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Abstract: - In this paper, wireless mobile communication system in the presence of short term fading, long term 

fading and co-channel interference subjected to short term fading is considered. Desired signal experiences 

Nakagami-m short term fading and Gamma long term fading, and co-channel interference experiences 

Nakagami-m short term fading. In interference limited wireless fading channel, the ratio of desired signal 

envelope and co-channel interference envelope is important performance measure. In this paper, the closed 

form expressions for probability density function (PDF) and cumulative distribution function (CDF) of ratio of 

desired signal envelope and co-channel interference envelope are calculated. By using these formulas, outage 

performance of proposed wireless communication mobile system can be evaluated. The influence of Nakagami-

m multipath fading severity parameter of desired signal and interference signal, Gamma long term fading 

severity parameter and Gamma long term fading correlation coefficient on outage probabilities are analyzed 

and discussed.     
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1 Introduction 
Nakagami-m small scale fading, Gamma large scale 

fading and Nakagami-m co-channel interference 

degrade outage probability, bit error probability and 

channel capacity of wireless mobile communication 

system [1]. Reflections, refractions, defractions and 

scattering cause Nakagami-m variation of desired 

signal envelope and co-channel interference 

envelope. Large obstacles between transmitter and 

receivers cause Gamma variation of desired signal 

envelope average power resulting in system 

performance degradation [1] - [3].   
There are a few distributions which are used to 

describe signal envelope variation in fading 

channels: Rayleigh, Rician, Nakagami-m, Weibull, 

α-µ, κ-µ. Nakagami-m distribution can describes 

small scale signal envelope variation in linear, non 

line of sight multipath fading channels [4]. This 

distribution has parameter m, known as severity 

parameter which takes values of 0.5 to infinity. By 

setting for m=1, Nakagami-m distribution reduces to 

Rayleigh distribution and for m=0.5, one sided 

Gaussian distribution can be derived from 

Nakagami-m distribution. When parameter m goes 

to infinity, Nakagami-m channel becomes no fading 

channel. Wireless communication channel with 

Gamma long term fading and Nakagami-m short 

term fading is named as Gamma shadowed 

Nakagami-m channel. Gamma shadowed 

Nakagami-m channel becomes Nakagami-m short 

term fading channel when Gamma long term fading 

severity parameter goes to infinity. Gamma 

shadowed Nakagami-m channel becomes Gamma 

long term fading channel when Nakagami-m fading 

severity parameter goes to infinity. Gamma 

shadowed Nakagami-m short term fading channel 

becomes Gamma shadowed Rayleigh channel when 

Nakagami-m fading severity parameter is one. 

KG distribution is a popular approximation of the 

Nakagami-lognormal distribution [5]. In the work 

[6], the authors developed probability density 

functions for the instantaneous received signal to 

interference plus noise ratio (SINR) in Nakagami-m 

fading channels where the target and interfering 

channels have different fading parameters. 

An outage analysis of wireless systems operating 

in gamma-shadowed Nakagami-faded environment 

with desired signal suffers co-channel interference is 

given in [7]. The interference is also subjected to 

fading and shadowing. The probability density 

function (PDF) and closed-form expression for the 

outage probability are obtained based on signal to 

interference ratio (SIR). 

WSEAS TRANSACTIONS on COMMUNICATIONS
Dragana Krstić, Ivica Marjanović, 
Selena Vasić, Mihajlo Stefanović

E-ISSN: 2224-2864 50 Volume 16, 2017

mailto:dragana.krstic@elfak.ni.ac.rs


The compound Nakagami-m fading gamma 

shadowing model was considered by Kostic in [8]. 

In [9], the effects of simultaneous correlated 

multipath fading and shadowing on the 

performances of a signal to interference ratio based 

dual-branch selection combining diversity receiver 

is considered. That analysis included the presence of 

co-channel interference. A generalized 

fading/shadowing channel model in an interference 

limited correlated fading environment is modelled 

by generalized-K distribution. The closed-form 

expression is derived for the outage probability. 

In interference limited environment, the power of 

co-channel interference is significantly higher in 

compare to power of Gaussian thermal noise, so that 

the influence of thermal noise on the outage 

probability can be ignored. Statistics of signal to 

interference ratios are important in interference 

limited channels and the first order performance 

measures as outage probability, bit error probability 

and channel capacity can be evaluated.   

There are more papers in available literature 

considering the first order and the second order 

performance measures of wireless mobile 

communication systems operating over shadowed 

multipath fading channel in the presence of co-

channel interference. 

In [10], wireless communication system with 

selection combining (SC) diversity receiver in the 

presence of correlated Weibull short term fading 

and Weibull co-channel interference is considered. 

In this paper, probability density function, 

cumulative distribution function and moments of 

resulting signal envelope are evaluated. Also, 

system performance as outage probability, bit error 

probability and channel capacity are calculated. In 

[11], the outage probability and bit error probability 

of wireless system in the presence of Nakagami-m 

desired signal and Nakagami-m interference are 

calculated and analyzed. 

In our paper, wireless communication system in 

the presence of Nakagami-m short term fading, 

Gamma long term fading and co-channel 

interference affected by Nakagami-m multipath 

fading is observed. The proposed system operates in 

interference limited conditions. Probability density 

function and cumulative distribution function of 

ratio of Gamma shadowed Nakagami-m random 

variable and Nakagami-m random variable are 

evaluated. Outage performance is calculated from 

cumulative distribution function.  

 

 

2 Performance of Wireless System in 

the Presence of KG Short Term Fading 

and Nakagami-m Co-channel 

Interference   
The ratio of KG random variable and Nakagami-m 

random variable is: 
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Probability density function of x is: 
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where Ω has Gamma distribution: 
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By averaging, px(x) becomes: 
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(4) 

where Кк(.)  is the modified Bessel function of the 

second kind [12]; and ,
,

m n
p qG  is Meijer G-function 

[13]. It is very general function which reduces to 

simpler special functions in many common cases. 

The Meijer G-function is defined by: 
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where Γ(.)  is the gamma function. 

Cumulative distribution function of x is: 
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Probability density function of z is: 
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The next integral J is used to solve the previous 

one [14]: 
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Here, the substitution is introduced [15]: 
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and integral J obtained in the shape: 
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where  1 1 ; ;F a b c  is confluent hypergeometric 

function of the first kind [16]. 

Probability density function of z is now: 
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(10) 

Cumulative distribution function of z is: 
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  1 12
1 1

1
m m j

mz m
 

  
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For solving the last integral in (11), the formula 

(9) is used. The parameters are: 

1 1p c m   

1



  

1a m  

2
1b mx   

1 1n m m j    

1 1 1 1n p m m j c m       

1 1 1 11 1p n c m m m j         

After substituting, the expression for cumulative 

distribution function of z, Fz(z) from (11) becomes: 

 
     

1

1

1

1 11

2 1 2
m

m
z c

m
F z m

m mc 

 
  
    
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  1

1 1

1

2 2
1
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1 1 1

2 1 2

j
m m jm

j

z mz
m m j


 






  

  1 1 1 12
11

1 1
m j c c m

mmz
  



 

 
2

1
1 1 1 1 1 1 1 1

1

, 1 ;
mz

c m F c m c m j
m

 
      

 
 

. 

 (12) 

The outage probability is the probability that the 

receiver output signal envelope to interference ratio 

is below a given threshold γth[17]-[19]. It can be 

straight calculated as  

   out th zP F z  , 

where Fz (z) is obtained in (12). 

 

 

4 Numerical results  
Outage probability of wireless communication 

system in the presence of Nakagami-m short term 

fading, Gamma long term fading and co-channel 

interference affected by Nakagami-m multipath 

fading is shown versus receiver output signal to 

interference ratio in Fig. 1 and 2. This system works 

in interference limited conditions. Probability 

density function and cumulative distribution 

function of ratio of Gamma shadowed Nakagami-m 

random variable and Nakagami-m random variable 

are evaluated. Outage performance is calculated 

from cumulative distribution function.  

 
Fig. 1. Outage probability versus output signal to 

interference ratio z 

 
Fig. 2. Outage probability depending on output 

signal to interference ratio z 

 

When resulting signal to interference ratio 

increases, the outage probability increases also. The 

influence of signal to interference ratio at outage 

probability is higher for lower values of signal to 

interference ratio. Outage probability decreases 

when parameter β of Gamma large scale fading 

increases.   

 

 

5 Conclusion  
In this paper, wireless communication radio system 

in the presence of small scale fading, large scale 

fading and co-channel interference is considered. 

Desired signal is subjected to Nakagami-m small 

scale fading, Gamma large scale fading and co-

channel interference experiences only Nakagami-m 

small scale fading. Proposed wireless 

communication system operates over interference 

limited environment. Under these conditions, ratio 

of desired signal envelope and co-channel 

interference signal envelope is important 
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performance measure of wireless system by which 

outage probability and bit error probability can be 

calculated. In this paper, probability density 

function and cumulative distribution function of 

Gamma shadowed Nakagami-m multipath fading 

envelope are evaluated and these results are used for 

evaluation probability density function and 

cumulative distribution function of ratio of Gamma 

shadowed Nakagami-m random variable and 

Nakagami-m random variable are derived.  

Outage probability can be calculated by using 

cumulative distribution function and bit error 

probability can be evaluated from probability 

density function. By using obtained expressions, 

outage performance of wireless communication 

system in the presence of Gamma long term fading, 

Rayleigh short term fading and Rayleigh co-channel 

interference can be calculated. The influence of 

Gamma long term fading severity parameter, 

Gamma long term fading correlation coefficient, 

Nakagami-m short term fading severity parameter of 

desired signal and co-channel interference on outage 

probability of proposed wireless communication 

system is analyzed and studied. Outage probability 

takes lower values for higher values of Gamma long 

term fading severity parameter, Nakagami-m short 

term fading severity parameter of desired signal and 

Nakagami-m short term fading severity parameter of 

co-channel interference. 

    

 

Acknowledgment 

This article is supported under projects signed as III-

44006 and TR-33035 by the Serbian Ministry of 

Education, Science and Technological 

Development. 

 

References: 

 

[1] S. Panic, M. Stefanovic, J. Anastasov, P. 

Spalevic, Fading and Interference Mitigation 

in Wireless Communications. CRC Press, USA, 

2013. 

[2] M. K. Simon, M. S. Alouini, Digital 

Communication over Fading Channels, USA: 

John Wiley & Sons. 2000. 

[3] W. C. Y. Lee, Mobile communications 

engineering, Mc-Graw-Hill, NewYork, USA, 

2003.  

[4] M. Nakagami, “The m-Distribution, a general 

formula of intensity of rapid fading”, 1960, In 

William C. Hoffman, editor, Statistical 

Methods in Radio Wave Propagation: 

Proceedings of a Symposium held June 18–20, 

1958, pp. 3-36. Pergamon Press. 

[5] S. Atapattu, C. Tellambura, H. Jiang, 

„Representation of Composite Fading and 

Shadowing Distributions by using Mixtures of 

Gamma Distributions“, IEEE Wireless 

Communications and Networking Conference 

(WCNC), 18-21 April 2010, 

DOI: 10.1109/WCNC.2010.5506173 

[6] Z. Hijaz, V. S. Frost, B. Davis, „Probability 

Density Function of SINR in Nakagami-m 

Fading with Different Channels“, Technical 

Report, The University of Kansas, ITTC-

FY2014-TR-71328-01, August 2013, pp.1-4. 

[7] I. Trigui, A. Laourine, S. Affes, „Outage 

Analysis of Wireless Systems over Composite 

Fading/Shadowing Channels with Co-Channel 

Interference“, IEEE Wireless Communications 

and Networking Conference, WCNC 2009, 5-8 

April 2009, doi: 10.1109/WCNC.2009.4917874 

[8] I. M. Kostic, "Analytical approach to 

performance analysis for channel subject to 

shadowing and fading," IEE Proc. Commun., 

vol. 152, no. 6, pp. 821-827, December 2005. 

[9] B. Z. Nikolic, M. C. Stefanovic, S. R. Panic, 

J. A. Anastasov, B. Milosevic, „Closed-Form 

Expressions for Selection Combining System 

Statistics over Correlated Generalized-K 

Fading Channels in the Presence of 

Interference“, ETRI Journal, Vol. 33, 

Number 3, June 2011, pp. 320-325. 

[10] D. Aleksić, D. Krstić, Z. Popović, M. 

Stefanović, “Level Crossing Rate of 

Macrodiversity SC Receiver Output Process in 

the Presence of Weibull Short Term Fading, 

Gamma Long Term Fading and Weibull 

Cochanell Interference”, WSEAS Transactions 

on Communications, ISSN / E-ISSN: 1109-

2742 / 2224-2864, Volume 15, 2016, Art. #31, 

pp. 285-291. 

[11] D. Krstić, Z. Jovanović, R. Gerov, 

M.Stefanovic, M. Gligorijević, “Performance 

Analysis of Wireless Communication System 

in the Presence of Gamma Shadowing, 

Nakagami-m Multipath Fading and Cochannel 

Interference”, International Journal of 

Communications, ISSN: 2367-8887, 1, 2016, 

pp. 150-157. 

[12] C. R. Wylie, Advanced Engineering 

Mathematics, New York, New York: McGraw 

Hill, 1966. 

[13] I. S. Gradshteyn, I. M. Ryzhik, Table of 

Integrals, Series and Products. Academic 

Press, USA San Diego, 2000. 

[14] M. Abramowitz, I. A.  Stegun, Handbook of 

Mathematical Functions, National Bureau of 

Standards, 1964; reprinted Dover Publications, 

WSEAS TRANSACTIONS on COMMUNICATIONS
Dragana Krstić, Ivica Marjanović, 
Selena Vasić, Mihajlo Stefanović

E-ISSN: 2224-2864 55 Volume 16, 2017

http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5504893
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5504893
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5504893
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5504893
https://doi.org/10.1109/WCNC.2010.5506173
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Imene%20Trigui.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Amine%20Laourine.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Sofiene%20Affes.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4917480
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4917480
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4917480
https://doi.org/10.1109/WCNC.2009.4917874


1965. Tenth Printing December 1972, with 

corrections 

[15] A. P. Prudnikov, Y. A. Brychkov, O. I. 

Marichev, Integrals and Series, Volume 3: 

More Special Functions. 1st ed., Gordon and 

Breach Science Publishers, New York, 1986. 

[16] E. W.  Weisstein, “Confluent Hypergeometric 

Function of the First Kind”, From MathWorld-

A Wolfram Web Resource, 

http://mathworld.wolfram.com/ConfluentHyper

geometricFunctionofthe FirstKind.html 

[17] D. Ben Cheikh Battikh, “Outage probability 

formulas for cellular networks: contributions 

for MIMO, CoMP and time reversal features”, 

Telecom ParisTech, 2012. English. 

https://tel.archives-ouvertes.fr/pastel-

00790614/document 

[18] A. A. Abu-Dayya and N. C. Beaulieu, “Outage 

probabilities of diversity cellular systems with 

cochannel interference in Nakagami fading,” 

IEEE Trans. on Veh. Technol., vol. 41, no. 4, 

pp. 343-355, Nov. 1992. 

[19] P. M. Shankar, “Outage probabilities in 

shadowed fading channels using a compound 

statistical model”, IEE Proc. Commun, vol. 

152, No. 6, pp. 828-832, Dec. 2005. 

 
 

WSEAS TRANSACTIONS on COMMUNICATIONS
Dragana Krstić, Ivica Marjanović, 
Selena Vasić, Mihajlo Stefanović

E-ISSN: 2224-2864 56 Volume 16, 2017

https://en.wikipedia.org/wiki/Special:BookSources/0486612724
https://tel.archives-ouvertes.fr/pastel-00790614/document
https://tel.archives-ouvertes.fr/pastel-00790614/document



