs) 

B. Milosavljević is with Higher Technical Professional School in Zvečan 
(e-mail: bojana_c11@yahoo.com) 

 S. N. Suljovic is with the Faculty of Electronic Engineering, University of 
Niš, Aleksandra Medvedeva 14, 18000 Niš (suadsara@gmail.com). 

M. C. Stefanovic is with the Faculty of Electronic Engineering, University 
of Niš, Aleksandra Medvedeva 14, 18000 Niš e-mail: e-mail: 
misa.profesor@gmail.com). 
 

crossing rate, average fade duration, outage probability and bit 
error probability, simultaneously [1] - [3].  

Desired signal channel and co-channel interference channel 
in the first microdiversity have not dominant component and 
co-channel interference channel in the second microdiversity 
has dominant component. Nakagami-m and Rayleigh 
distributions describes signal envelope in non line of sight 
multipath fading channels and Rician distribution describes 
signal envelope in line of sight multipath fading channel [4]-
[8].  

There are many papers in the literature considering 
performance analysis in macrodiversity reception in the 
presence of short term fading, long term fading and co-channel 
interference. In paper [9], macrodiversity reception in the 
presence of Weibull short term fading, long term fading and 
co-channel interference is considered and level crossing rate 
(LCR) of macrodiversity SC receiver output signal to 
interference ratio process is evaluated. Outage probability of 
macrodiversity with two microdiversity SC receiver in the 
presence of Nakagami-m short term fading, Gamma long term 
fading and co-channel interference is efficiently evaluated as 
expression in the closed form in [10]. 

In this paper, macrodiversity system with macrodiversity SC 
receiver and two microdiversity SC receivers is analyzed. 
Desired signal experiences Rayleigh small scale fading and 
correlated Gamma large scale fading. Co-channel interference 
in the first microdiversity receiver suffer Nakagami-m small 
scale fading and Gamma large scale fading and co-channel 
interference in the second microdiversity receiver is affected 
by Rician small scale fading and Gamma large scale fading. 
Level crossing rate of the ratio of Rayleigh and Nakagami-m 
random process is calculated and this expression is used for 
evaluation the level crossing rate of the first microdiversity SC 
receiver output signal to interference ratio process. Level 
crossing rate of the ratio of Rayleigh and Rician ratio random 
process is calculated and this expression is used for evaluation 
the level crossing rate of the second microdiversity SC 
receiver output signal to interference ratio prcess. These 
expressions are used for calculation the level crossing rate of 
macrodiversity SC receiver output signal to interference ratio 
process. The macrodiversity SC receiver reduces Gamma long 
term fading effects on level crossing rate, the first 
microdiversity SC receiver reduces Nakagami-m short term 
fading effects on level crossing rate and the second 
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microdiversity SC receiver reduces Rician short term fading 
effects on level crossing rate. Macrodiversity receiver and 
microdiversity SC receivers reduce co-channel interference 
effects on level crossing rate. 

II. RATIO OF RAYLEIGH RANDOM VARIABLE AND   
NAKAGAMI-M RANDOM VARIABLE  

The ratio of Rayleigh and Nakagami-m random variable is: 
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where x follows Rayleigh distribution: 
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where Ω is average square value of x; y follows Nakagami-m 
distribution: 
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m is Nakagami-m severity parameter and s is average square 
value of y. 

The probability density function (PDF) of z is: 
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Cumulative distribution function (CDF) of z is: 

( ) ( )
0

z

z zF z d t p t= =∫  

( ) ( )
1

2

1 1 1m m
m mm

m m m sz

+
 
 

= Ω − = 
Ω Ω + 

 

2

11

1
m

sz
m

= −
 

+  Ω 

        (5) 

Level crossing rate of z is: 
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where variance of z is: 
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After substituting, the expression for level crossing rate 
becomes: 
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III. RATIO OF RAYLEIGH RANDOM VARIABLE AND RICIAN 
RANDOM VARIABLE 

The ratio of Rayleigh random variable and Rician random 
variable is: 

,xz x z y
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where px(x) is given by (2): 
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The probability density function of z is: 
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Cumulative distribution function of z is: 
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Level crossing rate of z is given in (6): 
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After substituting, the expression for level crossing rate 
becomes: 
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IV. LEVEL CROSSING RATE OF MACRODIVERSITY SC 
RECEIVER OUTPUT SIGNAL TO INTERFERENCE RATIO 

Model of macrodiversity SC receiver considered in this 
paper is shown in Fig. 1.  

Random variables x11, x12, x21 and x22 follow Rayleigh 
distribution: 

SC

1 1, sΩ SC

SC

11 11 11, ,x y z

12 12 12, ,x y z

21 21 21, ,x y z

22 22 22, ,x y z
2 2, sΩ

1 1 1, ,x y z

2 2 2, ,x y z

, ,x y z

 
Fig.1. System model 
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Random variables y11 and y12 follow Nakagami-m 
distribution: 
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Random variables y21 and y22 follow Rician distribution: 
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Joint probability density function (JPDF) of  Ω1 and Ω2 is: 
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where ρ is Gamma long term fading correlation coefficient, c 
is Gamma long term fading severity parameter of desired 
signal, and Ω0 is average value of Ω1 and Ω2. 

Joint probability density function of s1 and s2 is: 
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c1 is Gamma long term fading severity parameter of 
interference, β is average value of s1 and s2. 

The macrodiversity SC receiver selects the first 
microdiversity SC receiver to enable service to user when the 
power at inputs of the first microdiversity SC receiver is higher 
than the power at inputs of the second microdiversity SC 
receiver, and macrodiversity SC receiver selects the second 
microdiversity SC receiver to provide service to user when the 
power at inputs of the second microdiversity SC receiver is 
higher than the power at inputs of the first microdiversity SC 
receiver. Therefore, level crossing rate of macrodiversity SC 
receiver output signal to interference ratio is: 
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 Level crossing rate of z1 is: 
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Level crossing rate of z2 is: 
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The integral J1 is: 
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The previous integral is: 
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Previous integral can be written as: 
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Previous two-fold integrals Jij can be solved by using the 
formulae [13]: 
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where ( )2 1 , , ;F a b c z is Gauss hypergeometric function [14] 
[15]. 

The integral Jij , i=1,2; j=1,2 are solved as: 
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The next integral, J12, is: 
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The last one is J22: 
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V. NUMERICAL RESULTS 
Level crossing rate of signal to interference ratio random 

process at output of macrodiversity SC receiver versus signal 
to interference ratio is shown in Fig. 2 for several values of 
Rician factor, Nakagami-m short term fading severity 
parameter, Gamma long term fading severity parameter and 
Gamma long term fading correlation coefficient. 

Level crossing rate increases as resulting signal increases 
and level crossing rate decreases for higher values of resulting 
signal. The influence of resulting signal on level crossing rate 
is higher for lower values of resulting signal. Level crossing 
rate decreases when Rician factor increases or when dominant 
component increases. 

The influence of Rician factor on level crossing rate is 
higher for lower values of Rician factor. Also, Rician factor 
has higher influence on level crossing rate for lower values of 
resulting signal. 

 

 
Fig. 2. Level crossing rate versus signal to interference 

ratio 

 

 
Fig. 3. LCR versus signal to interference ratio 

 

Level crossing rate decreases when Nakagami-m severity 
parameter increases. The influence of Nakagami-m severity 
parameter on LCR is higher for lower values of Rician factor 
of Rician short term fading. Maximum of curves goes to higher 
values of resulting signal when Nakagami-m severity 
parameter increases. 

In Fig. 3, level crossing rate is presented versus Rician 
factor for several values of fading parameters. Level crossing 
rate decreases when Rician factor of Rician short term fading 
increases. The influence of Rician factor on level crossing rate 
is bigger for lower values of Rician factor. Rician factor has 
greater values when dominant component power has higher 
value or scattering components power have lower values. The 
influence of Rician factor on LCR is higher for lower values of 
Gamma long term fading severity parameter. Level crossing 
rate decreases when Gamma long term fading severity 
parameter increases. 

VI. CONCLUSION 
Macrodiversity system with macrodiversity SC receiver and 

two microdiversity SC receivers in the presence of Rayleigh 
short term fading, Rician short term fading, Nakagami-m short 
term fading, Gamma long term fading and co-channel 
interference is studied in this paper. Desired signal experiences 
Rayleigh small scale fading and Gamma large scale fading. 
Co-channel interference in the first microdiversity SC receiver 
experiences Nakagami-m small scale fading and Gamma large 
scale fading. Co-channel interference in the second 
microdiversity SC receiver experiences Rician small scale 
fading and Gamma large scale fading. 

Macrodiversity system reduces long term fading and short 
term fading effects on system performance simultaneously. 
Macrodiversity selects microdiversity SC receiver with higher 
power at inputs resulting in large scale fading effects 
reduction. Microdiversity SC receiver selects the branch with 
the highest signal to interference ratio resulting in small scale 
fading effects reduction.  

In this paper, probability density function, cumulative 
distribution function and level crossing rate of the ratio of 
Rayleigh and Nakagami-m random process and also Rayleigh 
and Rician random process are derived. These expression are 
used for evaluation the level crossing rate of the signal to 
interference ratio at output of the first microdiversity SC 
receiver and at the output of the second microdiversity SC 
receiver and level crossing rate of the signal to interference 
ratio process at output of macrodiversity SC receiver. 

The influence of Rician factor of Rician short term fading, 
Nakagami-m short term fading severity parameter, Gamma 
long term fading severity parameter and Gamma long term 
fading correlation coefficient on level crossing rate is 
analyzed. When correlation coefficient goes to one, 
macrodiversity system becomes microdiversity system. 

Average fade duration (AFD) can be determined based on 
level crossing rate and AFD is better for lower values of level 
crossing rate. 
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