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Abstract: - In this paper, the wireless system consisting of macrodiversity selection combining (SC) receiver
and two microdiversity SC receivers under the influence of small scale fading and large scale fading, as well as
co-channel interference is observed. Small scale fading has Weibull distribution. Correlated large scale fading
is described by Gamma distribution. Co-channel interference is disturbed by o-x-p fading and Gamma large
scale fading. Probability density function (PDF) and cumulative distribution function (CDF) of the ratio of
Weibull random variable and a-x-p random variable are given. The formula for CDF of macrodiversity SC
receiver output signal to interference ratio (SIR) is also presented. Level crossing rates at the outputs of
microdiversity SC receivers are determined. Then, the level crossing rate (LCR) of wireless system output
signal to interference ratio is derived and shown in some figures. Based on them, the influence of Weibull
fading nonlinearity parameter, a-x-u fading severity parameter, o-x-p fading nonlinearity parameter, Rician
factor, Gamma long term fading severity parameter and Gamma long term fading correlation coefficient is
studied.

Key-Words: - macrodiversity receiver; microdiversity receiver; selection combining (SC); Gamma fading;
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1 Introduction The simplest is SC receiver which chooses the
The characteristics of the first and the second orders branch with the highest signal, or signal to
of the wireless system are impaired owing to the mte_rference ratio, vyhlch implies the _smaII scale
influence of small scale fading, large scale fading fading effects_ reduction and co-channel interference
fading and co-channel interference. The second effects reduction [1]. o
order performances are level crossing rate (LCR) Many different distributions describe signal
and average fade duration (AFD) of wireless mobile envelope in fading environments such as Rayleigh,
communication system [1]. To mitigate the small Rician, Nakagami, Weibull distribution, or general
scale fading, large scale fading fading and co- d!str!but!ons Ilke_a—K—p dlstrlbutloq [4]. Weibull
channel interference effects on the level crossing distribution describes small scale signal envelope
rate it is necessary to use a macrodiversity system. variation in nonlinear, non line of sight (NLoS)
The macrodiversity system consists of one fading surroundings [5]. It has parameter o, called
macrodiversity receiver and two or more nonlinearity parameter. Weibull distribution is
microdiversity receivers [2]. The macrodiversity general distribution because for o=2, Weibull
receiver is the most often of selection combining dIStrlbutl.On. reduces to Rayleigh distribution. For o
(SC) type. Its SC receiver selects microdiversity tends to infinity Weibull channel becomes no fading
receiver with higher signal envelope (or signal to channel. . o
interference ratio) average power at inputs, resulting On the other side, the o-k-p distribution is
in Gamma large scale fading reduction. The characterized by three parame';ers,_vyhere parameter
microdiversity receivers could be maximal ratio a is nonlinearity parameter, « is Rician factor and p
combining (MRC), equal gain combining (EGC), or is s_maII scale_ fading severity parameter [6]-[9]
selection combining receivers [3]. Rician factor is the ratio of dominant component

power and scattering components powers.
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The o-k-p distribution is also general
distribution. The other few distributions could be
obtained from a-x-p distribution as a special case. If
a=2, this distribution reduces to k-p distribution; if
k=0, the a-k-p becomes a-p distribution; if k=0 and
u=1, the a-x-p distribution comes down to Weibull
distribution; if 0=2 and p=I1, the a-k-p distribution
reduces to Rician distribution; if o=2 and x=0, the a-
K-p is Nakagami-m distribution, and if a=2, k=0 and
u=1, the Rayleigh distribution occurs.

The analysis of wireless systems in a-k-p fading
environment subjected to shadow effect is presented
in [8]. The second order performance of the a-k-p
envelope is derived in [9]. Many articles given in
literature review consider macrodiversity system
performance in the presence of large scale fading,
small scale fading and co-channel interference. For
example, the wireless system with macrodiversity
SC receiver and two microdiversity SC receivers in
Gamma shadowed Weibull multipath fading
environment, under Weibull co-channel interference
influence, is considered in [10]. The level crossing
rate is calculated.

Macrodiversity system with macrodiversity SC
receiver and two microdiversity SC receivers where
desired signal is under Weibull short term fading,
correlated Gamma long term fading and co-channel
interference, which experiences o-k-p short term
fading and correlated Gamma long term fading is
analyzed in [11]. Here, the outage probability is
evaluated from cumulative distribution function.

In this article, the wireless system with
macrodiversity SC receiver, used to mitigate fading
and co-channel interference effects on the system
performance of the second order, is analyzed.
Useful signal suffers Weibull fading and Gamma
fading, and co-channel interference is under a-x-p
fading and Gamma large scale fading. Level
crossing rate of the ratio of Weibull random variable
and o-x-pu random variable is derived and used for
calculation the LCR of microdiversity and
macrodiversity SC receivers.

2 PDF of the Ratio of Weibull
Random Variable and a-k-p Random

Variable
The ratio of Weibull random variable and a-k-p
random variable is:

2
X X4 o X
Zl :—:—2’ Zl =—,
yl yg y
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X =70y, X =le -y 1)
where x follows Rayleigh distribution:
XZ
2X 0 Q-
=—-e "1,x>0; 2
p(x) =5 . x @

1
Q; is average power of x. x; follows Weibull
distribution [5]:

a
pxl(X1)=5-Xl e ™ ,x>0; 3)

1
a is Weibull short term fading nonlinearity
parameter.
The random variable y follows «-p distribution
[12] [13]:
2 (k+1)ﬂT+1
e
k 2 e Q,2

- Kk
Z{” Q, J i, 1T

i2+,u),

#(k+1) V2
% y>0 (4)

e

2iy+2pu-1

y

and random variable y; has a-k-p distribution [6]:
u+l
ap(k+1) 2
Py (V) =—m—
k2 ev0,2

o kT
Z[“ Q, ] |

i+ )

yrrrente @y 20 (5)
where « is Rician factor; o 1is nonlinearity
parameter; Q, is average power of yi; I'() is
incomplete gamma function [14].

The first derivative of z; is:

a %*1. XX
521 21—§—Fy
2 X X
=t | 22 6
1 azf‘lz[y yz y} ()

The first derivative of Rayleigh random variable
has Gaussian distribution and the first derivative of
k-p random variable has also Gaussian distribution.
Therefore, x and y are Gaussian variables. Since

the linear transformation of Gaussian random
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variables has also Gaussian distribution, z, follows
Gaussian distribution. The mean of z is:

— 2 X X =
iy =—— v =0 7
1 azla/z[y y yJ ()
because x=y=0.
The variance of z is:
4 1 X2 ~
Gzl_?f‘l yZGX"rFO_yz =
rrard e
where
0'x=772fn391 (9)
Q
= 2f2 2 10
T (k) (10)

After substituting, the expression for variance
of z, becomes:

Ar? f2

by u(k+1)

(11

0y = (Qly(k +1)+ zf‘Qz) :
The joint probability density function of z;, 7, and
yis:
P2y (21z1Y) =Py (21 lz7,y)- Py (21)’) =

=p, (a/zy) py(Y) P, (221Y) (12)
The p, (z/y) is:

D, (21Y)=|—|p y-Z% (13)

] le X 1

with:

dx %—l
14
A 2 (14)

After the next substituting, the expression for
P2y (21113/) is:

2
Pyay (LhY)= y%-zl2 oy (v ) Py (¥) s, (221 22Y)

(15)
The joint probability density function of z; and
Z, is:

Pz, (zz1)= jdy P2y (zzy) =
0

2 4%
B % 212 J.dypx yzlalz) Py (y) Py (21 / Zly) (16)
0

Level crossing rate of random process z; is:
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dz; , pzlzl u4)=

O'—.S

a/2

7_1@ o0
=—7 Idyypx yzy py(y).‘.dzlilpzl(zl/zly):
0 0

:_zf jdyy pu vz ) py (v)

7—1

X [orve. (v py ()

2r f,

azlalz -1 1/2(|(+1)

a 5
1
2

il
2 2u(k+1) 2
o u-1 u+l
* k2e“q,2

2i+pu-1
1
T (i)
1_ ZZa_

0 - /”(k+1) 2
J'd 2i1+2,u+le (o)) ! Q, y _ ﬂ'fm
vy T 1/2
7, (k +1)

(Ql,u(k +1)+ 200, )2 2

k(k+1)
Q,

i,=0

u+l
2 2u(k+1) 2
(Quu(k+1)+ 200, V2 772 = = %

1
2 aku 2
k 2e"Q,

Kk |
i 1T (

s,

i,=0 Q, i+ )
1 h+u+l/2 1
(0.0, )" - . (17
2( 1 2) (Qll[,l(k+1)+z:|!_xgz)ll+ﬂ+1/2 ( )
3 Level Crossing Rate of

Macrodiversity System Output SIR
The model of macrodiversity system observed in
this paper is presented in Fig. 1.

Probability density function of x;, i=1,2; j=1,2 is
Weibull (3).

XIJ 20, i:1,2, J:1,2
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Fig.1. System model

Random variables y; follows a-«-p distribution

(5):

)L*l
au(k+1) 2
pyIJ (ylj) E LH‘
k 2 ekt 2
2i+p-1
i k(k+1) | 1
u -
= Q, i 1T (i + 1)
7;1(k+1) p
yprent g sy >0

Joint probability density function (JPDF) of Q;
and Q, is [1]:

2
Poo, (9192 ) =

I—-(C)(l_pz)pc—lggﬂ.

2i3+c-1

0

S, | 1
Z i3!T (i3 +c)

i,=0 Qo(l—/?z)
B Q+Q,

. . _ 52
ot te W) o 500,50 (18)

where ¢ is Gamma long term fading severity
parameter, p is correlation coefficient, and Qg is
average value of Q, and Q,.

The joint probability density function (JPDF) of
s;and s, is [1]:

1
-5
S, )= . cl_le B
s,
—— 53t £ 5 >0,5,20 19
F(Cl)ﬁcl 2 S 2 (19)
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where c¢; is Gamma long term fading severity
parameter of interference, B is average value of s;
and s,.

The CDF of macrodiversity SC receiver output
signal to interference ratio is [11, eq. (13)]:

0

Q

Fz(z):jds1 P, (sl)jdglj o (21008 o, (240, )d0, +
0

0 0

+

o8

v O
ds, g (Sz)Iszjdﬁlez (21945, )Pag, (2:92;)=
0 0

0

P
= Zjdsl Ps, (Sl).([dg’l‘([ F, (Z/QL%)PQQZ (ngz)sz =

0

o
(s(k+1))

(22 p2))2'3+2c+h T(2+20+ ) -

:,B“F(a)~

- W(ﬂ(“ﬂ)“”%

T (25 +20+ jp+p+i, )(QO (1— p° ))2I3+2C+h+a

['(2i3+2c+ j+a)T(a)
[(2iy+2C+ jy + p+ip + )

. . . o 0y (1-p° ) u(k+1)
2R 2|3+20+11+a,a,2|3+2c+11+y+|2+a;1—T

- W(ﬂ(kﬂ))m”z%

2ig+2C+ j+a

T(2iy +2c+ j1+/1+i1)(90 (1"02))

I'(2is+2c+ jy+a)T (a)
[(2is+2c+ jy+p+ip+a)

_ _ _ _ _ foR (l—pz),u(k +1)
2R 2I3+ZC+jl+a,a,2l3+20+jl+,u+ll+a;1—T

fomared

ZZa

2i3+2¢+ ji+a
T (23 +2c+ Jy + +i, +2y)(QO (l—pz)) o

I'(2i3+2c+ j+a)T(a)
[(2i5+2C+ jy +iy +ip +2u+a)
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Viza
(20)

Macrodiversity system chooses microdiversity
SC receiver with higher signal envelope average
power or signal to interference ratio from its inputs.

The level crossing rate at the SC receiver output
is:

_ ) ) o Qo(l—pz),u(k+1)
oF| 2ig+2¢+ i+ o, 2ig + 20+ Jy +ip +ip +2u+ o)l - ——

( )y+l
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2ip+u-1
i u k(k+1) 2 L I'(p+ip +1)
= Q, i T (i, + 1) 2
1 el 1 1
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(Quar(k +2)+ 27 Q, )

The level crossing rate of macrodiversity SC

receiver output signal to interference ratio process
is:

© [}
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1 1 +a(a+1)(a+2)ﬁ(ﬁ+1)(ﬁ+2)X3+

(Quu(k 1)) (up(k 1)+ 275, ) ' 3ty (r+1)(r+2)

(26)

This is so-called regular solution, denoted by:
1

: (22) af  a(a+1)p(p+1)
a My “ — atadl 2 —
(Ql,u(k+1)+z sl) 2R (@, Biyix) 1+1!7x+ 20 (4] X2+ ..
In the previous expression, two-fold integral can - .
be written in the form [15] [16]: - ZMX_ _ (27)
o 1Sl n=0 (7)n n!
Jz.[dslslt,lZ,ulel/Zleﬁl ) _ o
] It converges if cis not anegative integer for all
of |z/<1 and is on the unit circle |z|=1 if
20, .
'[dQ i 2tz sy %a(107) R[c-a—-b]>0. Here, (a) is a Pochhammer
A symbol.
For solution of the integral J;, the parameters
1 1 are:
. — | =c—-2u—-2iy-1/2
(Qly(k+1))”+'2 (Ql,u(k+1)+20‘sl)”+'2 Py # 11
(Zl =
1 A
. :Jl_Jg (23) R R .
(Qlﬂ(k+1)+zasl)ﬂ+'1 P, =2C+2i3+ip +u+1/2+
The integral J; is: a = 2
. 2=\
' . 1 0, (1— pz)
3 :;'J.dsl 62020121 A
(n(k+1))"= ¢ =pu(k+1)
20 b=z
I (0 Q262 it 2u b2t iy Q(1-p°) n=u+i
0 p—n=c-3u—3i,-1/2
1 e (24) P+ P, =3C—u—i+2i;+
a 1+l
(Qlﬂ(k+l)+z Sl) P+ P, —N=3c—2u—2i+2ig+
The integral can be solved by using the formulae: After introducing these parameters in (25), the
o o ) integral J; becomes:
dssPle @ |dQQP e = = 3.3 1
_ -3u-3i,-1/2
J J (a+bs)" J=(a(ks1)) el 2u 5 12)
k™" 1 T[(p+p,-n)l(p 3c-24-2ip+2i+ j
= F( ) e ( 11_, 2 ) ( ) o - Qo(l—pz) H=chtelgt]y
b (P +p2) T(20+ 2y +iy+p+1/2+ )
2R | PL+ P2 =N, Py P+ P L (25)
azb I (3c—2p~2i +2iy+ jy )T (c—2u—2i; -1/ 2)
Here, ,F:(a,;7:X) is a Gauss's hypergeometric T(3c—p=iy+2is + jy)
function (Gauss 1812, Barnes 1908). In general, it 01— )u(k+1)
arises the most frequently from physical problems 2F1[3°‘2”‘2‘1+2‘3+h’C‘Z"‘Z‘l‘” 2;3°‘”“1*2‘3”1;1‘W]
derived by Gauss and Barnes in [17] and [18]: 28)
%x+a(a+l)ﬂ(ﬂ+l) 2. The integral J; is:
1y 21y (7 +1) 131

J‘dsl 622421
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20,
f - f147)
20+2u+iy +ip +2ig+1/2+ -1 Coll-p
J.dngl h+ip+2i3 1o
0
1

(ﬂ(k +1)Ql_|_20!sl)2,u+i1+i2 (29)

It could be solved in the same way, with the next
group of parameters which will be put into (25):

pp=Cc—-2u-2i,-1/2
_ L
b

P, =2C+2u+i +i, +2i; +1/2+ j,

2]

2
Q, (l—p2>

a= u(k +l)

a,

b=z
nN=2u+i +i,
p—n=c—4u-3i—i,-1/2
P+ P, =3C—i +iy, +2i5 + j;
P+ P, —N=3Cc—-2u—2i+2i5+ j;
The integral J, is:

Jo= (,U(k +1))°*4ﬂ*3iri2—u2 1

Za(c—Z,u—Zil—l/Z)

3c-2u-2i+2i3+ j;
Qq (l— pz)
2

T(2c+2u+2i5+i +ip, +1/ 2+ jl){

T(3c— 24— 20 + 2y + )T (c— 21— 2i, ~1/ 2)
I'(3c—iy+iy + 25+ jy)

oF| 3¢ =24 =2y +2ig + jp,Cc— 21— 20, =1/ 2;3c —iy +iy + 2i3 + j;;1-

Q (l—pz),u(k +1)
2B

(30)

Finally, after substitution J; from (28) and J,
from (30) into (23) and (22), the level crossing rate
of macrodiversity SC receiver output signal to
interference ratio becomes:

N, (Z):: 2 : L .
1"(c1)ﬁcl r(c)(l_pZ)pHggﬂ
2ig+c-1 sl
i P 1 plk+1) 2
A Y —
0l Qo (1_p2) i3 1T (i5 +¢) ky;lek#
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Sk k+1) - -
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I'(3c— 24— 2iy + 20y + ;)T (c— 20— 21, ~1/2)
[(3c—p—iy +2ig+ j; )

A ’ R Qo(lfpz)ﬂ(k”)
2R | 3c—2u—2i +2i3+ jj,c—2u—2i, -1/ 2;3c — p—iy + 23 + jj;l-————— |-

2pB2%

1
Za(c—Z,u—Zil—UZ)

—(,u(k +1))c—4;z—3i1—i2—112
O (1-4°)

3C—-2u—2ij+2i3+ Jy
2 J

T(2C+2p+2ig +iy +iy +1/ 2+ jl)[

T(3c— 24— 20, + 20y + j, )T (¢ — 21— 2i, ~1/ 2)
I'(3c—iy+iy +2i+ jp)

ZF1[302,uZi1+2i3+ 1€ = 24— 2iy =11 2;3¢ —iy +i + 20y + jp;1—

o (1p2)u(k+1)ﬂ

282
(31)

4 Numerical results
Fig. 2 to 4. present average level crossing rate of
macrodiversity system for several values of Gamma
long term fading severity parameter ¢, Weibull short
term fading nonlinearity parameter o, o-x-p short
term fading nonlinearity parameter o, o-x-p short
term fading Rician factor x and o-k-p short term
fading severity parameter p.

In Fig. 2, the average LCR is plotted versus
output signal to interference ratio z.
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Fig. 2. Level crossing rate of macrodiversity system
versus output signal to interference ratio z

The average LCR increases for small values of
SC combiner output signal to interference ratio z,
achieves the maximum, than declines. The influence
of SC combiner output signal to interference ratio
on average LCR is bigger for higher values of
Weibull multipath fading severity parameters.
Average LCR has lower values for bigger values of
Weibull multipath fading severity parameter o and
then system performance is better.

Average LCR versus output SIR z is shown in
Fig. 3 for variable average power of desired signal.
The other parameters are: p=c=p=2, p;=x=a=1. One
can notice from this figure that when average power
Qo increases, LCR increases too. This increase is
more pronounced for higher values of z.

Also, average LCR of macrodiversity SC
receiver output signal versus the SC receiver output
signal to interference ratio z is presented in Fig. 4.

[ p=c=p=2, B =x=a=1, Q =0.2

—O0— pu=c=p=2, B =x=a=1, Q =0.4

A— p=c=p=2, B =x=a=1,Q=0.6
B NI n=c=p=2, p=xk=0=1, 2 =0.8
o [T p=c=p=2, p =x=a=1, Q=1
8 "
A‘.““
-
20000000,
0. " . . . :

Fig. 3. LCR of macrodiversity system versus output
SIR
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A LNINGO adAAALL
1.0 v ¥, GA' .,

s, 7 H=C2, Qx=0=1, =2, B=1.5

|
| j=c=2, O ~k=a=1, p=2, p,=3

Fig. 4. LCR of macrodiversity system versus SIR z

Here, average power of Gamma fading is
variable and other parameters are constant. LCR has
lower values for greater values of average power of
Gamma variable # and SC combiner output signal to
interference ratio z.

System performances are better for lower values
of the average LCR. These figures for the level
crossing rate versus signal envelope are drown to
show the impact of fading parameters to the LCR
and for choosing optimal parameters.

5 Conclusion

In this paper, macrodiversity system with
macrodiversity SC receiver and two microdiversity
SC receivers in the presence of small scale fading
and large scale fading is observed. Desired signal is
hindered by Weibull multipath fading and correlated
Gamma large scale fading, and interference is under
the affect of a-x-pu small scale fading and Gamma
large scale fading. Macrodiversity system mitigates
all of them, small and large scale fading effects, and
co-channel interference effects on the level crossing
rate.

Macrodiversity SC receiver works so that
chooses microdiversity with higher signal to
interference ratio. Microdiversity receivers combine
SIRs from multiple antennas from base stations and
select the branch with higher SIR, and reduces small
term fading and co-channel interference.

In the article, PDF and CDF of the ratio of
Weibull and o-x-p random variables are derived.
Then, the expressions for cumulative distribution
functions of SIR at outputs of microdiversity SC
receivers and macrodiversity SC receiver output SIR
are given, and finally, the LCR of macrodiversity
system in the presence of Weibull small scale
fading, Gamma large scale fading and o-x-p co-
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channel interference is performed. The influence of
Weibull small scale fading nonlinearity parameter,
Gamma large scale fading severity parameter, o-k-u
small scale fading Rician factor, a-k-u small scale
fading nonlinearity parameter and a-x-p small scale
fading severity parameter on LCR is analyzed.

LCR decreases when Gamma long term fading
severity parameter increases, Weibull short term
fading severity parameter and oa-k-u short term
fading severity parameters increase and average
power decreases.
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