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Abstract—A statistical model of the downlink interference for
the analytical performance evaluation of code-division multiple-ac-
cess (CDMA) systems is proposed. Based onWilkinson’s approxi-
mation, the statistical model of the relative other cell interference is
developed in closed form. The best base station (BS) selection in the
shadowed environment with a correlation is taken into considera-
tion. We show that interference statistics obtained by the proposed
analytical model agree with simulation results. It is also shown that
the proposed analytical model can replaceMonte Carlosimulation
in outage analysis provided in [1].

Index Terms—CDMA, downlink, interference, log-normal shad-
owing, the best BS selection.

I. INTRODUCTION

T HE received bit energy per noise power density ( )
on the code-division multiple-access (CDMA) downlink

is mainly influenced by the ratio of interference power from ad-
jacent base stations (BSs) to that from the connected BS. Mobile
station (MS) in a shadowed environment is connected to the BS
with the smallest propagation loss, i.e., the best BS, rather than
the closest BS. The best BS selection can considerably affect
the statistics of the relative interference. Therefore, this effect
should be considered in the performance evaluation of CDMA
systems where cochannels are used in every cell.

The distribution of the relative interference depends both on
relative distances from BSs and on the log-normally distributed
random variables (RVs), is not tractable analytically. Though
Viterbi [1] provided analytical methodologies for the outage
analysis of both CDMA uplink and downlink, the interference
statistics on downlink alone were obtained byMonte Carlosim-
ulation. In another analytical approach, a regression method
based on the simulation results was used for modeling the in-
terference statistics on the CDMA downlink [2].

Since even the distribution of the sum of log-normal inter-
ferences at the given location is not known in closed form, log-
normal approximation has been employed in many approaches
[3]. However, the best BS selection was not considered in them.
Although an exact analytical approach with the best BS selec-
tion was presented in [4], it is not easy to apply the provided
distribution to the system performance analysis because it was
not shown in closed form.
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In this letter, based onWilkinson’s approximation that is
one of the well-known log-normal approximations, a statistical
model of the relative other cell interference is developed in
closed form with considering the best BS selection. It is shown
that the developed analytical model can replaceMonte Carlo
simulation in the outage analysis provided in [1].

II. I NTERFERENCEDISTRIBUTION AT THE GIVEN LOCATION

The ratio of interference from the adjacent BSs to that from
the connected BS at the given MS location in the shadowed en-
vironment, is to be statistically characterized.

Let us consider a cellular system where a number of BSs are
distributed according to a pattern, e.g., hexagonal grid. MS of
interest is connected to at ( , ), which are the polar coor-
dinates with respect to . Let be the distance from the ,
where . Note that , and for can
be represented by a function of . Then, path gain is propor-
tional to , where is the path loss expo-
nent. and are the MS shadowing and the shadowing,
respectively. Both areGaussianRVs with zero mean and stan-
dard deviation . In this model, site to site correlation is applied
as [1].

The relative interference can be defined as

(1)

where and . The first and
second moments of at the given position can be ob-
tained as

(2)

(3)

With the best BS selection, every MS is connected to the
BS with the smallest propagation loss. Therefore, the inequality

should be met for all in (1). If without the condition
, the shadowing RVs of BSs are independent with one

another. Then, their joint probability density function (pdf) is

(4)

where . By using (4), the excepted value
in (2) with the condition can be computed as shown

1089-7798/02$17.00 © 2002 IEEE



CHO AND HONG: PERFORMANCE EVALUATION OF CDMA SYSTEMS 495

in (5) at the bottom of the page, where is defined by
using the error function as

(6)

Note that in the equations above depends on (, ). In similar
way, the expected values in (3) can be derived as shown in (7)
and (8) at the bottom of the page.

As the conventionalWilkinson’sapproximation shown in [3],
we approximate as a log-normal RV. Let us define the decibel
scaled value of as . Then becomes a Gaussian
RV with mean and variance

[5]. Zorzi [4] pro-
vided the joint pdf of with considering the best BS selec-
tion. From the provided formula, however, it is not easy to ob-
tain pdf of or in closed from. In our approach, though the
log-normal approximation is employed and numerical integra-
tions are involved, the pdf of has been obtained in closed form
of a normal distribution that would be very useful for the system
performance analysis.

III. I NTERFERENCEFORMULA FOR OUTAGE ANALYSIS

We present an application example of the developed statistical
model of the relative interference. The interference distribution
obtained byMonte Carlosimulation for outage analysis in [1],
is here derived by using the developed analytical model.

Outage probability on the CDMA downlink for speech ser-
vices can be given by using theChernoffbound [1]:

(9)

where denotes a fraction of users in soft handover,voice ac-
tivity factor, the offered load per cell or sector (in erlangs),

orthogonality factor, a fraction of the total BS transmission
power devoted to all speech channels,spreading bandwidth,

data rate of speech channel, and the required
for a target frame error rate.

In order to compute the outage probability above, we need a
expected value of . As shown in [1], can be obtained
by using the histogram of as follows:

(10)

where is the histogram of for the users
having been connected to BS. Viterbi [1] obtained this his-
togram byMonte Carlosimulation, but we get it by the devel-
oped model in the previous section. can be
represented by

(11)

where denotes the entire region that is feasible for the se-
lection of . is the condi-
tional probability given the position of (, ) and the selection
of , where and .
Since , this probability can be computed by using
the Gaussian distribution for as follows:

(12)

(5)

(7)

(8)
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Fig. 1. Cell site deployment model.

In (11), is the joint pdf of ( , ) for the user
having been connected to BS. With considering the best BS
selection, this pdf can be derived as

(13)

where is the joint PDF of (, ) on the region regard-
less of the connected BS. The probability of selecting at
the given position (, ) is computed as

(14)

Consequently, can be obtained by using the
equations above and the given distribution .

IV. NUMERICAL RESULTS

We compare the histogram obtained by the
developed analytical model with that byMonte Carlosimula-
tion. The result by the conventionalWilkinson’sapproximation
is also presented and compared with them.

The cellular system is modeled by locating BSs at the centers
of hexagonal grid pattern as shown in Fig. 1. An omni direc-
tional antenna pattern is used. To simplify the analytical proce-
dure, the region is restricted to the sector of radius and of
angle . Note that by symmetry, the relative position of users
and BSs is the same throughout as for the sector of the figure.
In the analytical model, we consider 11 BSs near , which
are influential in the received other cell interference of users lo-
cated on and connected to . The uniform distribution is
applied to the user location. Therefore, for

and . The propagation parameter
is set to 4, to 10 dB, and to 0.5.

We have also developed a computer simulation as in [1]. The
Monte Carlosimulation model consists of 19 cells of two tiers,
and we collect data from the center cell for statistics.

The histogram without considering the best
BS selection is obtained by the conventionalWilkinson’sap-
proximation as given in [5]. In this case, a feasible region for
the selection of BSis limited to the triangle in Fig. 1 be-

Fig. 2. Histogram ofY : �Y = 0:01.

cause MS selects the closest BS. A pure uniform distribution on
should also replace in (11).

Three s obtained by the different methods
above are shown in Fig. 2. The figure shows the difference be-
tween the results with and without the best BS selection. It is
also shown the larger difference at the higher value of. It is
therefore found that the best BS selection needs to be included
for the exact interference analysis. In the figure, we can see
that the analytical result by the proposed model agrees with the
Monte Carlosimulation result. It is therefore confirmed that the
proposed analytical model can be used with confidence, and also
replaceMonte Carlosimulation in the outage analysis provided
in [1].

V. CONCLUSION

A statistical model of the shadowed downlink interference for
the analytical performance evaluation of CDMA systems has
been developed with considering the best BS selection. We have
shown that interference statistics obtained by the proposed ana-
lytical model agree with simulation results. Moreover, the pro-
posed model can replaceMonte Carlosimulation in the outage
analysis provided in [1]. Although we have shown only the ex-
ample of speech service in this letter, the proposed model can
be applied widely for the performance evaluation of CDMA sys-
tems including packet data service systems as shown in our pre-
vious work [6].
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