
 

 

Level Crossing Rate of Macrodiversity in the Presence of 
 Gamma Long Term Fading, κ-μ Short Term Fading and  

Rayleigh Short Term Fading   
 

SINIŠA MINIĆ*, DRAGANA KRSTIĆ, DJOKO BANDJUR**, VLADETA MILENKOVIĆ,  
SUAD SULJOVIĆ, MIHAJLO STEFANOVIĆ 

Faculty of Electronic Engineering, University of Niš 
Aleksandra Medvedeva 14, 18000 Niš 

*University of Pristina, Kosovska Mitrovica 
Faculty of Education in Prizren, Leposavic 

**University of Pristina, Faculty of Technical Sciences 
Knjaza Miloša 7, 38220 Kosovska Mitrovica 

SERBIA 
dragana.krstic@elfak.ni.ac.rs 

 
 
Abstract: - Macrodiversity (MAD) with MAD selection combining (SC) receiver and two microdiversity 
(MID) maximum ratio combining (MRC) receivers is considered in this paper. Received signal in the first 
MRC receiver experiences Gamma long term fading and κ-μ short term fading and received signal in the 
second MRC receiver experiences correlated Gamma long term fading and Rayleigh short term fading. 
MAD SC receiver reduces Gamma long term fading effects, the first MID MRC receiver reduces κ-μ 
short term fading effects and the second MID MRC receiver reduces Rayleigh short term fading effects 
on system performance. The closed form expressions for level crossing rate of signal envelopes at outputs of 
MID MRC receivers are calculated. These expressions are used for evaluation the level crossing rate of MAD 
SC receiver output signal envelope. The influence of Rician factor of κ-μ short term fading, κ-μ short term 
fading severity parameter, Gamma long term fading severity parameter and Gamma long term fading 
correlation coefficient on level crossing rate is studied and discussed. Average fade duration of proposed 
radio system can be evaluated by using the expression for level crossing rate of MAD SC receiver output 
signal envelope.     
 
 
Key-Words: - macrodiversity reception; microdiversity reception; Gamma fading; κ-μ short term fading; 
Rayleigh fading; level crossing rate  

1 Introduction 
Macrodiversity system can be used to reduce large 
scale fading effects and smale scale fading effects 
on system performance, simultaneously [1]. 
Macrodiversity system has MAD SC receiver and 
two MID MRC receivers. MID MRC receivers 
study signal envelopes with multiple antennas at 
base station resulting in reduction of short term 
fading effects on system performance. MAD SC 
receiver considers and combines signal envelopes 
with antennas distributed at base stations resulting 
in long term fading effects on system performance 
reduction [2] [3].   

In the first MID MRC receiver, received signal 
envelope is subjected to correlated Gamma large 
scale fading and κ-μ small scale fading and in the 
second MID MRC receiver, received signal is 

subjected to correlated Gamma large scale fading 
and Rayleigh small scale fading effects. 

The κ-μ fading is general fading with two 
parameters [4] [5]. One parameter is Rician factor 
which can be evaluated as ratio of dominant 
component power and scattering components power, 
and severity parameter μ which is in relation to the 
number of clusters in propagation channel. The κ-μ 
fading channel reduces to Rician fading channel for 
μ=1 and κ-μ fading channel becomes Nakagami-m 
fading channel for κ=0 and κ-μ fading channel 
becomes Rayleigh fading channel for κ=0 and μ=1.  

Long term fading symbol envelope average 
power variation can be described by using log-
normal distribution and Gamma distribution. Log-
normal distribution describes better variations of 
signal envelope average power then Gamma 
distribution, but the expressions for system 
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performance of wireless system can be calculated in 
the closed form when Gamma distribution describes 
signal envelope average power variations [2].   

There are more works in open technical literature 
considering level crossing rate and average fade 
duration of radio mobile communication wireless 
systems in the presence of long term fading and 
short term fading. 

In [6] and [7], MAD system with MAD SC 
receiver and two MID MRC receivers is analyzed. 
Level crossing rate and average fade duration of 
proposed radio system are evaluated for case when 
received signal experiences Gamma large scale 
fading and Nakagami-m small scale fading. In [8], 
MAD reception with MAD SC reception and two 
MID MRCs are analyzed and the second order 
statistics are evaluated when received signal is 
subjected to Gamma long term fading and Rician 
short term fading. This MAD system with three 
branches MID reception is considered in [9] and 
LCR of system is found. 

Macrodiversity reception in the presence of 
Gamma long term fading and κ-μ short term fading 
is analyzed and AFD and LCR of proposed system 
are evaluated in [10]. In work [11], LCR is 
evaluated for macrodiversity reception with MAD 
SC reception and two MID MRC reception 
operating over Gamma shadowed Weibull short 
term fading channel under presence of Weibull 
cochannel interference. 

MAD system including MAD SC receiver and 
two MID SC receivers is considered in [12]. 
Received signal experiences both, long term fading 
and short term fading, whereby MID SC receivers 
reduce Rayleigh fading effects on system 
performance and MAD SC receivers mitigate 
Gamma shadow effects on system performance. 
Closed form expressions for LCR of MID SC 
receivers output signals envelopes are calculated 
and used for evaluation of LCR of MAD SC 
receiver output signal envelope. 

In this paper, MAD system with MAD SC 
receiver and two MID MRC receivers when 
received signal experiences correlated Gamma long 
term fading and κ-μ short term fading at inputs of 
the first MID MRC receiver and correlated Gamma 
long term fading and Rayleigh short term fading at 
inputs of the second MID MRC receiver is 
examined. MAD SC receiver reduces Gamma long 
term fading effects on system performance, the first 
MID MRC receiver reduces κ-μ short term fading 
and the second MID MRC receiver reduces 
Rayleigh short term fading effects on system 
performance. 

2 Level Crossing Rate of Signal 
Envelopes at Outputs of MID MRC 
Receivers 
Macrodiversity system with MAD SC receiver and 
two MID MRC receivers is considered in this paper. 
Received signal at inputs in the first MID MRC 
receiver experiences correlated Gamma long term 
fading and κ-μ short term fading and received signal 
at inputs in the second MID MRC receiver 
experiences correlated Gamma long term fading and 
Rayleigh short term fading. Model of MAD receiver 
is shown in Fig. 1. 

Signal envelopes at inputs in the first MID MRC 
receiver are denoted with x11 and x12 and at inputs in 
the second MID MRC receiver with x21 and x22.  
Signal envelopes at outputs of MID MRC receivers 
are denoted with x1 and x2, and signal envelope at 
output of MAD SC receiver is denoted with x.  

Signal envelopes x11 and x12 follow κ-μ 
distribution: 
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The κ-μ random variable and the first derivative 
of κ-μ random variable are independent. The first 
derivative of κ-μ random variable is Gaussian 
random variable. 
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Fig.1. System model 

 

WSEAS TRANSACTIONS on COMMUNICATIONS
Siniša Minić, Dragana Krstić, Djoko Bandjur, 

Vladeta Milenković, Suad Suljović, Mihajlo Stefanović

E-ISSN: 2224-2864 2 Volume 16, 2017



 

 

Therefore, the joint probability density function 
(JPDF) of κ-μ random variable and the first 
derivative of κ-μ random variable is: 
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where fm is maximal Doppler frequency. Probability 
density function (PDF) of x1 is: 
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JPDF of x1 and 1x is: 
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where ( )
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Level crossing rate of x1 random process is [3]: 
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Random variables x21 and x22 follow Rayleigh 
distribution: 
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The first derivative of Rayleigh random variable 
has Gaussian distribution and Rayleigh random 
variable and the first derivative of Rayleigh random 
variable are independent. Therefore, the JPDF of 
Rayleigh random variable and its first time 
derivative is: 
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Squared random variable x2 is equal to the sum 
of squared x21 and x22:  

2 2 2
2 21 22x x x= + .   (8) 

PDF of x2 is: 
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JPDF of x2 and 2x is: 
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Level crossing rate of x2 random process is: 
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Signal envelope average powers Ω1 and Ω2 has 
JPDF: 
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where c is Gamma long term fading severity 
parameter, ρ is Gamma long term fading correlation 
coefficient and Ω0 is average power of Ω1 and Ω2.   

 
 

3 Level Crossing Rate of MAD SC 
Receiver Output Signal Envelope 
MAD SC receiver selects MID MRC receiver with 
higher signal envelope average power to enable 
service to user. Hence, level crossing rate at output 
of MAD SC receiver is: 
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The integral J1 is [13] [14]: 
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The integral J2 is solved in the similar way. 
 

 
4 Numerical results  
In Figs. 2 to 5, the level crossing rate of MAD SC 
receiver output signal envelope versus output signal 
envelope is shown. The curves for level crossing 
rate of MAD SC receiver output signal 
envelope are plotted for several values of 
Gamma long term fading severity parameter, κ-
μ short term fading severity parameter, Rician 
factor of κ-μ multipath fading and envelope 
average powers Ω1 and Ω2. The system 
performance is better for lower values of LCR. 

 
Fig. 2. Level crossing rate of MAD SC receiver 
output signal versus SC receiver output signal 

envelope  

 
Fig. 3. LCR of MAD SC receiver output signal 
versus the SC receiver output signal envelope 

 
Fig. 4. LCR of MAD SC receiver output signal 

versus the SC receiver output signal envelope for 
μ=c=2, variable Rician factor and parameters Ω1, 

Ω2, β1 and β2 

 
Level crossing rate of MAD SC receiver output 

signal versus SC receiver output signal envelope for 
variable Rician factor and signal envelope average 
powers Ω1 and Ω2 is shown in Fig. 2. Changeable 
parameter is also parameter β. In Figs. 4 and 5, 
μ=c=2, and parameter β is variable. 

Level crossing rate decreases for higher values of 
Gamma long term fading severity parameter and κ-μ 
short term fading severity parameter. Level crossing 
rate increases for lower values of output signal 
envelope and level crossing rate decreases for 
higher values of output signal envelope. 

Maximum of curve goes to lower values of 
signal envelopes when the κ-μ severity parameter 
increases. The influence of signal envelopes on LCR 
is higher for lower values of signal envelope. Also, 
the influence of Gamma severity parameter on LCR 
is higher for lower values of output signal 
envelopes. The system performance is better for 
lower values of LCR. 
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Fig. 5. LCR of MAD SC receiver output signal 

versus the SC receiver output signal envelope for 
μ=c=2, and changeable other fading parameters 
 
Level crossing rate increases when correlation 

coefficient increases. Correlation coefficient has 
values of zero to one. The influence of correlation 
coefficient on LCR is higher for lower values of 
output signal envelope. When correlation coefficient 
goes to one, MAD reception becomes MID 
reception. The lowest signal envelope occurs on 
both MID MRC receivers simultaneously. When 
correlation coefficient goes to zero, diversity gain 
increases. With increasing of Rician factor of κ-μ 
multipath fading, the LCR decreases and diversity 
gain increases. Diversity gain increases when 
dominant component power increases or scattering 
components power decrease. The influence of 
Rician factor on level crossing rate is higher for 
higher values of correlation coefficient.   

 
 

5 Conclusion  
Macrodiversity system with MAD selection 
combining receiver and two microdiversity MRC 
receivers is considered in this paper. Received 
signal in the first MRC receiver experiences 
Gamma long term fading and κ-μ short term 
fading and received signal in the second MRC 
receiver experiences correlated Gamma long term 
fading and Rayleigh short term fading.  

MAD SC receiver is used to reduce Gamma long 
term fading effects, the first MID MRC receiver 
reduced κ-μ short term fading effects and the 
second MID MRC receiver reduced Rayleigh short 
term fading effects on system performance. The 
closed form expressions for LCR of signal 
envelopes at outputs of MID MRC receivers are 
calculated and used for evaluation the LCR of MAD 
SC receiver output signal envelope. The influence of 

Rician factor of κ-μ short term fading, κ-μ short 
term fading severity parameter, Gamma long term 
fading severity parameter and Gamma long term 
fading correlation coefficient on level crossing rate 
is presented and discussed. Further, the expression 
for LCR of MAD SC receiver output signal 
envelope derived here can be used for evaluation of 
the average fade duration for wireless 
communication system operating over shadowed 
multipath fading channels. 
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