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Novel contributions

Methodology
• Four alternatives for backhaul connections were considered, using either millimeter waves

or standard cellular frequencies.

• We defined optimization algorithms for fairness and throughput maximization by

minimizing interference by exploiting selective muting of small cells in short time intervals.

• The objective function of the optimization problem is defined as the summation of the

logarithms of the end user throughputs. The optimization result is a vector that shows the

probability of each on/off configurations of small cells. As a result we obtain the fraction of

time in which each configuration of on/off small cells must be selected.

• The problem is computation and memory intensive, so it was necessary to run scripts in

very high capacity servers and to devise heuristic approaches.

• In cases with large numbers of small cells (over 15, corresponding to 32768 states), we

resorted to a heuristic that considers a reduced number of configurations (those with zero,

one, two small cells active, and those with all, all minus one, all minus two).

• Below is the formalization of one of the four optimization problems:

Research context and motivation

Densification of radio access networks with small cells on vehicles.

• Year one: analysis of the correlation between telecom traffic and vehicular traffic

• Year two: quantification of the improvement in the throughput from small cells on cars or

macro base stations toward end users

• Year three: investigation of the impact of the backhaul connection between small cells and

macro cell

Addressed research questions/problems
The four considered backhaul alternatives for the connection between the mobile small cell

base stations and the fixed network elements (macro base stations) are the following:

1. The backhaul connection is implemented with a millimeter wave link, so as to have very

large capacity for the transmission of the traffic generated by all end users connected to

mobile small cell base stations, and to avoid interference with the lower frequency

channels connecting either fixed macro base stations or mobile small cell base stations to

end users.

2. The backhaul connection is implemented with a cellular frequency link in a band separate

from the one used for end user connections. We assume the same bandwidth is available

for the backhaul links and for the communications between end users and macro/small

base stations.

3. The backhaul connection is implemented with a cellular frequency link in the same band

used to reach end users from fixed and mobile base stations. The bandwidth is optimally

divided between backhaul and end users links.

4. The backhaul connections share the only available cellular band with end users

transmissions, with no a-priori allocation.

Future work
• Simulation of the dynamic environment, adding mobility to network elements (cars and

end users), together with the resulting handovers.
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