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Abstract: - In this paper, macrodiversity reception with macrodiversity (MAD) selection combining (SC)
receiver and two microdiversity (MID) SC receivers operating over Gamma shadowed Weibull short term
fading channel in the presence of cochannel interference subjected to Weibull multipath fading is observed.
Level crossing rate (LCR) of the ratio of two Weibull random processes is evaluated and this expression is used
for calculation the LCR at the output of MID SC receivers. The closed form expression of LCR at the output of
MAD SC receiver is also determined. The influence of Gamma long term fading severity parameter,
Gamma long term fading correlation coefficient, Weibull fading nonlinearity parameter of desired signal
and Weibull fading nonlinearity parameter of cochannel interference on LCR of MAD system is studied and
discussed.

Key-Words: - cochannel interference, Gamma long term fading, Level crossing rate (LCR), Weibull short term
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1 Introduction considered. Weibull describes signal envelope
Macrodiversity technique can be used to reduce variation in nonlinear and non line of sight
long term fading effects and short term fading multipath fading environment. This distribution has
effects on the outage probability and bit error parameter of nonlinearity a. When a= 2, Weibull
probability of wireless system, simultaneously [1]. distribution re_duceg to qulelgh dlstr!butlon. When
MAD system consists of MAD SC receiver and two a goes to infinity, wireless Weibull channel
MID SC receivers. MAD SC receiver selects MID becomes no fading channel. _ _
SC receiver with higher signal envelope average Long term fading can be described by using
power to provide service to user resulting in Gamma Gamma distribution or log-normal distribution. In
long term fading effects reduction. MID SC receiver this paper, signal envelope average power is
selects the branch with the highest signal to modelled by using Gamma distribution due to
interference ratio to enable service to user resulting results for the level crossing rate can be obtained in
in short term fading effects reduction. the closed form [3]. _ o

Level crossing rate is important performance Therg are more worksm_open technical literature
measure at the second order of wireless mobile considering MAD systems in the presence of short
communication radio system which is defined as the term fading and long term fading and wireless
number of crossing of random process at the communication systems in th(_e presence of short
determined level in positive direction and can be term fading, long term fading and cochannel
calculated as average value of the first derivative of interference. o
random process [2]. In this paper, MAD system with In [4] and [5], Gamma shadowed Rician
MAD SC receiver and two MID SC receivers in the multipath fading channel is considered. The level
presence of Weibull short term fading, Gamma long crossing rate of macrodiversity SC receiver with
term fading and Weibull cochannel interference is two microdiversity SC receivers in such fading
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condition is derived in [4], while the moments of
macrodiversity SC receiver with two microdiversity
EGC receivers are obtained in [5].

MAD system with MAD SC receiver and two
MID maximal ratio combining (MRC) receivers
operating over Gamma shadowed Nakagami-m
short term fading channel is considered in [6]. For
this system, the level crossing rate of MAD SC
receiver output signal is calculated and average fade
duration of proposed system is also evaluated as a
ratio of outage probability and level crossing rate.
Average fade duration and average level crossing
rate of MAD wireless communication system in the
presence of Gamma large scale fading and Rician
small scale fading are evaluated in [6]. In [7],
outage probability and bit error probability of
wireless communication system with SC receiver
operating over Weibull multipath fading channel in
the presence of cochannel interference affected to
Weibull short term fading are evaluated.

In [8], the performance of L-branch selection
combining receiver over correlated Weibull fading
channels in the presence of correlated Weibull-
distributed cochannel interference is analyzed.
Closed-form expressions for probability density
function and cumulative distribution function of the
signal-to-interference ratio at the output of the
selection combining receiver are obtained.

The signal to interference ratio at inputs of MID
SC receivers is ratio of two Weibull random
variables. In this paper, level crossing rate of the
ratio of two Weibull random processes is calculated
as the expression in the closed form. By using this
expression, the expressions for level crossing rate of
MID SC receiver output signal to interference ratio
processes are efficiently calculated. MAD SC
receiver selects MIC SC receiver with higher signal
envelope average power at inputs. By using this
rule, the level crossing rate of signal to interference
ratio at the output of MAD SC receiver is
calculated. The obtained results can be used for
evaluation the average fade duration of proposed
MAD system.

By our cognition, MAD reception level crossing
rate in the presence of Weibull short term fading,
Gamma long term fading and Weibull cochannel
interference is not reported yet. The results can be
used in performance analysis and design of MAD
wireless communication system in the presence of
Weibull desired signal and Weibull cochannel
interference.
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2 The Ratio of Two Weibull Random

Variables
Weibull random variables x; and x, follow
distributions:
1
Q& 41 ol
pxl(X1)=_X1a le 4 , % 20, 1)
O
i
a _ A
P, (Xe) == %20, 2)
Q,
The ratio of x; and X, is:
X
X=—, X =XX, (3)

X

The probability density function of ratio of x;
and X, is:

pu (x) = [ by, (x-%) Py, (32) =
0

=X Shh @)

Cumulative distribution function (CDF) of the
ratio of two Weibull random variables is:

X X a-1
F(0=[dtp, ()= [dta, ———. ()
0 0 (Q1 + taa)

Introducting the substitution:
1
Q+Qt =y, tldt= dy, (6)
ass,
previous expression becomes:
Q1 +Q,x*
Fx (X) = J.dy . 7(191(22 iz =
o aQ, y
1 1 Q,
== Ql —_— P =1— p =
Q. Q+Q,x Q, +Q,X
= QZ—X (7
Q, +Q,x*
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The ratio of two Weibull random variables x; and
X, 1S:
2

x:ﬁzy—lz, x2 =1 (8)
2 y2; Y,
where y; and y, are Rayleigh random variables:

oy X

pyl(y)zayle %y >0 9)
1
s (10)
p, (y)==2e *,y,>0,
2 QZ
and O, =y? and Q, = y2.
The first derivative of x is:

(11)

)'(: 2 L _ Y1 YZ .
ax*'** Y, yz2
The first derivative of Rayleigh random process

has Gaussian distribution. Thas, yl and y2 are

Gaussian random variables. Linear transformation
of Gaussian random variables is Gaussian random

variable. Therefore, X has conditional Gaussian

distribution. The main of X is zero. The variance of

2 1 :
o’ = 2y a2 720-? _y71402.
X a X yZ Y1 y2 Y2

o’ =2°f2Q, and ¢° =7*f2Q,.
Y1 Y2
After substituting, the expression for variance of

X is:
(12)

where:
(13)

X becomes:

A7%f?
2 m a
O_)-( = azxafzyzz (Q1+X QZ)'

(14)

The joint probability density function of x, X
and y; is:

p (xkyzj = px(kl xyzj- P, (Xy,)=

XXY,

= p.x[idxyz) p.(X/y,)p,,(¥,)=

Y, pyl(xzyzj (15)

]

= p).(()‘dxyzj' pyz(YZ)'%Xz

The joint probability density function of x and X
can be evaluated by integrating previously
expression with respect to y».
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pxx(xxj =[dyp (nyzj =p (X/ XY2)' P, (x¥2) =
0 2 X

a0 a .
=2 jdyzyzpyl[xzszpx(x/xyzj-pyz(yz) (16)
0
The level crossing rate of x is:
N, = [dxxp (x'xj:
0 XX

©

a
a 24
=%y

“ 1
5 !dyzyzpyl[xzyzj-pyz(yz)mx=
29 1 orf
X? = mJQ +X7Q,
N2 o 1

e
2
a
1 2

X2 [dy, yZe =

_e
2

00,
:a\/ﬁfm 4 X%m
2 Q0,
al?2
l(9192)3/2 . = Mfmax
8 (@ +xq,f7 @+xq,)

(17)

3 Macrodiversity reception
Macrodiversity system considered in this paper has
MAD SC receiver and two MID SC receivers. The
model of proposed wireless communication system
is illustrated in Fig. 1.

X11 Y11 N

O 51 SC e

X12 Y12 Maz ni

SC XY, N

X1 Yan [|21

0 52 X2, Y2

' SC
X2z Y22 22 | n:

Fig.1. System model
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Signal envelopes are denoted in figure as X1, X,
Xo1, and X,,. Signal envelope average powers are
denoted with Q; and s;. Signal envelopes of
interferences are Yyi, Vi, Yo1, and Y. Signal
envelopes average powers are denoted with Q, and
S;. Ratios of signals envelopes and interferences
envelopes are 71, 712, o1, and 75.

The joint probability density function of x; and

X1iS:
P (Xl X1)

=2p (xl leFXH (x,) (18)

ERATY

p (Xl leFxlz(X1)+ p . (Xl leFxn(Xl):

X12 %12

The level crossing rate of x, is:

le(x1 X1j=jd )l(l X1 pxx (Xl le:
0 17
al?2
Xl

(@, +xes,f

Random variables Q; and Q, follow correlated
Gamma distribution:

1
QQ, )= :
pnlgz( 1 2) F(C)(l—p2 )pc—lggﬂ
) e*g?fizz I 2p QY20l? | -
c-1 Qoil_ ,02 ) 1 2
— 1 .
- F(C)(l—pz)pc_le,+1

i P 2ip+c-1 1 .
= Q,L- p?) i)T(i, +¢)

Q+Q,

Qi11+c_1Qi21+c—le m’ Ql > O, QZ >0 (20)

=2F_(x)N, =2v2rf,S, (19)

where ¢ is Gamma long term fading severity
parameter, p is correlation coefficient, T°(.)is
a Gamma functionand Q, =Q, =Q, .

Random variables S; and S, follow Gamma

distribution:
1 1
1 i 1 . 8;718_582

$,S,)=——Si%e /.
pslsz( 1 2) F(Cl) c 1 € F(Cl) c

(21)

where c, is severity parameterand =S, =S, .
Level crossing rate at output of MAD SC
receiver signal to interference ratio is level crossing
rate at output of the first MID SC receiver signal to
interference ratio when the signal envelope average
power at its inputs is higher then the signal envelope
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average power at inputs in the second MID SC
receiver. Level crossing rate at output of MAD SC
receiver signal to interference ratio is level crossing
rate from the output of the second MID SC receiver
signal to interference ratio when the signal envelope
average power at its inputs is higher then the signal
envelope average power at inputs of the first MID
SC receiver. Therefore, level crossing rate at output
of MAD SC receiver signal to interference ratio is:

00 o © Q
N, = J.dsl _[ dsz{j dQl _[ sz N w8, Pog, (ngz)"'
0 0 0 0
w Q,
+ Isz I dN, 1o, Poo, (9192 )} Ps;s, (8182 ) =
0 0

0 © o o
= 2_‘- dsl I dsz J. in J. sz N X /S, pﬂlﬂz (ngz )psls2 (Slsz ) =
0 0 0 0

1 1
=4\/§fmxa/2 o c—Tyotl
F(Cl)ﬂ ' F(C)(l—pz)p 05"

i P 2ip+c-1 1 . 1 |
=\ Q.- p?) i))T(i, +¢) i, +c
> 1 1
hZ—(J(il +C +1)(j1) (Qo(l_ pz))jl

20,

0 1 0

-5 . __— 2
J‘dsl Slc1—1+1e B “‘dQIQfI1+ZC_1+J1e Qyl-p?)
0 0

(Ql+xl"‘81)2
Previous integral can be solved by using the
formula derived in Appendix. The parameters are:

p=a+l
p, =2, +2C+ j,
a. =£, a, = 2
A Qo(l_pz)
a=1, b=x* n=2
p,+pP,=2L+2c+ j+a+l
p,+pP,—N=2i,+2c+ j+a-1
p,—n=a-1
After substituting, the expression for N,
becomes:

N, =427 f x'? 1 12

r(c,)s Tlefi-p?)o- '™

i P 2i;+c-1 1 | 1 |
=\ Q,lt-p?) i,\T(i, +¢) i, +c
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- 1 1
2.

J'1=0(i1 +C +1)(j1) (Qo(l_ pz»jl .
2ip+2¢c+ ji+a-1
(—Qo(l—pz)] r(2i, +2c + J'l)_xa(];m '

2
o)

) Fl[Zi1 +2c+ ji+a-La+12i +2c+ j+a+11- 5oox

(23)
Here, ,F, is hypergeometric function [9] [10].

4 Numerical results

The average level crossing rate of the
macrodiversity SC receiver output signal versus
the SC receiver output signal envelope is
plotted at Figures 2 to 6, for several values of
Gamma fading severity, the correlation
coefficient of shadowing p, Weibull short term
fading nonlinearity parameter and powers of the
useful signal and interference.

One can see from these figures that LCR has
smaller values for higher SC receiver output signal
envelope, bigger values of Gamma fading severity
parameters of desired signal and interference, for
smaller power of interference, bigger power of
desired signal and also greater Weibull short term
fading nonlinearity parameter o

& =c=2, n=4, 02 =00 =1, =1, p=0.2

O— p=g=2, =4, {3 =01 =1, fi =1, =04
1.0 y o
o A p=c=2, a=4, 1 =01=1, f =1, =06
I v p=c=2, a=4, {3 =00 =1, i =1, p=0.8
0.5 L

—— p=c=1, a=4, £} =02=1, p.=1,p=1

Fig. 2. Level crossing rate of macrodiversity SC
receiver output signal versus the SC receiver output
signal envelope for variable Gamma fading severity

of interference.
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—=— p=c=2, a=4,Q =0 =1, f=1,p =1
— p=c=2, =4, Q=0 =1, B=1. ;=2

A— p=g=2, a=4, 2 =02=1, f,=1, p=3
p=c=2, a=4, 0, =0=1, p=1, p =4

Fig. 3. The Level crossing rate versus
macrodiversity SC receiver output signal envelope
for variable Gamma fading severity parameter of
desired signal.

& j=c=2, a=4, <=1, 1 =1, (2.0.2
10 —o— pees2, asd, fi =P =], L1510, 0250.4
A =c=2, u=4, P =p.=1, Q =1, =06
o— pec=2, a=d, B =p=1, =1, =08

*— =2, a=4,

=1,0=1,0=]

0.3

Fig. 4. The level crossing rate versus macrodiversity
SC receiver output signal envelope for different
power of interference.

% p=c=2, a=4, B =p =1, 0 =1, O =I

— p=e=2, a=4, f=p,=1, =1, O =2

F [ p=c=2, a=4, p=p,=1, =1, 3 =3
0.8 : * _u-.c::l,u_--l,ﬁlu[t:_-l.Q_\-_I\QI_--I.
1
o 0.6
]
)
0.4
0.2

Fig. 5. The level crossing rate versus macrodiversity
output signal envelope for different power of
desired signal.
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o p=c=2,p=p =0 =0 =1, a=1

u=e=2, f=p,=0 =0 =1, a=3
[ u=c=2, [!|=]’!u__=§2|=fl__=1. a=4
+— p=c=2, f=f,=0 =0 =1, a=5

Fig. 6. The level crossing rate of macrodiversity SC
receiver output signal versus SC receiver output
signal envelope for variable Weibull short term

fading nonlinearity parameter o.

System performances are better for lower values
of the average level crossing rate. The previous few
figures for the level crossing rate versus signal
envelope are drown to show the influence of
different fading parameters to LCR and to give
possibilitz to the wireless system designers to
choose optimal parameters.

5 Conclusion

In this paper, MAD technique with MAD SC
receiver and two MID SC receivers in the presence
of Weibull short term fading, Gamma long term
fading and Weibull cochannel interference is
analyzed. MAD reception reduces short term fading
effects, Gamma long term fading effects and
cochannel interference  effects on  system
performance. MAD SC receiver reduces Gamma
long term fading effects and MID SC receivers
reduce Weibull short term fading effects on the level
crossing rate of signal to interference ratio at the
output of MAD SC receiver. Received signal
experiences correlated Gamma fading and Weibull
independent fading.

When correlation coefficient goes to one, MAD
system becomes MID system. When Gamma
shadowing severity parameter goes to infinity,
Gamma shadowed Weibull short term fading
channel becomes Weibull short term fading channel.
When Weibull nonlinear parameter goes to infinity,
Gamma shadowed Weibull short term fading
channel becomes Gamma short term fading channel.
When Gamma severerity parameter goes to infinity
and Weibull nonlinearity parameter goes to infinity,
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Gamma shadowed Weibull short term fading
channel becomes no fading channel.

In this paper, probability density function,
cumulative distribution function and level crossing
rate of the ratio of two Weibull random variables are
calculated. These results are used for calculation the
level crossing rate of signal to interference ratio at
output of MID SC receivers and level crossing rate
of signal to interference ratio at output of MAD SC
receiver in the closed form. The obtained results can
be used for evaluation the level crossing rate of
MAD system operating over Gamma shadowed
Rayleigh multipath fading channel. The influence of
Gamma long term fading severity parameter,
Gamma long term fading correlation coefficient and
Weibull short term fading nonlinearity parameter on
level crossing rate of MAD SC receiver output
signal to interference ratio is analyzed.

Further, the expression for the level crossing rate
derived here can be used for the evaluation of the
average fade duration for wireless communication
system operating over shadowed multipath fading
channels.

Apendix
The integral J is:

1
(aQ+bs)'
1

(aQ +1j
bS

J = Tds S p1—1e—a1$TdQQp2—leaZQ
0 0

= b‘“TdS Shlgad TdQprle“ZQ
0 0

Introducting the substitute:

2 0-x0=2y do="u
bS a a
previous integral becomes:
P2—n % 2 Lbsx
3=b — | dS Spl’”’l*"Ze’“lsjdxpo’le . 1 _.
a” J . (x+1)

By using the formula:

=T(alJ(a,a+1-n,c),

]E dt ta—le—ct
0

1
(t+1)

the integral J obtains the form:

Pp—n %
_b jds ghn L gmas F(pz)J(pz, p,+1-n, aZ:Sj]
0

J aPz

with U(a,b,z) being the confluent hypergeometric
function of the second kind [10] [11].
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After new substitution:

azbs S a
a VT ah

the integral J becomes:
1

+p,—n
azp1 P2 bP1

J= ah™ 1—‘(pz)

aa

jdyy"f”*"fle“?yU(pz, p, +1-n,y).
0

Because:

Tb)r(b+c-1)
ra+b+c-1)

Idy y*e¥U(a,c,y)=
0

,F(bb+c-La+b+c-11-5),
the integral J finally becomes:

ah™ F(pz)r(p1+p2_n)r(pl)
PP b T(py+py)

a,

aa.
zF{pﬁ P, =N, Py, P+ pZ,l—b—lj-
a,

where , Fl(a,b, z) is a regularized confluent
hypergeometric function of the second kind.
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