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1 Abstract

We propose a general framework for analytically comput-
ing the outage probability at any arbitrary location of an
arbitrarily-shaped finite wireless network:
• Our reference link power gain-based (RLPG-based)

framework exploits the distribution of the fading power
gain between the reference transmitter and receiver.

• The node locations are modeled by a Binomial point pro-
cess and fading channels are modeled by independently
and identically distributed (i.i.d.) Nakagami-m fading.

• The boundary effects are accurately accounted for us-
ing the probability distribution function of the distance
of a random node from the reference receiver.

The analysis illustrates the location dependent performance
in finite wireless networks and highlights the importance
of accurately modeling the boundary effects.

2 System Model
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Figure 1: Illustration of an arbitrary location of a reference receiver in
an arbitrarily-shaped finite wireless network, with side lengths S1 =√

3W , S2 =
√

3W , S3 =
√

7− 3
√

3−
√

6W and S4 = W and vertices
V1 = π/2, V2 = π/4, V3 = 0.6173π and V4 = 0.6327π. (• = interfering
node, N = reference receiver, � = reference transmitter).

Consider a wireless network with M + 2 nodes which are
located inside an arbitrarily-shaped finite region A ∈ R2,
as shown in Figure 1.
• Assumptions:
– Reference receiver Y0, N is located anywhere inside

the finite region;

– Reference transmitter X0, • is placed at a given dis-
tance r0 from Y0;

–M interfering nodes are randomly independently and
uniformly distributed (i.u.d.) inside A. The random
distance between Y0 and Xi is denoted by Ri with
distance distribution function fRi

(ri).
–Pi denotes the transmit power for Xi.
– Path-loss model is l(r) = r−α.
–G0 represents the instantaneous power gain between

the reference transmitter and receiver pair X0 and Y0,
which follows the Nakagami-m distribution with inte-
ger fading parameter m0.

–Gi represents the instantaneous power gain between
the interfering node and receiver pair Xi and Y0, which
follows the Nakagami-m distribution with integer fad-
ing parameter m.

• The aggregate interference at the reference receiver is

I =

M∑
i=1

PiGiR
−α
i . (1)

• The outage probability is defined as the probability
that the signal-to-interference-plus-noise ratio is less
than a certain threshold β. Thus, the outage at Y0 is

ε = Pr

(
P0G0r
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0

N + I
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)
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(
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1
ρ0

+ I
P0r

−α
0

< β

)
, (2)

where ρ0 = (P0r
−α
0 )/N is the average signal-to-noise

ratio (SNR) and N is the AWGN power.

3 Proposed RLPG-based Framework

• The basic principle of this framework is to find the cu-
mulative distribution function of the reference link’s fad-
ing power gain, which can then be used to find the
outage probability.

• Due to i.u.d. node distribution and i.i.d. fading distri-
bution, we drop the index i in Ri, Gi, fRi

(ri) and fGi
(gi)

and let fRi
(ri) = fR(r) and fGi

(gi) = fG(g). Furthermore,
the transmit power is normalized to unity.

• The outage probability at reference receiver Y0 is math-
ematically given by [1]
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EG,R {Ωti} , (3)

where the expectation in (3) can be expressed as

EG,R {Ωti} =

∫ rmax

0

mm(r−α)tiΓ(m + ti)

Γ(m) (m + βrα0m0r−α)m+ti
fR(r)dr,

(4)

where rmax denotes the maximum range of the random
variable R.

4 Example

Consider an arbitrarily-shaped convex polygon region as
shown in Figure 1. Suppose that Y0 is located at the
vertex V2. Then, fR(r) can be expressed as

fR(r) =
1

|A|


π
4r, 0 ≤ r ≤

√
3W ;

0.3673πr − r arccos
(√

3W
r

)
−r arccos

(
1.6159W

r

)
,

√
3W ≤ r ≤ 2W ;

(5)

Substituting (5) in (4), the expectation can be expressed
as

EG,R {Ωti} =ψ (0.3673π, 2W, ti)− ψ
(
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− m
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(6)

where ψ(·, ·, ·) is defined as

ψ (θ, υ, τ ) =
θmm (βrα0m0)

−m−τ υ2+αmΓ(m + τ )

|A|(2 + αm)Γ(m)
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[
2
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2

α
+ m,− mυα

βrα0m0

]
. (7)

Finally, the outage probability for the case of the refer-
ence receiver located at vertex V2 can be evaluated by
substituting (6) in (3).

5 Results

• Boundary Effects: When the nodes are confined within
a finite region, the nodes located close to the physical
boundaries of the region experience different network
characteristics, such as outage probability, compared to
the nodes located near the center of the region.

3 4 5 6 7 8 9
10

20

30

40

50

60

70

80  

Number of sides, L

 

N
um

be
r 

of
 in

te
rf

er
in

g 
no

de
s,

 M

Center
Vertex

Figure 2: The number of interfering nodes M versus the number of
sides L in order to meet a fixed low outage probability constraint of
ε = 0.05 for the reference node located at the center and the corner,
respectively, of a L-sided polygon (L = 3, 4, 5, 6, 7, 8, 9).

• Outage Probability in an Arbitrarily-Shaped Con-
vex Region
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Figure 3: Outage probability, ε, versus the signal-to-noise ratio, ρ0,
with arbitrary locations of the reference receiver inside the arbitrar-
ily-shaped finite region defined in Fig. 1 having area |A| = 13143,
M = 10 interferers, i.i.d. Rayleigh fading channels (m0 = m = 1),
path-loss exponent α = 2.5 and SINR threshold β = 0 dB. For the PPP
node distribution, the node density is λ = 10/13143 = 7.6086 ∗ 10−4.
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