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In this paper the dual SC ( Selection Combining ) diversity system is considered. The correlated Rayleigh
fading is presented. Macrodiversity system consists of the two Microdiversity systems with SC combining and three
branches receivers for FSK signal demodulation. The probability density function of the dual SC output signals and the
Jjoint probability density function of output signal and its first time derivative is determined.
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INTRODUCTION

Diversity combining is one of the most prac-
tical, effective and widely employed techniques
in digital communication receivers for mitigating
the effect of multipath fading and improving
the overall wireless systems performance.

In this paper we considered characteristic of
signals at the output of macro SC diversity system
in the presence of Rayleigh fading. Macrodiver-
sity combiner takes out signal which has larger
input power. In this chapter, a diversity system
of FSK modulated signal with two branches is
observed. Each receiver has three branches.
Each branch contains a narrow-band filter and
an envelope detector. Signal demodulation is
noncoherent. Each receiver's branch contains a
narrow filter and a linear envelope detector. A
square - law envelope detector can be used as
well, since it is much easier to handle. On the
basis of the results for signal probability density
at the system output, when a linear envelope
detector is used, it is possible, by simple trans-
formation, to obtain the signal probability den-
sity at the output of the system when a square-
law envelope detector is used.

The probability density function is calcu-
lated at the output of Macrodiversity system
and by help with that probability density, error
probability, system probability, cumulative pro-
bability density, moment generating function

and average symbol error rate, can be calcu-
lated.

EXPOSITION

In this paper we considered macro diversity
system, figure 1, made from two micro diversity
systems. Each micro diversity system is made
from two receivers. Each receiver has three
branches for FSK signal demodulation. Each
branch contains a narrow-band filter and an
envelope detector.

Output signals from the first receiver enve-
lope detector and the first micro diversity
system are:

X1 X120 X113 -

Output signals from the second receiver
envelope detector and the first micro diversity
system are:

X215 X122 X123 -

Output signals from the first receiver envelope
detector and the second micro diversity system
are:

Xo115 %2125 %213 -
Output signals from the second receiver envelope

detector and the second micro diversity system
are:

X2215 %9225 X903 -
Output signal from the first micro diversity
system is: x, .
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Signal x, is equal tox,,, if

X111 > X112

X111 > X113

X111 > X121 -

X111 > X122

X111 > X123

Signal x, =x,,, if

Signal x, = x,,; if

X113 > X1115
X113 > X1125
Xi13 2> Xia15
Xi13 > X225

Xi13 > Xip3 -

Xio1 > X915
X121 > X112
X121 > X113
X121 > X122
Xio1 > X3 -

Signal x, =x,,, if

Signal x,

X = max (X1, X155 X135 X115 X122 X153) -

X122 2 X1115

X122 > X112

X122 > X113 -

X122 > X1215

X122 > X123

= X, if

X123 > X115

X123 > X1125

X123 > X1135 -

X123 > X1215
X123 > X122

Based on the expression above we can say:

max

X,

max

SC

po =

snazi

X2

Fig. 1. System model

Output signal from the second micro

diversity system is: x,.

Signal X, isequal to x,,, if:

Signal x,

Signal x,

Signal x,

Xo11 > X1n

X211 > X213

X211 > X215
Xo11 > X0y,
X211 > %223
=X, if
Xo12 > Xa115
Xo12 2> Xa135
Xo12 2> X215
X310 > X325
X1 > X3
=Xy 1f
Xo13 2 X1
Xo13 > Xo1a
Xo13 2 Xop5
Xo13 > Xz
Xo13 > X3+
=X,,, 1f
Xoo1 2 X115

X221 > X212
X221 > X213

X301 > X3pn
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Xp1 > X3 -
Signal x, =x,,, if
X222 2 X115
X222 > X2125
X922 > X213,

X222 > X215

X222 > X223
Signal x, =x,,, if
X203 > X115
X223 > X312
X223 > X213,

X223 > X215

X223 > X2
Based on the expression above we can say:

= MaX(X,) 1, X525 X135 X215 X500 X523) -

Signals x, and x, are connected to the inputs
of the macro diversity combiner. Signal at the
output of the macro diversity combiner is x.
Macro diversity combiner is selective
[1,4,5,6,19,28,51,124,125],. Signal at the output
x is equal to the signal x, if B > P,. Otherwise,
if B <P, then the signal at the output of the
macro diversity combiner x is equal to x,. P,
and P, are total power of the first and second
micro diversity systems.

Conditional density probability x,,, is:

x4 (1+Cn)?
Py, (1 4, ”)—xm ot ]o[xmA(l_Cn)j (1)
1

2
1 O,

Impulse number probability of the impulse
noise is:

n

A
P(n)="—¢" )

Density probability of amplitude A4 is:

4 - 4 1 (InQ-p)°
— * A2 - 202
p,(4)= jo d e ron’ 3)

By averaging, signal probability density is
obtained x,,,:

le“(xlll):

X} + 4% (1+Cn)?

:ZJ‘wm;Tl anAd+Cn) | (4)
—h o} ‘ of
4 (InQy—m)*
©~ A4 0 1 —
dQ, —e 1 20 dA
0 : Q \/EGZQI
Signal probability density of x,, and x,,
are Rayleigh:
i
201

X
Py, (x1,) = 1_122

2
_ 13

2
20

pxm( 113) = 113
O'

1

()

Signal probability density of x,,, is:

Py, (x121) =
_xpy + 47 (1+Cn)’
® Xia1 . 202 I X15;A(1+Cn) )
2 0 2
0 oj O]
n

4 7(1119]_/”1)2

(6)

Signal probability density of x,, and x,,,
are Rayleigh:

2
vy
Xy 207

Py, (x15) = ?

2
X3

_ 123 207
pxm( 13) = o :

1

(7)

Signal probability density of x,, is

Px,, (x211) =
x5+ AR (1+Cn)’

_ ZJ' xm 202 Io(lelA(I; Cn)J' (8)
0

0'2 )

y A . _(nQy-p)’
00 o 2
I dQ,—e ** —5 ¢ 29 44
0 Q2 2no Q2

Signal probability density of x,, and x,,,
are Rayleigh:

1-304 Mesicoynapoona nayuna konghepenyus “VHUTEX'10” — I'abposo



2
_ Yo

X210 203
pxm(lez): e
0,
% ©)
20'22

X
plea (x213) = 2123 €
0,

Signal probability density of x,,, is:

Px,y, (%p21) =

X3+ 47 (1+Cn)’

Y[ ,{mﬂﬁwmj. (10)
0 2

e
522 0
) A | _(InQy—py)?
0 A 2
j dQ,—e 20, ——5 200 gy
0 Q, N2moQ,

Signal probability density of x,, and x,,,

are Rayleigh:
X
X 2
_ M 203
Px,, (xy,) =—5e
0,
11
i (b
X 2
_ 7223 203
P, (Xy3) =—5-¢€
0,

Signal probability density at the output from
the first micro diversity system x; is:

P ()= p, ()E, (DF, (0)E, (0)E, ()F (%) +

+ pxnz (xl)]:;‘ (xl)F;fm ('xl )va ('xl )F (xl)F;c (xl) +

111 X122 123

+ P, (DE, ()F, ()F, (0)E, (0)F, (%) +

+ D, OE (D)F (DF, ()F, | (x60)F,

() +

122

+ pxl22 (xl)ECm (xl)];jr“2 ('xl)F

X113

()F,, (0)F, () +

X123

(x)F,

X112

(x)F,

X113 ('xl)]‘?x121 (xl)];'x122 ('xl)

(12)

+px123 (xl )Fx

11

Signal probability density at the output
from the second micro diversity system x, is:

Py, (x,) = Po, ()F, ()F, ()F, (5)F, (5)F, (x,)+

X213 X221 X222 X223

+ p’f:lz (XQ)E‘VZH (xz)E“m (xz )F"m (xz)FX (xz)F;'m (XZ) +

222

+ pxm (XZ)Ean (x2 )F:fzu (xz )F"m (xz)FYzzz (xz)FX (xz) +

223

P, (E, () (O)F, (0)F,, (x5)F,

212 213 222 X223

(x,) +

(0)F,

‘212

+ P, (x,)F, (xz)Fxm (x; )szz, (x)F, (%) +

211 223

+px223 (xz)szll (xz)F:‘sz (xz)FXm (x2 )szzl (xz)szzz (xz)

(13)

If macro diversity combiner selects
according to the extent of signal amplitude at
the outputs of the micro diversity combiner
and if there is no slow fading, then the signal
probability density of x is:

p.(x)=p, ()E, (x)+p, ()F (x) (14)

Cummulative power probability density of
P and P, is:

1
2705 (1-r*)PP,

(In B—p1)* =2r(In B4 )(In Py— 1, )+(In P~ p1,)*
20'32 (1—;‘2)

Prp, (AP)=
(15)

If macro diversity combiner selects according
to the signal power at the inputs of the micro
diversity combiners, then the signal probability
density at its output is equal:

© A
Po@)=[dR [ dPs - ppp (RP) - p, (x/ ) +
+[aR [ Py prp (BP)P., (51 Pr) =

1
2765 (1-r?)P, P,

(InR—p1)*=2r(In B—p)(In P,—p1))+(In P —p1,)°
203 (1-r%)

0 P,
=[dr [ ap,-p,, (x/ P)-
0 0

+

1
2765 (1-r*)PP,

(In R—p)* =2r(In B =1y )(In Py— g1 )+(In Py —p1, )’

+ Dfipjmdp- /P,)-
J.o 1P] 2 sz(x 5)

e 20'32 (17},2)
(16)
Average signal value at the output x is:
X = jO xp. (x)dx (17)
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Mean square value of the signal at the output x:

X = j:xsz(x)dx (18)

The mean value of the cubic signal at the
output x is:

X = J: X’ p, (x)dx (19)
Moment of the #-th signal order at the output x is:
X" = I:x” p.(x)dx (20)
Central moment of the second order is:
(x=%) = [ (x=%) p,(x)dx @)
Central moment of the third order is:
(=% =[ (x5 p,(x)dx (22)

Central moment of the »n-th order is:

(x=%)" = [ (x=%)" p,(x)dx (23)

Based on the calculated moments could be
determined signal characteristic function and
can determine the optimal receivers parame-
ters set. Of all of these moments in practice is
most commonly used the second central mo-
ment or variance of the signal. Starting with
the moment generating function (MGF) of the
SC output, signal-to-noise ratio (SNR), we can
derive closed-form expressions for the average
combined SNR, outage probability, and average
error probability of a wide variety of modulation
schemes operating over diversity paths.

CONCLUSION

Using some reasonable approximations we
have analyzed the performance of the dual SC
(Selection Combining) diversity system, while
the performer is noncoherent FSK demodulation
of binary frequency modulated signal. Hopefully,
this work will be a basis for further research
on this very promising diversity noncoherent
technique.
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