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Mouhamed Abdulla & Ke Wu

Today, there is a clear convergence between technologists, visionaries,
corporations, academics, and policymakers on the expected trend of
Intelligent Transportation Systems (ITS). The related infrastructure and
vehicles of the future will essentially have four key attributes, which are (a)
electric (i.e. sustainable), (b) autonomous (i.e. convenient), (c) connected
(i.e. safe), and (d) shared (i.e. rely on smart mobility utilization).

Present day autonomous vehicles are primarily founded on light detection and ranging
(LiDAR) technology, where the objective of this sensing capability is to navigate on road
infrastructures while avoiding collisions with likely obstacles, such as other vehicles,
cyclists, pedestrians, animals, and random objects. Despite being a remarkable milestone
in this vehicular ecosystem, critical information is not being shared locally to the cloud and
the transportation management system for the purpose of dynamic cooperation, remote
access control, and network optimization. With time, as the volume of active cars and traf-
fic increases, interconnectivity among vehicles will be necessary for greater safety, traffic
efficiency, intelligent resource utilization, and smart energy consumption.

In fact, autonomous vehicles with sensing capabilities are constrained by line-of-sight
and thus cannot detect a likely collision with a fast-moving vehicle driving towards an
urban junction, for instance. Moreover, harsh weather conditions, such as fog, sunbeams,
heavy rain and snow, significantly deteriorate the quality of sensing technology. Evidently,
vehicle-to-everything communications is the prime alternative technology that can over-
come the shortcomings of LiDAR-based autonomous vehicles. According to a European
Commission study, vehicle-to-vehicle (V2V) communications have the potential to prevent
up to 35% of serious casualties from road accidents. In other words, it is of the utmost
importance to have both sensor capabilities and communications technology, as they com-
plement each other and also serve as sources for supplemental system redundancy, added
security and greater awareness of the vehicle’s surroundings.

Evidently, communications need not only be limited to other vehicles; it could be an all-
encompassing vehicle-to-everything (V2X) connectivity. For instance, vehicle-to-infrastruc-
ture (V2l) has the prospect for making traffic flow more fluid and dynamic through direct
communications with nearby traffic signs. Vehicle-to-pedestrian (V2P) communications
could automatically alert a car of an unnoticeable pedestrian presence on the road ahead.

M. Abdulla and K. Wu, "5G Connected Vehicles: the Missing Link to Highly Autonomous Vehicles,"
Routes et transports Magazine, I"Association québécoise des transports (AQTr), vol. 46, no. 2, pp. 122-127,
Oct. 2017. ISSN: 0319-3780 (print). Link: https://research.chalmers.se/en/publication/?id=253552
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The same also applies for enhancing
the safety of cyclist maneuvering in a
busy city. Since these changes on the
road occur in split seconds, the vehicle’s
computer system will automatically and
proactively control and steer the car to
avoid such accidents. As for vehicle-
to-network (V2N) communications, it es-
sentially keeps a vehicle in a continuous
and direct communication link with a
radiofrequency (RF) network infrastruc-
ture (i.e. similar to a tower used nowa-
days for mobile communications), such
as an LTE Advanced Pro (Rel.13, 14) or
the much anticipated 5th generation
wireless network (5G). V2N will enable
greater spatial coverage; so for instance,
it could notify a driver in real-time of a
heavy traffic jam a few kilometers ahead
and dynamically reroute the traffic to
reach the destination with minimal tra-
velling distance and time.
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To enable communication between
vehicles manufactured by different
companies, standardization is required
for interoperability. Direct short-range
communication (DSRC) is a standard
ready for utilization at an operating
frequency of 5.9 Gigahertz. This stan-
dard, which was formally known as
IEEE 802.11p, sets the communication
protocol for local information transmis-
sion in an ad hoc vehicular configura-
tion. The disadvantage of this protocol
is the lack of dynamic information sha-
ring of the many hours of driving histo-
ry with the transportation management
system. As an alternative, cellular-based
5G communications, which is under de-
velopment and is expected for gradual
deployment in 2020, essentially inherit
the distributed features of DSRC with the
added benefit of centralized coordina-
tion by the transportation management
system. Undoubtedly, the capabilities of



Figure 1

Connected vehicles
are an integral part of
future smart cities.

the 5G alternative is more convenient
for the purpose of highly autonomous
vehicles, particularly since it will deli-
ver ultra-reliable, low-latency, and fast
communications for complex vehicular
networks.

Evidently, networks related to cars are
commonly known as vehicular ad hoc
networks (VANET). Because vehicles are
in constant movement, a certain VANET
is quickly formed in a particular geogra-
phical area over a limited time frame. Af-
ter a short time period, the network dis-
solves and a new VANET is formed. This
keeps repeating over and over again
throughout the vehicle’s travel route.
For such distributed, complex, and dy-
namically-changing networks, V2X ca-
pabilities are indispensable. In fact, the
objective of smart future ITS is to en-
sure fast connectivity that is seamlessly
interweaved with a cascading combina-

tion of V2V, V2I, V2P, and V2N networks.
For such very complex networks, where
data is routed across different devices
and critical infrastructures, and where
interoperability among the diverse units
is a basic necessity, various critical
metrics within the 5G requirement are
fundamental, namely: ultra-reliability,
low-latency, high-capacity, variable-mo-
bility, and elevated traffic-density.
Evidently, evaluating, assessing, and
designing the parameters of the com-
munication link for a V2X network with
unpredictable traffic status will be of cri-
tical concern for future roads populated
by highly autonomous vehicles.

The reliability metric alone is immen-
sely complicated to fulfill. For ins-
tance, a packet reliability of 99.999%
is generally feasible for semi-autono-
mous vehicles with a driver-in-the-
loop. Whereas, for fully autonomous,
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where no human intervention is re-
quired, a reliability of 99.9999999% is
expected. Communication latency is yet
another element of concern where ex-

tremely low values in
the range of 2~3 mil-
liseconds are desired.
As for data capacity,
a communication of
multi-Gigabits per se-
cond, up to 8 Ghbps,
is anticipated in order
to share on-route in-
formation with other
vehicles in the region
and the network cloud.

Despite the densifi-
cation of the vehicu-
lar network, the qua-
lity of service ought
to remain in constant
communication  with
ultra-high  reliability.
In other words, in an
urban setting, it is es-
timated that there are
roughly 1,000 vehicles
per square kilometer;
in the suburbs, it is
estimated at 500
vehicles/km?, and on
highways, the values
are even fewer than
these numbers. Mo-
reover, reliability must
be preserved up to a
communication range
among vehicles in the
order of 100-200 me-
ters on roads, and 500
meters on highways.

Achieving these
constraints and requi-
rements altogether is
a recipe for immense
challenges. To tackle
this undertaking, it is
of the utmost impor-

It is of
the utmost

Importance to
have both sensor
capabilities and
communications
technology,

as they

complement
each other and
also serve as

sources for

supplemental

system
redundancy,

added security

and greater

awareness of the

vehicle’s

surroundings

the ITS ecosystem to work together and
in cohesion, both at the fundamental and
experimental research tracks. There are
various overlapping concepts in diffe-

rent sub-systems that
demand a holistic un-
derstanding and fluen-
cy, and thus cross-
pollination of exper-
tise is required to op-
timize a complex com-
munication network
for highly autonomous
vehicles. Different
areas of radiofrequen-
cy engineering (i.e.,
communications, mi-
crowaves, propaga-
tion, and antenna
systems) must collec-
tively work the techni-
cal intricacies that are
of extreme interdepen-
dence in order to pre-
dict and eliminate the
potential sources of
road accidents.

Extensive research on
many frontsisrequired,
including (i) network
modeling based on
real-world vehicular
traffic, (ii) connecti-
vity and throughput
analysis founded on
average performance
assessed by mea-
surable data, and fine-
grained performance
accessed by meta-dis-
tribution techniques,
(iii) mobility concerns
and robustness to
Doppler effect, say
up to 300 kilometers
per hour, (iv) tempo-
ral aspects of traffic
variability, (v) empiri-
cal propagation chan-

tance for the electrical engineering com- nel measurements and modeling
munity advancing the 5G network for over high frequencies, (vi) modula-
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tion schemes and network access, (vii)
system design and spatial diversity, (vii)
antenna design issues with single and
multiple antenna elements, and (viii) an-
tenna position on the vehicle, directivity,
beamforming, etc.

The eventual future of smart cities with
intelligent transportation for road safety
and traffic efficiency is inevitable. Every-
thing that should be connected must be
connected; this includes the seamless
connectivity of vehicles, cyclists, pedes-
trians, etc. Bringing this eventuality of
a data rich environment to fruition will
require creative engineering solutions
to intercorrelated challenges, which are
expected to result in opportunities and
gains for society at large. This article at-
tempted to underscore the complemen-
tary need of both sensors and connec-
tivity for highly autonomous vehicles.
Technical requirements for vehicular
interconnectivity and overall system

performance under the anticipated 5G
communications were discussed. Open
challenges that will require extensive
research by the scientific engineering
community before real-world mass
deployment of highly autonomous
vehicles were also highlighted. &
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