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Abstract— terference, thus influencing the link quality in terms of received

In this paper we present an analytical model for computing the other- bit-energy-to-noise ratiQEb/No)_ Apart from the pre\/iously
cell interference distribution in a third generation UMTS network with  yantioned direct influence, there is also an indirect effect in
inhomogeneous user distribution. Our proposed model is based on an . . R . .
iterative calculation of a fixed-point equation which describes the interde- the System. Since an increase in interference results in a higher
pendence of the interference levels at neighboring base stations. Further- required transmission power of the MS, there is a feedback be-
more, we develop an efficient algorithm based on Lognormal approxima- havior on the other cells as well. It is obvious that in order
tions to compute the mean and standard deviation of the othercell inter- . - .
ference. We will show that our model is accurate and fast enough to be to model interference adequately it is necessary to capture this
used efficiently in the planning process of large UMTS networks. feedback behavior by performing an iterative computation.

Most studies on interference found in the literature do
not fully take these interactions between cells into account.
Among the first papersin this field, [2] and later [3] introduced

The Universal Mobile Telecommunication System (UMTS)  a relative othercell interference factgras the ratio between
is the proposal for third generation wireless networks in Euethercell interference to the interference due to users in the
rope. Contrary to conventional second generation systems, lisame cell. A closed form expression of tlfidactor can be
GSM, which focus primarily on voice and short message sefeund in [4], when both BS and MS are assumed to be dis-
vices, UMTS will provide a vast range of data services withributed according to a spatial Poisson process. Similar simple
bit rates of up to 2Mbps and varying quality of service re-approximations with a fixed interference factor can be found
quirements. This will be achieved by operating wittdeband  in [1] and [5]. A more sophisticated model is given in [6]
Code Division Multiple Access (WCDMA) over the air inter- and later extended in [7]. Contrary to the prior studies, these
face. models derive distributions for othercell interference which are

With the forthcoming introduction of UMTS in Europe a used to calculate capacity bounds.
sophisticated planning of the network is required. The use of In this paper we present an analytical model for the com-
WCDMA, however, requires also new paradigms in wirelesputation of the othercell interference. Based on a spatial traffic
network planning. While in GSM capacity is a fixed term, it isdistribution and given BS positions we use iterative fixed-point
influenced in WCDMA by the interference caused by all moequations to determine the distribution of the othercell interfer-
bile stations (MS) on the uplink, as well as the transmit powersnce. This iterative approach allows us to include the interde-
of the base stations (BS) or NodeB on the downlink. Due tpendence between the interferences of neighboring cells in our
the power control mechanisms in both link directions, the sigmodel which is not fully considered in previous work. By us-
nals are transmitted with such powers that they are receivéa Lognormal approximations, this method proves to be supe-
with nearly equal strength. Therefore, the distribution of theior in computation speed compared to the exact computation,
user locations must be taken into account in order to performvhich requires multiple convolutions. Furthermore, our model
a thorough network planning including both the uplink and thencludes the possibility to investigate the influence of different
downlink. While the downlink primarily limits the capacity of service mixes on the othercell interference.
the system, the uplink determines the coverage of the network, The paper is organized as follows. Section Il describes the
see [1]. The prediction of the coverage requires the knowledgg/stem model and gives a basic idea about the iterative ap-
of interference distributions at all BS to compute the outaggroach. In Section Il the othercell interference is calculated
probabilities for every point in the considered area. for a given set of MS with fixed positions. This computation is

A detailed examination of the interference on the uplinkextended in Section IV to a stochastic spatial user distribution.
however, is not a very straightforward task. Due to the univerFurthermore, we will use Lognormal approximations to derive
sal frequency reuse in UMTS, all users both in the consideregh algorithm for the efficient computation of the othercell in-
cell and in the neighboring cells will contribute to the total in-terference distribution. The accuracy of the model is validated

|. INTRODUCTION



in Section V by means of an inhomogeneous example networgtands for the vectamn, vy, ...,npvr). Then, the intracell in-
The paper is concluded in Section VI with a short outlook orterference is given by
future work.

. 1 .
own R
[I. SYSTEM MODEL AND BASIC APPROACH I T W Z”tst W
t

The focus of this paper is to derive a method to compute the
othercell interferences in a large UMTS network. The network
is defined by a set of BS positions, a spatial user distribution, .
and a pathloss model. The spatial user distribution is eith@nd solving for/°*™ yields
defined by a grid map [8] with a traffic density for every square
or by a spatial arrival process. The example in Section V uses a jown _ n,a’ (N n fother) 4)
modified Matern process [9] to describe the traffic distribution T 1-nar '
and we will show that the transformation to a traffic density
map is simple. The model for the signal attenuation betwedrience, the power received from a MS with senvi¢e
BS and MS is given by a map, as well, or by a pathloss formula.

With these input parameters we derive the othercell interfer- SE = W (NO 4 Jother o fow")
ence distribution at all BS using an iterative approach. In the
first step transmit power and thus the power received at other
BS is computed without considering othercell interference. In
our model_othercell interference comprises the mte_rference ?ifor the calculation of the othercell interferenﬁﬁh”‘ at BS
all MS which are not power controlled by the considered BS. o . . St
The transmit strength of a MS is always controlled by the BS we are first interested in the interferent; _caused by the
with least attenuation and thus soft handover is neglected. Ms power-controlled by Bg. The power received at BBby

’f_l,,dT (NO + fother + fown) (3)
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the next iteration step we know the othercell interference frorﬁUCh aMSis

the previous step and include it in the calculation of the trans- d

mit powers and determine a new value for the othercell inter- Sh = S,fy b (6)
ference. The iteration finally converges since the othercell in- ’ Ty

terference increases less in every step. In Section Il the iter- )
ation is described for the deterministic case and in Section Iwhered;, ( is the attenuation of M$ to BS/. The sum of these
the stochastic model follows. powers divided by the total bandwidth yields the interference
density at BSr caused by all MS of Bg
I1l. DETERMINISTIC INTERFERENCE

In a WCDMA system the relation between the powff jout _ 3 kS,

of a MS with servicef received at its BS and the interference vz e

I,.,n produced by the other MS which are power-controlled by - ( )iy

this BS is given by the power control equation: = (No + ]Zther) Fy ., (7

SR
o " ) whereF}, , stands for
t NO + jother + fown _ % .
oo Z vpoy  dp ®)
N T — _7 A .
The othercell interferencE**" corresponds to the sum of the ! ke BS(R)=y 1-n,a" q,,

powers received by the MS not power-controlled by the con-
sidered BS. Furthermoré; denotes the targdi, /Ny, R; the
bitrate, andv; the activity factor ofAMS with service. The
thermal noise density is denoted BY. Solving this equation
for the received power yields Zother Zout
=31

v - ©)

Hence, the othercell interference dens]ther at BSz is
given as

E; Ry y#e

Sf=w_——"——
¢ W+ & Ry

(NO + fother + jown) . (2)
Obviously, the interferencégjg produced by all MS of BS:

In the following «; is an abbreviation for the term at another BS; depends on the othercell interference at BS

ErRy (W + é;*th/t)’l, @ is the vector(ay, ...,ar) whereT'  z and vice versa. However, the terf, , is independent of

is the number of available services. Further,denotes the the othercell interference and this can be used to iteratively

number of MS power-controlled by the considered BSapd calculate the othercell interference.



IV. STOCHASTICINTERFERENCEMODEL anddm while the MSk is located randomly inside the cell of

The model presented in the previous section was determini8S <- The. distribution of this r.v. is not given in closed form
tic for a set of MS with fixed positions and a set of BS. Further—bUt numerically. . o
more, the attenuations between MS and BS were known. In | "€ computation of the distribution of the r.¥:; , would

this section we extend this model to the stochastic case whédfguire many convolutions and additionally discretizations to

both the number of the MS and their location with correspond§um them up. Since these calculations have to be performed

ing attenuations are random while the BS positions are argpumerically they are very time consuming. However, in [11]
trary but fixed we showed that the r.\vF, , is well approximated by a Log-
The idea behind the analysis is to compute the distributioﬂormal distribution. Thus, it is not necessary to determine the

of the othercell interference iteratively. Starting without an%’_" hole d'sg'bu“%n bﬁt the rf‘rf]a” alnd lva_r mnc;a?ﬁjw are suf- ‘
othercell interference, i.e. the random variable (r&gf"c" is iclent to describe the r.v. The calculation of the moments o

zero for all BSt, the distribution of the interference densities” . S @gain performed according to the theorem of total prob-
72 are determined for all pairs of B&,y). Then, adding abilities. The mean is given by
the r.v. 794t for all BS x # y yields a new and higher distri-
T,y _ = =
bution of the othercell interference at BS This computation ElFey] = Z P() Bl F ey (7)) (13)

is performed for all BS. In the next iteration step the othercell rnat <t
interference which was initially zero is replaced by the new r.v. _ Z p(7) na’ E[D,,,] (14)
Tother and the othercell interference is computed again. The = 1 —nat
r.v. Zother increase in every iteration step and finally converge mmats
when the mean and variance®f"*" remain constant. and the second moment &t, , is
The iteration corresponds to the solution of the following
fixed-point equation which describes the relation between the E[]-';‘f’y] = Z p(N)E [Fy ()], (15)
rv. Zgther andZgut: RiAaT <1

out < other other out whereF, ,(7) denotes the r.vF, , under the condition that
Loy = (NO +1s ) Fo and 70 = ZZW (10) i USers a?é a)ctive in cell. The seélond moment of, ,,(72) is
determined by
The r.v. F, , is the stochastic representation of the variable ‘
F,, in Eq. (7) which remains constant throughout the iter- E [F, ,(n)?] = (VAR [(Fa.y(0)] +E[}'x,y(ﬁ)]2) (16)
ation. This r.v. describes all the stochastic influences of the
underlying spatial distribution. According to the theorem ofwith the variance given as
total probabilityF, , is given as

y#T

T 2 Ve

a; - VAR[D,
. I VAR[F, ()] = m <—t(1 [T)Z’y]> L@

Foy= Z P(ﬁax)m Z oy ZDQW, (11) t=1 —na

t=1  i=1

nnal <1

Finally, the variance of-, , is calculated as

wherep(7, ) is the probability that:; is the number of active ) )

MS with servicet having the least attenuation to BSIf N, is VAR[F, ) =E [F; | - E[Fey] - (18)
the mean number of MS with least attenuatiom ttndq; is the
probability that a MS has servigehen the probability (7, «)

is given according to the product form solution, see e.g. [10]

Note, that the sum over all user combinatiens performed
only once since in each summation step the first and the second
moment of all r.v.F, ,(n) are calculated.
T (Npqur)™ Altogether, the input parameters required to compute the
pA,z) = [ and mean and variance of a r.vF, , are the traffic density at all
t=1 s BS = and the mean and the variance of the attenuation ratio
_ (7, x) D,y for all pairs of BSz andy. These values may be deter-
p(n,z) = S B D) (12 mined by two methods. The first one is to generate a set of MS
mmans scenarios according to the arrival process and then calculate
The number of MS in a cell is limited by the pole capacity.the desired values from them. In the second method the plane
If na” is greater or equal to 1 thé,,,;-case according to [5] is partitioned into a grid. For each of the resulting squares the
occurs. The computation assumes that the arrival processtgdffic density and the attenuation ratio is determined. From
the MS belonging to one BS is Poisson which is valid for bothhese values the mean and varianc®gf, are calculated.
methods used to model the traffic distribution. Now we know the mean and variance &t ,, for all BS z
The r.v.D, , describes the spatial component of the arrivahndy and can start the iteration to solve the fixed-point equa-
process. Itis ar.v. for the ratio between the attenuating  tion given in Eq. (10). The calculation of the distribution of




Zgj;f comprises the multiplication of two r.v. which requires a 1. determine parameters 6f'"¢" for all BS z according to

numerically expensive computation. Again, we use the prop- Eg. (23)
erty that¥, , approximately follows a Lognormal distribution 2. determine parametersﬁfjfy‘ for all BS x andy according

to simplify the calculation considerably. to Eq. (22)
Starting with no othercell interference at all, i@f;er =0 3. determine mean and varianceZf’ for all BS z andy
for all BS = we obtain according to Eq. (10): according to Eq. (24)
. 4. determine mean and variance ft"¢" for all BS = ac-
2% = NoFay (19) cording to Eq. (21)

which follows a Lognormal distribution, as well. The mean

. . The iteration converges if the relative change of the mean
and variance are given as

and the standard deviation fall below a certain threshold.
E[Ig%] = No-E[F,,] and
VAR[IY] = Ni VARI[F,,]. (20)

V. NUMERICAL RESULTS

In the following, numerical results will be shown for the ex-

Assuming that the r.vZ¢% are independent for all # v, the ample UM.TS network which IS deplctgd in Fig. 1(a). The net
> Ty o work consists of 22 base stations which are marked by black

othercell interference at BSis the sum of Lognormal distribu- . o
dots. In the example we model the attenuation of the radio sig-

tlonft\ﬂmh IS again appro.><|mately Lognormal. The momentﬁals due to propagation loss by the vehicular test environment
of Zy are calculated by:

model in [12]
E[zg"] = Y E[12%] and i = —128.1 — 37.6log, o (disty ¢), (25)
T#y
other] out with disty, , being the distance between M3nd BS¢ in km.
VAR [I-'/ ] - Z VAR [IH/] ) (21) The graphic shows the regions in which the base stations con-
=7y trol the power of the MS.

Hence, in the next and all further iterations the othercell inter- Furthermore, the spatial traffic distribution is modeled ac-
ference at BS approximately follows a Lognormal distribu- cording to a modified Matern process. Generally, in the
tion and thus the sufVo + Zosper.2 ), as well. Accordingly, in Matern process cluster centers are determined according to a
each iteration we have to multiply two Lognormal distributed’®mogeneous Poisson process. Then, the number of points
tV. (No + Zother.s) andF, , to determineZ2. The multipli- around each center is again Poisson distributed and each of
. 0 er,r T, x,y "

cation is performed by summing up the parameters of the tw'€Se points is uniformly distributed within a predefined radius

Lognormal distributions: around the center. In our example we focus on one instance
of cluster centers which are marked by stars in Fig. 1(a) and
[Tout = [i(Not+Tomere) + HF,, and generate the MS within a radius of 1.5km. A grid with the re-

sulting traffic densities is presented in Fig. 1(b) where brighter
colors correspond to higher traffic densities. Note that the traf-
fic is only considered in a circle with a diameter of 16km. The
traffic density in this example results in a mean of 10 active
MS per base station with a maximum of 15.2 MS for BS 2 in
5 VAR[Z] L ] average and a minimum of 2.9 MS for BS 21 in average. We
0z = IOg( Bz T 1) anduz = log (E[Z]) = 5 (23)  considered three services with different probabilities. Voice
] ) users with 12.2kbps and a targ€t/N, of 5.5dB are gener-
Next, the mean and the variance of the othercell interference igeq with 75%, data users with 64kbps and 144 kbps are taken
determi_ned again according to Eq. (21). Th_erefore, the Meafith 20% and 5%, respectively. They have a targgj-N, of
and variance of the rAZ 2% have to be determlned for all pairs 4. 0dB and 3.5dB.
of BSz andy. For ar.v.Z the mean and variance are derived | Fig. 2 the results for the example scenario are illustrated.
from the parameters as The mean and the standard deviation of the othercell interfer-
.2 ence for the different base stations are marked by stars. The
E[Z] =etzt% andVAR|[Z] = E [Z]2 (e”% - 1) . (24) analytic results have been verified by using a point pattern sim-
ulation which is described in [13]. The mean and the standard
To summarize, one iteration comprises the calculation of tha@eviation obtained by this method are depicted as circles. We
moments of the othercell interference given the mean and tlan see that both the first and the second moment of the point
variance of the previous iteration as well as the parameters péttern simulation match well with the analytic results. In par-
the r.v. 7, ,. The following calculations are performed in eachticular, the mean values are calculated exactly. The iterative
iteration: method slightly undervalues the standard deviations which is

2 _ 2 2
UI;}‘; = U(N0+I§ther) + U}‘T)y . (22)

The parameterg z ando of a Lognormal distributed r.vZ
are calculated from the mean and variance by
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Fig. 2. Mean and standard deviation of the othercell interference

that the model can be implemented in network planning tools
for large UMTS networks like T-Mobile'$egasos, see [14].

Our future work consists of an extension of our model to soft
handover. Furthermore, we will include a model for the down-

link as well.

(a) Example UMTS network

(1
(2]

= (3]

| (4]

(3]

———

Iy | ]

[71
(b) Spatial traffic distribution

(8]

Fig. 1. Graphical presentation of the example network

[9]

a consequence of the independence assumptions. This effEét
increases for higher loads such that the standard deviations for
cells in the neighborhood of a strongly loaded base station afgy;
underestimated. However, Fig. 2 shows that the maximum rel-
ative error for the standard deviation is 6.2% and for the mean
even only 1.2%. Furthermore, the good match of both the firgi2]
and the second moment elucidates that the othercell interfer-
ence in fact follows a Lognormal distribution. [13]

VI. CONCLUSION AND OUTLOOK [14]

In this paper we presented an analytical model for comput-
ing the othercell interference in a UMTS system with multiple
services. Our approach is based on solving a fixed-point equa-
tion which describes the interdependence between the inter-
ferences at neighboring BS. An efficient algorithm is used to
solve these equations using Lognormal approximations such
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