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Abstract

In this paper, an outage probability in the presence of Rayleigh faded cochannel interference and Gaussian noise for cellular
mobile telephone system is described. 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 degenerates to usual case of the cochannel
interferences. The result can be applied also in the presence of Gaussian noise with or without cochannel interferences.

I. Introduction

. Efficient spectrum utilization requires the reuse of radio
frequencies. Frequency reuse results in cochannel interference
which degrades the performance and limits the spectrum
efficiency of mobile radio systems. Hence investigating the
effects of cochannel interference and Gaussian noise on the
performance of digital transmission in mobile radio systems
is of paramount importance. Some level of cochannel
interference and Gaussian noise is inevitable in cellular
systems reusing the frequency. Then outage probability
provides a mean of assessing frequency reuse. Outage
probability is defined as the probability of failing to achieve
adequate signal reception[2]-[6].

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
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 same frequency set is inevitable in frequency
reuse system. The effect of this component cannot be
removed by a bandpass filter or a demodulator. That can be
made less by being distant between cells.
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In this paper, a generalized outage probability is studied
which includes the effects of both multiple Rayleigh faded
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 muitiple cochannel interferences
[4]-[S]. This paper studies a generalized outage probability
which takes account of both the multiple interferences and the
noise by deriving joint pdf of the s cochannel Rayleigh
interferences and the Gaussian noise.

I1. Outage Probability Analysis

Cellular radio systems rely on an allocation and reuse of
frequency channels throughout a coverage region. Each
cellular base station or cell site is allocated a group of radio
channels to be used within a geographic area called a cell.
The same group of frequency channels are used to cover
different cells that are separated from one another by
distances large enough to keep interference levels within
tolerable limits. Interference due to the common use of the
same frequency channel is called cochannel interference.
Although the real cell is amorphous in nature, a regular cell
shape is needed for systematic system design. The hexagonal
cell shape shown in Fig.l is simple model of the radio
coverage for each base station, but has been universally
adopted in cellular system design since the hexagon permits
easy and manageable analysis of a cellular system[1]. The
hexagon closely approximates a circular radiation pattern
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which would occur for an omni-directional base station
antenna. The number of cells which use the complete set of
available frequencies is called cluster size and typically 7 is
used. Due to hexagonal geometry Fig.l has exactly six

equidistant cochannel cells in the first tier and 6 cochannel

cells in the second tier. Since the interferences from the
cochannel cells in the second tier is negligible we consider
only the interferers from the first tier,

Cochannel interference can be experimented both at the
cell site and at the mobile units. If the interference power
ratio at the mobile unit caused by the interfering cell sits in
the down link is on the average the same as the
signal-to-interference power ratio received at the cell site by
interfering mobile unit[1]. This is called reciprocity theorem

“in the cellular mobile system. Hence we consider only for the
case of the down link. )

In a cellular mobile radio system having m cochannel
interferences, system is modeled by Fig. 1
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Fig. 1. System modeling with s cochannel interferences

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 assumned that the received power from
interferences are same, and sum of total noise is Gaussian
process. Under this assumption, we derive the outage

probability in single interference and multiple interferences,

environment.

Let received signal be s(¢)=i(¢)+«(¢), where #¢) is the
interfering signal having Rayleigh probability density and
n(t) is the noise which is described by the Gaussian process.
We assume that 4(¢) and x(¢) are statistically independent.
The expected received power is obtained by

E[SWEI=E(()+n()) I=E[E) 1+ El2X)] (1)
E[24¢)n(£)]=0. @)

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 o

Pou=ProbF <a) Poyy= Prob(-?— < a) 3

D and | represent the desired and interfering signal power
random variables respectively. In a fully equipped hexagonal-
shaped cellular system, there are six cochannel interfering
cells in the first tier. Eqn.(3) assumed that noise power is
small and can be neglected as compared with the interference
power.

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

P, = Prob(ﬁ < a) = Prob(% (a) @

where N is a random variable of instantaneous power due to
noise.

1. Outage probability in single interference environment

it is well known that in mobile systems both the desired
radio signal and any cochannel interferences experience
Rayleigh fading at the mobile receiver. A Rayleigh
probability density function for the envelope of the desired
signal is given by exponential probability density function for
the instantaneous signal power

__D
FAD)= 210% e % | D20 0]

where 247 is the local mean power of the desired signal.
Similarly when the envelope of interfering signal due to one
interference has a Rayleigh probability density function, the
pdf of the instantaneous interference power becomes

D= 1> ©)

3\,

where 24 is the average power of the undesired signal.

Usually noise is Gaussian process with zero mean and
variance o, and the pdf of the instantaneous noise power is
given by

fN(N)=72+zN72 N=0. )]

Assuming that N and 1 are statistically independent, the
pdf of the instantaneous power due to interference and noise
can be obtained as follows

FedUY = [ SN FLU-N)aN

— [ s u-may (®)

N ~N
_ (" __1 i d 1 e
_fo V2nNa, ¢ 2 ¢ aN.
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- The pdf of U is given after several manipulations by

10 = et F L v
1 _ 1

)]
IR
erf2) =,.72; fo TPt (10)

As a check on this pdf, we can integrate A U) from 0 to
infinity to obtain 1.
The outage probability can be expressed as follows [6]

Py = Prob(% < a)

=f ” I * U DYaDA VYU (11)

= fom(l—e_%) : 20%37”\/; . er!(\/—k'z_u) . e-_z%dU.

To integrate eqn. (11), we use following relation

[t -e i = 54 4 a2

Using eqn. (12), the outage probability simplifies to-
__dld } 7l 7,
Ai+a | did+a 13)
= 1 _ Vi . Yn
yita V Yot a
where signal-to-noise and interference ratioy is defined as

= ()T

(14)
= (y;'4+ 7H7!
where
oG y .
In= —02— ; signal to noise ratio,
. n
- . ,
Y= 2 ; signal to interference ratio.
- 0;

In the event of Rayleigh fading only (ie., o2 = 0); the
outage probability becomes

PW,=P(%<a)=1—T'ﬁ—a. s

In the event of no cochannel interference being transmitted
(i.e., ¢ = 0), the outage probability can be expressed as

Pa=F( B a)=1-| 00 : (16)

Fig.2 and Fig.3 show the numerical results of eqn.(13).
Figures illustrate outage probability as a function of SIR
(signal-to-interference ratio) for several values of SNR (signal
to noise ratio) in single interference environment with ¢ = 6dB

“and «=18dB. 18dB is system design parameter used in most

cellular mobile system. Signal-to-interference power ratio of
18dB is measured by the acceptance of voice quality from the
present cellular mobile receivers, this acceptance implies that
both mobile radio multipath fading and cochannel interference

_power ratio become 63.1. We choose 6dB as used in the

other literatures for comparison. 6dB implies that the
signal-to-interference power ratio is 4. At 6dB cochannel
interference reduction factor ¢= D/R becomes half of that of
18dB. R is the coverage radius of the cell and D is the
distance from the center of the cell to the center of the
interfering cell. 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 «
increases, outage probability increases. It is observed that for
SIR < 20dB the cochannel interference dominates as the
major source of outage probability at low values of SNR.
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Fig. 2. Outage probability for single interference case
e = 6dB, SNR = 10, 20, 40, Infinity
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Fig. 3. Outage probability for single interference case
o = 18dB, SNR = 20, 30, 40, Infinity
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2. QOutage probability in multiple interference environ-
ment with same mean power

The outage probability in a cellular mobile radio system
with sm-cochannel interferences and background noise is
calculated. As mentioned above, cochannel interferences
experience Rayleigh fading and it is assumed that each
interference has the same mean power 2¢2. The joint
probability density function of s exponential distributed
interfering power is given by [5].

ot 22

Iy = e °°
(m—D!'Q2H™

" an

I=L+L+-+1,.

Assuming that sum of the m-cochannel instantaneous
interference power- 1 and the noise power N are statistically
independent, the joint pdf of the 1and the N can be obtained
by convolution. It can be derived as follows

__2% medl

_ 1 3 1. 1._&%&
AUy = \/ﬁn,,Z"’(o?)"‘I(m+%) e U 1F1(2 smt = U)
U=N+L+5L++1,= N+I120 (18)
1 1
T
W@y @ BB D= 5 ((23, ‘(7;2’)] (‘;;"))i‘ji, 19)
_ _DNa+i)
(a’); e (20)

where ,F.( al-:-a,,, ; BB, ; x) is hypergeometric function
[8, pp.1045]. I(-) is gamma function. To obtain outage
probability, we use eqn. (5), eqn. (18) and eqn. (8).

© nge U )
Py =[ [ AD)dDAU)dU
—a U
- [ (1-¢ ). Ayav
To integrate eqn.(21), we use following relation[8, pp.851].

fgm e #*x"l \F(a;B;Ax)dx 22
=I(u)u"”2F1(a,u;B;%), >0, v>0.

@D

Fila, B B x)=(1-2""7,

Using eqn.(22), eqn.(23) and eqn.(21), the outage pro-
bability is shown as follows

_ 1 7
Pout - 71+a] 7n+a (24)

In the case of m is 1 in eqn. (24), the outage probability
results in the eqn.- (13) due to single interference. In the event
of Rayleigh fading only (i.e.¢%=0), the outage probability
becomes

arbitrary 8. (23)

Pay = 1— 5251 25)

In the event of no cochannel interferences being
transmitted (i.e. c?=0), the outage probability reduces to
eqn.(16).

Fig. 4, Fig. 5 show the influence of multiple cochannel
interferences on the outage probability as a function of SIR
(signal-to-interference ratio) with fixed protection ratios and
SNR’s. Note that in Fig.4 SIR is defined as ¢%/¢% In each
case, outage probability curves are presented for different
values of o and SNR. Fig.5 shows the outage probability
with respect to total interference power by defining SIR as
o4/ md®. Assuming that the total interference power is J, little
or no difference in outage probabilities were observed for
single ( 1,=7) and multiple interferences (I,=1,= -1,
= I/m) cases. This implies that the outage probability is
influenced by the total interference power, not by the number
of interferences.
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Fig. 4. Outage probability for multiple interferences case
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Fig. 5.

SIR =4%/¢%, m = number of interferences
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3. Outage probability in multiple interference énviron-
ment with different mean power

The joint probability density function of L exponential
distributed interfering instantaneous power with different
mean power is given by [5].

AL

EL (2d%—26%)

D= I1=0.

26

i+k

where 20% and 2¢% are the kth and the /th average
interfering signal powers respectively.

Assuming that sum of the I cochannel instantaneous
interference power 1 and the noise power N are statistically
independent, the pdf of sum of the 7 and the N can be
obtained by convolution. '

fik D) = [ IAMA(U=Na

v 1 __zuo‘r E
- fo 2nNa, € mglbme aN @n
= 2 by ez__‘éferf(w k'"U)
P kw0, 2
; C\L-2
where  b,,= ( 20%) k=L
. 15111,(201 —26%) T Tm
=m im il o
To obtain eqn.(27) we used following relationship
Ue—-ax __\/:71
fo mdx— 2 erfVqD). 28)
We show eqn.(27) becomes 1 as follows
o b, 3 (ET ‘
B e oAl 5 e
_ @) "
i Pm =20 29)
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: 7 _ ,
= % =1
where
1 11
. 208 26, - 26}
o= . : o 30)
@D @D - o)t
1 1 | 1 1
244 205 205 2 - 20%
. . " | e

(26h)t? (20%)L‘é - @2E)ET? @A) - (20D



JOURNAL OF ELECTRICAL ENGINEERING AND INFORMATION SCIENCE, VOL. 3, NO. 3, 1998 407

i=1,2,3,,L. ,
Finally, to obtain outage probability, we use eqn.(5),
eqn.(12) and eqn.(27)

Poi = [ [ ADA O aDAU

a- U

= [Ta-¢ ¥ ) AU

I %G L,
*/;,, 202:,, b 20

m=1 02d
a+02m‘

_1_ Yn . Ya ¥Ye'¥a3 Vi
=1 V vuta  (atry)-(atrp--(atry) @32

_ _ %
Yn_?n; 7im“o_2_im.

When »,,’s, m=1,2,-, L are the same we obtain eqn.(24).

III. Conclusion

A generalized outage probability including the effects of

both m cochannel Rayleigh faded interferences and additive

white Gaussian noise have been investigated in the 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. In the case of
neglecting Gaussian noise, the situation degenerates to usual
case of interferences only. The desired outage probability
formula is obtained by deriving the probability density
function of sum of interference and noise.
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