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Abstract—In this paper, the satellite communication system
consisting of the earth transmitting station and tke satellite
transponder was considered. Switch and Stay Combing

(SSC) diversity technics are used on receiving sé#ite and

receiving earth stations to reduce fading influenceto the

system performances. The presence of Nakagami-and Rice
fading on receiving satellite and receiving earth tations is
observed. The probability density functions (PDFs)of the

signal at the Earth receiver station output are degrmined for

different parameters. The outage probability, as stndard

performance criterion of communication systems opeting

over fading channels, is calculated under upper catitions.

The results are shown graphically in several figure and made
to assess the influence of various parameters. This very

useful for mitigation the influence of fading in the design of
satellite communication systems in the presence fafding

Keywords- satellite telecommunication system; Nakagami-m
fading; Rice fading; SSC combining; probability density
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l. INTRODUCTION

Satellite communication systems are now a majdr qfar
most telecommunications networks as well as evagy-d
lives through mobile personal communication systemd
broadcast television [2]. A fundamental understagdof
such systems is therefore important for a wide eanf
system designers, engineers and users.

The fading and shadow effect are factors which atbgr
the system performances in telecommunication systam
the most. They derogate the power of transmitteghabi
When a received signal experiences shadow effefetdimg
during transmission, its envelope and phase flietwaer
time. The most often are Rayleigh, Rice, Nakagakdgibull
and log-normal fading, and they are considered ha t
literature [3], [4].

Rayleigh and Rice distributions can beed to model
the envelope of fading channels in many cases tefest
The Rice fading is present very often
telecommunication systems with direct line of siéhen

in  wireless
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the fading appeared in the channel because of Isigna
propagation by more paths, and dominate componeésise
because of optical visibility from transmitter teceiver,
signal amplitude is modeled by Rice distributioh [ has
been found experimentally, that Nakagami distridouti
offers better fit for wider range of fading conditis in
wireless communications [6].

In wireless communication systems, various techesqu
for reducing fading effect and influence of shadeffect are
used. Such techniques are diversity reception, rima
channel allocation and power control. Upgrading
transmission reliability and increasing channel acéy
without increasing transmission power and bandwisltthe
main goal of diversity techniques.

Diversity reception, based on using multiple anganat
the receiver, space diversity, with two or moreniotees, is
very efficient methods used for improving systemtglity
of service, so it provides efficient solution faduction of
signal level fluctuations in fading channels. Muik
received copies of signal could be combined onowuari
ways.

Several principal types of combining techniques ban
generally performed by their dependence on comiglexi
restriction put on the communication system and wamof
channel state information available at the receiver
Combining techniques like maximal ratio combinifgRC)
and equal gain combining (EGC) require all or safithe
amount of the channel state information of receisigghal.
Second, MRC and EGC require separate receiver dbain
each branch of the diversity system, which incredse
complexity of system.

Maximal-Ratio Combining (MRC) is one of the most
widely used diversity combining schemes whose Sifvé
sum of the SNR’s of each individual diversity brhes.
MRC is the optimal combining scheme, but its praed
complexity are higher. Also, MRC requires cognitiohall
channel parameters and admit in the same phasapait
signals, because it is the most complicated fdizeg#on [7]-

[9]
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Signal at the EGC diversity system output is eqodhe
sum of its’ input signals. The input signals shouid
admitted in the same phase, but it is not necessakpow
the channel parameters. Therefore, EGC provid
comparable performances to MRC technique, but dnasrl
implementation complexity; therefore, it is an mbediate
solution [10].

One of the least complicated combining methods
selection combining (SC). In opposition to previou
combining techniques, SC receiver processes ordyobithe
diversity branches, and it is much simpler for ficat
realization. Generally, selection combining, seedhe
branch with the highest signal-to-noise ratio (SNiRat is
the branch with the strongest signal [10], [11kumsing that
noise power is equally distributed over branchdsi-Rayya
and Beaulieu in [12] consider switched diversity o
microcellular Ricean channels.

Similarly to the previous approaches, there is tgbe
selection combining that chooses the branch witfhdwst
signal and noise sum. In fading environments, whaee
level of the cochannel interference is sufficienthygh
comparing with the thermal noise, SC selects thadir with
the highest signal-to-interference ratio (SIR-basekbction
diversity) [13].

Switch and stay combining (SSC) is an attempt
simplifying the complexity of the system but witbsk in
performance. In this case, rather than continu@lynecting
the antenna with the best fading conditions, theeiker
selects a particular antenna until its quality drdyelow a
predetermined threshold. When this happens, theivec
switches to another antenna and stays with it lier next
time slot, regardless of whether or not the channality of
that antenna is above or below the predeterminezshiold.
The consideration of SSC systems in the literaha® been
restricted to low-complexity mobile units where tgmber
of diversity antennas is typically limited to twa4], [15].
Furthermore, in all these publications, only predgon
SSC has thus far been considered wherein the sagtaf
the receiver between the two receiving antennassed on
a comparison of the instantaneous SNR of the cdeadec
antenna with a predetermined threshold. This resulta
reduction in complexity relative to SC
simultaneous and continuous monitoring of both bhas
SNRs is no longer necessary.

Il RELATED WORK

An analytical technique well suited to numericahlysis
is presented for computing the average bit-errte (BER)
and outage probability of M-ary phase-shift key(R$K) in
the land-mobile satellite channel (LMSC)
microdiversity reception in [16]. The

with
closed-form last, conclusion, the paper has further four ceigns. The
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PSK and M-DPSK with diversity reception. Using measl
channel parameters, the performance in various lmobi
environments for various satellite elevation angkesalso
efound.

An exact analytical technique is presented for aaing
the average bit error rate (BER) and outage prdibaloif
differentially detected PSK in the land mobile #ae&e
ichannel (LMSC) when L branch maximal ratio combgnin

s(MRC) is employed in [17]. Following empirical stydthe
LMSC is modeled as a weighted sum of Rice and Suzuk
distributions.

Empirical studies confirm that the received radgnals
in certain cellular systems are well modeled by &ghni
statistics. Therefore, performing relevant systsinslies can
be potentially useful to a system designer. A vesgful

nstatistical measure for characterizing the perforceaof a
mobile radio system is the probability of outagehick
describes the fraction of time that the signalriiference
ratio (SIR) drops below some threshold. A more nedi
criterion for the outage is the failure to simultansly obtain
a sufficient SIR and a minimum power level for thesired
signal. Thus, in [18] the authors derived new esgians for
the probability of outage where a mobile unit reesi a
Nakagami desired signal and multiple, independent,

atochannel Nakagami interferers. A salient featureheir
results is that the outage expressions do notigestre
Nakagami fading parametem, to strictly integer values.
Furthermore, since the received signals in molitior also
experience log-normal shadowing, they analyzed dhse
where the received signals are modeled by a comeposi
Nakagami and log-normal distributions. The outage
probabilities are computed and graphically preskritar
several cases. The effect of specifying a minimugmed
requirement for adequate reception is found toodhice a
floor on the outage probability. It is also fountat
shadowing in macrocellular systems severely degrdde
desired quality of service by increasing the redstance
necessary for a given outage level.

In this paper, the satellite communication system
consisting of the earth transmitting station ane satellite
transponder was considered. SSC diversity tectamesised

in that the on receiving satellite and receiving earth statitmseduce

fading influence to the system performances. Thesgmce
of Nakagamim fading on receiving satellite and receiving
earth stations is observed in [1], and the preseafdgice
fading on both, receiving satellite and receivingrtle
stations is observed here. The probability denfsitctions
(PDFs) and the outage probability of the signahatEarth
receiver station output are given for differentgraeters.
Beside generally used first Section, introductiamd the

expressions are found fbrbranch microdiversity using both second Section of the paper presents related wibréshird
selection diversity combining (SDC) and maximalioat one shows and interprets the system model. Thistatatof
combining (MRC). These expressions are extended tthe output SNR is given in the fourth Section andharical
include both M-ary coherent PSK (M-PSK) and diffeial  results in the fifth one.

PSK [M-differential PSK (DPSK)]. Following previous
empirical studies, the LMSC is modeled as a weit)istem
of Rice and Suzuki distributions. Numerical resuétee
provided illustrating the achievable performancéoth M-

1. SYSTEM MODEL

The use of SSC combiner with great number of brasich
can minimize the bit error rate (BER) [19]. We detmed
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SSC combiner with two inputs because the gain & thand fora<a:

greatest when we use the SSC combiner with twotsnpu a)=P a)+ P, a)F +
instead of one-channel system. When we enlargauher Pa(8) = Fia Py, (3) + Fia Pa, (@) Faa(@r)

of inputs (branches) the gain becomes less. Bea#utbat it P P E

is more economic using SSC combiner with two inputs +F2aPa, (@)+ 2a Py (@)Faz(ar) (4)

The signals at the input arg and a,, a; is the

1 threshold of the decision.
—p
r
, SSC |
—>

SS
Figure 1. Model of the SSC combiner with two inputs -

The model of this system is shown in Figure 1. The
signals at the combiner input arg andr,, andr is the
combiner output signal. Let see how the SSC combisitd
two inputs works. = zs2

The probability of the event that the combiner tfirs
examines the signal at the first input B, and for the
second input i$,. If the combiner examines first the signal
at the first input and if the value of the signaltlae first
input is above the treshold;, SSC combiner forwards this
signal to the circuit for the decision. If the valwf the
signal at the first input is below the treshalg SSC A SsC
combiner forwards the signal from the other inputthe
circuit for the decision, regardless it is abovebetow the
predetermined threshold. If the SSC combiner first
examines the signal from the second combiner iriput
works in the similar way. The probability for thiest input
to be examined first i®; and for the second input to be Az'——
examined first id,.

There are two diversity branches on satellite and o
Earth receiver station. The SSC combining is usedath,
receiver satellite and Earth station. System maxishown
in Figure 2

Let Nakagamim fading is present on both, receiver
satellite and Earth station. The signals at theutirgre A |

. . : . a, e— SSC
andA,. In this case the probability density of sigAakt the
satellite station output, is, for 8< Ay a

ZS 1 e
PA(A) = RaPa, (A)Fa1(Ar) + PoaPa, (A)Fax(Ar) Z

(1)

and forA<A a,e—+

a)

SS 1e A

b)

Pa(A) = RaPa (A)+ PaPa, (AFp(Ar) + o)

+P2A pAz (A) + P2A ppa (A) FAZ(AT) ) Figure 2. System model - a) entire- system; bglitat Station (SS);
c) Earth Station (ZS)

Aq is the threshold of the decision. The signak at the Earth receiver station output is [2]:
The probability density of signal, at the Earth receiver
station output is, fob<a<ar: A+x
z=acosp+y,=a —— Y (5)
P.(8) = P b, ()F (@) + P, (BOF(a) @) V(A x) +y,
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wherex; andy; are the Gaussian components in phase and T R

quadrature, respectively.
The conditional probability density of the sigaas:

_[Z_ f1(a,Ax,y)

1 2
pz(Z/Xl’ylvA’a) = \/50‘ e 202 (6)
2

where ¢, i=1,2, are standard deviation of appropriate

variables.
The probability density of the signals:

p,(2) = [ [y, [da [aa \/%Gz R

‘Pa ( A) Pa (a) pxly1 (X]_. yl) (7)

The joint probability density of
componentx; andy; is:

_ )(12"')’12
pxlyl(xly Y1) = L > € 20f ®)
270
The function f,(a, A, X, y;) is defined with:
faAx,y)=a At (9)

VA+%)? +y,°

The probability density of output signal after some
substitutions, is:

+o0 +00 +00 +00 1
p,(2) = _l dxl_i dy; 6“da E!‘dA\/ZG2 .

_ [Z— fl(avAvxer1)]2
2
-e

_ X12 + Y12

262
e 1 a A =
2707 Pa(2) Pa(A)

o 4o B A 1
=_£dx1_£dy10jdaJdAﬂgz.

[z— fl(a,A,xl,yl)]z
2

20,

Xy
—— e 20'12
271'0'12

[RaPA (AFx(A) + B upa (AF, (A)]-

R Pa, (@) Fas(@r) + Pa Py, (&) Fao(@r)] +

e 20,

the Gaussian

€

2702
[RaPs (AFL(A) +PoaPy (A F (A)]-
1P P (3) + Pa Pa, (@) Fas(ay) +
+Poa Pa, (8) + P Py, (B) Faa(ar )] +
4o gy

+o0 +0
+ del f dy, Jda dA
—0 0 A

1 .
20,

20,2 1 e 202
27r<712

{RAPA (A + Papa, (A Fa(Ar) +

+Pa Pa, (A)+Pyp pAi(A) Faz2(Ar)]-

’ [ Pla paz (a) Fal(aT) + P2a pa1 (a) Faz (aT )] +

e

+o0 +o0 +00 o0 1
+_;[dx1_;[dy1a'!.da/§r[dA 2o

[z- fi@aAx.y)]
2

Xy
e 20,°
271'0'12

{RAPA (A +PaPa (A FA(A) +
+Roa P, (A)+ Poapa (A)FA2(Ar)]-

[P Pa, (8) + Pia Pa, (8) Fag(ar) +

e 207,

+P2a pa2 (a) + P2a pal (a) Faz(aT )] (10)

The signals A, A,
distributions:

& ., a, have Nakagamm

2m-1 _mA?
2m™A™™ e ™

Pa ()= Q™ r(my)

(11)

1 _mA?
2I’T’|2m2 A22m2 1e o,

Q,"I(m,)

Pa, (Ay) = (12)
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2m.M g, 2Ms-1 _mea’

Py (a) =2 o % (13)
Q3™ T (my)
2m,™ 4, 2m,-1 _m4a22

P, (a)) =T %2 2 (14)

Q4m4F (my)

The signals for up and down links are not simetrica
There is two parameters of Nakagamidistribution: a
shape parametan,

spread,?.
The cumulative probability densities (CDFs) areegiv
by:
Fu(A) = y[?} A, mlj (15)
1
LI\ 16
Fa, (A) 7[Q2Az,mzj (16)
R @)= At an
1 Q3
F, ()= 7[2‘; Al m4j (18)

where y (x, @) is incomplete gamma function defined by fun

[20].

After putting the expressions (11) to (18) into )(1@e
obtain the probability density of the output sigadh the
presence of Nakagami fading.. The other

signal probability density function.
When the signaléy, A;, a,,a, have Rice distributions,
probability density functions are [11]:

A AP0, [Algﬁlj (19)
O

pAl(AJ.)= 7 € 7 lo

O'A1
A22+QA22 AO
A i 204, 2 2
pAZ(AZ) = 22 e 2 |0[ 2 ; ] (20)
O'A2 O'A2
6112+Qal2 0
a 20,7 a,fl,
pal(al) = 12 € Io{ 2a j (21)
O'al Gal

and a second parameter controlling

system
performances could be calculated by means of thpubu

106

(22)

o

a

a22+Qa22 Q
a, _ 25,72 a8,
paz(a2)= o 7€ : IO[ 22

a

The parameters of Rice distribution are the signal
amplitudes2 and variances.

The cumulative probability densities (CDFs) for &ic
distribution are given by:

Fa(A)=1-QQ, /o, Alo,) (23)
Fo(A)=1-Q@, /o, . Al0c,) (24)
F.(a)=1-Q, /o, .al0c,) (25)
F.(a)=1-QlQ, /o, .3,/c,) (26)

Q(a,b) is the Marcum Q function defined as [21]:
Q(a,b)= thexp{—tzzaz}lo(at)dt (27)

After putting the expressions (19) to (28) into )(1e
obtain the probability density of the output sigmah the
presence of Rice fading.

IV. SYSTEMPERFORMANCES

The obtained expressions for the probability densit
ction (PDF) of the output signal after diversity
combining can be used to study the moments, thesanad
fading, the outage probability and the averagesbibr rate
of proposed system.

The outage probabilityP,, is standard performance
criterion of communication systems operating owetirig
channels. This performance measure is commonly tsed
control the noise or cochannel interference Idvelping the
designers of wireless communications system's tet rie
quality-of-service (QoS) and grade of service (GoS)
demands.

In the interference-limited environment, the outage
probability P, is defined as the probability which combined
SIR falls below a given outage threshgjdalso known as a
protection ratio. Protection ratio depends on matioth

technique and expected QoS.

The outage probabilityR, , (r,,), is defined as:

Zn
Pa (2) = [ P.(2)cz (28)
0
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After putting p,(z) from (10), the outage probability

can be expressed as

Ith 400 400

1

o (re) = [z b, [, [da [dA '
out(rth) (S[Z_i Xi_:[ ylé[ a \/502

0

[ f@Axyf Xy
20'22

e

270y

lh 4o +o0 ar Ay 1
- Ojdz_idxl jdyl()jda()jdAﬂaz-

—0

[z f(aAx Y Xy
P

e 20, e 207’

27;0'12
"[RAPA, (AF (A ) + FoaPa (AF (A )]
1Ra Pa, (8) Far(@r) + Paa Py, (8) Fao@r)] +

fh 4o +o0 +o Ay 1
dz |dx, |dy, |da |dA .
oo o Jee fo

[z @Ayl Py
e 2022 — e 20’
270y

'[FiA p/.\Z (A) FA1(Ar) + P2A ppl(A) FAz(Ar)] ’

[PaPay (3) + Pa P, (8) Fag(ar) +

+ P2a pa2 (a) + P2a pa1 (a) I:512(aT )] +

Tth +o0 +0 ar +o0 1
+ 6[ dz_£ dxl_;[dyl 6[ daA_!'dA \/Zo-z.

[=t@Ax vl Xy

e 207° e 20,

2
270y

{RAPA (A +PaPa, (A FaAr) +

+RopPp, (A) + Poabp (A)Fax(Ar)]-

20,2
se 27 p (@)pa(A)=

107

[Pap., (@F.(ar) + P p, () F,p(a7)] +
Tih 40 +o0 40 40 1
+ [dz [dx, [dy, [da [dA :
Jo Jo o, Joa Jor

[ fi(@Ax.y)f Xy
e 20'22 = e 20'12

2
2roy

TRAPA (A +PaPA, (AFAM(A) +
+Roa P, (A)+ Poapa (A)FA2(A)]-
{Ra P, (8) + Py Pa, (8) Faa(ar) +

+P2a pa2 (a) + P2a pal (a) FaZ(aT )] (29)

For binary phase shift keying (BPSK) modulation
scheme, the bit error rate (BER) is given by

R.(e) = [R(e/7)p, (»)dy (30)

wherePy(€/y) is conditional BER ang(y) is the PDF of the
instantaneous SNRP,(e/y) can be expressed in terms of the
Gaussian Q-function as

R(e/7) = Q297 ): (31)

Q is the one-dimensional Gaussian Q-function

e—t2/2dt . (32)

L

27 &
Gaussian Q-function can be defined using alteradivm
as

Q(X) =

17:/2 X2
_1 X . (33)
QX 7 afex Zsin2¢Jd¢

For coherent BPSK modulation parameter is
determined ag=1 andPy(e/y) is given by

R.(e/7) = Q2 ). (34)
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V. NUMERICAL RESULTS
The probability density function curves (PDHRs{z), of

06 T T T

the signalz at the Earth receiver station output, in the nsl l

presence of Nakagami-fadingare given in Figures 3 to 6

for diferent parameters. 04 _
Pz

03
06

02 B
05 Bl
05
— 01 1
0.4+ 15 7
p(z) i
-3 13}
03rF 4
o | Figure 5. The probability density functipfz) for Nakagamim fading
present on receiver satellite and Earth statiandiféerent parameters:
01=0.7,0,=0.7, , my= m=1, (3= 2,=0.2,05, 1, 1.5, mg= my=1,
M i Q= Q=1 a=1,A=1
il = e -
-4 4 [ 05
D451 4
Figure 3. The probability density functig(z) for Nakagamim fading Har T
present on receiver satellite and Earth statiandifferent paramets: nasl B
01=1,0,=05,0.7,1, 15,
M= mp=1, 0= Qb=1,Mmg= M =1, %= Q=1, &2, A=2 S ]
D25+ o
D2 il
0151 H
06 T T T Qi i
005k B
05k g a
3 5
n4f 1 Figure 6. The probability density functig(z) for Nakagamim fading
piz) present on receiver satellite and Earth statiandifterent parameters:
01=0.7,0,=0.7,, m= mp=1, (1= = 1, mg= my=1, Q5= =1, A=1,
nir 1 a=05,1,15
02r B 1 —— g
09 E
0 g sl — S? |
s |
0= A 15 1
3 7 Fouldnly gl 8
05F ~
Figure 4. The probability density functipfe) for Nakagamim fading 04 1
present on receiver satellite and Earth statiandifterent parameters: wel ]
0= 0.7,1,15,0,=0.7, m= mp=1, (1= =1, me= my=1, Q3= (%=1,
02 |
=1, A=1
0D1F il

We can see from these figures the influence of twc

parameters of Nakagami-distribution, a shape parameter, _ ) ) )
d d te?. th tandard deviati Figure 7. The outage probabili®.(2) for Nakagamim fading present on
m, and a second parameter, the stanaar eviations, receiver satellite and Earth statidor different parameters:

and the signal amplitudes, A;, a, and a,. 01=1,0,=05,0.7,1, 1.5, my= mp=1, = =1, me= my=1, Q5= =1,
a=2,A=2
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The outage probability curvdy,(2), in the presence of

Nakagamim fadingare given in Figures 7 and 8 for diferent
parameters. a5

05

0s

08

o7

RulznPe

0s

0.4

03

0.2

01

Figure 10. The probability density functip(e) for Rice fading present on
% receiver satellite and Earth station, for differpatameters:

7 01— 07, l, 15, 0'2:0.7, 0'A1:0'A2:O.5, QA;[: QAZ:l, Oax2 = Oa2 20.5,
Qalz 9324:1, aFl, Azl

Figure 8. The outage probabiliBs.(2) for Nakagamim fading present on
receiver satellite and Earth statidor different parameters:
01=0.7, 0,=0.7, my= m=1, (1= (,=0.2,0.5, 1, 1.5, me= my=1,
Q= =1, =1, A=1

05t 05 J
el
|
- R <)
04 % 1
S
piz) | \

03k e 1

/ N

J

i

4 \
Tar /f W 1

i i
s ok
o1r 2 // il &
-~ frd %
T UL Figure 11. The probability density functip(z) for Rice fading present on
b = = : 1‘ T Bt % receiver satellite and Earth station, for differpatameters:
7 o1= 07, 02:0.7, opL= O'Azzl, QA;[: QAZZO.Z, 05Y 07, 1, Oa2 = Oa2 :1,

Figure 9. The probability density functipz) for Rice fading present on Qa= Q2=1, 871 A=1

receiver satellite and Earth station, for differpatamedrs:
01=1,0,=05,0.7,1,15, 0= 0a2=1, Qu = Qn2=1, 02 = 022 =1, We can see from these figures the influence of two
Q= Qui=l, A =2, A=2 parameters of Rice distribution, the signal ampkist2 and
variancesg, and the standard deviatiomss and the signal
The probability density function curves (PDFg{z), of  amplitudesAy, A;, a and a,.
the signalz at the Earth receiver station output, in the  The outage probability curvé,(2), in the presence of

presence of Ricéading are given in Figures 9 to 12, for Rjce fadingare given in Figures 13 and 14 for diferent
diferent parameters. parameters.
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Figure 12. The probability density functip(e) for Rice fading present on Figure 14. The outage probabil®y.(2) for Rice fading present on
receiver satellite and Earth station, for differpatameters: receiver satellite and Earth statjdor different parameters:
01— 07, 0'2:0.7, opL— 0'A2:1, QAZL: QA2:11 Oa2 = Oa2 :l, Qalz 0324:1, 01— 07, 0'2:0.7, opL— O'Azzl, QA;[: QAZZO.Z, 05, 07, 1, Oa2 = Oa2 :l,
a=05,1,152 A=1 Qau= Qua=1, a=1 A=1

The outage probability curveB,(z), are shown in
Figures 7, 8, 13, 14 for determined values of ifligtion
parameters: parameters of fadings on receiverligatehd
Earth station, the standard deviationg and the signal
values at the system inputs.

1 The values ofP,(2) for some values of parameters

, and constant other parameters, are shown in Figuesd
13. From this figure can be seen tRg}(2) decreases with
increase of parameter, for the same value o, if z is

1 bigger than threshold decision. From Figures 8 &hdt can

i be seen thaP,.(2) decreases with increasing of spread
parameters;=Q,.

1 VI. CONCLUSION

= In this paper the satellite communication systemsigting
of the earth transmitting station and the satelld@sponder
was considered. Switch and stay combining (SSQrdity
Figure 13. The outage probabil®y.(2) for Rice fading present on receiver technics are used on receiving satellite and rewgiZarth
_, sateliite and Earth statiofor different parameters: stations. SSC is used, as the simplest and thepekea
=1 2= 05,07, 1,15, 0= 00021, O = Q=1 002 = 002 =1, combining method, to reduce fading influence togistem
Q= Q=1 872, A=2 performances. The presence of Nakagamand Rice
fading on receiving satellite and receiving Eartdtiens is
The dependence of probability density functionsf pdobserved. Rice distribution issed to model the envelope of
P2, from z, the Earth receiver station output signal, arefading channels in wireless telecommunication sgsteith
given in Figures 3 to 6 in the presence of Nakagami jrect line of site, when dominate component exidisis
fading, and in Figures 9 to 12 in the presenceioé Rding, e of the satellite communication system can sedufor

present on receiver satellite and Earth stationssfame propagation channels consisting of one strong tik€xS
values of distribution parameters. In every grapte @r (line of sight) component and many random weaker

several parameters are given by few values anccanesee o ) .
P g y components for both, receiving satellite and reogiarth

the variation of pdf versus values of selected mpatars for . . .
vanat bl versus val P stations and for satellite propagation channels ¢y a

constant other parameters. TR o . .
The expression for probability density function (PDF) o Nakagamim distribution. The fading is the limiting factor in

the output signal after diversity combining is usedstudy ~ POth directions. Because it has been found expertaflg
the outage probability of proposed system. The gmta that Nakagami distribution offers better fit forder range of
probability is standard performance criterion offadmg condmon.s in wlrelgss communications, the
communication systems operating over fading channel influence of this kind of fading is analyzed also.

2011, © Copyright by authors, Published under agreement with IARIA - www.iaria.org



The probability density functions (PDFs) of thersat
the Earth receiver station output are represertedifferent
parameter values. The other system performances, asi
the system error probability and the outage prdibgbi
could be calculated by the output signal probabdiensity
function. In this paper, the outage probability, shandard
performance criterion of communication systems afieg
over fading channels, is calculated and the cuaveshown
also.

In the future work the other combining techniquas;h
as Maximal Ratio Combining, (MRC), Equal
Combining, (EGC), and Selection Combining, (SCldo
be investigated and the results compared with gpjate in
this paper.

REFERENCES

D. Krsti¢, P. Nikoli¢, M. Matovi¢, A. Matovi¢, M. Stefanow,
“The Satellite Telecommunication System Performanite

(1]

the Presence of Nakagami Fading on Satellite anthEa

Station”, The Sixth International Conference on &\ss and

Gain

(10]

[11]

[12]

[13]

[14]

(18]

Mobile Communications ICWMC 2010, September 20-25,[16]

2010, Valencia, Spain

M. J. Ryan, Principles of Satellite Communicatid&8N:
9780958023832, Argos Press, January 2004.

M. K. Simon and M. S. Alouni, Digital Communicatiaver

Fading Channels, Second Edition, Wiley Interscierdew
Jersey, p. 586, 2005.

(2]
(3]

[4]
Piscataway, NJ: IEEE Press, 1994.

S.O.Rice,"Statistical properties of a sine wavesplandom noise”
Bell Syst.Tech.J, vol.27, Jan.1948, pp109-157.

M. Nakagami, The m-distribution- a general formud
intensity distribution of rapid fading. In: HoffmawG,
editor. Statistical methods of radio waygropagation.
Oxford, UK: Pergamon; 1964.

A. Annamalai and C. Tellambura, “Error rates forkisgami-
m Fading Multichannel Reception of Binary arid-ary
Signals”, IEEE Trans. On Commun., ISSN: 0090-67A%8,
49, No. 1, January 2001, pp. 58-68.

(5]
(6]

(7]

8]
the MRC diversity system output signal”’, Electraniand
Electrical Engineering, No.1(73, January 2007),45p48.

K. Noga, “The performance of binary transmissionsiaw
Nakagami-fading channels with MRC diversity,” IEREans,
Commun., vol. 46, July 1998, pp. 863-865.

9]

W. C. Jakes, Microwave Mobile Communication, 2nd ed

D. Krsti¢ and M. Stefanoyj “The statistical characteristics of

(17]

(18]

(19]

[20]

(21]

International Journal on Advances in Telecommunications, vol 4 no 1 & 2, year 2011, http://www.iariajournals.org/telecommunications/

111

K. Sivanesan and N. C. Beaulieu, “Exact BER ansalysi
bandlimited BPSK with EGC and SC diversity in cowhel
interference and Nakagami fading”, IEEE Commiuuetit.,
vol. 8, Oct. 2004, pp. 623-625.

H. Yang, M. S. Alouini, and M.K. Simon, "Averagerer rate

of NCFSK with multi branch post-detection SSC dsiist’,
Proc. 5" Nordic Signal Processing Symposium NORSIG-
2002, Norway, Oct. 2002.

A. Abu-Dayya and N. C. Beaulieu, "Switched divigrson
microcellular Ricean channels", IEEE Trans. Vebchnol.,
vol. 43, 1994, pp. 970-976.

M. Stefanowt, D. Krsti¢, J. Anastasov, S. P&niand A.
Matovi¢, “Analysis of SIR-based Triple SC System over
Correlateda-p Fading Channels”, Proc. The Fifth Advanced
International Conference on Telecommunications, TR0,
Venice/Mestre, Italy, May 24-28, 2009.

M. S. Alouini and M. K. Simon, "Postdetection Svhiazl
Combining- A simple Diversity Scheme with ImprovB&R
Performance”, IEEE Trans. on Commun., vol. 51, No 9
pp.1591-1602, September 2003.

Y. C. Ko, M. S. Alouini and M. K. Simon, "Analysiand
optimization of switched diversity systems", IEEEans.
Veh. Technol., vol. 49, Issue 5, Sep 2000, pp.1B331.

C. Tellambura, A. J. Mueller and V. K. Bhargava,ndlysis
of M-ary Phase-Shift-Keying with Diversity Receptidor
Land-Mobile Satellite Channels,” IEEE Trans. Veltéu
Technology, Vol. 46, issue 4, November 1997, p9-9P2.

C. Tellambura, A. J. Mueller and V. K. BhargavaE®B and
Outage Probability for the Land Mobile Satellite &Dhel
with Maximal Ratio Combining,” IEE Electronics Lets,
Vol. 31, Issue: 8, April 1995, pp. 606—608.

C. Tellambura and V. K. Bhargava, “Outage Probsbili
Analysis for Cellular Mobile Radio Systems Subject
Nakagami Fading and Shadowing”, IEICE Trans.
Communications Vol.E78-B No.10, 1995, pp.141834

B. Nikolic and G. Djordjevic, “Performance of SCSSC
Receivers in Hoyt Channel in the Presence of Ineggérf
Reference Signal Extraction”, 9th International &pance on
Applied Electromagnetics, August 31 - September2IR9,
NIS, Serbia

M.A. Blanco, Diversity receiver performance in Ngkai
fading in Proc. IEEE Southeastern Conf. Orland@31%p.
529-532.

J. I. Marcum, Table of Q Functions, U.S. Air Forfemject
RAND Research Memorandum -339, ASTIA Document AD
1165451, Rand Corporation, Santa Monica, CA, Jandar
1950.

on

2011, © Copyright by authors, Published under agreement with IARIA - www.iaria.org



