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Level Crossing Rate of Macrodiversity in the
Presence of Mixed Short Term Fading, Gamma
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Abstract—In this paper, macrodiversity with macrodiversity
selection reception and two microdiversity selection receptions
operating over short term fading channel in the presence of long term
fading and co-channel interference is considered. Desired signal in
both, the first and the second microdiversity receivers is subjected to
Rayleigh short term fading and Gamma long term fading. Co-channel
interference in the first microdiversity receiver experiences
Nakagami-m short term fading and Gamma long term fading and co-
channel interference in the second microdiversity receiver
experiences Rician short term fading and Gamma long term fading.
Level crossing rate of the ratio of Rayleigh random variable and
Nakagami-m random variable and the ratio of Rayleigh random
variable and Rician random variable is evaluated. These formulae are
used for calculation the level crossing rate of macrodiversity
selection combining (SC) receiver output signal to interference ratio.
The influence of Nakagami-m short term fading severity parameter
and Rician « factor on level crossing rate is analyzed and discussed.

Keywords— Gamma fading, macrodiversity reception,
microdiversity reception, level crossing rate, Nakagami-m short term
fading, Rayleigh fading, Rician short term fading.

I. INTRODUCTION

AKAGAMI-m short term fading, Rayleigh short term

fading, Rician short term fading, Gamma long term
fading and co-channel interference degrade level crossing rate,
average fade duration and outage probability of wireless
mobile communication radio systems. By using macrodiversity
reception, the influence of short term fading, long term fading
and co-channel interference on system performance can be
reduced. Macrodiversity with macrodiversity selection
combining (SC) receiver and two microdiversity SC receivers
is used in this paper to mitigate short term fading effects, long
term fading effects and co-channel interference on level
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crossing rate, average fade duration, outage probability and bit
error probability, simultaneously [1] - [3].

Desired signal channel and co-channel interference channel
in the first microdiversity have not dominant component and
co-channel interference channel in the second microdiversity
has dominant component. Nakagami-m and Rayleigh
distributions describes signal envelope in non line of sight
multipath fading channels and Rician distribution describes
signal envelope in line of sight multipath fading channel [4]-
[8].

There are many papers in the literature considering
performance analysis in macrodiversity reception in the
presence of short term fading, long term fading and co-channel
interference. In paper [9], macrodiversity reception in the
presence of Weibull short term fading, long term fading and
co-channel interference is considered and level crossing rate
(LCR) of macrodiversity SC receiver output signal to
interference ratio process is evaluated. Outage probability of
macrodiversity with two microdiversity SC receiver in the
presence of Nakagami-m short term fading, Gamma long term
fading and co-channel interference is efficiently evaluated as
expression in the closed form in [10].

In this paper, macrodiversity system with macrodiversity SC
receiver and two microdiversity SC receivers is analyzed.
Desired signal experiences Rayleigh small scale fading and
correlated Gamma large scale fading. Co-channel interference
in the first microdiversity receiver suffer Nakagami-m small
scale fading and Gamma large scale fading and co-channel
interference in the second microdiversity receiver is affected
by Rician small scale fading and Gamma large scale fading.
Level crossing rate of the ratio of Rayleigh and Nakagami-m
random process is calculated and this expression is used for
evaluation the level crossing rate of the first microdiversity SC
receiver output signal to interference ratio process. Level
crossing rate of the ratio of Rayleigh and Rician ratio random
process is calculated and this expression is used for evaluation
the level crossing rate of the second microdiversity SC
receiver output signal to interference ratio prcess. These
expressions are used for calculation the level crossing rate of
macrodiversity SC receiver output signal to interference ratio
process. The macrodiversity SC receiver reduces Gamma long
term fading effects on level crossing rate, the first
microdiversity SC receiver reduces Nakagami-m short term
fading effects on level crossing rate and the second
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microdiversity SC receiver reduces Rician short term fading
effects on level crossing rate. Macrodiversity receiver and
microdiversity SC receivers reduce co-channel interference
effects on level crossing rate.

Il. RATIO OF RAYLEIGH RANDOM VARIABLE AND
NAKAGAMI-M RANDOM VARIABLE

The ratio of Rayleigh and Nakagami-m random variable is:

I=—,X=1-Y, 1)

pX(x):EXe Q x>0 2

where Q is average square value of x; y follows Nakagami-m
distribution:

py(y)=ri[mJ yrie st (g

(m)\s

m is Nakagami-m severity parameter and s is average square
value of y.
The probability density function (PDF) of z is:
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Cumulative distribution function (CDF) of z is:
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Level crossing rate of z is:
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where variance of z is:
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After substituting, the expression for level crossing rate
becomes:
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I11. RATIO OF RAYLEIGH RANDOM VARIABLE AND RICIAN
RANDOM VARIABLE

The ratio of Rayleigh random variable and Rician random
variable is:
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Cumulative distribution function of z is:

FZ(Z)=jdtpz(t)=

(£ +1) < K'(K‘+1) b 1 vz 1
= Z[ - J(il!)zg r(|l+2)m

i,=0

L 1
(x+1)0)™" ((r+2) Q-+ 2%)

Level crossing rate of z is given in (6):
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After substituting, the expression for level crossing rate
becomes:
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IV. LEVEL CROSSING RATE OF MACRODIVERSITY SC
RECEIVER OUTPUT SIGNAL TO INTERFERENCE RATIO

Model of macrodiversity SC receiver considered in this
paper is shown in Fig. 1.

Random variables xj;, X1, X1 and xp, follow Rayleigh
distribution:

ISSN: 1998-4480

Volume 11, 2017

Xll’yll‘zll
Ql’sl sc Xl’yl’zl
X121y127212
— X Y,Z
SC L s
X21’y21’22] X y z
Q,S 2172072
X222’ ;22’ 222 s¢
Fig.1. System model
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Random variables y;; and vy, follow Nakagami-m
distribution:
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Random variables y,; and y,, follow Rician distribution:
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Joint probability density function (JPDF) of Q; and Q; is:
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where p is Gamma long term fading correlation coefficient, ¢
is Gamma long term fading severity parameter of desired
signal, and Q is average value of Q,; and Q,.

Joint probability density function of s; and s, is:

1
1 Ehars
psls2 (5152):—'SCl 16 g

I(e)p%



INTERNATIONAL JOURNAL OF COMMUNICATIONS

1

'W'S%‘leﬁsz, 520,520  (18)

c; is Gamma long term fading severity parameter of
interference, P is average value of s; and s,.

The macrodiversity SC receiver selects the first
microdiversity SC receiver to enable service to user when the
power at inputs of the first microdiversity SC receiver is higher
than the power at inputs of the second microdiversity SC
receiver, and macrodiversity SC receiver selects the second
microdiversity SC receiver to provide service to user when the
power at inputs of the second microdiversity SC receiver is
higher than the power at inputs of the first microdiversity SC
receiver. Therefore, level crossing rate of macrodiversity SC
receiver output signal to interference ratio is:
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The integral J; is:
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Previous two-fold integrals J; can be solved by using the
formulae [13]:
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The integral J; i=1,2; j=1,2 are solved as:
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V. NUMERICAL RESULTS

Level crossing rate of signal to interference ratio random
process at output of macrodiversity SC receiver versus signal
to interference ratio is shown in Fig. 2 for several values of
Rician factor, Nakagami-m short term fading severity
parameter, Gamma long term fading severity parameter and
Gamma long term fading correlation coefficient.

Level crossing rate increases as resulting signal increases
and level crossing rate decreases for higher values of resulting
signal. The influence of resulting signal on level crossing rate
is higher for lower values of resulting signal. Level crossing
rate decreases when Rician factor increases or when dominant
component increases.

The influence of Rician factor on level crossing rate is
higher for lower values of Rician factor. Also, Rician factor
has higher influence on level crossing rate for lower values of
resulting signal.
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Fig. 2. Level crossing rate versus signal to interference
ratio
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Fig. 3. LCR versus signal to interference ratio
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Level crossing rate decreases when Nakagami-m severity
parameter increases. The influence of Nakagami-m severity
parameter on LCR is higher for lower values of Rician factor
of Rician short term fading. Maximum of curves goes to higher
values of resulting signal when Nakagami-m severity
parameter increases.

In Fig. 3, level crossing rate is presented versus Rician
factor for several values of fading parameters. Level crossing
rate decreases when Rician factor of Rician short term fading
increases. The influence of Rician factor on level crossing rate
is bigger for lower values of Rician factor. Rician factor has
greater values when dominant component power has higher
value or scattering components power have lower values. The
influence of Rician factor on LCR is higher for lower values of
Gamma long term fading severity parameter. Level crossing
rate decreases when Gamma long term fading severity
parameter increases.

VI. CONCLUSION

Macrodiversity system with macrodiversity SC receiver and
two microdiversity SC receivers in the presence of Rayleigh
short term fading, Rician short term fading, Nakagami-m short
term fading, Gamma long term fading and co-channel
interference is studied in this paper. Desired signal experiences
Rayleigh small scale fading and Gamma large scale fading.
Co-channel interference in the first microdiversity SC receiver
experiences Nakagami-m small scale fading and Gamma large
scale fading. Co-channel interference in the second
microdiversity SC receiver experiences Rician small scale
fading and Gamma large scale fading.

Macrodiversity system reduces long term fading and short
term fading effects on system performance simultaneously.
Macrodiversity selects microdiversity SC receiver with higher
power at inputs resulting in large scale fading effects
reduction. Microdiversity SC receiver selects the branch with
the highest signal to interference ratio resulting in small scale
fading effects reduction.

In this paper, probability density function, cumulative
distribution function and level crossing rate of the ratio of
Rayleigh and Nakagami-m random process and also Rayleigh
and Rician random process are derived. These expression are
used for evaluation the level crossing rate of the signal to
interference ratio at output of the first microdiversity SC
receiver and at the output of the second microdiversity SC
receiver and level crossing rate of the signal to interference
ratio process at output of macrodiversity SC receiver.

The influence of Rician factor of Rician short term fading,
Nakagami-m short term fading severity parameter, Gamma
long term fading severity parameter and Gamma long term
fading correlation coefficient on level crossing rate is
analyzed. When correlation coefficient goes to one,
macrodiversity system becomes microdiversity system.

Average fade duration (AFD) can be determined based on
level crossing rate and AFD is better for lower values of level
crossing rate.
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