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PERFORMANSE SC DIVERZITI PRIJEMNIKA SA TRI GRANE U KANALIMA SA EKSPONENCIJALNO KORELISANIM - FEDINGOM
PERFORMANCE OF TRIPLE SELECTION-COMBINING DIVERSITY SYSTEM OVER THE EXPONENTIALLY CORRELATED - FADING CHANNELS
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Sadržaj - U ovom radu data je analiza performansi selekcionog kombinera sa tri grane za detekciju signala u bežičnim telekomunikacionim sistemima. U datoj analizi, anvelopa korisnog signala i anvelopa interferencije imaju - raspodelu. Naime, razmatrani su kanali sa - fedingom, što rezultate rada čini opštijim. Pretpostavlja se da je feding u kanalima korelisan. Razmatran je eksponencijalni korelacioni model diverziti sistema. Izvedene su nove formule za izračunavanje funkcije gustine verovatnoće i kumulativne verovatnoće odnosa SIR na izlazu diverziti prijemnika u obliku beskonačnih suma, što je mnogo pogodnije od rešavanja integrala. Numerički rezultati prikazuju uticaj dubine fedinga, SIR-a na izlazu prijemnika i nivoa korelacije na verovatnoću otkaza sistema. Takođe je data i kratka analiza  količine fedinga (AoF) kao alternativne mere performanse sistema.
Abstract - In this paper, performance analysis of selection combiner (SC) with three branches for the detection of signals in wireless communication systems is presented. In following analysis, desired signal and interference envelopes are - distributed. Actually, - fading channels are considered, which means higher level of generality for proposed analysis. It is assumed that the fading via channels is correlated. The exponential correlation model is considered in our analysis. The important performance measures are analyzed. Useful formulae for the probability density function (pdf) and cumulative distribution function (cdf) of SC output SIR in the form of inﬁnite series are derived, which may be more suitable for computation than inﬁnite-range integrals. The effects of the fading severity, output SIR and level of correlation to the outage probability are observed. Amount of fading (AoF), as an alternative performance measure, is also considered in this paper.
1. INTRODUCTION
Mobile radio systems’ performance is remarkably affected by fading phenomena [1]. In practice, fading is not independent due to the insufﬁcient antenna spacing. Hence, characterizing the diversity system performance over correlated fading channels is important from both a theoretical and practical viewpoint.
Various techniques are used to combine the signals from multiple diversity branches, representing different levels of performance [2]. Selection combining (SC), which is analyzed in this paper, picks the branch with the maximum instantaneous signal-to-interference ratio (SIR) for a symbol decision. Multivariate (correlated) distribution analysis is an important tool in the performance investigation of many receiver structures for multiple-path correlative fading channels. -distribution is the general fading distribution [3]. It includes the Gamma (and its discrete versions Erlang and central Chi-squared), Nakagami-m (and its discrete version Chi), exponential, Weibull, one-sided Gaussian, and Rayleigh. 
The fading among the channels is correlated due to insufficient antenna spacing. Therefore, it is important to understand how the correlation between received signals affects the system performance. Several correlation models have been proposed in the literature for evaluating performance of diversity system. The assumption of constant or exponential correlation generally matches the practical environment in mobile communications. When there is the situation with linear array we use the assumption of exponential correlation which requires equispaced diversity antennas [4].
In this paper, we observed SIR-based selection diversity system with three correlated fading channels. The proposed analysis is carried out assuming correlative -fading for both the desired signals and co-channel interferers. The exponential correlation model is considered in our analysis. Useful, new form of formulae for the pdf and outage probability is derived.
The main contribution of this analysis is that we observed widely used combining method in practice, selection combining and it has been done for general case of -distributed fading. Some numerical results are presented to show the effects of various system’s parameters. Our new results are in the form of inﬁnite series, which may be more suitable for computation than inﬁnite-range integrals.
2. SYSTEM MODEL
In this paper, wireless communication system with SIR-based SC diversity is considered. The desired signal received by the i-th antenna can be written as [5]: 
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where fc is carrier frequency, Φ(t) desired information signal, (t) the random phase uniformly distributed in [0,2π], and Ri(t) the α-μ distributed random amplitude process given by [3]:
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(2)
where Γ(•) is the Gamma function, with 
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 being the i-root mean value, i is the inverse of normalized variance of
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, i>0, and E(.) and V(.) are, respectively, the expectation and variance operators.
The resultant interfering signal received by the i-th antenna is: 
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(3)
where ri(t) is also α-μ distributed random amplitude process, i (t) is the random phase, and ψ(t) is the information signal. This model refers to the case of a single co-channel interferer. 
Now, due to a scenario with closely placed diversity antennas, both desired and interfering signal envelopes experience correlated - fading. We consider exponential correlation α-μ model of distribution. We are assuming arbitrary correlation  coefficients  between  fading signals  and  between  interferences,  because correlation coefficients depend on the arrival angles of  the  contribution with  the broadside directions of antennas, which  are  in  general  case  arbitrary  [6]. The exponential correlation model can be obtained from [7] by setting Σi,j≡ρ|i-j| in correlation matrix, for both desired signal and interference, where ρ denotes the power correlation coefficient defined as 
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where C(.,.) denotes covariance operator.
There is a need to derive the joint statistics for multi - variables.  Let: 1) 
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be three Nakagami-m variates whose marginal statistics are respectively described by the parameters m1=m2=m3=m; 2) R1, R2, R3 be three α-µ variates whose marginal statistics are respectively described by the parameters =2=3=, 1, 2, 3; 3) 0 ≤ Nakagami-m ≤ 1 be a Nakagami-m correlation parameter; and 4) 0 ≤  α-µ ≤ 1 be a α-µ correlation parameter.
We are relaying on some results, which are already available in the literature for the exponential correlation model of Nakagami-m distribution [8]. Namely, we use the relation between - and the Nakagami-m envelopes 
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 and by means of [3, eq. (19)], so that 
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3. PROBLEM FORMULATION OF SC STATISTICS
Considering proposed relations and [8, eq. (3)], the joint probability density function
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of three - variates R1,R2,R3 is found as [9]:
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 (4)
with J as the Jacobian of the transformation given by:
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(5)
After the standard statistical procedure of transformation of variates and after some mathematical manipulations and simplifications, joint distributions of pdf for both the desired and interfering signal correlated envelopes for triple SC combiner can be expressed as:

[image: image21.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

1

3

1

2

1

1

2

3

2

2

1

2

2

2

2

1

2

1

2

2

2

3

2

1

0

,

3

2

1

,

,

2

3

2

1

2

1

1

3

2

1

2

1

2

1

2

1

2

1

3

2

1

)

1

(

2

1

exp

1

1

!

!

2

)

,

,

(

-

+

-

+

+

-

+

+

+

+

+

+

¥

=

´

÷

÷

ø

ö

ç

ç

è

æ

-

+

+

+

-

´

-

´

+

G

+

G

G

=

å

k

k

k

k

d

d

k

k

d

d

d

d

k

k

k

k

d

k

k

R

R

R

d

d

d

d

d

R

R

R

R

R

R

k

k

k

k

R

R

R

p

m

a

m

a

m

a

a

a

a

m

m

r

r

r

m

m

m

r

a

a

a


(6)
and
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(7)
where ρd and ρc are the correlation coefficient, μd and μc fading severity parameters for the desired and interference signal, correspondingly.
Instantaneous values of SIR at the k--th diversity branch input can be defined as λk=Rk2/rk2. The selection combiner chooses and outputs the branch with the largest SIR:
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(8)
The joint pdf of instantaneous values of SIRs at the three input branches of SC, λk, k=1,2,3 can be given by [10]:
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(9)
Substituting (6) and (7) in (9), pλ1,2 λ3 (t1,t2,t3) can be written as:
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(10)
For this case, the joint cdf of λk, k=1,2,3 can be written as [11]:
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(11)

Substituting expression (10) in (11), and after n=3 successive integrations, the joint cdf becomes:
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(11)
B (z,a,b) being the incomplete Beta function [12, Eq. 8.39].

The cdf of the multibranch SIR-based SC output can be derived from (11), equating the arguments t1=t2=t3=t.
The pdf at the output of the SC can be obtained easily from previous expression:


[image: image28.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

t

A

t

A

t

A

l

l

k

k

l

l

l

l

k

k

k

k

l

k

l

k

t

t

F

dt

d

t

p

l

l

c

k

k

d

c

d

l

l

c

k

k

d

c

c

c

d

d

d

c

d

c

d

c

d

k

k

l

l

c

d

c

d

3

2

1

2

2

2

2

2

2

2

1

2

1

2

1

2

1

2

1

2

1

2

2

1

1

0

,

0

,

2

1

2

1

2

1

2

1

2

1

2

1

1

1

1

1

!

!

!

!

2

1

+

+

´

+

+

-

-

+

G

+

G

+

+

+

+

+

G

´

+

G

+

G

G

G

+

+

+

G

+

+

+

G

´

=

=

+

+

+

+

+

+

¥

=

¥

=

å

å

m

m

m

m

l

l

r

r

r

r

r

r

m

m

m

m

m

m

m

m

m

m

m

m



(12)
with

[image: image29.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

+

+

+

-

-

´

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

+

+

+

+

+

+

-

+

-

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

+

-

-

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

-

-

+

=

+

+

2

2

2

2

2

2

2

1

2

1

2

2

2

2

2

2

2

2

2

2

2

2

2

1

1

,

,

1

1

,

,

1

1

1

1

1

1

1

1

1

1

2

2

2

2

1

1

1

1

1

l

k

t

t

B

l

l

k

k

t

t

B

t

t

t

t

A

c

d

c

d

c

d

d

c

c

d

k

c

d

l

d

c

d

c

m

m

r

r

m

m

r

r

r

r

r

r

r

r

a

a

a

a

a

m

a

a

m

a



[image: image30.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

+

+

+

-

-

´

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

+

+

+

-

-

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

+

+

-

+

-

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

+

-

+

-

+

=

+

+

+

+

1

1

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

,

,

1

1

,

,

1

1

1

1

1

1

1

1

1

1

1

1

1

1

3

3

2

1

1

1

2

1

1

l

k

t

t

B

l

k

t

t

B

t

t

t

t

A

c

d

c

d

c

d

c

d

k

k

d

c

c

d

l

l

c

d

d

c

d

c

m

m

r

r

m

m

r

r

r

r

r

r

r

r

r

r

a

a

a

a

a

m

a

a

m

a



[image: image31.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

+

+

+

+

+

-

+

+

-

´

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

+

+

+

-

-

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

+

-

-

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

-

-

+

=

+

+

2

1

2

1

2

2

2

2

2

2

1

1

2

2

2

2

2

2

2

2

2

2

2

3

3

,

,

1

1

1

1

,

,

1

1

1

1

1

1

1

1

2

2

1

1

2

3

3

21

3

l

l

k

k

t

t

B

l

k

t

t

B

t

t

t

t

A

c

d

c

d

c

d

c

d

c

d

k

c

d

l

d

c

d

c

m

m

r

r

r

r

m

m

r

r

r

r

r

r

a

a

a

a

a

m

a

a

m

a


5. OUTAGE PROBABILITY AND AMOUNT OF FADING (AoF)
One  of  the  important  performance  measure  for diversity  systems  operating  in  fading  environments is  the  outage  probability. This  performance measure  is  commonly used  in  wireless  communication systems  design  especially  for  the  cases  when co-channel interference is present. In interference limited environment, outage probability is deﬁned as the probability which the output instantaneous SIR falls below a certain given threshold γ (protection ratio).
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(13) 
By definition, the moments of the output SIR are given as:
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Amount of Fading (AoF) is measure of fading severity. This performance criterion is independent of the average fading power. The AoF of the SC's output is defined as the ratio of the variance to the square mean SC output SIR and using (14) can be evaluated as:



[image: image34.wmf](

)

(

)

1

var

2

2

2

-

=

=

S

t

E

S

t

AoF


(15)

5. NUMERICAL RESULTS
In this section, based on proposed analytical analysis, some numerical results are presented. 
In Fig. 1, the outage probability is plotted versus 1/for several values of d and c and correlation coefficients d and c. Diversity system with three branches is observed. It is interesting here to note that for low values of 1/(<2dB) due to interference dominance, the outage probability increases (performance deteriorates) when the fading severity of the interferers decreases (c increases). But, for higher values of 1/(dominance of the desired signal), outage probability decreases when c increase.
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 Fig.1. Outage probability versus 1/
In Fig. 2, the outage probability is plotted versus the correlation coefficient d for several values of d and c. For 1/10dB, the influence of d and d on Pout is strong. Actually, the outage probability increases rapidly as the correlation coefficient increases (due to strong interference). Also, d and d have a significant effect on Pout, which is also shown in the figure. 
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Fig.2. Outage probability versus the correlation coefficient d
Fig. 3 demonstrates numerical evaluated results for AoF of triple SC receiver in the function of correlation coefficient d. It is evident that an increase of d, and/or decrease of -fading parameter lead to corresponding increase of AoF resulting in performance gain degradation.
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Fig.3.  AoF of triple SC receiver as the function of correlation coefficient d
6. CONCLUSION
In this paper, an exact performance analysis of SC, operating over correlated - fading channels and observing exponential correlation model, was presented. The proposed theoretical analysis is simple and compared to other analysis, this one has high level of generality. It refers to the system with Nakagami-m, Weibull or Rayleigh distributed fading channels. Useful, new form of formulae for pdf and cdf of SC output SIR, were derived. Using these new formulae and by observing triple SC diversity system, the outage probability and some other performance measures were graphically presented. Also, the effects of the fading severity, output SIR and the level of correlation to the system’s performance, were observed.
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