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Cochannel Interference Probability of Cellular Mobile
Radio Systems in the Environments of Noise and
Nakagami Fading plus Lognormal Shadowing

Yong Hoe Shim*, Sung Eon Cho*, Sung Joon Cho®™* Regular Members

S, U7b7he] H ol 3} Ul 44 5F shadowingo] &) gt
375l A] ASet o]lF A Al A BA Ad (Y g

FER kL B ®* FeH # W ZET IFeH 8 & @

ABSTRACT

The cochannel interference probability has been estimated both in the environment of Nakagami
fading and Gasussian noise and in the environments of Gaussian noise and Nakagami fading plus log-
normal shadowing. In noise and Nakagami fading environments, a theoretical analysis has been per-
formed in order to calculate the cochannel interference probability in addition to computer simu-
lation. In the environments of noise and Nakagami fading plus shadowing, only a simulation tech-
nique 1s used due to complexity in analysis. The spectrum efficiency is discussed on each case.
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From the results, we found that cochannel interference probability at a small reuse distance is af-

fected by noise and fading plus lognormal shadowing but, at a large reuse distance, fading severity

of desired signal and noise dominate the cochannel interfernce probabilty because path loss makes

the power of interferers weak,

L. introduction

The cellular systems use the same frequency in
distinct cells in order to increase the spectrum ef-
ficiency. But the closer is the channel reuse dis-
tance for spectrum efficiency, the larger is the
amount of cochannel interference (interference
vriginated by the cells using the same channel).
And the required performance of the systems con-
not be obtained.

Meanwhile, due to ground irregularity and gen-
erally low antenna elevations, the direct path be-
tween transmitter and receiver can be obstructed
in the mobile radio channel."!” This is the main
cause of shadowing effect in median signal level.
In addition, fading caused by mutipath propa-
gation superimposes on the shadowing,

As a received signal level fluctuates due to
many factors, the amount of interference for one
specific location is measured not by a fixed value
but by probability., The limiation in distance for
reusing frequency channel can be determined by
the cochannel interference probability, But in the
high-capacity mobile radio systems, the trans-
mission quality of a system is strongly dependent
on thermal noise as well as chchannel inter-
ference.'” Therefore, to achieve a satisfactory
frequency channel assignment plan, it is necess-
ary to investigate the cochannel interference
probability in the presene of fading, shadowing
and thermal noise,

Most of the previous papers, [3]-[13]. have fo-
cused on only the cochannel interference in the
measurement of the system performance, Only
one paper, [2], investigated the effect of the
Gaussian noise on the cochannel interference
probabbility, But it assumed that both the des
ired signal and undesired cochannel interferers

are subjected to Rayleigh fading. Such an as-

sumption 1s invalid in the case that the received
signal contains direct wave or in less severe fad-
ing environments such as suburban, rural and
open area. The Rayleigh fading model is confined
to a received signal composed of multipath signal-
s coming from all directions caused by reflection,
diffusion and diffraction. In order to avoid those
limits and model different fading enviromnents,
this paper evaluates the cochannel interference
probability of mobile radio systems operating in
Nakagami fading and Gaussian noise by using the
mathematical model proposed in [2]. As Nak-
agami fading model includes the Rayleigh distri-
bution as a special case and approximates the Ric
lan distribution which fits the direct wave exist-
Ing enviromnents, this analysis can give more ver-
satility in comparison with teh case of the Ray-
leigh fading. Shadowing effect, which was not
handled in [ 2] on account of complexity in analy-
sis, 1s accounted for by simulation in this paper.
The spectrum efficiency is computed in Nakagami
fading and notse channels and in Nakagami fading

plus shadowing and noise channels respectively.

il Characteristics of Cellular Mobile Radio Channel

The predictions made in this paper are based
on a model of propagation between a base station
and a mobile station which has four main aspects

fading, shadowing, Gaussian noise and path
loss.

As a vehicle moves through the servide area,
the received signal envelope R fluctuates rapidly
due to multipath propagation and wave inter-
ference. In most case, the received signal envel-
ope is assumed to fluctuate with Rayleigh prob-

ability density function.'* But this assumption is
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valid only for the case that a received signal is
composed of multipath waves uniformly comming
from all directions because of reflection, diffusion
and diffraction. However, it is a common case that
exist diffraction waves includes stationary com

ponent caused by the rooftop of a building or a
roadside tree in urban locations. In the event there
are fixed scatters or signal reflectors in the med

ium, in addition to the randomly moving scatters,
the signal envelope can no longer be modeled as
having Rayleigh p.d.f. In those cases, Nakagami
distribution or Rician distribution 1s more fit to
the fading model rather than Rayleigh distri

bution. " ‘12 In this paper, Nakagami fading mod
el is to be used for the following reasons. First,
the Nakagami fading model is one of the most ver

satile. The Nakagami fading (mdistribution)'"*
has a generalized distribution that can model dif

ferent fading environments according to an index,

m, as shown Fig. 1. Second. it has greater flexi

bility and accuracy in matching some experumen

tal data than the Rayleigh, log normal. or Rician
distribution. Third, Nakagami distribution takes
the Rayleigh distribution as a special case and
also approximates the Rician distribution 1=

m=20
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Fig. 1. Nakagami distribution p.d.f.
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Shadowing of the radio signal by building and
hills leads to gradual changes in local mean level
as a vehicle moves, with the result that the
local mean R is lognormally distributed within
area, say H00im| across. The severity of the shad-
owing 1s represented by dB spread, « dB. The par
ameter o 18 typically between 6 dB and 12 dB in
practical channel."” """ The shadowings of the
desired and interfering signals are assumed to be
independent in this paper,

Gaussian distribution 1s used here for repres-
enting the noise variation. A more realistic noise
model might be an additive mixture of Gaussian
noise and non-Gaussian impulsive noise, 2" {1 In
order to avoid complexity in analysis, only the in-

fluence of Gaussina noise 1s considered.

lll. Cochannel Interference Probability in
Nakagami Fading plus Noise Channel

The cochannel interference probability may be

defined as
F(Cl) =%, F(CI L) Fi(L) (1

Here Er(L) is the probability of L cochannel
interferers being active, F(CI|L) 1s the corre-
sponding conditional cochannel interference prob-
ability that the interference power exceeds the
desired signal power divided by an appropriate
power protection ratio Q. Considering the effect
of thermal noise, F(CI{L.) can be defined as

F(CI|L) =Prob, { pa/pu< Q! (2

where pe is the instantaneous power of the des-
ired signal, p. 1s the undesired power which 1is
composed of white Gaussian noise power and join

t interference power from L. active channel -V

[ S Y

In a Nakagami fading environment, the Nak-
agami distribution characterizes the signal magni-
tude statistically. The desired signal power, S (in

watl per meter), is then a gamma distributed r.v.

v
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with probability density function, f(S), given by

(308}

m
f(S):(%)mr—‘g(Tn-)exp (—2-5) (3)

where m20.5 and 2(=S8?) is the average power
of the desired signal. The constant m s called fad-
ing index and I'( - ) is the gamma function. The

signal power distribution for a Rayleigh fading

channel is obtained by putting m=1. The less sev-

ere fading conditions are modeled by lager value
of the fading index m. And the nonfading case
corresponds to m= ¥

Assume that there are L independent identical-
ly distributed (i.i.d.) interferers having the same
average power. This assumption is a resonable
one when all interferers are at approximately the
same distance from the mobile station. Then the

independent instantaneous interferer phasors add

together to produce the resultant instantaneous
interferer. Since the interferers are statistically
independent, the short-term power of the result-

ant interferer, 1, can be written as
[=Li+ToA4--ee +Ie €Y

where I, (i=1, 2, ---, L) is a r.v. representing the
short-term power of the in interferer, In a Nak-
agami fading environment, [, 1s a gamma distrib-
uted r.v. whose p.d.f. is given by (3) with aver-
age power Y and fading index m’, Using Laplace
transform, the p.d.f. of y is found to be't!" 1=

mi om

:l/'""L 3 r~
fi(y) (Y) r(m,L’)exp( v ) (y>0) (5)

Assuming the noise comes from a stationary
Gaussian random process, then the p.d.f. of the
envelope 1s a Rayleigh function given by'”

2
_ @ _ s .
fm.(an)A—-Nr exp ( N, ) (6)

where a. is the random noise amplitude and N. 1s

the mean noise power. The corresponding p.d.f.
of the instantaneous noise power N is

1 N
f\-(}\)"-ffl—- exp (*—iﬁj), (N=P.~y) (7)

N-
Using Egs. (3)-(7), F(CI|L) is obtained as

, Qpu Pu n Sml
FCIIL) ={ ap. [ "ds [ (8" Fr exp(— 2 5)

mil -1
m ml. Y _n __1_
5 Fm L) POy Yy
 Pi—y
exp( N ) dy (8)

Eq.(8) is solved as follows

__CNR CNR

F(CI!L)zﬁg)u —o)lrma+ ol
—:‘_L;)lCNR'(m'CIR"'CNR)k-I‘(m+k+1)-Z"”"”
CF(L mAkFL i m1 2 ],

where, (9)
2= CE 1!

and CNR 1s carrier to noise power ratio (CNR=Q
/Nr) and CIR is carrier to interference power rat-
io (CIR=Q/Y). When only interferers signals
from the nearest neighboring six cochannel cells
are considered, where the blocking probability B
and the number of channels n. are the same in all
cells, F1{L) can be written as'i!

6. ]
Ful)=(}) B (1=B")"" (L=0, 1,~.L) (10)

And Fi(L) can also be expressed in terms of car-
ried traffic a- per channel". 119

6 o
FI,(L):(I) al(1-a)f " (11)
where a-=T/n. and T: is the carried traffic per

cell. The cochannel interference probability can
1671
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Fig. 2. Cochnnel interference probability of 4 Nakagami
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Fig. 3. Cochnnel interference probability of a Nakagam
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he calculated with a random number of interfere-
rs using Eq. (1), Eq.(9) and Eq.(10). The cochan-
nel mterference probability F(CI) in Nakagami

fading and noise channel 1s, then, found as

CNR

Fen =+ mQ)

) F«'())Jr['z1 FICIIL) - Fi(L)(12)

I[n the mobile environment, the propagation
loss 1s nversely proportional to distance to the
fourth power.”'" This i1s an expression of loss in

dB. and it 18 given as

Loss T (13)

Here, 1n order to reduce complexity, the approxi-
mate value of dg,' is used instead of dim™™ in Eq.
(13}, Using the fourth power law, the carrier ..
interference power ratio has the following rala-

tionship.,

CIR %(RN (11)

where K.1s the reuse distance defined as the rat-

10 of the distance between cochannel cell centers

and radius of a cell, Rt
) ]
R.= P (15)

Using g (120, Eq.(11) and Eq.(15). the cochan-
nel mmterference probability at each frequency
reuse distance can be calculated 1n the presence
of Nakagami fading and Gaussian noise,

Fig, 2, Fig. 3. and Fig. 4 show the validity of
the theoretical analvsis by comparing with the
value computed by computer simulation, Fig, 2
and Fig. 3 depict cochannel interference prob-
ability versus normalized reuse distance with the
fading index m of the desired signal whert the fad-
ing mdex of the mterferer, m s tixed to 1. It 1s
known that as the fading index increase, e, the
severity ot the fading decreases, cochannel inter

ference probahilitv decreases at the same reuse

www.dbpia.co.kr



B /A2, Wil dloled ol th 7t shadowingol Eajshe gdslolx dgal ol 41 Al 2wle) 59 Ad 2h4) B

1E+003
q o
3 ‘:‘h CNR=20dBm'=1
I
N i
‘8 1E014
a 3
P a m=1
3 B
<2
Q m=3
@
2 1go2:
£ ]
3 R A
+ Dotted lina . a random number v
! ot interferers m=5
1 Salid line : a single interferer
o T T T .
15-03‘ 3 5 7 9 11 13 15

Reuse Distance (D/R)

Fig. 5. Cochannel interference probability versus reuse
distance with the fading index of wanted signal,
m, as a parameter for Q==10ldB], CNR=20
[dB]. B=0.02, ac=5[erl. ] and n=10. (Dotted
line : a random number of interferers, Solid line
: a single interferer)

|E+ocg

uzo'i. \ CNR=10 dB
g sl
< : CNR=20 dB
o 3
© 1E-033
2 E \
S T - CNR=30dB
E’J B4y Q=10d8 \
h = m=3. m'=2 T
[
2
£

CNR= o
(only tading)

e
) 4

»
A

w

m

)

9
N

H 4 [ 8 10 12 14 18

Reuse Distance (D/R)

Fig. 6. Cochannel interference probability versus reuse
distance with CNR as a parameter for Q=10
(dBJ, B=0.02, a.=5[erl.] and n. = 10.

distance. Fig. 4 represents the cochannel inter-
ference probability versus reuse distance with
CNR as a parameter.

Cochannel interference probahility has been
calculated for Q=10 dB, CNR=20 dB and m'=
and is shown in Fig. 5 as a funcion of reuse dis-
tance with the fading index of the desired signal
and the number of interferers as parameters. Fig.

5 shows that the number of the interferer has an
effet on the cochannel interference probability at
small reuse distances but the cochannel inter-
ference probability at large reuse distances is
mainly subjected to the noise because of the rela-
tively small power sum of interferes,

Fig. 6 shows cochannel interference probability
versus reuse distance with CNR as a parameter.
In Fig. 6, for large CNR, cochannel interference
probability becomes approximately equal to the
case of fading only which corresponds to N—(.
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Interference Prob.

Fig. 7. Cochannel interference probability versus car
rier to noise ratio (CNR) with the fading index
and Q@ as parameters for D=6.0R. B =0.02,
a.=5lerl.] and n.=10.

Fig. 7 represents the cochannel interference
probability versus CNR with the power protection
ratio ) and fading severity as parameters. It is
known that the fading index has more influence
on the cochannel interference probability when
cochannel interference probability for Q=10 dB is
compared with that for Q=18 dB and that cochan-
nel interference probability for large CNR bec-
omes equal to the value of the fading case.
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V. Cochannel Interference Probability in
Nakagami Fading plus Lognormal
Shadowing and Noise Channel

In the previous section, the equation of the coc
hannel interference probability has been derived
when the desired signal and interferers undergo
Nakagami fading and noise without shadowing. In
addition, the theoretical results are compared

with the values of computer simulation,

In this section, the cochannel interference prob-

ability will be investigated by using computer sim
ulation under the condition that the desired signal
and the interferers are subjected to Nakagami fad

ing plus shadowing and noise.

1. Considerations for shadowing effect

Under shadowing, the mean power level of the
desired signal, Q, and the mean power level of an
interferer, Y, have lognormal distributions, 1" 11"
‘5 That 1s,

forad (Qu) =~—== exp( *-(EA/_—QML) (16)
NZ RS 2
thml(yyd):‘\jr%T exp( Vi ,v”d) ) (17}

where Qu and Ya are the logarithms of the mean
power level of the desired signal, £, and the inter
ferer, Y., respectively. The parameters a. and o
are called dB spread and typically have values be
tween 6 dB and 12 dB depending on the severity
of the shadowing.''V Since shadowing is a local
phenomenon, this paper assumes that ¢. 1s equal
1o a.

In order to calculate the cochannel interference
probability with i.i.d. L interferers in the pres
ence of fading plus shadowing, an (LL-+1) —fold
iterative integral is necessary.'''' As the numeri
cal (L+1) —fold integration has inherent unstab
iity, round off, and verification question, com-
puter simulations are used for the evaluation of

cochannel interference probability in the Nak

1674

agami fading plus shadowing and noise channel.

2. Simulation technique

When a user receives service from a desired
base station, the instantaneous power at that pos-
ition 1s modeled by
S=Plm) -~ Ld)+ X, dBm (18)
where P(m) is the transmitter power dBm which
follows gamma distribution representing the ef-
fect of Nakagamu fading with index m, L{d.) is
the path loss dB, d. is the distance between the
wanted base sation and the user, and Xs is the ran
dom shadowing term,

The expression for the instantaneous power of
cochannel interfering base station 1s similar to
that of the desired serving base station. The in-
stantaneous power from the jin unwanted base

station 1s
I Plm) ~Lid)+ X, dBm (19)

d. 15 the distance from the user to ju cochannel
mterfering base station, m’ is the index of fading
severity which suppresses the interference power
level, and X. 15 the random shadowing term.
When the hexagonal cell is assumed, the total in-
terfering power at the user’s position 1s found as

im 10

I
Lo 10dog w (210 ) dBm., (0sL=6)  (20)

R
where L. is the number of cochannel interferers
being active and varies with Binomial distri-
bution,
Cochannel interference is occurred under the

following condition,

— < (21)

where noise power N is generated using the rou-
tine vielding random values deviated exponen-
tially as the p.d.f. of the instantaneous noise pow

cris found as 1£q. (7).
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In this paper, Monte Carlo simulation techniq-
ues™ are used to compute the cochannel inter-
ference probability by repeatedly calculating and
tabulating values of the wanted signal power (S).
the total cochannel interference power ([, and
noise power (N). About 100,000 samples of S, Lo,
and N are caculated per a simulation run, Fig. 8

litialize constants

1

Q,z,n',CNR, o

S—|

r trials += 1 1
1

Caculate the path loss
term{L{ds), L{dy))

[

generate the desired
signal power p(m) with
a fading index m

[

generate a noise power N
with a specific CNR -

L

generate a-log-normal
shadowing term X,

I

calculate a desired sifnal,
power S at the Rx station

—

generate the number of
interferer{Binomial distr. )

-

generate a P{m’) and a X;
of each interferer

|

,— calculate a I 1

(the Number of access
failures) / trials

Fig. 8. Flow chart for the simulation.

interference Prob.

CNR=20 dB, m'=1

T [Solidline :m=1. Dofted live : m=3 |
il

103+ —
2 4 8 8 10

Reuse distance (D/R)

Fig. 9. Cocharnel interfercnce probability of a Nak-
agami fading signal in the presence of Nakagam-
1 interferers. The fading indices of the desired
signal and interferers are m and m’, respect
ively. The desired signal and interferers under-
go noise with CNR=20[dB | and lognormal shad
owing with ¢=0/dB], ¢=6{dB]. and =12
LdB].

F—
F | cNR=20 dB
[
[ | cNR=30 a8
e
CNH=40 dB
r|—-e-
CNR=00

Interference Prob.

CNR=
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weoat—-« ——
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Fig. 10. Cochannel interference probability versus reus-
e distance in the environments of noise and
Nakagami fading plus shadowing for Q=8
|dB], dB spread o=6/dB].

represents the flow chart for the simulation prog-
ram.

Fig. 9 shows the cochannel interference prob-
ability of desired signal experiencing Nakagami
fading in the presence of a random number of
interferers and noise, as a function of the reuse
distance. All signals are subjected to lognormal
shadowing. These results are obtammed by com-
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Fig. 11. Cochannel interference probability versus CNR
with the fading index and ¢ as parameters n
the prescnce of noise and Nakagamr tading
plus shadowing for - 10/dB i, D-6.0R,

puter simulation. This figure shows that the sim
ulation results for a0 dB are equal 1o the theor
etical values obtained in the environments of Nak
agami fading plus noise. Fig. 9 shows that the
shadowing has a strong influence on the cochan
nel interference probability in the less severe fad
Ing environment, e,g. m=23, m 1, than that in
Ravieigh fading (m=1, m" =) environment.

Fig. 10 shows the cochannel interference prob
ability versus reuse distance for Q3 dB, 66
dB. m=1 and m =1 with CNR as a parameter. It
1s confirmed that if CNR goes to infinmty, the ¢f
fect of noise can be ignored and then the value of
cochannel interference probability becomes equal
to that for fading plus shadowing channel,

In Fig. 11, as CNR increase. the cochannel
interference porbability converges on some values
more fast for large ¢ rather than for small o. This
indicates that noise may have much effect on the

cochannel interference probability for small o.
V. Spectrum Efficiency

When T denotes carried traffic per cell, n- the
number of channels per cell, W bandwidth per
channel, C cluster size, and s a unit cell area, spec

trum efficiency for cellular systems is defined as

20

1676

N i o e
h‘_——-_n‘W(,‘s erlang /MHz /km 122)

Carried traffic 1s obtained by

T=A{1-B) (23)

where A 1s the offered traffic per cell in erlang
and B 1s the blocking probability which 1s deter-
mined using the Erlang B formula.

The cells are assumed to form a cluster of size
C. located around a reference cell and repeated
around each of 1ts cochannel cells. However. the
exact shape of a valid cluster need not be pre-
cisely specified. 't - The cluster size takes

the form
A T (24)
with integer i and j.

The reuse distance and the number of cells per

cluster are related by

Ry = (30172 (2

(e
jo1}

From the Eq.(22) and Eq.(25), the relation be
tween reuse distance R. and spectrum efficiency
E. can be deduced. Therefore, the cochannel in
terference probability calculated in the section [l
and the section IV can be obtained as a function
of spectrum efticiency,

Fig. 12 shows the cochannel interference prob-
ability versus spectrum efficiency with the fading
index of the desired signal and CNR as paramet
ers for e 0.5 Erl. /channel, B=0.02, m =1 and
Q 10 dB in the presence of Nakagami fading
plus noise. As expected for a given value of CNR,
the cochannel interference probability is lower for
less severe fading. In Fig. 12, the noise may in-
crease  the cochannel interference probability
when the value of CNR is small. For example,
Table | shows the spectrum efficiency required
to achieve a cochannel interference probability of

(.1 for some cases.
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Table 1. Spectrum efficiency to achieve cochannel in
terference probability of 0.1 for a.=0.5 Erl.
/channel, B==0.02, W=25 kHz in the pres
ence of Nakagami fading plus noise.

| Spectrum Efficiency erlang /MHz /km?
S CNR—20dB CNR==40 dB
1 1 about (1.6 about 2,45
3 1 about 2.7 about 4,04

Table 2. Spectrum efficiency to achieve cochannel in
terference probability of (.1 for a.=(.5 Erl,
/channel, B=0.02, CNR-=20 dB. Q=10 dB,
W=25 kHz in the presence of Nakagami fad
ing plus shadowing and noise.

Spectrum Efficiency erlang /MHz /km®
m {m
only fading{e=0dB) | a=0dB a=12dB
1 1 about 0.6 about (.26 about 0.0
3 1 about 2.7 about 1.4 about 0.35
1E+00

v..,/

5 EQ /

e S CNR=20 dB

@

> Y-

g Eor

c 24 ——

g iy,

g

g 1/ PN Q=10 dB, m'=1
= 1p03d CNR=40 8 Solid line : m=1

Dotted line : m=3
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Spectrum efficiency terlang/MHz/xm?]

Fig. 12. Cochannel interference probability versus spec-
trum efficiency in the environments of noise
and Nakagami fading for B =0.02, a.=5[erl.]
ne=10, and W==25 kHz].

Fig. 13 depicts the cochannel interference prob-
ability versus spectrum efficiency with dB
spread, ¢. as a parameter. We can find from Fig.
13 that the shadowing effect makes the cochan-
nel interference probability increases at the same
spectrum efficiency.

Table 2 compares the spetrum efficiency to

o

e CNR=20 dB
% Q=10dB, m'=1
[+4]

3

s

&

S ¢ =12dB

©

2 I \

=2 .

- o=6dB Solld tine : m=1,

Dotted line - m=3

$€-02 3 T T T T g ¥ u
00 10 20 30 40 50 60 70 89 90 100

Spectrum Efficiency lerang/MHz/km?’)

Fig. 13. Cochannel interference probability versus spec
trum efficiency with dB spread as a parameter
In the environments of noise and Nakagami fad
ing plus shadowing for CNR-—=20[dB |, B=0,02.
a-=5[erl.] n.=10, and W = 25| kHz].

achieve the cochannel interference probability of
0.1 in different fading environments with o0
dB, =6 dB and o=12 dB for Q=10 dB and
CNR=2() dB.

V]. Conclusions

In this paper. the cochannel interference prob-
ability has been estimated both in Nakagami fad-
ing and Gaussian noise channels and in the envir
onments of the noise and Nakagami fading plus
lognormal shadowing. The theoretical analysis
has been performed in order to calculate the coc
hannel interference probability in noise and Nak-
agami fading channels. The results have been con
firmed by computer simulation, In the environ
ments of noise and Nakagami fading plus shad-
owing, cochannel interference probability is cal-
culated by computer simulation. The spectrum ef
ficiency 1s also computed in each case.

From the results it can be concluded that :

1) Cochannel interference probability has a hm-
ited value at a reuse distance by adding a noise
term. After that point, cochannel interference
probability i1s hardly changed even though reuse

distance is farther increased.

1677
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?2) As a reuse distance is fixed to a value and
CNR 1s made to increase, the fading severity of
the desired signal has more influence on the coc
hannel interference probability for a small power
protection ratio Q than for a large Q.

3) In the case of severe fading(e.g. m—1), the
effect of lognormal shadowing is relatively red
uced and cochannel interference probability main
ly depends on fading and noise,

4) While cochannel interference probability at a
small reuse distance is affected by noise and fad-
ing plus lognormal shadowing, fading severity and
noise dominate the cochannel interfernce probabil
ty at a large reuse distance because path loss

makes the power of interferers weak.
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