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Abstract—Millimeter Waves (mmWaves) will play a pivotal
role in the next-generation of Intelligent Transportation Systems
(ITSs). However, in deep urban environments, sensitivity to
blockages creates the need for more sophisticated network planning. In this paper, we present an agile strategy for deploying
road-side nodes in a dense city scenario. In our system model,
we consider strict Quality-of-Service (QoS) constraints (e.g. high
throughput, low latency) that are typical of ITS applications.
Our approach is scalable insofar that takes into account the
unique road and building shapes of each city, performing well
for both regular and irregular city layouts. It allows us not only
to achieve the required QoS constraints but it also provides up
to 50% reduction in the number of nodes required, compared
to existing deployment solutions.
Index Terms—ITS, Connected and Autonomous Vehicles, CAV,
V2X, 5G, mmWaves

I. I NTRODUCTION
Next-generation Intelligent Transportation Systems (ITSs)
will require Vehicle-to-Infrastructure (V2I) wireless connectivity. These communication links offer the potential to enhance the road safety and efficiency in urban vehicular environments [1]. Introducing Millimeter-Waves (mmWaves)
for dense urban environments will significantly improve the
performance of small-cell access networks [2]. As shown,
mmWave-V2I links have the potential of enabling gigabitper-second data rates and ultra-low latency [3], [4].
The communication capabilities of the vehicles are highly
dependent on the number of deployed Road-Side Units
(RSUs) and their coverage range. RSUs, are costly to deploy and maintain. Therefore, compromises between the
coverage provided and the deployment costs have to be
made. MmWave RSUs especially, are bounded by their Lineof-Sight (LOS) requirements and their strict propagation
characteristics [5]. However, they are a perfect candidate for
small-cell vehicular deployments as they can meet the rigid
bitrate and latency Quality-of-Service (QoS) constraints
needed by next-generation vehicular applications [3].
It is crucial to deploy a number of RSUs in the most
suitable locations, to improve the overall network performance. Given the variety of urban environments, it
is necessary to find an agile method to obtain the best
locations for each street layout and to deploy thousands of
RSUs throughout a city. In this paper, we propose a strategy
that can automate the RSU placement process for different
urban scenarios. We will take into account the unique road
and building layout of an urban environment as well as

the strict QoS constraints of vehicular applications. Within
a city, buildings may be away from a road or privately
owned. Also, city blocks may be empty or covered with
vegetation. On the other hand, traffic lights are usually
placed at road intersections. Also, street furniture (e.g.
lamp posts) are typically equally spread along the sides
of a road. In this paper, we assume that our RSUs are
deployed on top of lamp posts and traffic lights. Thus, by
positioning the RSUs only on the road, easier access for
deployment or maintenance is provided. Furthermore, the
network efficiency could be improved, avoiding the wall and
rooftop blockages [6].
In [7] and [8], the authors presented an automated
base station placement algorithm for mmWaves. However,
they did not consider any QoS constraints for their optimization algorithm apart from the LOS coverage rate.
In our approach, we consider two main Key Performance
Indicators (KPIs). The first one is the LOS network coverage
achieved after the deployment of all the chosen RSUs. The
second one is the Received Signal Strength (RSS) averaged
throughout the considered deployment area. A similar work
can be found in [9], where the authors proposed a strategy
for placing IEEE 802.11p RSUs. They considered the delay
tolerance of the warning notifications as their optimization
variable and solved their optimization problem utilizing
a Genetic Algorithm (GA) [10]. However, mmWave links
behave differently compared to IEEE 802.11p ones. In
this paper, we will address the problem through a novel
approach to find the best RSU locations by taking into
account the propagation characteristics in mmWaves environments. Similarly, authors in [11], [12], only considered
the distance or the propagation characteristics, but not the
shape of the buildings and the roads. In our case, we will
utilize tools from Computational Geometry (as in [8]), and
consider all the above to find the desirable RSU locations.
More specifically, we will investigate the performance of
our algorithm under two urban environments, describing
their unique characteristics. Our outcome will be compared
with solutions obtained by GA and Greedy Construction
(GC) [13] algorithms, to strengthen the enhanced performance provided by our approach.
The rest of the paper is organized as follows. In Sec. II we
describe our system model. We introduce the tools utilized
from Computational Geometry, and how we identify the
candidate RSU positions. In Sec. III we formulate our opti-

