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Network and Tra�c Model

• User Equipments (UEs) arrive,
download a �le, and leave the network.

• A Station k serving at least one UE
is active, i.e., it transmits (αk = 1).
Otherwise, it is idle, i.e., it does not
transmit (αk = 0).

• Probability that i is active: min{ρi, 1},
where ρi is the load of i.

• In-band and out-of-band relaying:
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Rate achieved by  UE 𝑖: 

SINR experienced by UE 𝑖: 

• UEs arrivals Poisson distributed 
• Average downloaded file size: 𝜋 
• Arrivals intensity in 𝑠: λ(𝑠) 
• Traffic intensity in 𝑠: ω 𝑠 = λ(𝑠)π 
• Average traffic intensity: ω  

Dynamic system model: Low-SINR UEs have 
higher impact on stations loads. Not taken into 
account in static (spectral efficiency-based) 
models.  

Finding Stations Loads with Fixed Point Iterations

Load of station k:
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Loads of all stations expressed as:


ρ1 = Eα[

∫
S1

ω(s)ds
R(s,α−1,τ)

] = F1(ω̄, ρ2, · · · , ρn)

ρ2 = Eα[
∫
S2

ω(s)ds
R(s,α−2,τ)

] = F2(ω̄, ρ1, ρ3, · · · , ρn)
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ρn = Eα[
∫
Sn

ω(s)ds
R(s,α−n,τ)

] = Fn(ω̄, ρ1, · · · , ρn−1)

• Station load depends on other sta-
tions loads

• All loads can be found by solving
corresponding system of depen-
dent equations

• System of equations has at least
one �xed point

• Fixed point found starting from
zero tra�c (ρi = 0,∀i)

• Maximum supported tra�c
intensity, for a considered RNs
con�guration, de�ned as:

ω̄max = max{ω̄ : ρi < 1 ∀i}

Objective

De�ne R: the set of RNs spatial con�gurations
We want to �nd:

argmax
R
{ω̄max} (1)

subject to ρi < 1,∀i,

Problem: Large number of possible RNs con-
�gurations: CN

n

Optimal Placement Search

• Simulated Annealing (SA) used to
�nd optimal RNs con�gurations

• Multiscale implementation: optimal
positioning is �rst found on a coarse grid,
then re�ned on a �ne grid.

• At each iteration of SA, one RN posi-
tion changes. New position selected using
gaussian bi-dimensional distribution,
and discretized on hexagonal grid.

• For each con�guration analyzed by SA,
corresponding ω̄max is found via di-
chotomic search, trying several ω̄.

• For each analyzed ω̄, �xed point prob-
lem must be solved to �nd corresponding
loads.
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Results

Inband Relaying with Hotspot (3 RN per cell)Outband Relaying with Hotspot (3 RN per cell)

Outband Relaying (6 RNs per cell) Inband Relaying (3 RN per cell)

eNB RN Hotspot Center

• Out of band relaying: RNs try to cover
low-rate regions, so as to unload eNB.

• In band relaying: RNs close to eNB, so
as to enjoy good backhaul link.
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• Out of band relaying: capacity improve-
ment (nw densi�cation).

• In band relaying: Increase capacity with
many RNs, contrary to static models re-
sults.


