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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.

1. Indroduction

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.

2. The Nakagami distribution

The random vector (r,7,) has a bivariate Nakaga-
mi-m distribution if the joint pdf is given by:
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positive number not less than 1/2, (m 2%) [5]. The
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 m=1. 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.

We consider the probability Pr(Rl <n,R,<r) de-
noted by £, (rl,Ql,rz,Qz/m p) that is:
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Using the definition of the incomplete gamma
function [1]:
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the result is [9]:
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The important special case of the Rayleigh distri-
bution can be determined by setting m =1 in (3), so
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ther common form of the incomplete gamma function
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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.
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Figure 1. The receiver of the telecommunication system

The transmitter sends the signals 4, and 4, . For
the hypothesis H,, we have:
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and for the hypothesis H :
2
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When the transmitter send symbols H,, H,, the
symbols at the output of the receiver (r;,7,) have the
joint cumulative probability density function:
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The probabilities of events: P(Dy,D,), P(Dy,D,),
P(D,,D,) and P(D,,D,) are then:
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When the transmitter send symbols H,,, H,, the sym-
bols at the output of the receiver (1;,7,) have the joint
cumulative probability density function:
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The probabilities of events: P(D,,D,), P(Dy,D,),
P(D,,D,) and P(D,,D,) are in this case:
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When the transmitter send symbols H, and H,, the

symbols at the output of the receiver (1;,7,) have the
joint cumulative probability density function:
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The probabilities of events: P(DO,DO), P(DO,DI),
P(D,,D,) and P(Dl,Dl) are now:
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Finally, the transmitter send symbols H, and H,.
The symbols at the output of the receiver (1,7, ) have
the joint cumulative probability density function:
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The probabilities of events: P(Dy,D,), P(Dy,D,),
P(D,,D,) and P(D,,D,) are:

P(DmDo):IdrlJPrl,rz (ris Ay 7y, Ay /m, pdry =
0 0

(23)
F(G,Al,a,Al/m,p).
P(DO’DI):.([drl?[prl,rz(rlsAbFZ,Al /m,p)dr2 = (24)
F(a’Al’OO,A1 /m,p)—F(a,Al,a,Al /m,p),
®© a
P(DpDo):J.drlJ.p,h,z(rl,Al,rz,Al/m,p)dr2: 25)

a 0
F(oo,Al,a,A1 /m,p)—F(a,Al,a,A1 /m,p),

P(D17D1)= Idﬁqu,rz (”1»141”’27141 /m,p)dr2 =

a a
F(oo,Al,oo, A4 /m,p)—F(oo,Al,a,Al /m,p)— (26)
F(a,Al,oo,A1 /m,p)+F(a,A1,a,Al /m,p).

59

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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