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Abstract —The expressions for joint probability density
function (PDF) of the Switch and Stay Combiner (SSC) output
signal at two time instants in the presence of Weibull fading
are determined in the closed form. Then, in this paper, these
equations are used for calculation of the outage probability
and amount of fading for complex Switch and Stay
Combining/Maximal Ratio Combining (SSC/MRC) combiner
versus different parameter values. The results are shown
graphically in some figures and the analysis of the parameters
influence and different types of combinersisgiven.
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power and bandwidth is the main goal of diversity
techniques.

Multiple received copies of signal could be combiifre
different ways. Among the most popular are maxinasio
combining (MRC) and equal gain combining (EGC) [9]-
[11]. Their complexity of implementation is relagiy high
since they require a separate channel for eachrsitiye
branch. Selection combining (SC) and switch andy sta
combining (SSC) are simpler diversity combining relsd
because they process only one frandiversity branches.
SSC combiner usually chooses between two receiving
antennas based on comparation of the signal val&N&
of connected antenna with previously determinedsthold.
This is reflected in less complexity toward SC cameb and
it is not necessarily at the same time continuechtmitor
the two antennas. Because of that there is son® ifbs

In wireless communication, the main causes of $igngperformances.

degradations are random fluctuations of signal lepeeand
phase, which are caused by multipath scatterirgg {&aling)
and shadowing (slow fading) [1]. The multipath fagliis
modeled by several distributions such as: RayleRjice,
Nakagamim, The Hoyt (Nakagamip), Weibull.

The Weibull fading, named after Waloddi Weibull,as

simple statistical model of fading, is based on \Weibull
distribution and used in wireless communicationk[42,
particularly with mobile radio systems operating time
800/900 MHz frequency range [5]. Empirical studewe
shown it to be an effective model in both indoot 46d
outdoor [6] environments.

The probability density function (PDF) of the SSC
combiner output signal at one time instant and jtiet
probability density function of the SSC combinertpuu
signal at two time instants in the presence of \WWeilading
are determined in [12].

The authors showed that the error probability amel t
outage probability are significantly reduced if thexision is
performed in two time instants. The analysis of¢bmplex
SSC/SC combiner over outage probability at two time
instants in the presence of Rayleigh and log-norfiading
is done in [13] [14] and the bit error rate for quex
SSC/MRC combiner at two time instants in the presesf

Theoretical model for a particular class of Weibull Rayleigh, Nakagamin, Hoyt and log-normal fading is done

distributions was described by Sagias and Karagi&sin

[7]. Also, they analyzed the channel capacity ofeldss
channels in the presence of Weibull fading [8].

in [15]-[18], respectively.
The bit error rate for complex SSC/MRC combiner at
two time instants in the presence of Weibull fadimi be

Various techniques for reducing fading and shadowgiven in this paper since Weibull fading has great

effects are used in wireless communication systérhsy
are diversity reception, dynamic channel allocatiemd
power control. Upgrading transmission
increasing channel capacity without increasinggmaission
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reliabilitynda

importance in the study of telecommunications syste
This investigation could be useful for designersvireless
telecommunication systems.

33



AICT 2013 : The Ninth Advanced International Conference on Telecommunications

This paper is organizeds follows after Introduction,
Section Il introduces the model of complex combiwich
performances will be considered in the next section
Section I, the joint PDF of the SSC combiner aiitENR
at two time instants is calculated. Subsequentyfourth
Section the outage probability and amount of fadiog
complex Switch and Stay Combining/Maximal Ratio
Combining (SSC/MRC) combiner are calculated and the
the fifth Section the numerical results are presgnt
graphically. Final part of this paper is conclusiaith an
analysis of the obtained results.

Il.  SYSTEMMODEL

The complex SSC/MRC combiner, considered in this

paper, is presented in Fig. 1. The complex comkimevrith
two inputs, at two time instants. The SSC combmaput
signals are the input signals for MRC combiner.

I I

EE— P .
oo SSC MRC [——»
210 I>

E— I

Figure 1. Model of complex combiner

At the inputs of the first part of complex combirtee
signals arey; andry at first time moment and they arg
andr,, at second time moment. The first index represtbats
branch ordinal number and the other one signs ithe t
instant observed.

The output signals from SSC part of complex combine

arer, andr,. The indices at the output signal correspond to

the time instants considered. These sigmalandr,, are the
inputs for the MRC combiner. Finally, the overalitput
signal isr.

lll.  PERFORMANCEDERIVATION

The joint probability density function of correldte
signalsr; andr, at the SSC combiner output, at two time
instants, Weibull distributed and with same paramsed;
andg; [19], can be obtained in closed form from expressio
in[12, eq. (15)-(18)] as

For ri<ry, r<r;:

P, (1, 12) = BA, B, Q)Al . 8,Q )+

+RA(N B QDA £Q)5)

Forry>ry, ro<r,
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rzﬂz
1) = PAT Q)2 e O 4

2

prlr2 (rl

+RAr, 85, Q,) Al f1,Q2 ) +
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The outputs of SSC combiner are used as inputs for
MRC combiner. The PDF at the output of SSC/MRC
combiner with two branches is given by [18]:

P, (1) = [Py (T — 1)l ©)

Partials PDFg(r) for the SSC/MRC combiner output
signal can be obtained substituting (1 - 4) in (Bnr

n<f, I=0<h i
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pu(r) = [di[RA(, B, Q) AL, B, Q) +

+PA, A, Q)AL £, Q)] (6)
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oo | Jat),
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The PDF at the output of MRC/SSC combiner is thma su
of componentg;(r):

P, (1) = Pu(r) + P,(r) + Ps(r) + py(r)

Relatively simple closed form expressions for
representing,(r) can not be derived, because (6) — (9) are
too complex for tractable communication system yses,
but the PDF can be evaluated numerically usingwsoé
tools.

(10)

IV. OUTAGE PROBABILITY AND AMOUNT OF FADING

The outage probability is a very useful performance
measure for diversity systems operating in fading
environments. The outage probability is defined ths
probability that the combiner output signal valabisf below
a given thresholdy, also known as a protection ratio. The

outage probabilityP , (r,,) is defined as [17]:

Tin

P (1) = j p, (r)dr (11)

Substituting (10) in (11)P,,(r,,) can be written as:

P (1) = J[pl(r>+ P, (1) + P (1) + pu(Ndr  (12)

Amount of fading (AF) is a unified measure of the
severity of fading for particular channel model aisd
typically independent of the average fading powvierr, is
dependent of the instantaneous SNR. Amount of gatbn
MRC combiner is defined by [17]:

_ E[r®] 1= El(r, +1,)°] _1 (13)
(EIrD)* (El(r, +1,)D)*
whereE(r) is N-th moment ofr. By putting (6) — (9) into
(13), AF is finally:
[lo.(r) + P, () + pa(r) + p, ()] *dr
AF =2 1 (14

ﬁ[pl(r) + P, (1) + pa (1) + p4(r)]rdrj

V. NUMERICAL RESULTS

The bit error rate curves, for different types ofmbiners
and correlation parameters, are presented in Eigad 3.
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It is assumed that both branches at the input hiase It can be seen from Fig. 3 that SSC/MRC combiner ha
same channel parameters, is the optimal decision better performance for uncorrelated signals.
threshold. It is defined as [14]: The amount of fading for one channel receiver M&C
combiner at one time instant and for SSC/MRC combat
3 1 two time instants, for uncorrelated case and foy wron
=0T 1+= (15) ° INStants, Tor unt v 9
correlation, is shown in Fig. 4.

. o It can be seen from Fig. 4 that SSC/MRC combinet ha
The family of curves for the outage probabilitiesyiven  once again, the best performance for uncorrelatsé then

in Fig. 2 for four different cases: 1) one charmmeeleiver, 2)  the other combiners. The worst case is the cade ovie
MRC combiner at one time instant, 3) SSC/MRC combin channel, i.e., without diversity combining at all.

at two time instants for uncorrelated case andSG/SIRC
combiner at two time instants for very strong clatien.

44 B
L . T —e e e =T 1\
nat ‘,""ﬁ’;g . 4_'\ 1
T 35 | b
08 // b Al \ 77;:;;“””‘ |
e / ) AT \ — - — - BECMRC strong correlation
agl / | 25¢ \ ------- SSC/MRC uncorrelated 1
/
Rut(rm) asl / |
04t / B one channel 4
FA —-—MRC
03r /' — — SSCMRC strang correlation g
/ GO e SSCMMRC uncorrelated
0.2 : E
/.
0.1 / A
U 2 1 1 1 1 1 1 1 1 1
boes 1os 2 r‘f's S S Figure 4. Amount of fading for different types afrobiners foQ=0.5
Figure 2. Outage probability for different typescoimbiners for One can conclude from these figures that complex
parameterg=0.7 and2=0.5 SSC/MRC combiner has better performance for

uncorrelated case then MRC combiner at one timenhs
{:or the value of correlation coefficiept= 1, the results of
case and for completely correlated signals-{), regarding complex SSC/MRC combiner follows the results for R

classical MRC combiner at one time instant and single ~ combiner. It is evident that usage of this comB&C/MRC
channel receiver. combiner gives better performance in the entiregean

The outage probability curves for SSC/MRC combiner€Xcept in the case of strongly correlated signisthis
for different values of correlation coefficienp, are Situaton it is not economic to use complex combifiéws,

One can see from this figure that SSC/MRC combine
has significant better performance for both, urelated

presented in Fig. 3. the advantages of utilization such type of commglembiner
increases with decreasing of correlation betweegputin
signals.
0.9 ! —
osl //,-"';,,-/---_ VI. CONCLUSION
ol Bl In diversity systems, SSC and MRC combining areroft
' P used techniques for combining signals. The perfocaaof
ner T // 1 systems which make decision by two samples could be
ok T i determined by the joint probability density functiof SSC
Py /'/ ,,.»f’// combiner output signals at two time instants. Thkay are
nar S - 1 involved in MRC combiner. Here, the joint PDF of
nat /// —— 04 . SSC/MRC combiner output signal at two time instants
R T the presence of Weibull fading, derived earlierclnsed
b :,;/ 1 i form expressions, is used for outage probability amount
oip : of fading determination.
N L L L The results are presented in some figures versus
WG ] e different parameters. It is evident that systenfiquerance is

Tin

upgraded by use the mannerism of this complex coenbi
and sampling at two time moments. Obtained resarés
better compared with classical SSC and MRC combiner

Figure 3. Outage probability for SSC/MRC combirargarameterg=0.7
and=0.5 and for different values of correlation coeffidien
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except for very strong correlation between signhisthat
case the performance curves for complex combingr an
MRC combiner are coinciding.
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