
three cases 1) ha > hs, ds ≤ R − d, the shadow is within the cell, 2) ha > hs,
ds > R − d, the shadow is bounded outside, 3) ha < hs, the shadow virtually
continues up to infinity. Since we consider a single cell, the latter two cases can
be treated similarly.
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Figure 2: Three possible placements of a shadow.

The area of an arbitrary shadow is given by

Ss = min
(
4πR2 γ

360
, 4π(d+ ds)

2 γ

360

)
− dws

2
, (5)

where ds = min
(

hs

cotβ
, R− d

)
, β = 90◦ − arctan d

ha−hs
.

To estimate RLASS vector P⃗ we use large-scale propagation models. It was
shown in [9] that the mean value of propagation loss, L(d), can be approximated
by

E[L(d)] = Ls(d0) + 10n lg

(
d

d0

)
+Xσ, (6)

where d is the separation distance, n is the path loss exponent, d0 is the standard
distance, Ls(d0) is the propagation loss at d0, Xσ is the factor unique for a given
environment.

For every shadowed area the propagation loss is estimated using (6) with
n > 2, for unshadowed areas n ≈ 2. Parameters for different frequency bands are
given in [2, 10]. Given a certain transmission power of the base station, propaga-
tion loss can be related to RLASS [7].

Observe that there can be shadows whose length is only slightly less than the
radius of the cell. The range of RLASS corresponding to these shadows is large
leading to modeling errors. To avoid it, in addition to division of the cell into
shadowed and non-shadowed areas, we propose to divide the cell into circles with
different radii. Shadows are then classified to these circles as shown in Fig. 3.
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