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Introduction

Diversity methods have long been used in wireless
systems to mitigate the detrimental effects of multipath
fading and co-channel interference. Diversity schemes can
be classified according to the type of combining employed
at the receiver, namely, maximal-ratio combining (MRC),
equal gain combining (EGC), selection diversity
combining (SDC) and generalized selection combining
(GSC). In an EGC combiner, the outputs of different
diversity branches are first co-phased and weighted equally
before being summed to give the resultant output. EGC
combiner does not require the estimation of the channel
gains, and hence it results in reduced receiver complexity
relative to the MRC scheme. However, the performance of
EGC is inferior to that of MRC since the branch weights
are all set to unity. The Rayleigh distribution is the most
widely used distribution to describe the received envelope
value. The Rayleigh flat fading channel model assumes
that all make up the resultant received signal are reflected
or scattered and there is no direct path from the transmitter
to the receiver. The Rayleigh distributed envelope of a
received signal is given by :

(1

where o — the received root-mean-square (rms) envelope
level; o* — the average power of the received signal.

As mentioned above, diversity has long been
recognized as a powerful communication receiver
technique for mitigating the detrimental effects of channel
fading and co-channel interference. The underlying
premise is that if several uncorrelated replicas of a signal
are received over multiple diversity paths with comparable
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signal strengths, then it is improbable that these signals
will experience simultaneous deep fades. Diversity
methods can be employed either at the base station
(macroscopic  diversity) or at the mobile station
(microscopic diversity), although the antenna separation
required differs for each case. In practice, microscopic
diversity reception techniques are employed to combat the
fast fading variations in the received signal strength caused
by fast fading, whereas macroscopic diversity is used to
mitigate the slower fading variations caused by shadowing.

Model of the receiver

Macro diversity system with two micro diversity
systems is being disscused in this paper. The model of the
discussed system is shown in Fig. 1. Signals at the first
micro diversity combiner input are x; and x,, and signals at
the second micro diversity combiner input are y; and y,.
The signal at the first micro diversity system output is X,
and the signal at the second micro diversity system output
is y. Micro diversity combiners are EGC and the
macrocombiner is SC. At the macro diversity combiners
input there is a substantive Rayleigh fading. Micro
diversity combiners are used to reduce the influence of fast
Rayleigh fading to the system performances.
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Fig. 1. The model of the system



Probability density of random variable =z after

macrolevel combining is:
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and ¢ > % denotes the fading severity index, Ic(.) is the
modified Bessel function of the first kind of order ¢, 1) is
the Gamma function, notation £/.] denotes the statistical
average of its argument, p (0 < p < 1) corresponds to the
power correlation coefficient between the signals received
on the two closely spaced antennas.

The probability density function of the EGC micro
diversity output in the presence of Rayleigh fading is given
with [8]
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where M — denotes the number of microcombiner
branches; € — denotes equivalent signal power at the
microcombiner' s output which is also defined with [8]:
Since we are considering cases with two-branches
microcombiners, our pdfs at the macrocombiner inputs are:
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2
after substituting previous expressions into (2) with the
respect to (3) we obtain following expression:
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The integrals from the previous expressions can be
solved by developing modified Bessel function of the first
kind of order ¢ by using well-known transformation:
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where y(a,x) denotes lower incomplete Gamma function
defined with

y(a,x)= [t dt, (10)
0
which can be exspressed trough more general
hypergeometric function as
) S
v(a,x)=—ce " F (L1+a,x). (11)
a

After developing hypergeometrical function using

(a), x"
7(b), n

and some mathematical manipulations, by regarding well-
known expression related with modified K-Bessel function
of second order

|

J can be written as

E(a,b,x) = Z (12)
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In the similar manner we can obtain closed form

expression for J, and it can be written as:
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The pdf of macrcombiner output is presented at Fig. 2

for same values of fading parameters
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Fig. 2. Probability density function



As above, we calculated Cumulative Probability
Density function for random variable z and it is shown in
Fig. 3:
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Fig. 3. Cumulative Probability Density Function

First order moment of random variable is calculated by
next formula and shown in Fig. 4:
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Fig. 4. First order Moment

Second order moment of random variable is calculated by
next formula and shown in Fig. 5:
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The amount of fading can be calculated by :
m
A, =—-1. (19)
m,

The amount of fading is shown in Fig.6
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Fig. 6. The Amount of Fading

The channel capacity is given by formula (20) and
shown in Fig. 7:

C= T ln(l +z° )pz(z)dz. (20)
0
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Fig. 7. Channel capacity
The bit error probability for corelated system is shown

in Fig. 8 and can be calculated
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Fig. 8. Bit error probability



The bit error probability for QPSK system can be  output signal and the signal variance can be calculated by

calculated by (22) and it is shown in Fig. 9: obteined formulas. Also, the signal probability density can
© be calculated by, on that way, obteined output signal
Pe, = I (erfe( Zz) + erfcz ( 22 ) D. (Z)dZ . (22)  moments and some assembly of orthogonal functions.
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In this paper the statistics of macro SC diversity sistems with two micro EGC diversity systems and Rayleigh fading are given. We
calculated and simulated: The Probability Density Function, The Cumulative Probability Density Function, The first order Moment of
Random Variable, The second order Moment of Random Variable, The Amount of Fading, The Channel Capacity, The Bit Error Rate.
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HccnenoBansl: cucrema BBIOOPOYHOro coueTaHws, cucrama aByx mukpo EGC , a takke ¢emnunr Penes. Pacumranno wu
CMOJICIIMPOBAHHO: (QyHKIVS INIOTHOCTH BEPOSTHOCTH; UHTETpANIbHAS (DYHKITHS pacIipe/iesICHNs; MOMEHT IIePEeMEHHBIX IIEPBOTO IOPSIIKA;
MOMEHT IIEPEMEHHBIX BTOPOTO MOPsAKa; cyMMa (eanHra; eMKOCTh KaHajla ¥ Kod(pQUIMEHT NBOMYHBIX morpeimHoctei. V. 9, 6ubmn. 8
(Ha aHIIIHICKOM SI3bIKE; pedepaThl Ha aHIIIMICKOM, PyCCKOM U JINTOBCKOM f3.).

B. Milosevié, P. Spalevié¢, M. Petrovié, D. Vuckovi¢, S. Milosavljevi¢. Atrankinio derinimo sistemos ir dviejy EGC mikrosistemy
skirtumy bei greitojo fedingo statistinis tyrimas // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2009. — Nr. 8(96). — P.
55-58.

IStirta atrankinio derinimo sistema, dviejuy EGC mikro sistema bei Reil¢jaus fedingas. ApskaiCiuota ir sumodeliuota tikimybés
tankio funkcija, suminé tikimybés tankio funkcija, pirmos eilés kintamyjy momentas, antros eilés kintamyjy momentas, fedingo suma,
kanalo talpa, dvejetainiy klaidy koeficientas. I1. 9, bibl. 8 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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