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Abstract: - In this paper, wireless communication systems with maximal ratio combining (MRC) receiver,
equal gain combining (EGC) receiver and selection combining (SC) receiver operating over short term fading
channels are considered. In analyzed channels, received signal experiences Rayleigh multipath fading.
Probability density functions (PDF), cumulative distribution functions (CDF) and level crossing rate
(LCR) of output signals are efficiently evaluated and obtained expressions are in closed form. Results
for the outage probability are graphically shown to present the influence of diversity techniques on
system performance. It is shown that MRC has the best performance and SC technique gives lower
performance than MRC and EGC diversity techniques.
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1 Introduction In [2], wireless communication system with SC
Small scale multipath fading degrade outage receiver _operating over Weibull multipath fading
probability and channel capacity of wireless chapnel in the presence _of cocha_nne! mterf_erence
communication systems. There are more diversity subjected to Weibull multipath fading is considered.
techniques reducing short term fading effects on the In this paper, probability —density function,
outage probability, bit error probability and channel cumulative distribution function and moments of
capacity. When Gaussian noise power is equal in output signalare _calculated as expressions in clos_ed
each branch of MRC receiver, squared output signal forms. In [3], wireless communication system with
can be calculated as sum of squared signals from its dual SC receiver operating over correlated
inputs. Signal envelope at the output of the EGC Nakagami-m multipath fading channel is analyzed.
receiver can be evaluated as a sum of signal Probability density function and cumulative
envelopes at its inputs. The SC receiver selects and distribution function of SC receiver output signal
outputs branch with the highest signal envelope to envelope are calculated. Also, the outage probability
provide service to user. Rayleigh distribution can be and the bit error probability for different modulation
used to describe small scale signal envelope formats of proposed wireless radio system are
variation in linear, non line-of-sight multipath evaluated. . _ _
fading environments where signal propagates under Wireless communication systems with maximal
one cluster [1]. ratio combining diversity receiver in the presence of
There are many papers in open technical small scale correlated Nakagami-m multipath fading
literature considering the outage probability, bit channel is considered in [4]. Outage probability and
error probability and channel capacity of wireless symbol error probability of observed system are
communication radio systems in the presence of calculated. _
small scale fading. In these papers, diversity The general, closed-form expressions for the
techniques are used to mitigate short term fading probability density function (PDF) and cumulative
effects on system performance. distribution function (CDF) of the ratio of the

products of two independent a-p variables are
presented in [5]. In [6], the authors present novel
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closed-form expressions for the PDF and CDF of
the ratio of random variable and product of two
random variables for the cases where random
variables are Rayleigh, Weibull, Nakagami-m and o-
u distributed.

The distributions of ratios of random variables
are of interest in many areas of sciences. In [7], the
authors present the joint probability density function
and PDF of maximum of ratios R/r for the cases
where R and r are Rayleigh, Rician, Nakagami-m
and Weibull distributed random variables. Random
variables are correlated.

The first order performance measures of wireless
communication system are the outage probability
and average symbol error probability. Outage
probability is defined as probability that signal
envelope falls bellow predetermined threshold and
can be calculated from cumulative probability [1].

The second order performance measures of
wireless communication system are level crossing
rate and average fade duration [8]. The level
crossing rate is defined as the number of crossings
on determined level random process in positive or
negative direction, and it can be calculated as
average value of the first derivative of random
process. The average fade duration is defined as
average time that signal envelope falls below
determined threshold and can be evaluated as the
ratio of the outage probability and level crossing
rate.

In this paper, wireless communication system
working over Rayleigh multipath fading channel
will be studied. Probability density function and
cumulative distribution function of signal envelope
at output of MRC receiver, EGC receiver and SC
receiver will be determined. For these cases, derived
expressions for the outage probability rapidly
converge. The obtained results can be used in
performance analysis and designing of wireless
communication radio system with receivers
mitigating Rayleigh fading effects on system
performance.

2 The in

Channel
Output signal from SC receiver is equal to the
maximum of signals at its inputs:

SC Receiver Rayleigh

@)

where output signal is denoted by x and input
signals by x; and x,. Probability density functions of
X1 and X, are:

X =max (X, X,)
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Py, (xl)z%&6 , % >0 2
%
Py, (Xo)=—Fe @, x>0 (3)

Cumulative distribution functions of x; and x»
are:

(4)

(5)
Probability density function of output signal x is:

px( ) pxl( ) Xz( )+pxz(X)Fx1(X)=

= 2p><1 (X) Fy, (X) =

(6)

The joint probability density function of SC
receiver output signal and it’s the first derivative is:

P (¥%) = 2Py (¥%)-F (X)) (®)

The level crossing rate of random process X is:

dX X Py (XX)

O'—.S

= 2F, (x)Id)’( Xpyy (X)=2N, F, (x)  (9)
0

where N, is level crossing rate of Rayleigh random
process:
le :Idxl X Py, x ( )
0
O | -
X — = 2
=|dy —2Le @ ——xe ¥ 10
.([ 1 o) \/gﬂ 1 ( )
where
=0, (11)

and f,, is maximal Dopler frequency.
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The level crossing rate of Rayleigh random
process is:

X2 2
2% Ty 2%

=y
le = e Q .ﬂ_mel/Z :We Q 'ﬁfm y (12)

and level crossing rate of SC receiver output signal
is:

= 2;;;2’“ e_Xa -[l—e_g} (13)
3 The EGC Receiver in Rayleigh

Channel

Signal envelopes at inputs of EGC receiver are
denoted with x; and x,, and output signal from EGC
receiver is denoted with x. Output signal envelope
can be calculated as sum of signal envelopes from
its inputs:

X=X +Xy, X =X—X,. (14)
Probability density function of x is:
dx
b (x1) =%, (%) (15)
X
dx
72 =1
dx

After integration of conditional probability density
function, the expression (15) becomes:

P (x)= [ B by (x=3) Py, (%) (16)
0

Random variables x; and x, follow Rayleigh
distribution (2), (3):

2

%i
pXi(xi):%e @ x20,i=12.  (17)
Probability density function of x is now:
Px(X)—Le = X2 X erf [Lje =
20 o’ 207
—ﬁerf (lje_“az (18)
20 o

where 26°=Q.

Cumulative distribution function of x is:
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0
—%erf [éj ei“t‘jz ) (19)

4 The MRC Receiver in Rayleigh

Channel
Signal envelopes at the inputs of MRC receiver are
X3 and X», and at output of MRC receiver is X. When
Gaussian noise at branches of MRC receiver has the
same power, squared output signal is equal to the
sum of squared signal envelopes at its inputs.
Square of x is:

X2 =x2+x3

(20)

Random variables x; and x, follow Rayleigh
distribution (17):
X_Z

D, (xi)z%eé X 20,i=12

Random variable x? can be written as a sum of
squared Gaussian random variables. Therefore, x

has »? distribution:
2 2 2 3 1.
j x3e 20" :zize * (21)

2 2
pX(X):TZ)(E

Cumulative distribution function of output signal
envelope is:

Fx(x):jfdt Py (t)=

1.,

~ 2 facen -2 o7, (20) @)
oy Q% 2 ’

The joint probability density function of x and x
is:

Py (XK) = Py (X)- g (X) =

3 _1pe L
" wm @
T

where £ is given by (11):
pr=r’tlQ,
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The level crossing rate of MRC receiver output
signal is:

2X3 7)(200 1 — 125(2
=e 0 J'd>'<>'<—e 205 =
Q 5 N2 B
o3 -1 gt 2x° =X rf
=22 g0 Lm l2 _ of Zm (24)
% V2 Q%2 NEY

5 Numerical Results

In Fig. 1, the histogram for dual SC combiner with
balanced inputs is shown. The abscissa of the
histogram presents the amplitude value of the
random process; the ordinate is the number of
samples in the interval of abscissa. The outage
probability for SC combiner with two inputs is
given in Fig. 2.
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Fig.1. Histogram for dual SC combiner with
balanced inputs and N=10000, Q=2
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Fig.2. Outage probability for SC combiner and
N=10000, Q=2
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The histogram for dual EGC combiner is
presented in Fig. 3. The outage probability for this
EGC combiner is given in Fig. 4.

The histogram for dual MRC combiner is shown
in Fig. 5.
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Fig. 3. Histogram for dual EGC combiner and
N=10000, Q=2
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Fig.4. Outage probability for dual EGC combiner
and N=10000, Q=2
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Fig. 6. Outage probability for dual MRC combiner
and N=10000, Q,=1, Q,=2

1 RS g TF:'='
X
I'e 1% ¥ &
/ i,
0.1 oA ,;”/
f/ -/}i '(/'/'//
S L
), /,‘ ¥ &/
0.01 Wb/ ARV
X I
N il ’(;;."
[T % d W 4 Ay, 5
o) 154 8RRV *—SC.L=3. 01 |
_!" .*’_j"‘ 7 ,::r” [—*—EGC, L=3, (>=1|
1E-4 O ? +— MRC, L=3, -1
VS 7488 8 % +—SC,L=3, 02 |
Al | A " |
i i/ (‘:;," b7 +—EGC, L=3, 02|
v/ (4 d +— MRC, L=3, 02|
/ r;:' Y[ é
iR ¥ &/
MM BT 543 20T 2345678310

x dB

Fig. 7. Comparative analysis of outage probabilities
for SC, EGC and MRC combiners

The outage probability for dual MRC combiner
with two inputs is ploted in Fig. 6. The comparative
analysis of the outage probabilities for MRC, EGC
and SC receivers for SC, EGC and MRC combiners
with three branches is given in Fig. 7. It is possible
to see from this figure that theoretical knowledge
and findings are validated.

Namely, the MRC diversity receiver has the best
performance. The SC diversity receiver gives the
highest values of the outage probability, i.e. has the
worst performance. MRC receiver has the highest
implementation complexity and SC reception has
the lowest implementation complexity with the
lowest cost of making. This investigation gives
opportunity to designers of wireless communication
systems to choose the best solution for fading
conditions in appropriate channel.
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7 Conclusion

In this paper, wireless communication system
operating over Rayleigh multipath fading channel is
considered. Themaximal ratio combining diversity
receiver, equal gain combining diversity receiver
and selection combining diversity receiver are used
to reduce Rayleigh short term fading effects on the
outage probability and bit error
probability.Probability density function, cumulative
distribution function and average level crossing rate
of receiver output signal are calculated. Cumulative
distribution function can be used for evaluation of
the outage probability and level crossing rate can be
used for calculation of the average fade duration of
proposed wireless communication system. The
MRC diversity techniques give the best results. SC
receiver gives higher values of the outage
probability. MRC reception hasthe highest
implementation complexity and SC reception has
the lowest implementation complexity with the
lowest cost of production.

References:

[1] M. K. Simon, M. S. Alouini, Digital
Communication over Fading Channels, USA :
John Wiley & Sons. 2000.

M. C. Stefanovié, D. M. Milovié', A. M.
Miti¢, M. M. Jakovljevi¢, Performance analysis
of system with selection combining over
correlated Weibull fading channels in the
presence of cochannel interference, AEU -
International Journal of Electronics and
Communications, Vol. 62, Issue 9, October
2008, pp. 695-700.

G.K. Karagiannidis, Performance analysis of
SIR-based dual selection diversity over
correlated Nakagami-m fading channels, IEEE
Transactions on Vehicular Technology, Vol.
52, Issue: 5, Sept. 2003, pp. 1207-1216.

V.A. Aalo, Performance of Maximal-Ratio
Diversity Systems in a Correlated Nakagami-
Fading Environmen, IEEE Transactions on
Communications, Vol. 43, No. 8, August 1995,
pp. 2360-2369.

A. Matovi¢, E.  Meki¢, N.  Sekulovi¢, M.
Stefanovi¢, M. Matovi¢, C  Stefanovi¢, The
Distribution of the Ratio of the Products of
Two Independent - Variates and Its Application
in the Performance Analysis of Relaying
Communication Systems, Mathematical
Problems in Engineering, Vol. 2013, Article
ID 147106, 6 pages, 2013.

E. Meki¢, N. Sekulovi¢, M. Bandjur, M.
Stefanovi¢, P. Spalevi¢, The distribution of

2]

[3]

[4]

[5]

[6]

Volume 1, 2016


http://www.sciencedirect.com/science/article/pii/S1434841107001665
http://www.sciencedirect.com/science/article/pii/S1434841107001665
http://www.sciencedirect.com/science/article/pii/S1434841107001665
http://www.sciencedirect.com/science/article/pii/S1434841107001665
http://www.sciencedirect.com/science/article/pii/S1434841107001665
http://www.sciencedirect.com/science/journal/14348411
http://www.sciencedirect.com/science/journal/14348411
http://www.sciencedirect.com/science/journal/14348411
http://www.sciencedirect.com/science/journal/14348411/62/9
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Karagiannidis,%20G.K..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=25
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=25
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=27623
http://www.hindawi.com/41780673/
http://www.hindawi.com/27356970/
http://www.hindawi.com/86323259/
http://www.hindawi.com/58641832/
http://www.hindawi.com/58641832/
http://www.hindawi.com/84752163/
http://www.hindawi.com/36574358/

[7]

D. Aleksi¢ et al.

ratio of random variable and product of two
random variables and its application in
performance analysis of multi-hop relaying
communications over fading
channels, Przeglgd Elektrotechniczny
(Electrical Review), R. 88 NR 7a/2012, pp.
133-137.

D. H. Pavlovié, N. M. Sekulovi¢, G. V.
Milovanovi¢, A. S. Panajotovi¢, M. C.
Stefanovi¢, Z. J. Popovic¢, Statistics for Ratios

ISSN: 2367-8887

109

[8] W.C.Y.

International Journal of Communications
http://www.iaras.org/iaras/journals/ijoc

of Rayleigh, Rician, Nakagami-m, and Weibull
Distributed Random Variables, Mathematical
Problems in Engineering, Vol. 2013, Article 1D
252804

Lee, Mobile communications
engineering, Mc-Graw-Hill, NewYork , USA ,
20083.

Volume 1, 2016





