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Abstract

In cellular networks modeled by stochastic geometry, a typical user is more likely to fall into a
larger Voronoi cell than a uniformly selected cell. This “zero-cell bias” becomes crucial when user
performance depends on the cell area. In this paper, we study the area distribution of the zero cell
(the Voronoi cell containing the origin) generated by a stationary point process on the plane, with
an emphasis on the Poisson—Voronoi tessellation.

We first review an integral representation of the mean zero-cell area by conditioning on the nearest-
neighbor distance from the origin. Next, focusing on the widely used one-parameter Ferenc-Néda
gamma fit for the typical-cell area, we derive the zero-cell area probability density function (PDF)
via the Palm (size-biased) transform, thereby preserving Palm consistency between the typical- and
zero-cell area PDFs. We then improve the one-parameter model by (i) moment matching to reproduce
the reported mean zero-cell area, and (ii) maximum-likelihood estimation that jointly fits simulated
samples of typical- and zero-cell areas under the Palm-consistent framework.

Finally, we apply these fitted distributions to evaluate a simple uplink contention model: base
stations form a homogeneous Poisson point process of intensity A, inducing a Voronoi tessellation;
users form an independent Poisson point process of intensity Ag; and at most one user per cell can be
scheduled successfully. The success probability is shown to be an integral of the Laplace transform of
the zero-cell area, yielding a closed-form expression under the Ferenc-Néda family. Numerical results
show that the best-fitting parameter depends on the user density, and that the relative accuracy of the
Palm-consistent refinements and the original Ferenc-Néda parameter varies across density regimes,
while preserving analytical tractability. We also compare with a three-parameter generalized-gamma
fit, which provides consistently high accuracy at the cost of numerical integration.
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