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Abstract

In this paper, we generalize the method to calculate the outage probability in the presence
of multiple Rayleigh faded cochannel interferences and additive white Gaussian noise. Our
result is a computational formula that can be applied with or without Gaussian noise in
Rayleigh faded cochannel interferences. Without Gaussian noise. the situation degencrates to
usual case of the cochannel interferences. The result can be appiled also in the presence of

Gaussian noise with or without cochannel interferences.

I . Introduction

Recently, as a demand for a mobile

communication system increase rapidly, a
finite frequency resource become exhausted.
Therefore, frequency reuse is adopted to a
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cellular mobile radio system to efficiently use
a finite frequency resource. A frequency set is

reused over distant base

(1]

relatively long
station. Then outage probability provides a
mean of assessing frequency reuse. Outage
probability is defined as the probability of
failing to achieve adequate signal reception. '’
I-16]

Receiver performance is degraded by the
multipath fading. cochannel interferences and
environmental noise in a cellular mobile radio

system. Multipath fading due to the waves
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reflected from the surrounding buildings and

other structures is well represented by a

Rayleigh probability density function and this
multipath  Rayleigh fading can severely
degrades the signal transmission performance.
Cochannel interference which is generated
when two or more radio channels are assigned
the

frequency reuse system. The effect of this

same frequency set is inevitable in
component cannot be removed by a bandpass
filter

less by being distant between cells.

or a demodulator. That can be made

In this paper, a generalized outage pro-
bability is studied which includes the effects
of both multiple Rayleigh faded cochannel
interferences and Gaussian noise. The outage
probability for single cochannel interference
plus nonrandom noise has been represented in

2 and extensive studies on outage
probability have been reported for multiple
41151 hig

studies a generalized outage probability which

cochannel interferences paper

takes account of both the multiple cochannel
interferences and the noise by deriving pdf of
the m Rayleigh faded cochannel interferences
and the Gaussian noise.

. Qutage Probability Analysis

In a cellular mobile radio system having =
cochannel interference, system is modeled by
Fig.1

I; is cochannel interference power and D is
desired instantaneous signal power. It is well
known that desired signal and undesired
interfering signal experience Rayleigh fading.
It is also assumed that the received power
from interferences are same. and sum of total
noise is Gaussian process.

Under this the

outage probability in single interference and

assumption, we derive

AEe o] FF4A2dy dstd outage probability A

Sl 7h

multiple interferences environment.
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Fig. 1.System modeling with m
cochannel interference.

Outage Probability is defined as the
probability that the ratio of instantaneous
power of the desired and the interfering
signal is less than a parameter known as

protection ratio a.

Po.= Prob(‘ll2 < a) (1)

D and I represent random variables which
stand for the desired and interfering signal
fully
hexagonal-shaped cellular system,

power respectively. In a equipped
there are
six cochannel interfering cells in the first tier.
Ean.{(1) assumed that noise power is small
and can be neglected as compared with the
interference power.

More general expression of outage pro-
bability can be expressed as follows including
the effect of noise power

Poy = Pmb(ﬁw):mob(%m) (2)
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where N is a random variable of instan-

taneous power due to noise.

1. Outage probability in single inter-
ference environment

It is well known that in mobile systems

both the

cochannel

desired radio signal and any

interferences experience Rayleigh
A Rayleigh
probability density function for the envelope

fading at the mobile receiver.

of the desired signal results in an exponential

probability density function for the
instantaneous signal power
r
fDy="7e *, D20 (3)
d
where E[D ] = o4 is the local mean
power of the desired signal. When the

envelope of interfering signal due to one

interference has a Rayvleigh probability density

function, the pdf of the instantaneous
interference power becomes
>
f,<1>=§e ' . 120 (4)

where E[I ] = & is the mean power of
the

Gaussian process with zero mean and variance

undesired signal. Usually noise is
o5, the pdf of the instantaneous noise power

is given by

N
s N20 (5)

IAN)= o e

Assuming that N and 7 are statistically
the pdf of the
power due to interference and noise can be

independent., instantaneous

obtained as follows

e 0) = [ fu AN, U=N)aN

= fO”fN(N)fz(U—~N)dN (8)

v N -
Ty S
v ¥ xNo,
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The pdf of U is given after several manipu-
lations by

—%j >0 (7

As a check on this pdf, we try to integrate
AD) from 0 to infinity to obtain 1.

The outage probability can be expressed as
follows [61]

P = Pmb(*g <a)

= "R DYIDA U (8)
a: i u

:f:(l»—e “). #V—% e fE D e “dU

To integrate eqn. (8)., we use following
relation [ 8, pp.649 ]
‘(Omerf(\’ﬁa-—aé) A \/?g;q_ . }; (9)
sing ean. (9), the outage probability
simplifies to
Po= - 020240/20? \'f 020310202,1
o ‘ot ‘ 2+
dote | ciloita (10)
S R ¢ S 'l
yita V Ynta

where signal to noise and interference ratio

y is defined as

= (r.'+ 7 b an

o
Y= ?d is signal to noise ratio
'

yi = ?‘1 is signal to interference ratio
f

In the event of Rayleigh fading only (.e.,
o, = (), the outage probability becomes

P,,“,=P(—112<a)=1~ L

T (12)
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In the event ‘of no cochannel interference
being transmitted (i.e.s® = 0), the outage

probability can be expressed as
1’,,u,=P(%<a>:1‘v"}‘xj_; (13)
Fig.2. and Fig.3 show the numerical results

of eqn.(10).
probability as a function of SIR (signal to

Figures illustrate outage
interference ratio) for several value of SNR
(signal to noise ratio) in single interference
environment. From Fig.2. and Fig.3. we can
notice that as the SNR increases, i.e. as the
influence of  noise decreases, outage
probability decreases and as the protection
ratio e increases, outage probability in-
creases. It is also observed that for SIR <
20dB the cochannel interference dominates as
the major source of outage probability at low

values of SNR.

SNR=40dB i
SNR=Infinity "%

Outage Probability

5 e SNR=1'0dB\ )
107> |- » SNR=20dB . % . |

10 | | |
0 10 20 30 40 50

SIR (dB)

g 2. w7 o4 e
bability
e = 6dB, Azd Agw] = 10,
20, 40, ¥4 dB

Fig. 2. Outage probability for single
interference case
e = 6dB, SNR = 10, 20. 40,
Infinity dB

outage pro-
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ability
a 18483, Al&9 gy = 20,
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Fig. 3. Outage probability for single
interference case
¢ = 18dB. SNR = 20, 30, 40,
Infinity dB

a8 3. 9787 e outage prob-
ilit

2. Outage probability in multiple inter-
ference environment

The outage probability in a cellular mobile

radio system with m-cochannel interferences

calculated. As

and background noise is

mentioned above, cochannel interferences
experience Rayleigh fading and it is assumed
that the each interference have the same
o:. The probability

density function of m exponential distributed
[51

mean power E[I1 ] =

interfering power is given by

_ rr! i
Iy = (m—1)1 a%me 1>20

(14)
I=L+ L+ +1,

Assuming that sum of the m-cochannel
instantaneous interference power I and the
noise power N are statistically independent.
the pdf of the 7 and the N can be obtained by

convolution. It can be derived as follows

(872)
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" T 2 2
6,0° [( mt )
U= N+h+ L+ +1,= N+12(
_ 11
= =
(15)
Cg o p g o fa) (e (@)
A ami BB 0= R (G (80, (16)
(a),= ﬂ;ﬁﬁ
where . F.aya,; B8.; x) is hypergeo-
metric function [8, pp.1045] and 1(-) s

gamma function. To obtain outage probability,
we use eqn. (3), eqn. (15) and eqn. (8).

V o A U
P()ut = ﬂD)dDﬂl])dU
b (17

a
3

=f0°°(1—e .

)'ﬂU)dU

To integrate egn. (18), we use following

relation. [ 8, pp.851 ]

f e ™ xv U F(aifiAx)dx

]

(18)

=1‘(v)u'“2F1(a.v;ﬂ;ﬁ>, u>0, v>0

Fila, B 8; x)=(1—-x)“, ambitrary 8 (19

Using eqn. (18), eqn. (19) and eqn. (17),
the outage probability is shown as follows

ald 1" P
o,zz/a?+a] \ A ta

Pu = 1- (20)

(20), the
outage probability results in the egn. (10) due
interference. In the
(i.e. =0),

In the case of = is 1 in eqn.

to single event of

Rayleigh fading only the outage

probability becomes

m

g3l ot

o O‘?, +a

Poy = 17[ (21)
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This result coincide with (1) of '°' In the
event of no cochannel interferences being

transmitted (i.e.o*=0), the outage probability
reduces to eqn. (3)

Fig.4, Fig.5b show the influence of multiple
the
probability as a function of SIR (signal to

cochannel interferences on outage
interference ratio) with fixed protection ratios
and SNRs. Note that in Fig.4 SIR is defined
as d4o;. In each case, outage probability
curves are presented for different value of «
and SNR. Fig.5 shows the outage probability
with respect to total

defining SIR as o&/md?.

interference power by

Outage Probability
o

v m=6

o m=3

o m=2
o7 o m=sl o
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(b) SNR=Infinity, « =6dB
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Fig. 4. Outage probability for multiple
interferences case
SIR =d4%¢. m = number of
interferences.

outage pro-

Assuming that the total interference power
is 1, little or no difference in outage pro-
babilities were observed for single ( I,=17)and
multiple interferences (L=L=1,=1m)
cases. This implies that the outage probability

is influenced by the total interference power.

Ew ot

not by the number of interferences.

. Conclusion

A generalized outage probability including
the effects of both m cochannel Rayleigh
faded additive

(Gaussian noise has been investigated in the

interferences and white

cellular mobile radio system. The derived
result is a computational formula that can be
applied with or without Gaussian noise in
Rayleigh faded cochannel interferences. The
obtained expression shows that single inter-
ference and multiple interferences are found
to have approximately the same effect on
outage probabilities provided that the mean
total power of single interference and multiple

interferences are same.

o
2
[o]
Q
[e]
St
[a B}
[+
E=71]
it
=
o
SIR (dB)
8 5. v s A dlAY outage  pro-

bability
@ = 6dB, AZR334] = 30dB,
AEd A8 = Gmd, m = A
Ao

Fig. 5. Outage probability for multiple
interferences case
a = 6dB, SNR = 30dB, SIR =
&ime*, m = number of inter-

ferences.
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