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Abstract: 
In this paper is described model of forming equivalent envelope of a signal at the entrance 
of the wireless digital telecommunication system when there are present simultaneously two 
fast Nakagami-m and one slow Gamma fading. For the described model probability density 
function (PDF) of random variable at the reception side has been determined. Dependence 
of the probability density function (PDF) of the parameters of fading (fading  severity) and 
corresponding components power is analytically and graphically described. Influences of 
the fading parameters on statistical characteristics of the received signal and quality of the 
signal detection in the entire communication system has been graphically shown.
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INTRODUCTION

In wireless telecommunication systems the signal is ex-
posed to so many di� erent in� uences of the environment 
in which telecommunication channel is formed. Imper-
fection of electronic components, atmospheric conditions, 
electric discharge and other electromagnetic waves as well 
ground con� guration in� uence the signal by degrading 
it. Every change in signal quality is treated as disturbance 
that is manifested on reception side. Disturbance might 
be noise, interference and fading.   

 Besides noise, fading has the biggest in� uence on ra-
dio signal. Fading occurs due to several reasons. In most 
of the case it is consequence of di� erent conditions in 
radio channel. � e ideal case related to signal transfer 
is when there is a straight line between transmitter and 
receiver (Line Of Sight, LOS). However, that is not o� en 
the case, so signal on reception depends on signals arriv-
ing using di� erent paths with di� erent attenuation, phase 
shi�  and delays. By superposition of these radio signals 
at the reception, a signal is received with amplitude and 
phase changing in time. For such signal we say that it is 
in� uenced by fading [1-2]. 

Since the conditions in channel signi� cantly change 
during symbol duration, this fading is called fast fading 
(multipath, short-time fading)[3-4]. On the other hand, 

in some cases receiver becomes interrupted, and signal 
power becomes attenuating or completely disappears at 
the reception. For such signal we say that it is in� uenced 
by shadowing e� ect (long-term fading). Since the condi-
tions in channel happen occur more slowly, this fading is 
called also long-term fading [1]. Hence, signal at the en-
trance into receiver is in� uenced by fast and slow fading, 
which change its amplitude and/or power. 

Due to importance of fading in� uence on radio signal, 
this document will consider performances of wireless dig-
ital telecommunication system in the presence of fading.    

For the needs of analysing transmission characteristics 
of telecommunication systems, di� erent distributions are 
used by which fading is modelled in di� erent propagation 
environments. 

For modelling of fast fading in most of the case Ray-
leigh, Rice, Nakagami-m and Weibull distribution is used, 
and for modelling of Slow fading Gamma distributions is 
used and it is signi� cantly simpler from Lonormal distri-
bution [1-2]. Rayleigh model is used for describing propa-
gation conditions when there is no LOS. Rice or Rician 
model is used for description of propagation conditions 
when there is a dominant signal on LOS. Nakagami-m 
model represents general channel model with fading that 
can be reduced to other models for di� erent Nakagami 
distribution parameters [5].
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Chapter II explains statistical characteristics of signal 
at the entrance of the wireless digital telecommunica-
tion system when there are present simultaneously two 
fast and one slow fading. Fast fading will be modelled by 
Nakagami-m distribution, while slow fading will be mod-
elled by Gamma distribution. In that way general channel 
model with fading is obtained. Display of numeric results 
obtained for di� erent fading severity (m) and di� erent 
ratio of signal power (Ω) at the entrance is given in chap-
ter III. Analysis of obtained results and concluding con-
siderations are given in chapter IV. At the end there is a 
preview of literature used. 

MODEL OF CHANNELS 

A case is considered when at the entrance into receiver 
of wireless telecommunication system there are two fast 
and one slow fading. Two fast and one slow fading in-
� uence on useful signal anvelope. In that case signal an-
velope might be presented as a product of three random 
processes: 

 w y xz =   (1) 

where the random process x describes fast fading and 
its envelope is distributed with Nаkаgаmi-m probability 
density function (PDF) [6]: 
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and random process y describes fast fading and its en-
velope is also distributed with Nаkаgаmi-m probability 
density function (PDF)

0y,eym
)m(

2)y(p
2

2

2

2

2
ym 

1m2

m

2

2

2
y ≥








=

−
− Ω

ΩΓ
  (3) 

and random process w models shadowing e� ect and is 
distributed with Gаmmа PDF as [7]:
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By transformations of probability densities and by ap-
propriate averaging we get PDF of equivalent envelope.

Since random variable x is

 
w y

zx =    (5)  

conditional PDF of random variable z can be obtained 
according to:
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By replacement we get
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PDF of equivalent envelope, could be now obtained 
by transforming: 

where is (.)Γ  - Gama function [8], }2 ,1{k,mk ∈ - Na-
kagami-m fading severity, c - Gamma fading severity, and 

}3 ,2 ,1{l,l ∈Ω  average power of random process. 
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By using this PDF it is possible to calculate outage 
probability (Po) and channel capacity (C).   

Outage probability (OP), standard performance meas-
ure that de� nes the probability that received signal falls 
under QoS predetermined threshold can be determined 
according to [9,10]:  

 0P = ∫
0z

0

dz )z(pz = )z(F 0z    (9)  

Channel capacity, which de� nes maximal rate of in-
formation at which reliably transmission could be per-
formed, can be determined according to [11]: 

 ∫
∞

=
0

dzC ))z1(ln( 2+ )z(pz    (10)  

NUMERIC RESULTS 

In� uence of parameters of Nakagami-m and Gamma 
fading, fading severity and signal power on PDF of ran-
dom variable z at the entrance into receiver is displayed 
graphically on Figure 1 - Figure 3. Numeric results are 
obtained on basis of derived expression (8). 

Figure 1 shows dependency of PDF of resulting enve-
lope z from Nakagami-m fading severity parameters when 
Gamma fading severity parameter and signal power are 
constant. 

Figure 1. PDF of random variable z at the entrance into receiver for di� erent 
Nakagami-m fading severity when Gamma fading severity and signal power 

are constant

Figure 2 shows dependency of PDF of resulting pa-
rameter z from Gamma fading severity parameter when 
Nakagami-m fading severity parameter and signal power 
are constant. 

Figure 2. PDF of random variable z at the entrance into re-
ceiver for different Gamma fading severity when Nakagami-m 

fading severity and signal power are constant

 
Figure 3. PDF of random variable z at the entrance to receiver for different sig-
nal powers when Nakagami-m fading severity and signal power are constant  

Figure 3 shows dependency of PDF of resulting enve-
lope z when signal powers under in� uence of Nakagami-
m fading are variables, and Nakagami-m fading severity, 
Gamma fading severity and signal power under in� uence 
of Gamma fading are constant. 

Figure 4 shows dependency of OP from threshold for 
di� erent Nakagami-m fading severity when Gamma fad-
ing severity and signal power are constant. Numeric re-
sults are obtained on basis of expression (9). It can be seen 
from Figure 4 that better system performances (lower OP 
values) could be reached in the area of higher m1 values, 
namely when desired signal propagates through less se-
vere fading environment.

 
Figure 4. Outage probability for di� erent Nakagami-m fading severity 

parameter
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Figure 5. Outage probability depending on threshold for dif-
ferent Gamma fading severity parameter values 

Figure 5 shows dependency of OP from threshold for 
di� erent Gamma fading severity when Nakagami-m fad-
ing severity and signal power are constant. As expected 
higher values of parameter c provide better system perfor-
mance values, since the in� uence of shadowing declines 
with parameter c growth.

Figure 6. Channel capacity depending on power of Gamma 
fading for various Nakagami-m fading severity cases

Figure 6 shows functional dependency of channel ca-
pacity from power of Gamma fading for di� erent values of 
Nakagami-m fading severity parameter. It could be seen 
how channel capacity grows when m1 parameter values 
increase. 

Figure 7. Channel capacity depending on power of Gamma 
fading for different Gamma fading severity parameter values.

Figure 7 shows dependency of channel capacity from 
power of Gamma fading for di� erent Gamma fading se-

verity parameter values. With the increase of parameter 
c is visible how channel capacity slightly increase due to 
shadowing declining.  
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CONCLUSION

In this paper for the � rst time has been considered the 
case when wireless transmission is exposed to the simul-
tainious in� uence of two fast fading processes modeled 
by Nakagami-m models and single shadowing proccess 
modeled with Gamma model. For this case of interest, 
PDF of resulting envelope proccess has been presented in 
the closed-form. Further, standard transmission  perfor-
mance criterions, such are outage probability and channel 
capacity have been e�  ciantly evaluated and observed in 
the function of fading and shadowing parameters. 
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