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SUMMARY High capacity cellular mobile radiocommunication services in Europe and in North America have set 
extremely demanding minimization interference targets for the involved operating systems, in order to keep spectrum 
efficiency in high levels. The evaluation of the conditional cochannei interference probability remains a very interesting 
scientific area and a major concern in mobile communications. Therefore the evaluation is strongly needed to maintain thr 
rerquired transmission quality level, to control the spectrum efficiency, to optimize the design criteria and to predict the 
signai-to-interference ratio in different cellular systems. In this paper, a new mathematical method is presented suitable for 
the exact exact evaluation o f the outage probability of this type of intereference under specific considerations concerning the 
existing mobile's propagation environment. Using this prototype method, a high level of probability's accuracy is obtained 
especially in the worst cases, where the received signai is degraded due to the presence of radio-shadowing phenomena.

1 INTRODUCTION

The decision to implement a cellular systems approach to 
high capacity mobile radio communication services in 
Europe and in North America, has set extremely demanding 
engineering targets for the operating consortia involved. 
In common with all terrestrial mobile radio transceivers, 
cellular equipment must operate in environments degraded 
by a great many types of man made interferences. Of these, 
the non-coherent forms (ignition noise from vehicles, wide 
band noise from lighting, power lines, etc) have already 
received attention. As increasing numbers of equipment, 
are brought into service in the higher UHF bands, the 
probabilities of interference from coherent sources such as, 
unwanted em issions from transmitters and receiver 
generated spurious, became more significant and a great 
effort has spent on their evaluation [ 1,2.3]. Moreover due 
to the major problem facing today’s radio communication 
industry; that is the limitation of available radio frequency 
spectrum, a high degree of spectrum efficiency is needed 
by keeping the cochannei intereference in low ievei.

It is noted that spectrum efficiency is one of the most 
important factors in designing ceiluiar mobile radio systems. 
It depends mainly upon the selected cluster scheme, the 
applied modulation-demoduiation techniques and the set 
of technical parameters ( i.e. the acceptable interference
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probability and the call blocking probability) that affect the 
service quality. In this case, the Conditional Co-channel

Interference Probability (CCIP) denoted as qc, is a measure 
to control the Interference's level helping the designers to 
re-adjust the system's operating parameters in orderto keep 
this type of interference in low levels. Also when attempting 
to increase the system's capacity by increasing the cochannei 
interference sometimes is increased in high levels. In this 
case the transmission quality cannot be maintained at the 
specified level and new techniques should be applied in 
order to increase the system’s capacity by xaving as a

reference point the predicted qc CCIP is defined as the 

probability that the undesired signai Local Mean Power 
(LMP) exceeds the desired signai LMP, by the protection 
ratio denoted as O' according to the Average Interference 
Criterion [4], The main problem of calculating the CCIP is 
to evaluate the probability density function (pdf) of the sum 
of log-normaily distributed variables. More precisely, in a 
ceiluiar environment, the received signai is produced by 
the summation of all the cochannei interfering signals 
having a total Local Mean Power I. The problem faced by 
the designers is to evaluate the pdf of I. This evaluation is

very important for the final calculation of qc.

Existing methods approximate the pdf of the I without 
giving accurate results in the calculation of CCIP. Fenton 
[5] attempts to approach the above stated problem, assuming 
that the sum of two (or more) log-normal pdfs is another 
log-normal pdf having the same variance and the mean 
value being the sum of the individual means.



Nagata -Akaiwa derive an expression for qr.using a 
mathematical analysis based on fenton’s method. This 
expression was corrected later by Prassad-Amback [6]. 
Finally, Schwartz-Yeh [7] optimize Fenton’s method and 
derive an expression for the variance which is the sum of 
two log-normal variables; and for the case, for more than 
two variables they use an iterative approximation.

This paper presents a new method for evaluating the 

probability q(. which is defined in terms of log-normal 
random variables. The method involves six multiple 
integrals that evaluated using Gauss-Hermite formula. 
Finally, the formula is derived by the use of characteristic 
functions. The presented method offers advantage in the 
accuracy of computation over the use of direct numerical 
convolution of the relevant pdfs, greater computational 
speed and reduced complexity.

Moreover, this method offering a prototype calculation of 
q can be used either as a reference point for testing the 
ΙένεΙ of accuracy of Fenton and Schwartz - Yeh techniques 
in any mobile radio system environment, or as an alternative 
technique for calculating the conditional co-channel 
interference.

In section 2. some aspects concerning the basic elements 
of the propagation modelling of Cellular Mobile Systems 
are given. These elements are taken into account in order

to extract the formula for q( .

Section 3, is reffered to the new proposed method and also 
corresponding mathematical analysis is given.

Finally, a comparison is made between the proposed method 
and the existing methods and the results are shown in 
section 4.

DESCRIPTION OF THE CELLULAR MOBILE 
RADIO ENVIRONMENT

Pf (jO = —  exp
V 2x,o y

where: X 0 = is the LMP of the signal 
y = is the signal's amplitude.

However, according to the literature, fast fading rarely 
follows true Rayleigh behavior [9].

Slow (log-normal) fading is a much slower variation of the 
median signal, from sector to sector and is a result of the 
signal blocking due to either large structures, hills, man 
made structures or mountains. In contrast to the fast fading 
phenomenon, where the pdf is not always follows a Rayleigh 
distribution, the corresponding pdf of the slow fading 
situation can be accurately modeled by the following pdf 
that follows a log-normal distribution:

where :
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σ  = is the standard deviation 
m = the mean of the LMP, called Area Mean 

Power (AMP).

In this case, for a cellular environment, the received signal 
is produced by the summation of all the incoming co
channel interfering signals. Let us assume that “I” is the 
LMP of the sum of all the co-channel interfering signals in 
a cell, therefore the engineers and designers are faced with 
the problem to evaluate the pdf of I. The solution of this

problem is very important for the final calculation of qc.

As mentioned previously (section 1), the existing methods 
approximate the pdfs of I without giving accurate results. 
For this reason, the present authors propose a new method 
to derive the exact mathematical expression that is suitable 
to evaluate the Conditional Cochannel Intereference 
Probability.

Propagation is rarely line-of-sight and generally a number 
of waves are received at the vehicle's antenna by reflection 
from hilis, buildings, etc. depending upon the mobile’s 
urban or rural environment. The interference of these waves 
produces a standing wave pattern that gives a variation of 
field strength (known as “fading”) along the street. As the 
vehicle moves through the fadings pattern, rapid 
fluctuations in the received signal level occur.

Cellular Mobile Radio signals, in the 900 MHz frequency 
band, are characterized by a fast fading component 
superimposed on a Slow fading one. The fast (Rayleigh) 
fading is produced by the rapid fluctuation in the received 
signal’s amplitude and phase, due to the multipath 
phenomenon [8]. The pdf of the fast fading signal follows 
the Rayleigh distribution and is given by the following 
formula:

3 M ATHEM ATICAL ANALYSIS OF THE NEW  
PROPOSED METHOD

For the purpose of the present analysis, the following 
symbolisms are made:

I, is the
s is the

m, is the

is the

σ,· is the

σ* is the

Pu is the

Px is the
k is the



Moreover, the present method considers the following set
of assumptions:

i. The cellular system zoning is hexagonal and the 
subscribers are uniform distributed over the examined 
communication service area.

ii. The co-channel interference, from the first tier is the 
dominant one [10,11], and the interference from the 
adjacent channels can be ignored due to the receiver’s 
high selectivity according to the current mobile radio 
engineering demands.

iii. The probability of interference is the probability that 
the ratio of LMP of the desired signal to the LMP of 
the net interfering signal is less than the protection 
ratio β.

iv. If the probability of interference for a given call is 
satisfactory at the Base Station, it is also satisfactory at 
the Mobile Terminal.

v. There are six cochannel interfering cells (interferers) 
in the first tier, in a fuily equipped hexagonal-shaped 
cellular system.

According to the above stated assumptions, q can be
expressed by the following formula:

qc= P roh
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Let (r ) =  <ps (r ), Φ βΙι (r) the characteristic

functions of the variables w, S, /?./, respectively. By taking 
into account that S, I are statistically independent, then 
the characteristic function is shown [12] to have the 
following form:

Φ „(γ) =  Μ γ) Π 0 (_r) (9)
/ . (  pi,

and by recalling the definition o f the characteristic function, 
equation (9) gets the following form:
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If w -  s -  β  ^
<=i

then (3) can be written as follows:

q

(4)

(5)Cc = Prob (w , 0)

Considering log-normal pdfs for the /, andS, the following
expressions are given:
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It can be proved [12] that the pdf of the variable /?./,· is 
given by:
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From (6) and by definition, the following is obtained:
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By substituting (12) to the (13) we get:
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Hence, (14) can be written as follows:
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environment for realizing the appropriate comparisons with
the already published results Γ61
and

b) m, =  · · · =  mk = rrij
this assumption is generally valid
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the following expression is valid according to the conditions 
stated at [4,5 and 10]:

m, -  ms = 1/2 [(3/2^) 2 ] (23)

where: Ps(x) = is the Cumulative Distribution Function (cdf) 
of S.

Ps(x) can be written as:
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with F(x) being the cdf of the Normal distribution and 
having the following form:

F(x)  = j exp [ -  — ] du (20)

where: γ is the path loss propagation factor (usually γ=4)

ηχ the cluster size.

By substituting (23) to the equation (22), the final formula 

for qc is obtained:
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the second part of equation (24) can be calculated using 
the following Gauss-Hermite formula:

oo v

From (16), (19) the following expression of qc is obtained: J ex p  [ - λ 2 ] g U ) d x  =  £  a ,-g U ·)
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Equation (21) is simplified to the following form, by 
considering the case where:

3) σ ? = σ ,  =···  = σ κ = σ
this assumption is considered in order to match the

where: , JC, are constants given from special tables 

i is a constant that denotes the accuracy at the f  decade 
digit.

It is noted that in real time applications the execution time 

for calculation of qc, by applying equation (24), is 

approximately 3 sec using a Micro-Computer Pentium/ 
166MHz.

4 NUM ERICAL RESULTS AND COM PARISON  
WITH THE EXISTING METHODS

Within the framework of the calculation procedure and the 
suitability of the proposed technique, equation (24) is used 
to evaluate qc for several values of a and β, common in the



Cellular Mobile Radio systems.
The following considerations are taken into account:

i. k=6, i.e: there are six cochannel interfering cells in 
the first tier

ii. the propagation path loss slope γ is equal to 4

iii. the system’s cluster size ng is equal to 13
iv. the standard deviation o f log-normal fading σ  was 

varied from 4 to 13 dB.
v. the cells are centre illuminated (using omni-directional 

antennas)
vi. υ=5, i.e. accuracy at the fifth decade digit.

Table 1 The qc for several values of σ  and 0 as evaluated 
using the Fenton's method.

p=4dB P=8dB β= 12dB
σ qc a qc a qc
4 0.00001 4 I 0.00050 4 0.00842 1
5 0.00076 5 | 0.00682 5 0.03912 I
6 0.00613 6 1 0.02700 6 0.09000 I
7 0.02223 7 I 0.06272 7 0.14576 1
8 0.04819 8 I 0.10259 8 0.19461 I
9 0.07608 9 I 0.13998 9 0.23305 !
10 0.10473 10 I 0.17228 10 0.26260 I
1 1 0.13136 11 ! 0.19965 11 0.28577 |
12 0.15550 12 1 0.22296 12 0.30454 !
13 0.17723 13 ! 0.24302 13 0.32015 I

Table 2 The qc for several values of σ  and β as evaluated 
usine the Schwartz-Yeh method.

|5=4dB β=8ά B β= l2dB

« ! qt a q< CT qc
4 1 0.00001 4 0.00050 i 0.00808 i
5 I 0.00069 > ; 0.00649 5 0.03819 |
6 | 0.00557 6 0.02572 6 0.08828 !
7 I 0.02023 - 0.06037 7 0.14938 !
8 | 0.04647 3 0.10786 8 0.21343 I

| 0.08192 9 0.15931 9 0.27201 !
10 | 0.12528 10 j 0.21252 10 0.32753 |
11 ! 0.16770 11 0.26237 11 0.37526 |
12 | 0.21461 12 : 0.30872 12 0.41711 ί
13 1 0.25762 13 0.35069 13 0.45583

Table 3 The qc for several values of σ  and β as evaluated 
using the proposed method.

P=4dB 0=8dB β= 12dB
σ q< σ i qc <τ qc
4 0.00001 4 I 0.00051 4 0.00835 I
5 0.00074 5 I 0.00667 5 0.03839 j
6 0.00615 6 : 0.02700 6 0.08938 |
- 0.02157 -  0.06282 7 0.15057 |
8 0.04844 S 1 0.10917 3 0.21314 !
0 0.08444 9 ! 0.16027 9 0.27228 j
10 0.12599 10 i 0.21 181 10 0.32595 I
11 0.16988 1 1 ! 0.261 16 11 1 0.37361 1
12 0.21369 12 1 0.30696 12 0.41546 !
13 0.25585 13 : 0.34868 13 0.45202 |

Figure 1 The CCIP for several values of s. as evaluated using 
the three methods with β=4 dB.y=4 and ng=l3

Figure 2 The CCIP for several values of s. as evaluated using 
the three methods with (3=8 dB. γ=4 and ng =13

The results concerning the new method using equation (24), 
are depicted in Table 3. In tables 1 and 2 the corresponding

values of qcare shown by considering the Fenton’s and 
Schwartz-Yeh’s methods respectively, under of course the 
same initial conditions.

Figures 1 to 3 show the obtained results, in a form of 
histograms, where the numerical deficiencies on the 
application of the three methods, are observed more clearly.

As it can be seen, the method based on Fenton’s technique 
gives satisfactory results for small values of σ  (σ=7άΒ) and 
β; moreover, shows a high degree of accuracy deviation for 
σ  >7dB, therefore is not applicable in mobile radio systems 
where shadow phenomena are existing due to peculiarities 
of the geographical terrain irregularities (4 dB<a<7 dB). 
The method based on the Schwartz-Yeh technique is more 
accurate with an error less than 1%, compared with the 
new proposed method.



Figure 3 The CCIP for several values of s. as evaluated using 
the three methods with B-12 dB. γ=4 and n =13

V

Figure 5 The CCIP for several values of a. as evaluated using 
the proposed new method with a=4. 8. 12 dB. σ=10

dB and ng =13

7 S 13 2! 36

Figure 4 The CCIP for several values of n g , as evaluated
using the proposed new method with β=4, 8, 12 
dB.o=10 dB and a=4

)
In Figure 4, qc is histogramed as a function of the 

cluster size ng (reuse factor) for β=4. 8 and 12dB.a=10dB 

and a=4. The examined cluster size ( n g ) values are 7, 9,

13,25, 36 correspondingly. It is noted that the selected ng 

values span a range from heavily cochannel interference 

limited to noise-limited. In relative terms, n g =7 gives the 
highest user capacity with the lowest transmission quality, 

while ng =36 has got the highest transmission quality with 

the lowest capacity within the framework of the considered 

range. M oreover, the n g values 9, 13 and 25 are of 

intermediate transmission quality and capacity interests.

Figure 5, depicts qc as a function of the path loss slope a,

for a taking values 4, 8 and 12dB, a=10dB and f lg =13. In 

this case, a was varied from 2 to 6. It is noted that a=2

corresponds to free-space path loss, while a=6 corresponds 
to heavily attenuating environment (i.e: a multistorey office 
building).

5 CONCLUSIONS

A new mathematical method to evaluate the Conditional 
Cochannel Interference Probability has been presented. This 
outage probability has been calculated under specific 
assumptions for the path loss and shadow fading modelling; 
and an advantage in the improvement of the accuracy and 
the computational speed over the existing approximated 
methods have been shown. The obtained accuracy of 
computation, strengthens the interference minimization 
targets that Europe and North america have set for the 
cellular systems in order to maintain transmission quality 
in required level and to control the spectrum efficiency.
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