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Abstract—A wide-spread approach for modeling and for the
performance evaluation of wireless networks is employing Poisson
point processes (PPPs). There, the general assumption is that an
infinite number of nodes is distributed in the network environ-
ment. This is not problematic in a purely analytic framework,
but is unfeasible when Monte-Carlo system level simulations are
employed for network evaluation. In order to obtain results
in a finite simulation-duration, the simulation area also has
to be finite, which leads to a deviation of performance results
when compared to analytical approach with infinitely many base
stations. This deviation however is only small when the simulation
area is sufficiently large. In this paper we discuss which part
of the simulation area yields results whose deviation from the
analytical results does not exceed a predefined threshold. We
present an approximation that is based on the base station
geometry and depends on the base station density. Additionally,
we discuss the relationship of the minimal simulation area (the
smallest area that allows to obtain reliable coverage results) and
the reduced simulation overhead by increasing the simulation
area.

Index Terms—System level simulations, finite area networks,
point processes, wireless cellular networks

I. INTRODUCTION

The global performance of a wireless cellular network is
commonly assessed by analytical models and also simulations
on system level. Therefore, a large number of network nodes
(users and base stations) is considered, while abstracting the
actual physical link by suitable propagation models. The
average performance is then determined by combining all
individual links - desired and interfering - into the signal
to interference ratio (SIR) and averaging over all spatial and
temporal constellations.

The SIR statistics of a network largely depend on the
base station (BS) locations, which are generally abstracted
by a baseline model. A recent approach to evaluate the SIR
distribution of a cellular network is to apply point process
theories, leveraging techniques from stochastic geometry [1].
The Poisson point process (PPP) modeling of networks is
the most popular choice for abstracting the BS locations
due to its simplicity and tractability [2-4]. The accuracy of
the PPP model in abstracting realistic BS deployments has
been validated in numerous contributions [5-7]. Applying a
PPP for modeling a cellular network is however based on
the assumption of an infinite number of BSs in the network
environment.
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The counterpart to an analytical evaluation of the network
performance is using system level simulations. Such simula-
tions are realized as a Monte-Carlo experiment by randomly
placing BSs for each spatial realization of the network [8, 9].
Since an infinite number of BSs cannot be simulated in finite
time, the number of BSs placed for every spatial realization
is finite, and so is correspondingly the area of the considered
region of interest (ROI). This of course leads to a deviation
with respect to the analytically attained SIR distribution. Due
to the decay of interference power over distance, the contribu-
tion of the closest interfering BS is also dominating the SIR
distribution, and therefore, the aforementioned discrepancy
between analysis and simulation result becomes negligible, as
long as the distance of the user position from the border of the
ROI is large enough. When setting up simulations, it has to be
known a priori which size of the considered ROI is sufficient
to produce reliable results and also for which part of the area
this is true. In this work, we investigate this relation between
deviation of SIR distribution and network area and dependent
on the path loss model and the BS density, attain results for
the usable part of the ROI. Since results for the effective
network area are not available in closed form we provide
approximations that are based on the distance distribution of
interferers.

In order to obtain statistically significant results from
Monte-Carlo simulations, a sufficient amount of random
realizations has to be simulated. Since all user locations
within the usable area of the ROI yield reliable results (with
respect to the SIR distribution), several simulation points can
be obtained from one spatial realization. This corresponds
to a trade-off between the size of one spatial realization
and the necessary total amount of realizations. We therefore
discuss in this paper how an increased ROI can lead to a
decrease in simulation overhead and simulation time, as long
as the capabilities of the simulation hardware are not exceeded.

II. SYSTEM MODEL

In this section, we present the system model to investigate
the coverage distribution of a user with respect to its distance
to the center of the ROI. We consider downlink transmission
in a finite network area. The BSs locations in a ball B c R?
form a Binomial Point Process (BPP) of &, when N BSs
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Fig. 1: SIR coverage probability of a user at origin under
varying number of BSs.

are independently scattered in the finite network. We assume
that B(o,rq) forms a circular network centered at o and with
radius 74. Since the area of nodal deployment is finite, the
arranged point process is non-stationary, which means that the
network characteristics in a node, such as the SIR distribution
depends on the location of the node. Furthermore, while
modeling cellular networks by a PPP, the BS locations are
independent of each other, this is not the case when applying
a BPP for generating BSs in the network. This means that the
distance distribution between a user and its first and second
nearest BS are not independent.

The term 7 denotes the tier’s SIR threshold. More precisely,
a mobile user can reliably communicate with a BS, only if the
downlink SIR of the BS at the mobile user is greater than 7.
The distance based path loss function is [ (x) = |z, where
o is the path loss exponent.

Considering N as the number of BSs in the network, z;
as the distance between the user and its ¢ th nearest BS, and
hs, as the fading between the user and its ¢ th nearest BS,
the downlink SIR of a user (including all N —1 interferers) is
defined by

ho 21
Z;’V:Q hy 3

Under a BPP for BS placement, the number of BSs [V is a
finite value while N — oo, when using a PPP. Figure 1 reveals
the effect of increasing the number of BSs on the coverage
probability of a user located at the center point of the network.
The coverage probability will decrease for growing numbers
of BSs and slowly approaches its limit. In other words for a
large value of N we have S (N) ~ S (o0).

S(N) = (1)

III. DISTANCE DISTRIBUTION

When considering a finite network area, the SIR distribution
of a mobile user is a function of its distance from the center
point. By moving away from the center towards the border of
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the network area, the average distance from the user to the
interfering BSs is increasing as well. Hence, the closer a user
is to the border of the network, the smaller the interference
it experiences. This is not true however for the analytical
evaluation of the network performance using a PPP (which is
based on the assumption of infinite network area) [10]. There,
the SIR distribution is independent of the user location due
to the stationary property of PPP based models. This leads to
a divergence between the results of Monte-Carlo simulations
(with finite simulation area) and the analytically obtained
results. The authors in [10, 11] provide a distance distribution
between the user and nearest BS in a finite network area.

To identify the effective network area of our simulations, we
perform Monte-Carlo simulations with a finite, circular ROL
Due to symmetry, we only consider the distance of the user
from the center, not its absolute location. When moving the
user from the center point of network towards the border and
evaluate the coverage probability, the resulting value changes
with distance. This is shown in Figure 2. As expected, only
for a portion of the network, the coverage probability of a user
located in the center is similar to the coverage probability of a
user located at a certain distance. We call this portion effective
network area. In other words, the effective network area is the
portion of the network where the difference between the SIR
distribution of users located at any point of this area and the
SIR distribution of a user located in the center of the network
is negligible. The radius of this area corresponds to the flat
part of the results-curve in Figure 2.

When moving the user further away from the center, we
observe an increase in coverage probability due to the de-
creasing aggregate interference - the interferer constellation
becomes more and more asymmetric and their distance dis-
tribution becomes skewed towards larger distances. For even
larger distances, another effect comes into play. When the
user position is considerably close to the simulation network
border, not only will the expected distance to its interferers
increase, but also to its associated BS. This manifests in a
decrease of the coverage probability, as it can be seen in
the figure. In summary, due to the aforementioned effects,
the SIR distribution of a user depends hugely on its distance
from the center for a finite network area and thus makes the
identification of the usable, effective network are necessary.

In order to utilize the size of the effective network radius
in simulations, it would be advantageous to have access to
analytical expression of this size in closed form. In general
however, a closed form relation for the flat part of the coverage
probability is unavailable. Hence, we provide an approxima-
tion to estimate the distance of the user from the center,
that still does not deviate significantly from the coverage
probability in the center. Our approximation is solely based
on the geometry of users and BSs and does not depend on,
e.g., the path loss model. This is left for future work.

Let us first investigate the effect of interferers on the SIR
of a user. When the exact SIR of a user is obtained by
computing the value of S (), the impact of the interferers
on the SIR is not the same, i.e., closer interferers have a
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Fig. 2: Coverage probability of user with respect to its distance
from origin.
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Fig. 3: Coverage probability by considering the effect of one
interferer.

higher impact on the SIR. Consider the extreme case when
we include the effect of only one interferer, i.e., S (2), into
the analysis. In other words, in Figure 3 by associating the
user to the nearest BS Bj, we just consider the effect of
the closest interferer By in computation of the SIR. The
resulting coverage probability with accounting only for the
closest interferer is shown in Figure 4. Compared to the results
in Figure 2, it can be observed that the absolute value is
changed, but the behavior w.r.t. divergence from the result
in the center position is preserved. Also the effect of first
rising and then receding coverage probability when coming
closer to the network boundary is still present. We thus utilize
this simplification in order to find the approximate size of the
effective network radius.

Figure 3 shows a possible realization of the network when
the mobile user is located at distance v of the origin. In
Figure 4 the flat part of the coverage probability results is
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Fig. 4: Coverage probability by considering the effect of one
interferer (o = 4,7 =3 dB).

the part, from the center point of network to the point where
the distance from the user to its nearest interferer x, becomes
larger than its distance to the border of the network r4 — v.

Theorem 1. Consider Vi denoting the user position where the
distance of the user to the first interferer becomes larger than
its distance to the border of the network. The expectation of
the distance from the origin to point Vi is computed as

_ 1
dy, =3(N = 1)N2V 7D (N) o Fy [2 -N,N,4+N, 5] ¢
where o | [.] denotes the regularized hypergeometric function.

Proof. Let us first compute the cumulative distribution func-
tion (CDF) of the distance from the user to the nearest
interferer x5:

22\ x? 22\
Fx2($):1—P[.r2>1':|:(1—2) +N(2) (1—2) .
T4 T4 L

Replacing = with the distance from the network border rq —v
leads to

2\ N 2 2\ N-1
i) = (1- L e (B2 (1- 22 )

d Ta Ta

Deriving this CDF with respect to v yields

dF,., (rq-wv
fmz(rd_v): z(d )
dv
2
2N (N = 1) (1= 52N 2 (rg - )
rd

The expectation of the distance from the user and the center
point where the distance of the user to the first interferer
becomes larger than its distance to the border of the network
is then given by

dvlzfdvfw2 (ra —v)dv,
0
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TABLE I: Percentage of usable radius obtained via analytical
results.

T4 Theorem 1 | Theorem 2 | simulation results
ra = 1000 m 39 % 24 % 27 %
ra = 5000 m 86 % 83 % 78 %
rq = 10000 m 93 % 92 % 89 %
rq = 15000 m 95 % 94 % 92.5%
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Fig. 5: Coverage probabilities of user under different network
radius (o =4,7 =0 dB).

by solving the integral, we get (2) [

Theorem 2. Let V5 represent a user position for which the
distance of the user to the second interferer becomes larger
than its distance to the border of network. The expectation of
the distance from the origin to point Vs is computed as

dy, =15(N = 2)(N - 1)N2"r4
-F(N—1)2F1[3—N,N—1,5+N,%]. 3)

Proof. Let us first compute the CDF of the distance from the
user to the second nearest interferer z3:

2\ N 2 2\ N-1
Fx3(m):1—P[m3>x]:(1—xQ) +N(x2)(1_x2)

Ta Td

N(N -1) («? ? 22\V7?
+ - 72 ]._ 72 )
2 T3 r3

by following the same steps as in Theorem 1 we reach (3). [

IV. EFFICIENCY TRADE-OFF

In order to obtain reliable results by Monte-Carlo simula-
tions, enough samples have to be acquired to provide statistical
significance. Often, a user-centric approach is chosen and for
each spatial realization, only the resulting SIR in the center
will be stored. A way to reduce the overhead is to evaluate
the performance at several user positions. Thus, the generated
BSs serve two purposes - once as serving BS and otherwise as
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interferers. Additionally, several users have to be considered
when not only the SIR at user locations is to be investigated,
but also further network functionalities such as scheduling,
feedback and throughput performance. This larger complexity
will also lead to a larger overhead reduction when BSs are not
only dummies for generating interference.

For our simulations with finite network area, only results
from users whose position is inside the effective network area
will be taken into account. Results obtained for user locations
outside of this area are not reliable due to the aforementioned
effects of skewed distance distributions for associated BS and
interferers.

Following this argumentation, we conclude that there is
a minimum size of ROI, which corresponds to the smallest
radius where the deviation of the coverage probability in the
center from the analytical results does not exceed a predefined
value. Only then we obtain reliable simulation results. For
radii exceeding this minimum value, the ratio of the effective
network area w.r.t. the complete simulation area and thus
the efficiency of the simulation is increased, i.e., less spatial
realizations are necessary to obtain the same amount of result
samples. In the extreme case of 4 — oo only one spatial
realization would be sufficient since it would include all
possible BS and user constellations. As already discussed
before, an infinite network cannot be simulated and thus the
upper limit in this case for increasing the size of the ROI
is given by the simulation hardware, especially the available
memory/RAM.

To demonstrate the relation of the effective network area
and the simulation area, we fix the BSs distribution density and
change the network radius from 74 = 1000m to r4 = 15000 m.
Figure 5 shows that the coverage probability stays rather
constant for larger distances from the center. As a reference,
the theoretical result for a network with infinite area is also
displayed there, which is constant over distance from the
center. We also observe, that the first simulated network is not
large enough for the given parameters such that the simulation
result in the center would overlap with the theoretical result.
For r4 = 5000 m, this is almost the case, while for larger radii,
there is almost no deviation visible.

The increase of the proportion of the radius of the effective
network area is shown in Table I. When at most 3% error
of the simulated average coverage probability w.r.t. the value
at the center point is acceptable, then the proportion grows
from 27 % for rq4 = 1000m up to 92.5% for rq4 = 15000 m
in our simulations. This results in a significant overhead
reduction that is constituted by BSs close to the border of
the simulation area, that only serve as interferers. We also
observe that for the computation of the radius of the effective
network, the analytical evaluations in Theorem 1 and Theorem
2 provide a good approximation for the simulation results. The
approximation is tighter when the effect of two interferers is
considered, i.e., Theorem 2.
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V. CONCLUSION

In this paper, we discussed the relation between the system
level simulation of a finite area network with a fixed radius and
the analytical evaluation of a network via the theory of point
processes. We show that the SIR values of users located close
to the border of the network deviate drastically from the SIR of
users located closer to the center of the network. In this paper,
we provide an approximation based on the scenario geometry
(w.r.t. interferer distances) in order to identify the effective
network area, i.e., the part of the simulation area where the SIR
distribution does not deviate more than a predefined fraction
from the one in the center. We also show that the relative size
of the effective network area grows with the absolute network
radius. Furthermore, we discuss the efficiency of simulations in
terms of overhead reduction for an increased size of effective
network area and also point out minimum network radius (for
reliable results, identical to the analytical ones) and maximum
radius (given by the simulation hardware).
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