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Abstract. In this paper we give the derivation of the Nakagami distribution and then we calculate the error prob-
ability of digital system with ASK signals in the presence of Nakagami fading as the dominant interference. The Gaus-
sian noise is not taken into consideration because of that. 
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bivariate probability density function (pdf) of two cor-
related Rayleigh random variables is derived in [7] 
and can be considered a special case of the bivariate 
Nakagami-m distribution when . Practical 
values of m for wireless applications typically range 
from m = 1 to m = 15, depending on the direct path 
component and other model parameters.  

In this paper we will calculate the error probability 
of digital system with ASK signals. We will consider 
the system with Nakagami fading as dominant inter-
ference. In spite of this condition the Gaussian noise is 
not taken into consideration. This case can happen in 
mobile telecommunications in urban environment 
(places) when the envelope of useful signal at the 
input of the receiver has Nakagami density distribu-
tion [5, 6]. We consider the case with noncoherent 
datection. 

 The Rayleigh and Nakagami-m distributions are 
frequently used in communications systems analysis, 
for example, to model fading in wireless environments 
[6]. Some problems in wireless systems involve 
analysis using the bivariate (correlated) Rayleigh and 
Nakagami-m distributions. Determining the effect of 
correlation in fading between diversity branches in 
dual-diversity systems [4], and finding transition prob-
abilities for a first-order Markov chain that models the 
fading process are two examples of problems re-
quiring these distributions. 
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Using the definition of the incomplete gamma 
function [1]: 
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The random vector  has a bivariate Nakaga-
mi-m distribution if the joint pdf is given by: 

( 21, rr ) the result is [9]: 
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The important special case of the Rayleigh distri-
bution can be determined by setting m  in (3), so 
that 
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where is ano-

ther common form of the incomplete gamma function 
[1]. 

( ) ( )( ) [ 0Re/1,
0
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3. The two symbols word error probability  

In this paper we consider the telecommunication 
system where the signal is amplitude modulated 
(ASK). The detection of signals is no coherent. The 
receiver of this system is shown in Figure 1. 

 
 
  

Figure 1. The receiver of the telecommunication system Figure 1. The receiver of the telecommunication system 
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the hypothesis  we have:  
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When the transmitter send symbols , , the 
symbols at the output of the receiver  have the 
joint cumulative probability density function: 
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The probabilities of events: , , 
 and  are then: 
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When the transmitter send symbols , , the sym-
bols at the output of the receiver  have the joint 
cumulative probability density function: 
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The probabilities of events: , , ( )00, DDP ( )10 , DDP
( )01, DDP  and ( )11, DDP  are in this case: 

( ) ( )

( ),,/,,,

,/,,,,

10

0 0
21201100 21

ρ

ρ

mAaAaF

drmArArpdrDDP
a a

rr∫ ∫ ==
 (13) 

( ) ( )

( ) ( ,,/,,,,/,,,

,/,,,,

1010

0
21201,110 21

ρρ

ρ

mAaAaFmAAaF

drmArArpdrDDP
a

a
rr

−∞

== ∫ ∫
∞

)

)

)
)

 (14) 

( ) ( )

( ) ( ,,/,,,,/,,,

,/,,,,

1010

0
21201,101 21

ρρ

ρ

mAaAaFmAaAF

drmArArpdrDDP
a

a

rr

−∞

== ∫ ∫
∞

 (15) 

( ) ( )

( ) (
( ) ( .,/,,,,/,,,

,/,,,,/,,,

,/,,,,

1010

1010

21201,111 21

ρρ
ρρ

ρ

mAaAaFmAAaF
mAaAFmAAF

drmArArpdrDDP
a

rr
a

−∞
−∞−−∞∞

== ∫∫
∞∞

(16) 

When the transmitter send symbols  and , the 
symbols at the output of the receiver  have the 
joint cumulative probability density function: 
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The probabilities of events: , ( )00, DDP ( )10,DDP , 
 and  are now: ( )01,DDP ( 11,DDP

4. Conclusion 
)

)

)

)

The Rayleigh and Nakagami-m distributions are 
frequently used in communications systems analysis 
to model fading in wireless environments. Some prob-
lems in wireless systems involve analysis using the 
bivariate (correlated) Rayleigh and Nakagami-m dis-
tributions. Because of that in this paper we give the 
derivation of the Nakagami distribution and then we 
calculate the error probability of digital system with 
ASK signals in the presence of Nakagami fading as 
the dominant interference. The Gaussian noise is not 
taken into consideration because of that. Our results 
have useful practical application in mobile telecom-
munications in urban environment. 
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