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Abstract— A detailed examination of the interference on the up-
In this paper we present a method for a fast prediction of  link, however, is not a very straightforward task. Due
the coverage area on the uplink of a UMTS network with  tq the universal frequency reuse in UMTS, all users both
non-homogeneous traffic. The coverage radius of a base , e considered cell and in the neighboring cells will

station depends on the interference distribution at this base . . . .
contribute to the total interference, thus influencing the

station since it determines the transmit powers required link lity | f ved bi .
from the MS. The interference comprises both the own cell 'INK qua ity In terms of received bit-energy-to-noise ra-

interference and the other cell interference which again de- 10 (£,/No). Apart from the previously mentioned direct
pend on each other. Our proposed model for the compu- influence, there is also an indirect effect in the system.
tation of the interference distribution is based on an iter-  Since an increase in interference results in a higher re-
ative solution of fixed-point equations which describe the quired transmission power of the MS, there is a feedback
interdependence of the interferences at neighboring base pepayior on the other cells as well. It is obvious that in
stations. Furthermore, we develop an efficient algorithm order to model interference adequately it is necessary to

based on Lognormal approximations to compute the mean . . . . .
and standard deviation of the other cell interference. We CaPture this feedback behavior by performing an iterative

will show that our model is accurate and fast enough to Computation.
predict efficiently the coverage area which is one of the key  Most studies on interference found in the literature do

tasks in the planning process of UMTS networks. not fully take these interactions between cells into ac-
count. Among the first papers in this field, [2] and later
I. INTRODUCTION [3] introduced a relative other cell interference facfor

With the forthcoming introduction of th&Jniversal as the ratio between other cell interference to the inter-

Mobile Telecommunication System (UMTS) in Europe feren<_:e due to users in the same ceII_. A closed form ex-
a sophisticated planning of the network is require@®ression of thef-factor can be found in [4], when both
The use ofWideband Code Division Multiple Access BS and MS are assumed to be distributed according to a
(WCDMA), however, requires also new paradigms iﬁpatial Eoisspn process. Similar simple apprpximations
wireless network planning. While in GSM capacity igVith @ fixed interference factor can be found in [1] and
a fixed term, it is influenced in WCDMA by the interfer-[5]- A more sophisticated model is given in [6] and later
ence caused by all mobile stations (MS) on the uplink, &stended in [7]. Contrary to the prior studies, these mod-
well as the transmit powers of the base stations (BS) gis derive distributions for qther cell interference which
NodeB on the downlink. Due to the power control mecH'® used to calculate capacity bounds.

anisms in both link directions, the signals are transmitted In this paper we present an analytical model for the
with such powers that they are received with nearly equedmputation of the other cell interference. Based on a
strengths. Therefore, the distribution of the user locatiospatial traffic distribution and given BS positions we use
must be taken into account in order to perform a thofixed-point equations to determine the distribution of the
ough network planning including both the uplink and thether cell interference. This iterative approach allows us
downlink. While the downlink primarily limits the ca- to include the interdependence between the interferences
pacity of the system, the uplink determines the coveragéneighboring cells in our model which is not fully con-
of the network, see [1]. The prediction of the coveraggdered in previous work. With the knowledge of the
requires the knowledge of interference distributions at ather cell interference we are able to determine the own
BS to compute the outage probabilities for every point icell and finally the total interference. With the distribu-
the considered area. tion of the total interference the coverage area for the dif-



ferent services is calculated.

The paper is organized as follows. Section Il describes
the system model and gives a basic idea about the iter-
ative approach. In Section 1l the other cell interference
is calculated for a given set of MS with fixed positions.
This computation is extended in Section IV to a stochas-
tic spatial user distribution. Furthermore, we will use
Lognormal approximations to derive an algorithm for the
efficient computation of the other cell interference distri- (a) Interference caused by  (b) Interference at BS by
bution. A plot of the coverage area is shown in Section vV the MS of BSz MS of other BS
by means of an example network with non-homogeneous
traffic distribution. The paper is concluded in Section VI
with a short outlook on future work.

Fig. 1. lllustration of the iterative model

II. SYSTEM MODEL AND BASIC APPROACH from the previous step and include it in the calculation

] ) ) of the transmit powers and determine a new value for the
The focus of this paper is to derive a method to det€giher cell interference. The iteration finally converges

mine the coverage area of large UMTS networks. Thgnce the other cell interference increases less in every
crucial point in doing so is the computation of the othefe, |n Section 111 the iteration is described for the de-

cell interferences. Once the other cell interference j§ministic case and in Section IV the stochastic model
known the calculation of the total interference distribugiows.

tion and the resulting coverage area is a straightforward
task. The network is defined by a set of BS in a hexago-
nal grid, a spatial user distribution, and a pathloss model.

The example in Section V uses a spatial Poisson process, 5 WCDMA system the relation between the power
[8] with @fferent traffic densities in the c.:eIIs. The 5|_gna[§tR$ of a MS with service! received at its BS: and the
attenuation between BSand MSk is defined according

I1l. DETERMINISTIC INTERFERENCE

interferencefgw" at this BS is given by the power control

to[9] as equation:
i = —128.1 — 37.6 logy(disty ), 1) o
R
with dist , being the distance betwednand z in km &= N T )
and dy, , the signal attenuation in dB. Note that in the No + Igther 4 Tgwn — —4—
following linear values are written a& while o denotes
the value in decibels. The other cell interferencE!¢" corresponds to the sum

With these input parameters we derive the other cealf the powers received by the MS not power-controlled
interference distribution at all BS using an iterative apy BS z. Furthermore¢; denotes the targdf;, /Ny, Ry
proach. The basic problem and also its solution are illuie bitrate, andy; the activity factor of MS with service
trated in Fig. 1. The MS of the central BSwhich are t. The thermal noise density is denoted/&y. Solving
all MS that have their strongest signal at BSsoft han- this equation for the received power yields
dover is neglected - cause the interferefgg at other
BSy, see Fig. 1(a). And, depending on this interference, sz _ W £ Ry
the MS of the other BS again induce interfererige at br =W 4 € Ry
the central BS. We formulate the relation between these
interferences as fixed-point equations which are solvéd the following «, is an abbreviation for the term
by repeated substitutions. In the first step the transmjtR; (W + é;*th/t)’l, a is the vector (o, ..., ar)
power and thus the power received at other BS is cowhereT is the number of available services. Further,
puted without considering other cell interference. In the; , denotes the number of MS belonging to BS and
next iteration step we know the other cell interferencgtands for the vectdi ,v1, ..., nr 7). Then, the own

(No 4 [other 4 f;w”) NG



cell interference is given by IV. STOCHASTIC INTERFERENCEMODEL

T The model presented in the previous section was deter-
joum = % Z oS ministic for a set of MS with fixed positions and a set of

=1 BS. Furthermore, the attenuations between MS and BS
were known. In this section we extend this model to the
stochastic case where both the number of the MS and
their location with corresponding attenuations are ran-
dom. The idea behind the analysis is to compute the dis-
. . tribution of the other cell interference by solving a set
(No + Igth”) (5)  of fixed-point equations which describe the relations be-

tween the other cell interferences:

= fygal (NO + [other 4 f;’“’") 4)

and solving forf?%" yields

_ T
fown _ Ny,
x

1 —nyal

Hence, the power received from a MS with service - other
Loy = (No+Z¢"") 7y and (1)
Sﬁx = Wy (NO + f;ther + f;wn) gother  _ Z Tys (12)
) T s
— Ot \ Aather) yeN (z)
= —— (No+ I
Wl — ﬁy,x@T ( o+ T (6)

where N (z) denotes the set of BS which are nearto
For the calculation of the other cell interfererigéer at N Our case the BS of the first three tiers around:BSe
BSz we are first interested in the interfererige caused C¢Onsidered, see Fig. 2. The &, , is the stochastic rep-

by the MS power-controlled by B& The power received
at BSz by such a MS is
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The sum of these powers divided by the total bandwidth
yields the interference density at BScaused by all MS Fig. 2. Neighborhood af Fig. 3. Distance ratio PDF
of BSy
B resentation of the variablg; , in Eq. (8) which remains
~ U ~ ~ . . . .
Byo= Z KOk _ (No +Igther) Fya  (8) constant thrgughout the iteration. This r.v. desgrlbe's qll
ki BS(h)=y the stochastic influences of the underlying spatial distri-
bution. According to the theorem of total probabiligy,,

whereF, , stands for is given as

Ntz

T
v d _ 1
Fy.= § : kO kot 9 Foy = E p(n,w)il_ﬁ&T g oy g Dyy, (13)
t=1  i=1

1—n,.al g
k:BS(k)=y va® diy n:nal <1

wherep(7, z) is the probability thaty , MS with service

t are active in BSe. If in mean N, users belong to BS
z and ¢; is the probability for service the probability
fother — Zf and [, = fother | jown_ (10) p(n, x) is given according to the product form solution,

Hence, the other cell interferenég*” and the total in-
terferencel, at BSz are given as

- see e.g. [10]
. . - - (Nagev)™
Obviously, the interferencé, , produced by all MS of p(fi,z) = t=1"_ n _. (14)
BS z at another BS; depends on the other cell interfer- S e <1 HtT ) (qutlu‘t)"t
H = nt.

ence at BSr and vice versa. However, the terfp , is
independent of the other cell interference and this can fena’ exceeds 1 the system’s pole capacity is reached
used to iteratively calculate the other cell interference. and theA,,;-case according to [5] occurs. The r®, ,
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Fig. 5. CDF of other cell, own cell, and total interference

Fig. 4. Verification of the Lognormal distributions &1,

Note, that the sum over all user combinationss per-

describes the spatial component of the arrival process qfmed only once since in each summation step the first

is a r.v. for the ratio between the attenuatidm% and and the second moment of all r¥,(7) are calculated.

J;w while the MSk is located randomly within the cell With the mean and variance Gfr,}, known Tor all ,BS .

of BS z. In case of the pathloss model given in Eq. (%é?ndy we can solve the. flxed.-pomt equations given in
the distribution of the attenuation ratio corresponds to tfl- (11) and (12). Starting without other cell interfer-
ratio of the distance ratio power 3.76. The distance ratiggcitltgre_equatlons are solved by a repeated substitution
for the five different pairs of BS occurring with three tier®f Zo ~ into Eq. (11) and vice versa. The whole com-
are given in Fig. 3. Note that foF, , Eq. (11) yields the putation is performed under the assumption that&hg

own cell interference at BS. The exact computation of follow a Lognormal distribution and that all involved r.v.

the distribution of%, , is numerically intractable, how- '€ independent. Thus, the multiplication of Eq. (11) is

ever, the r.v. approximately follows a Lognormal distridone by adding the parametgrsando” of the Lognor-

. . O th . .
bution which is shown in Fig. 4 for the different r.%, ,,. mal d'smb“t‘:d rV. Jpy and No + Z72". The distri-
Thus, the mean and variance &f, are sufficient to de- bution of Z2¢" is also Lognormal since starting with

’ Y ther _ i t
scribe the r.v. The calculation of the moments/f, is Lo — O We receive thdy, to be Lognormal. Accord-

again performed according to the theorem of total probid t0 [11] the sums of slightly different Lognormal dis-
bilities: tributions are most likely Lognormal, as well, and hence

is Z¢!he" as the sum of th&2%! which follow Lognormal
E[Fp,?] = Z (7, ) B[ Fryy (71)7] (15) distributions. These distributions are added by summing
the means and variances since independence is assumed.
The iteration converges if the relative change of the mean
The mean ofF, ,(n) is given directly by and the variance of all other cell interferences fall below
a certain threshold. Since the resulting other cell inter-
(16) ference and the r.\, , are Lognormal we can compute
the own cell interference analogous. The total interfer-

: . .__ence is finally derived by adding the mean and variance
while the second moment is calculated over the variance’ o d other cell interference. In Fig. 5 the CDF of
E [fx,y(ﬁ)z] = VAR[Fpy ()] + E [fx,y(ﬁ)]g- 17) the other cell, the own cell, anq thg total interference are

shown. They are compared with simulated values. They
The variance is given as are obtained by generating snapshots of the spatial traf-
fic distribution and computing interferences for each of
VAR[Fy,(n)] = ZtT:1 i AR [D,,]. (18) these. The method is described in [12] in more detalil.

(1—nat)?

n:nal <1

nal

E[Fyy(n)] = 1= nal

E [Dx,y]

Finally, the variance of, , is calculated as V. NUMERICAL RESULTS

) 5 The main topic of this paper is to predict coverage
VAR[Fryl = E [j:x,y] —E[Fy]" (19) probabilities of a UMTS network with multiple BS that



offer different services. The p-percent coverage area is
defined as the area in which the outage probability is 16 £ s
smaller than (1-p) percent. The outage probability for
a MS k with a maximum poweé‘k,max and attenuation
Jm toits BSz is the probability that the maximum possi-
ble received poweSf, .. = Sk.mazd . is smaller than
the required received power for the MS service
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Pk p{ kmaz “ (20) Fig. 6. Analytical result
Thus, with the p-percent-quantile(p) of Z,, we can de- »
termine the maximum possible attenuati@p, . for ser- . A B B @ & & seviees
vice t that does not exceed the maximum outage proba- " A 4 A A g5 seniced
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dmax,t = Wat(NO + Ix(p))smar' (21) ® - Y-Y-Y-7-
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Since we assume a model that defines the pathloss ac- 0

cording to the distance the coverage area of a BS is within 0 s o 1w
a certain radius. In Fig. 6 and Fig. 7 the 90% cover-
age area determined analytically and by simulation are
shown. We have considered the following services:

Fig. 7. Simulation
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