X International Symposium on Industrial Electronics INDEL 2014, Banja Luka, November 06—08, 2014

Level Crossing Rate of Macrodiversity System
Operating over Gamma Shadowed Rician Fading
Channel

Stefan Panic

Department of Information Technology
Faculty of Natural Science and Mathematics
Kosovska Mitrovica, Serbia
stefanpnc@yahoo.com

Djoko Bandjur, Branimir Jaksic

Department of Electrical and Computer Engineering
Faculty of Technical Sciences
Kosovska Mitrovica, Serbia
dbandjur@gmail.com, branimir.jaksic@pr.ac.rs

Ivana Dinic, Dejan Jaksic, Srboljub Zdravkovic
Department of Telecommunications
Faculty of Electronic Engineering
Nis, Serbia
i.dinic648@gmail.com, djaksic@yahoo.com

Abstract—Macrodiversity system with macrodiversity selectia
combining (SC) receiver and two microdiversity SC eceivers is
considered. Received signal is affected simultanesiy to Gamma
long term fading and Rician short term fading resuting in system
performance degradation. Macrodiversity SC receiverreduces
Gamma shadowing effects and microdiversity SC recegrs
reduce multipath fading effects on bit error proballity. Closed
form expression for average level crossing rate ahacrodiversity
SC receiver output signal envelope is evaluated. Merical
results are presented graphically to show the inflence of Gamma
long term fading severity, shadowing correlation ad Rician
factor on average level crossing rate.

Keywords- fading channel; Gamma shadowed; Rician factor;
selection combining (SC).

l. INTRODUCTION

Large scale fading and small scale fading degradtem
performance and limit channel capacity wireless iteob
communication. Reflections and refractions causétipath
propagation resulting in signal envelope variateomd large
obstacles cause shadowing resulting in signal epeehverage
power variation. Received signhal experiences samelbusly
long term fading and short term fading resultingsiystem
performance degradation. There are several stafismodels
describing signal envelope variation in multipatadihg
channels depend on existence line-of-sight (LO®)pmmnents,
nonlinearity of propagation channel, the numbecloéters in
propagation environment and variation of signal etope
power. The most frequently used statistical moegdigh can
be used to describe multipath fading are RayleRitjan,
Nakagami-m, Weibull,o-p and Nakagami-q distributions.
Rayleigh distributions can be used to describe Issedle
signal envelope variation in linear non line-oftgignultipath
fading environments. In line-of-sight short termdifay

channels signal envelope variation can be desctilyedsing
Rician distribution. Nakagami-m distribution debes
multipath fading in environments with multipath gedng
with large delay-time spreads and different clisstdrreflected
waves, while Weibull and-p distribution describe small scale
fading in nonlinear channels. Large scale fading dge
described by using log-normal distribution or Gamma
distribution. When log-normal distribution descsbdarge
scale signal envelope average power, the expresfion
probability density function of macrodiversity réee output
signal can not be obtained in closed form. Thecaétand
measured results are shown that Gamma distribwitoch is
analytically better tractable, closely approximatbe log-
normal distribution in wide range of propagatiomdiions,
and has a good fit to experimental details. Wheritipath
fading is superimposed on shadowing, the instantae
composite multipath/shadowed signal should be aedlat the
receiver, with Gamma distribution used for for Shauhg
model [1-3].

Macrodiversity system can be used to simultaneously
reduce long term fading effects and short ternmigdiffects on
system performance. Macrodiversity ~ system
macrodiversity receiver and two or more micoridsigr
receivers. Macrodiversity receiver reduces longntdading
effects and microdiversity receivers mitigate sherin fading
effects on bit error probability. The second orgerformance
measures of wireless communication system are gedevel
crossing rate and average fade duration. Averags ¢eossing
rate can be calculated as average value of thelfirsvative of
random process. Average fade duration is equaltio of
outage probability and average level crossing r&tatage
probability is defined as probability that outpigral envelope
falls below outage threshold [4].
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There are several combining techniques which canskd
to reduce long term fading effects and short teadirnfy effects
on average level crossing rate and average faddiolur The
most frequently used combining techniques are malxmatio
combining (MRC), equal gain combining (EGC), setatt
combining (SC) and switch and stay combining (SSRe
MRC receiver enables the best results and it hgbhebt
implementation complexity. The SC receiver provithesleast
complexity of realization [5].

There are more works in open technical
considering performance analysis of macrodiversifgtems
[6-8]. In [6], macrodiversity SC receiver with
microdiversity MRC receivers operating over

analyzed. Closed form expressions for average lenedsing
rate and average fade duration are calculated.n8eocder
performance measures of macrodiversity system ia
presence of Gamma shadowed and Rician multipathgade
analyzed.

In this paper macrodiversity system with macroditgrSC
receiver and two microdiversity SC receivers opegabver
composite shadowed multipath fading channel is idensd.
Received signal experiences correlated Gamma |eng t
fading and Rician short term fading. Average legrissing
rate of Rician random process and SC receiver oignal
envelope are calculated. These expressions are fmed
evaluation average level crossing rate of macroditye SC
receiver output signal
knowledge the second order statistics of macrodierSC
receiver with two microdiversity SC receivers ire thresence
Gamma large scale fading and Rician small scaliedad not
reported in open technical literature. Obtainediltescan be
used in performance analysis of wireless commuioicat
system when received signal is subjected simultasigoto
multipath fading and shadowing.

II.  RICIAN RANDOM PROCESSAVERAGE LEVEL CROSSING
RATE

Rician distribution can be used to describe largales
signal envelope variation in line-of-sight multipafading
channels with one cluster. Squared Rician randorabia, X,
is equal to sum of two squared independent Gausaizom
variables with the same variance:

X2 = X2+ X5,

wherex; andx, are independent Gaussian random variable with
the same variance®. The first derivation of Rician random

variablex is

X :%(x1>‘<1+ X,X,) - 2

two
Gamma
shadowed Nakagami-m multipath fading environment is oy

envelope. To the best aighor

random variables is Gaussian random variable. TorereX
follow Gaussian distribution. Mean o€is

%= 2 (%% + x,%,) =0, 3
X

sincex =x, =0-

literatureT he variance of the first derivate of Rician randeamiable is

1 @)

2 _ 2 .2 2.2
o, = (xlaxl+xzaxz).

where [10]:
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wheref, is maximal Doppler frequency. After substitutiri) (

in (4), the variance of the first derivative of Ric random
variable becomes

1
2 _
g

. (6)

m? fm2202(x12+ x22) =20

The joint probability density function of Ricianndom
variable and the first derivative of Rician randeariable is

P (%) = P, (X) P (%) )

wherep,(X) is probability density function of

IO( @xj (8)

wherek is Rician factor. Rician factor can be evaluatedatio
of dominant component power to scattering compopemnter.
The level crossing rate of Rician random process ba
calculated as average value of the first derivatifeRician

2(1+k (1K)
p. (=2 ) e

@) random variable:

N, :IdXD'(Dpr(xX): p(x)\/;_ﬂaX =

:—fmﬁ(l+k)e_(l+;)>(2| {2 k(—l+k)XJ
N o

T
ekQ?

(9)

. o ) . ~ Expression for level crossing rate can be used for
The first derivative of Gaussian random variable isevaluation average fade duration of wireless conication

Gaussian random variable. Thug and X, are zero-mean System operating over Rician multipath fading clenithe
Gaussian random variables. Linear transform of €ians cumulative distribution function of Rician distritien is
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(10)

Obtained expression for cumulative distributiondtion of
Rician random variable can be used in performanedysis of
wireless communication system in the presence Rislzort
term fading.

The average level crossing rate of dual SC receiver

operating over independent identical Rician muttiptading
output signal envelope is

N, =2F, (X)N,, 1)

whereN,, is given with (9) and~y(X) is given with (10). The
expression can be used for calculation averagedadsion of
communication mobile system with SC reception ojreya
over Rician multipath fading channel.

Ill.  LEVEL CROSSINGRATE OFMACRODIVERSITYSC

RECEIVEROUTPUT SIGNAL ENVELOPE

Macrodiversity system with macrodiversity SC reeeiv
and two microdiversity SC receivers operating ax@nposite
Gamma shadowed Rician multipath fading environmisnt
considered. Microdiversity SC receiver is provideyl using
multiple antennas at base station resulting in ctoi of
Rician multipath fading effects and macrodiverS8ty receiver
uses signals from two or more base stations ragulin
reduction Gamma long term effects on system pedonge.
Signal envelopes at output of microdiversity SCeieers are
denoted withx; and x,. Macrodiversity SC receiver output
signal envelope is denoted with

Signal envelope average power at inputs in micergity
SC receivers are denoted with andQ,. Random variabl€;
andQ, follow correlated Gamma distribution:

Po,o, (Q.Q,)= ! =
r(c)(1-p?)p 2 Q5"
2ip+c-1 1 (12)
X R — ’
ZB (1 ,0) i, (i, +c)
__4+0Q,
Qo(l—pz)

in12+c—lQi22+c—1e
where ¢ is order of Gamma distributiory is correlation

coefficient and, is average power @&; andQ.,.

Macrodiversity SC receiver selects microdiversityC S
receiver with higher signal envelope average p@avénputs to

provide service to users. Therefore, average lensdsing rate
of macrodiversity SC receiver output signal envelap

0 Q;
NX = J‘dQlJ- dgzZlelQl leQZ (QlQ 2) +
0 0

® Q,
"'J-sz_‘-dQlez/Q2 pQIQZ(ngz), (13)
0 0

® Q,
= ZJ.dQlj‘ dQZlelQl Pog, (ng 2)
0 0

whereNy 01 andNy o is given with (11). By substituting (9),
(10) and (12) in (13), the expression for averayell crossing
rate becomes

421, (1+k)
eZKF(c)(l—,oz)pCT_lfz0
e k' & (k(l+k))i3x2i3

LTS (i) |
3 [ , ]c+zlz—1 (Qo (1_ pg))lz+c

x . .
i,=0 Qo(l—,oz) IZ!r(I2+C)
3 - Q,  (1k)x*
Janarte oo

xy(il +1,%Jy[iz o) (i)_l pz)J -

42, (1+ k) o K&y
2k 2\ S |=o(i !)2i=o(i !)2
e F(c)(l—,o)pZQo1 17) 5=0\ls

S

i, (i, +c)
wherey(n,x) [9] is incomplete Gamma function ahds

(14)
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j2=0 (Iz + 2)(12)

=1 -1,=1,+1,

where @), denoting the Pocchammer symbol.

The integral; can be solved as:

I, =" (i,+1)r(i,+1)

The integral, can be solved as:

AR )RS 1
2, +1 = (0.+2),,
l T T

(@, (2- 7))

!
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2

xK 12
2y =g+ jz*c*z

The integral; can be solved as:

X

Q, (1—p2)

2(k+1)x2}

(i, +1) @ ((k+2)x )
B EI = G

X(Z(k+1)X2Q0(1—p2))2 2 2 2 4
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The integral, can be solved as:
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(16)

(17)

1 . ((k +1) Xz)i1+j1+1
(i, + 2)(1_1)
13 1 1
i, +17% (0, +2), (Qo (1_p2))i2+j2+1 . (19)

X
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whereK(x) is modified Bessel function of the second kiny [9
ordern and argument.

IV. NUMERICAL RESULTS

In Figure 1 and Figure 2, normalized average lexatsing
rate of macrodiversity SC receiver output signaletope is
presented in the function of system parameters sareh
Gamma shadowing severity parameter c, correlateifficient
p and Rician factor K.
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Figure 1. Level crossing rate of macrodiversity SC receivépat signal
envelope for different values of Gamma shadowingisy parameter ¢ and
correlation coefficienp.

For lower values of SC receiver output signal eope)
average level crossing rate increases as signaélares
increases and for higher values of signal enveldpeel
crossing rate decreases as signal envelope insrease
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Figure 2. Level crossing rate of macrodiversity SC receivwgpat signal
envelope for different values of Rician factor k.

V. CONCLUSION

SC macrodiversity system with dual SC microdiversit
operating over composite shadowed Ricean/Gammandadi (10
LCR of the
macrodiversity output are presented in closed-folrtR
dependence on observed szstem parameters, suGaan®a
shadowing severity parameter ¢, correlation caefficp and
has also been graphicaly preserded

channel is considered. Expressions for

Rician factor K
discussed.
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