Operating ITS-G5 DSRC over Unlicensed Bands: A
City-Scale Performance Evaluation
Ioannis Mavromatis∗ , Andrea Tassi∗ and Robert J. Piechocki∗†
∗ Department

of Electric and Electronic Engineering, University of Bristol, UK
Alan Turing Institute, London, NW1 2DB, UK
Emails: {Ioan.Mavromatis, A.Tassi, R.J.Piechocki}@bristol.ac.uk
† The

Abstract—Future Connected and Autonomous Vehicles (CAVs)
will be equipped with a large set of sensors. The large amount
of generated sensor data is expected to be exchanged with other
CAVs and the road-side infrastructure. Both in Europe and the
US, Dedicated Short Range Communications (DSRC) systems,
based on the IEEE 802.11p Physical Layer, are key enabler
for the communication among vehicles. Given the expected
market penetration of connected vehicles, the licensed band of
75 MHz, dedicated to DSRC communications, is expected to
become increasingly congested. In this paper, we investigate the
performance of a vehicular communication system, operated
over the unlicensed bands 2.4 GHz-2.5 GHz and 5.725 GHz5.875 GHz. Our experimental evaluation was carried out in a
testing track in the centre of Bristol, UK and our system is
a full-stack ETSI ITS-G5 implementation. Our performance
investigation compares key communication metrics (e.g., packet
delivery rate, received signal strength indicator) measured by
operating our system over the licensed DSRC an the considered
unlicensed bands. In particular, when operated over the 2.4 GHz2.5 GHz band, our system achieves comparable performance to
the case when the DSRC band is used. On the other hand, as
soon as the system, is operated over the 5.725 GHz-5.875 GHz
band, the packet delivery rate is 30% smaller compared to the
case when the DSRC band is employed. These findings prove
that operating our system over unlicensed ISM bands is a viable
option. During our experimental evaluation, we recorded all the
generated network interactions and the complete data set has
been publicly available.
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I. I NTRODUCTION
By the end of 2020, recent forecasts estimate that fifty
billion devices will require internet connectivity to operate.
Among these devices, around ten million vehicles equipped
with multiple communication systems and autonomous capabilities are expected to be rolled out into the global market [1].
In particular, there is global consensus around the fact that
future automotive services for Connected and Autonomous
Vehicles (CAVs) are expected to rely heavily on reliable
broadband connectivity on the move [2]. This is confirmed
by the National Highway Traffic Safety Administration (U.S.
Department of Transportation) and the European Commission’s Connected-Intelligent Transportation System (C-ITS)
initiative [3], [4]. In particular, the latter, along with the 5GPPP Partnership, argues how reliable Vehicle-to-Everything
(V2X) connectivity will empower future CAVs to deliver advanced automotive services, such as See-Through, Automated
Overtake and High-Density Platooning [5], [6].

As identified by the C-ITS initiative, future CAVs are
expected to be equipped with over 200 sensors. These sensors will generate a potentially substantial data stream to be
shared with surrounding CAVs [7]. Given the expected market
penetration of CAVs and their need of reliable communications links, Dedicated Short Range Communications (DSRC)
systems based on the IEEE 802.11p Physical Layer [8] are
expected to become more and more congested. This directly
follows from the fact that users will access the channel on
a contention-based way, similar to IEEE 802.11a [9], sharing
a very narrow licensed frequency band (namely, 5.85 GHz5.925 GHz). What is more, there are plans for operating
Cellular-V2X (C-V2X) systems on at least fractions of the
band dedicated to DSRC systems, which will impact on the
network resources available for ITS-G5 systems [10].
In an effort of addressing the pressing concern of the
expected reduction of network resource over the DSRC licensed band, we investigate the possibility of using unlicensed bands in conjunction with the licensed DSRC band for
supporting V2X communications. In particular, we establish
a performance evaluation of a full-stack implementation of
the ETSI’s ITS-G5 DSRC system over Industrial, Scientific,
and Medical (ISM) bands. In our experiments, we considered
the ISM bands 2.4 GHz-2.5 GHz (hereafter referred to as
“ISM-2.4”) and 5.725 GHz-5.875 GHz (hereafter referred to
as “ISM-5”). In order to do so, we deployed multiple ITSG5 Road-Side Units (RSUs) along a 5 km long testing track
located in the centre of Bristol, UK. We equipped two vehicles
with ITS-G5 On-Board Units (OBUs) that has been driven
around the testing track for 16 h, over a period of time of
four days. During our experiments, every network interaction
between the OBUs and RSUs has been recorded along with
the positioning information of both transmitter and receiver.
The resulting data set is the first to record the whole set of
ITS-G5 network interactions over a large-scale environment
across both licensed and unlicensed bands.
The coexistence of IEEE 802.11p-based systems has been
extensively investigated for what concerns the possibility of
operating DSRC systems over unlicensed DVB-T2 bands [11].
On the other hand, [9], [12] investigated the coexistence of
IEEE 802.11a/n/ac technologies as secondary systems over
the band dedicated for DSRC applications. To the best of
knowledge, no large-scale performance investigation across
both the ISM-5 and ISM-2.4 bands exists. In particular, the

