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Abstract: This paper is concerned with the study of Rayleigh fading SIMO multicasting wireless network. The total
system is analyzed with and without diversity. At first, we characterize the multicast channel capacity. Then the closed
form expressions of Probability Density Function (PDF), Cumulative Distribution Function (CDF) and Complementary
Cumulative Distribution Function (CCDF) of the multicast capacity are derived in the case of without applying any
diversity combining technique. Next, we derived these parameters by applying two diversity combining techniques, such
as Selection Combining (SC) and Maximal Ratio Combining (MRC). Finally we present a comparison between these two
cases, with and without diversity combining techniques.
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INTRODUCTION

Multicasting is more efficient than broadcasting because it allows transmission to multiple destinations using
fewer network resources. The term ‘multicasting’ is a scenario in which a transmitter sends a common stream of
information message to a group of client receivers although there are several other receivers under its transmission range.
For example, video-conferencing. It is one of the important and challenging issues in wireless communication to
disseminate data to a group of receivers that are interested in the same content. Although multicasting ensures better
utilization of communication resources, channel fading is still a big threat for sound wireless communication. There are
two techniques to combat the effect of fading. They are
* Transmitter Power Control
* Diversity Technique

Diversity combining technique is a good alternative to transmitter power control method because in Transmitter
Power Control method, the transmitter requires a dynamic range and channel information has to be fed back from the
receiver to the transmitter. In receiver diversity the independent fading paths associated with multiple receive antennas
are combined to obtain a resultant signal that is then passed through a standard demodulator. The combining can be done
in several ways. Diversity Combining Techniques are applied to combine the multiple received signals of a diversity
reception device into a single improved signal to get proper diversity benefit [1]. Several Combining Techniques are
listed below
* Selection Combining (SC)
* Maximal Ratio Combining (MRC)
* Threshold or Switch and Stay Combining (SSC)

Selection Combining (SC)

In selection combining (SC), the combiner outputs the signal on the branch with the highest SNR. With SC the
path output from the combiner has an SNR equal to the maximum SNR of all the branches. Fig. 1 shows the system
model for SC diversity technique. Consider the SC in a frequency-flat-slow fading Rayleigh Channel. Assume that some
diversity form provides M independent paths (each path is Rayleigh fading) Instantaneous SNR in branch is given as [2]

Available online at http://saspublisher.com/sjet/ 489



http://saspublisher.com/sjet/
http://www.saspublisher.com/
mailto:rosnisayed@gmail.com

Rosni Sayed et al., Sch. J. Eng. Tech., Oct 2016; 4(10):489-499

E 2
Vi=N—0|hi|

Where |h;|? is the channel (complex) gain, E is the symbol energy and N, is the noise spectral power density. The output
SNR will be

Yout = max(yi)

SNR Select max.
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Fig-1: System model for SC diversity technique

Switch and Stay Combining (SSC)

SC diversity combining technique requires a dedicated receiver on each branch to continuously monitor branch
SNR for the systems that transmit continuously. A simpler type of combining, called threshold combining, avoids the
need for a dedicated receiver on each branch by scanning each of the branches in sequential order and outputting the first
signal with SNR above a given threshold y,. The system model for SSC technique is shown in Fig. 2.
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Fig-2: System model for SSC

In this Technique Once a branch is chosen, as long as the SNR on that branch remains above the desired
threshold, the combiner outputs that signal. If the SNR on the selected branch falls below the threshold, the combiner
switches to another branch. There are several criteria the combiner can use to decide which branch to switch to [3]. The
simplest criterion is to switch randomly to another branch. With only two-branch diversity this is equivalent to switching
to the other branch when the SNR on the active branch falls below y,. This method is called switch and stay combining
(SSC). The switching process and SNR associated with SSC is illustrated in Fig.3. Since the SSC does not select the
branch with the highest SNR, its performance is between that of no diversity and ideal SC.
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Fig-3: SNR of SSC Technique

Maximal Ratio Combining (MRC)
Maximal Ratio Combining (MRC) the output is a weighted sum of all branches. Fig. 4 shows the system model

for MRC technique.
The output SNR will be
y =i(2ﬁ1wihi)2
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Fig-4: System model for MRC

SYSTEM MODEL AND PROBLEM FORMULATION
In this paper, we consider a Rayleigh fading SIMO multicasting scenario as shown in Fig. 5. Here a single

antenna transmitter, denoted by T, communicates with M receivers. Each receiver is equipped with ny antennas.
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Fig-5: System Model

The direct channel coefficient between the source and the i receiver is h;, where, i = 1,2,3...... ,M. Let x
denotes the transmitted signal. The received signals at the i"" receiver given by (1)
yi= hx+ z;, (€Y

where z; ~ ]V(O,NmOInR) is the Gaussian noise, imposed on the i receiver. ﬁ(O,NmOInR) means Gaussian
distribution with zero mean and N, I, , variance, where I, , is an identity matrix of ng X ng.

CAPACITY OF RAYLEIGH FADING SIMO MULTICASTING NETWORK

The capacity limit of a communication channel dictates that the amount of maximum data transmission over the
channel considering a very small error probability. Capacity was first pioneered by Shannon by maximizing mutual
information over all possible input distributions [4].

From (1) the received signal at the i" user is given by
yi = hix + z;

Mutual information at i user is
I(x;y;) = h(y;) — h(z;) )

Here h(.) denotes entropy. Let the variance of x is given by Q, = E (xx™) = P, where E(.)and (.)* denote the
expectation and conjugate transpose operations, respectively.
Now, co-variance of received signal can be derived as

Ry, =Eu,y:")

= E{(hyx + z)(hix + z)"}

= E{(Ch;x + z)(x*h{ + z)}

=E(h;x x*h] + z;z})

= hE(x x")h} + E(z;z})

= hPh} + Ny I, 3)

Similarly, covariance of noise signal is given by,
R, = E(z;z]) = Ny, I,

Hence, the entropy of y; is given by
h(y;) = log, det (ﬂeRyi)
= log, det[me(h;Ph{ + Ny, I,,.)] 4)

Similarly, the entropy of z;is given by
h(z;) =log, det(neRZi) = log, det(neNmoInR) (5)
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Hence the mutual information at the i user is given by

B det(meRry ) det[ me(hPh + Ny oIng)]
I(x yl) log, det(meRy;) = log, det(NmoInR)
= log, det[me(hiPh} + Ny o Ing)l — log, dEt["mo(N ||h || +Ing)]
det(Nm 'nR) det(NmOInR)
P
= log,(1 +N_||hi||2) (6)
mo
Multicast capacity of i" user is given by
Crn  =10gy(1+ 6, min; ey Vmi) ) @)

P . .. .
where 6; = " ; 1s the minimum instantaneous SNR among all the users.
mo

PDF OF CAPACITY
The PDF of capacity is important parameter to justify a channel quality because it helps to determine the capacity

which brings the most benefit. The PDF of v, is given by [5]

“Ymi

f(yml) = _erg (8)

Here, y,,, is average SNR per symbol at the user. Distribution of the minimum instantaneous SNR of the users can be
expressed as [5]

fdmin (ymi) = Mf)/mi (ymi) [1 le(yml)] (9)
The cumulative distribution function (CDF) of y,,; can be derived as
By () = 03 fy () @i (10)
Now from (10),
“¥Ymi
le(ymz) =1-—e¥mo (11)
Hence,
_Mm
MRC e Ymo
fd‘min (le) =M 7, (12)
mo

Proposition 1: Let the probability density function of x is denoted by f(x). Then the probability density function of
C =log.(1 + 6x) is given by

q(c) = 5

Proof:
We have, C = log, (1 + 6x). The probability density function of C, can be written as,

q(c) = f §(C —log,(1+ 6x))f (x)dx

The following mathematical facts have been used for this proof ;
i) 5(F(0) = 2,282 where x, are the zeros of £(x), i.e. f(x;) = 0;

|dx|xl
ii) fab §(x —x)6(x — x,)dx = 8§(x; — x,) for a < x;,x, < b; and

i) [ fO)8(x — x,)dx = {f(xo), X0V

0, otherwise

Assuming x = 14 6x, we have f(x) = C —log.x and f'(k) = —%. Now from f(k) = 0,k = e“and f'(k)|,_.c =

- % Using the above mathematical facts, we have
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q(c) = f e€5(1+ 0x —eS)f (x)dx

e¢ —1
:ecf(s(e (x— - ))f(x)dx

5o x- 52 o
Since, §(dz) = % 6(2)

e e¢ -1
—gf( 7 )

Where, 6(.) is a delta function.

Using proposition 1, the PDF of C,,,can be determined as
(efm=1
M=
Ymo

q(Cp) = MX—— (13)

Ymo

MRC Diversity
The pdf of instantaneous received SNR vy, at the MRC output of the i" user can be expressed as [1]
nr-1 Ymi

fyynfc()/mi) = m e Ymo (14)

n
(MR~

Here, ¥, is average SNRs per symbol at the user. Using (10), the cumulative distribution function (CDF) of y,,, can be
derived as

Ym;
Fylyn}fc(ymi) = fo fyynlfc(ymi) AYm;

Using the identity, [6, eq. 3.351.1 & eq. 3.351.2]

MRC _ 1 (ng-1)! (i)_nR 1 Ym;
F}'mi (Vmi) (nR—l)!y:;’; [(;)n}g - X —(nR—l)!F(nR’ Vmg)]
Ymo
l_,(anVmi)
1 _ Ymo
=1 E— (15)

Now putting the value of (14) and (15) into (9) the pdf of the minimum instantaneous SNR is given by

yR1 Ym; r(nR_Vmi) M=1
m; - Ym
fimin () = M (nR—ll)w,’,ZR e ol ==~ (16)

Using the proposition 1, the PDF of the capacity can be derived as
MRC em MRC efm —1
g (Cp) = N dm( 0, )

np-1
Cm (ecm_l) _ecm_1 Cm_1 M-1
— e—MelinRe YmeO1 [‘<nR’e )]
01 (nR—l)!Mymo Ymob1

- Cm—1 M-1
= gCmpy D) —[ ( m)]

oM e [P ()
considering 6 = 1 for simplicity.

SC Diversity
The pdf of instantaneous received SNR y,,,, at the SC output of users can be expressed as [1]
Vmi]"R'l _¥Ym;

fl’frfi(ymi) = ‘ynTR [1 - €_m e Ymo (18)
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The cumulative distribution functions (CDF) of y,,, can be derived as

Ym;
BEOmd = | K5O

Ym; ng _Ymi nr=1 _Vmi
:.f —|1—-c Ym, e ]/modym.
l
0o VYmg
_Ymi
Let, 1—e Ymo =z
_Ymi
> —0e ymodymi =dz
Mo
_Ym;
For, Ymi = 0,z = 0 and for ]/ml. = ]/mi,z =1—e Ymo,
_¥Ymi
1-e Ymo

. SC — ng-1
. FVmi(ymi) - f npz dz
0
_Ym;i
1-e Ymo

_ [nRz"R]

ng 0

Ymi\ "R

= (1 - e_Vmo> (19)

Using (18) and (19) into (9) we get,

ym;1"R=1 vm; Ym;\ "RAM L
Fayn () = M - [1 - e'ymo] e mo [1 - <1 - eT) ] (20)
Using proposition 1, the pdf of C,,can be determined as
elm efm — 1
SC — SC
e = it (o)

1

eCm_1 MR~ eCm_1 eCm_1 "R
=eCmMn—R[1—e Vmo] e Ymo [1—(1—e Vmo) l (21)

Ymo

CDF OF CAPACITY

The CDF of capacity is the other name of the outage probability. It determines the probability of the channel
capacity under a certain rate, which results in a poor communication system. Therefore, the CDF of multicast capacity or
the outage probability is given by

CDF = [, q(Cr)dCp, , (22)
where R is the target rate of capacity. The CDF of capacity without applying diversity is
-(efm-1) M-1

R e Yo M
CDFc={; M—(l —e Yo ) dc,,
Yo
Cm—1

Cem-npM (M —1 g —HDETMT)
CDF,= Y™ %( . YD e o dc,
Let, e“m — 1 = z,e“mdC,, = dz,
when C,, =0,z=0andwhenC,, =R, z=eR -1

_ R_ —(t+1)

cpF = 2 (M . Den e “az

Yo 0

_ —(t+1)(eR-1)
CDF; = E“!J“i(Mtl)(—l)t<1—e z ) (23)

t+1

MRC Diversity
Using (23), the CDF of the capacity for MRC diversity is given by
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Cm nr-1 _e Cm_ M-1
CDFCMRC = fOR ecm &e Ymo r <nR’ ¢ 1)] de

(ng-1)My,R Ymo

Using the identity, [(n,x) = (n — 1)l e * ¥4 2 [6 eq. (8.352.7)]
eCm_1q
e Ymo (np—1)M1x

1
MRC_ (R ,cm g (eCm-1)"F"
CDF, f e - 1)|MynR

S DD i M) (72 e,

Ymo

M-1
o ymo(ecm 1)

Cm—1\ VM1
Where S (ng, M — 1) is the coefficient of (e“»~1)" in the expansion of [2350_11 (:) ]

v\ Ym,
let, e“m=1 = z,e“md(C,, = dz
when C,, = 0,z=0andwhenC,, =R,z=ef — 1

M
CDFMRC= Z(nR DM-1) p, BpM-1) feR-lan+v—1e_mde

(ng—-1)! VnR'W 0
(nr-1)(M-1 B(nrM-1)  (ng+v—1)! M (eR-1) -1 (ng+v—1)! (eR-1)k
CDFMC = RO M S e e € M e R (24)
" (7mg) (ors)
SC Diversity
Using (22), the CDF of the capacity for SC diversity is given by
M-1

ng—1

eCm—_1 eCm—1 eCm_q1 R
[1—6 Vmo] e Ymo [1—(1—6 V’"O) l dCp

Using the identity, (a + x)" = Y2_,(MHx*a™* of [6, eq. (1.111)] we have

NMR-1 M—1W.NR

CDFCSC Z Z Z MnR( 1)l+u+w (TlR )(M‘; 1) (n;w) J‘Recme_(k+l+1) T dC
0

=0 w=0 u=0
Let, e“m™1 = z,e“md(C,, = dz
When C,, =0,z=0

CDF, Sc—f efmm =

Ymo

AndwhenC,, =R,z=¢eR -1

NR-1 M—1W-NR

eorst = 3 S e oy () (1) () [ e
0

=0 w=0 u=0
k+l+1(1 eR)

=ZI‘ LyM- wnRM"R( 1)lutw (an 1) (M_ 1) ( X )ym_0<1 e mo ) (25)

w k+1+1

CCDF OF CAPACITY
The CCDF of capacity determines the probability of the capacity being greater than the target rate given by

CCDF = [ q(Cp)dCp, (26)

The CCDF of capacity without applying diversity is

M-1

% —(eCm—1)

_ (> e 0 _

CCDF =[] MT<1 —e 7o ) dc,,
—(t+1)(efm—1)

—-1) M M—l %)
CCDF, = 5’:’0”%( . YD e 0 dGy,

Let, e“m — 1 = z,e“mdC,, = dz,

when C,, = R,z = eR® — 1 and when C,, = o,z = oo.
—(t+),

ccpF.= ¥ 1)"0( )( D [ e v “dz
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t+1

_ —(t+1)(eR-1)
ceore = 250 (0] 1)(—1)f<e Z ) )

MRC Diversity
Using (26), the CCDF of the capacity for MRC diversity is given by

C
(ecm 1)'nR—l _e-m-1

(‘H. l)M | < )
R™ |

T(n,x) = (n— 1)le—xzn 1 “—[6, eq. (8.352.7)]
(ng 1)R1 _le

M e Yo (g — DI

Z(nR 1)(M- Dﬁ(n M —1) (e m— 1) dc,,

o

CCDFMR = [ 7 emM

CCDFMR¢ =["e

M-1
e ymo(eCm 1)

v M—-1

Cm
Where B(ng, M — 1) is the coefficient of (e“m~1) in the expansion of [Z”R_ll (:) ]

v=0 w1\ ym,
Let, e“m™1 = z,e“mdC,, = dz
whenC,, = R,z =eR—1andwhen C,,, = 00,z = ©
M
MRC_ v(ngp-1)(M-1) B(ng.M—-1) 0 -1, "y Z
CCDF Z nR W fR 1ZnR+v 1o vmo dz
M _ R
MRC (np-1)(M~1) B(ng.M-1) (np+v—1)! ———(e"-1) qng+v—-1 (ng+v-1)!  (eR-1)k
CCDFC Z R M(nR Dy R+v (L)nRﬂ; — e ¥mo kio k! M \"RTV-K (28)
Ymo (Ymo)
SC Diversity
Using (26), the CCDF of the capacity for SC diversity is given by

ng-1 M-1

eCm_1 eCm_1 _ecm—l "R
[1—9 Vmo] e Ymo X[l—(l—e VmO) l dcC,

Using the identity, (a + x)" = YX%_,(Hx*a™* of [6, eq. (1.111)], we have

NR-1 M—-1WNR -1

CCDF,S¢ = z Z MnR( 1yrutw (nR )(M‘; 1) (TI,;W) Looecme—(k+l+1) e dC..

=0 w=0 u=0

CCDF*C=[" emM =

Ymo

Let, e“m™1 = z,e“mdC,, = dz

when C,, = R,z = eR — 1 and when C,, = ©,z = o
MR-1 M—1WRR (k+1+1)

CCDF.5¢ Z Z Z MnR( 1)ltutw (nR )(M‘; 1) (n’;W) f;.le_WZdz

=0 w=0 u=0

— Z‘l’l Z W"lR Mngr ( 1)l+u+w (nR l 1) ( - 1) (nRW) Ymo (29)

w u Jk+l+1

NUMERICAL RESULTS

Fig. 6 depicts the simulation of PDF as a function of average SNR. It shows that the PDF of capacity increases
after using diversity combining techniques. The PDF in case of MRC diversity is greater than the case of SC diversity.
Fig. 7 shows the simulation of CDF as a function of average SNR. It shows that the CDF of capacity decreases after
using diversity combining techniques. The CDF in case of MRC diversity is lower than the case of SC diversity. Fig. 8
depicts the simulation of CCDF as a function of average SNR. It shows that the CCDF of capacity increases after using
diversity combining techniques. The CCDF in case of MRC diversity is greater than the case of SC diversity.

CONCLUSION
In this paper, we study the multicast capacity of a Rayleigh fading multicast SIMO network. Here we focus on the
analysis of multicast capacity employing SC and MRC diversity combining techniques. Here we compare the proposed
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system with and without diversity combining techniques in terms of PDF, CDF and CCDF. From the comparison we
come to a conclusion that, diversity combining techniques improve the communication quality. Again MRC diversity
shows better performance than SC diversity combining technique. So, MRC diversity combining technique is beneficial

for multicast communication system.
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FUTURE WORK
The research work described in this paper has some future scopes, they are-
1. This work can be extended to analyze the SC and MRC receiver performance in other fading channels i.e., Hoyt

Fading Channel, Rician Fading Channel, Nakagami-m Fading Channel, Log-normal Fading Channel, Weibull
Fading Channel and Beckmann Fading Channel.

2. Some other diversity combining techniques can be applied.
3. This work can be extended in MISO and MIMO channels.
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