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Abstract— In this work, we present a small-scale testbed for
evaluating the real-life performance of cellular V2X (C-V2X)
applications on 5G cellular networks. Despite the growing in-
terest and rapid technology development for V2X applications,
researchers still struggle to prototype V2X applications with
real wireless networks, hardware, and software in the loop
in a controlled environment. To help alleviate this challenge,
we present a testbed designed to accelerate development and
evaluation of C-V2X applications on 5G cellular networks. By
including a small-scale vehicle platform into the testbed design,
we significantly reduce the time and effort required to test
new C-V2X applications on 5G cellular networks. With a focus
around the integration of small-scale vehicle platforms, we de-
tail the design decisions behind the full software and hardware
setup of commonly needed intelligent transport system agents
(e.g. sensors, servers, vehicles). Moreover, to showcase the
testbed’s capability to produce industrially-relevant, real world
performance evaluations, we present an evaluation of a simple
test case inspired from shared situational awareness. Finally,
we discuss the upcoming use of the testbed for evaluating 5G
cellular network-based shared situational awareness and other
C-V2X applications.

I. INTRODUCTION

Over the recent years, the interest in exploring the use
of vehicle-to-everything (V2X) communication has grown
immensely. Due to factors like unprotected road-users and
occlusions, there are complex traffic scenarios that are diffi-
cult for automated vehicles to resolve individually. To safely
and efficiently handle these scenarios, automated vehicles
need to communicate with each other, infrastructure, and
central servers. This has led to the development of vari-
ous Intelligent Transport Systems (ITS) that utilize wire-
less technologies including different varieties of dedicated
short-range, direct communication, 4G, and 5G for V2X
communication to enhance traffic safety and improve road
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Fig. 1. A snapshot of the 1/10th-scale SVEA platform driving in the
presented 5G-based C-V2X testbed in the Kista Innovation Park. More
details about the SVEA platform at [https://svea.eecs.kth.se]

throughput [1]. Vehicles that utilize V2X communication to
enhance their automation are referred to as connected and
automated vehicles (CAV). Moreover, throughout this work,
we refer to the collection of ITS services that leverage V2X
communication as V2X applications.

Already today, there are a variety of V2X applications that
have been developed using various wireless technologies.
These V2X applications are typically add-on services to
the core functionality of CAVs that leverage communicated
data to implement functionalities like beyond line-of-sight
collision warnings, intersection movement assistance, or left
turn assistance [2], [3]. V2X applications are developed to
further enhance safety and efficiency in scenarios where the
sensor suite onboard the CAV is unable to perceive critically
important information. One example of this is shared situa-
tional awareness, where sensors, servers, and vehicles share
their perception data with each other using V2X direct com-
munication to enhance each other’s situational awareness [4].
V2X applications are predominantly developed around one
of two main V2X communication standards: ITS-G5 [5] and
C-V2X [6]. ITS-G5 is based on Wi-Fi communication on the
5.9 GHz band. C-V2X is an umbrella technology which en-
capsulates all 3GPP V2X technologies, including both direct
communication and cellular network communications [7].
While there are some preliminary studies performed in [8]
on C-V2X using 5G cellular networks, many of the studies
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conducted so far are developed around using 4G. We attribute
this to the current difficulty around prototyping advanced C-
V2X applications in a controlled environment with a real 5G
network, hardware, and software in the loop.

To help alleviate this difficulty, we design and develop a
testbed specifically for evaluating the real-life performance of
advanced C-V2X applications on 5G cellular networks. More
specifically, we design a testbed to enable low-cost experi-
mentation on advanced C-V2X applications with the ability
to precisely evaluate the 5G cellular network, hardware, and
software’s performance. To make experimentation cheaper,
we build the testbed around the use of a 1/10th-scale CAV
platform. Although 1/10th-scale CAVs do not capture the
full dynamics of full-scale CAVs, they do provide the ability
to cheaply evaluate V2X applications with real network,
hardware, and software in the loop [9]. Additionally, 1/10th-
scale CAVs offer the ability to do preliminary studies with
motion, providing some initial insight into how the results
translate to full-scale CAVs.

A. Contribution

In summary, the main contribution of this paper is the
design of a testbed for rapidly evaluating the real-life per-
formance of C-V2X applications on 5G cellular networks.
Explicitly, our contributions are three-fold:

1) we overview the design choices behind the network
configuration, software, and hardware for supporting
small-scale evaluations of the real-life performance of
C-V2X applications on 5G cellular networks,

2) we showcase the testbed’s capability to measure
the real-life performance of a simple, situational
awareness-inspired, test case under the realistic con-
ditions of: clock synchronization error, network traffic
overloading, and base station handovers,

3) we discuss the implications from the test case on the
future evaluation of 5G-based C-V2X applications.

Additionally, the software used for sending C-V2X data over
the 5G cellular network is available publicly.1

II. MOTIVATION

In this section, we elaborate on the motivation for de-
veloping the testbed presented in this paper. Despite the
significant effort and work that has previously been put
into proposing V2X solutions, researchers still struggle to
develop and evaluate the end-to-end performance of V2X
applications with a real hardware in the loop. Given the
relatively recent introduction of 5G cellular networks, this
difficulty is especially apparent. To this end, the motivating
challenges we address in this work are the following:

1) how do we develop a modular testbed where 5G cel-
lular network-based C-V2X applications can be imple-
mented with less lead time for testing and evaluation?

2) what developments are necessary to replicate scenarios
with 1/10th-scale vehicles under realistic conditions?

1https://github.com/KTH-SML/cv2x-testbed

To address the first challenge, we go through the design
decisions that make it easier to develop and test C-V2X
applications on 5G cellular networks. These design decisions
are carefully made while considering the trade-offs between
development speed and resultant performance. Throughout
the work, we note the trade-offs of our design decisions and
mention alternatives that could improve performance with
the trade-off of increasing implementation difficulty.

To address the second challenge, we implement a simpli-
fied test case inspired by the requirements of shared situa-
tional awareness. In this test case, we adapt the architecture
in [4] to better suit 5G cellular networks and implement
a generic version of the messaging required to support
these types of applications. We test this adapted architec-
ture under the realistic conditions of clock synchronization
error, network traffic overloading, and base station hand-over
events. While we draw inspiration from the implementations
done in [4], we have chosen not to implement the full
shared situational awareness application so we can obtain
results that are more relatable to other C-V2X applications.
Moreover, since the implementation is done with 1/10th-scale
vehicles, the available software and hardware that can be
integrated greatly differs from full-scale vehicles. At 1/10th-
scale, we need to work with hardware and software more
typical in robotics and mobile device development.

III. TESTBED DESIGN

In this section, we present our testbed (illustrated in Fig. 2)
for 5G-cellular network-based C-V2X applications and how
it can evaluate end-to-end performance. In particular, we
detail the important design decisions behind the dedicated
5G standalone test network, ITS agent implementations,
messaging system, and clock synchronization software in our
testbed. For simplicity, we refer to 5G-cellular network-based
C-V2X as “5G C-V2X” for the remainder of the paper.

A. Dedicated 5G Standalone Test Network

To fully evaluate a 5G C-V2X application, it is necessary
to recreate real-life conditions that impact the cellular net-
work. Central to our testbed is a dedicated 5G standalone
test network that allows for custom network configuration.
With it, we can precisely modify background load and enable
features that protect traffic, ensuring a realistic setting for
experiments. It is important to investigate the trade-offs
related to network performance as it is not only influenced
by the traffic volume but also by the number of users, the
direction of the traffic, and the configuration of the network.
Our testbed’s network has a 20 MHz bandwidth and uses
a Time Division Duplex (TDD) pattern DDDSU, where D
represents a downlink slot, U represents an uplink slot, and
S represents a special slot with 10 downlink symbols and 2
uplink symbols. Furthermore, a radio cell, in this network,
has maximum capacity of ca. 40 Mbps. Lastly, in the context
of our scenario, we utilize a specific QoS mechanism in the
5G radio access network called absolute priority scheduling.
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Fig. 2. Architecture and Spatial Distribution of our 5G C-V2X Testbed System. There are three types of ITS agents: infrastructure sensor, edge server
and CAVs (SVEA). To communicate, the sensor and CAVs have a wireless connection using a 5G cellular network with 20 MHz bandwidth. Each radio
cell has ca. 40 Mbps capacity. T1, T2, T3, T4 are the transmission time stamps of the messages used in our evaluation. All agents rely on an NTP server
for clock synchronization. The NTP server is reached using the same wired or wireless connection as is used for their main communication.

B. ITS Agents

For quick and low-cost evaluation of 5G C-V2X, the three
agents (sensor, edge server, CAV/SVEA) shown in Fig. 2 are
actualized with small-scale platforms. They implement their
5G C-V2X applications using the Robot Operating System
(ROS) [10]. The use of ROS yields significant development
benefits, as it provides wide, open-source support for most
of the sensor and message types that are required in C-
V2X applications. For example, in [11], authors contribute
an open-source package containing ROS support for ETSI
ITS messages for V2X communication. However, since ROS
is a best-effort implementation, it is not the most suitable
middleware for external communication between agents on
the 5G cellular network. Thus, we only use ROS on the local
networks of each ITS agent. External communication can
instead be facilitated by messaging systems such as MQTT
[12], NATS [13] or Zenoh [14]. These have a direct impact
on the overall 5G C-V2X performance, and the choice often
depends on various design aspects like application compat-
ibility and preferred implementation language. In line with
the objectives of this platform, to accelerate development and
evaluation of 5G C-V2X applications, we use the Transmis-
sion Control Protocol (TCP)-based messaging system NATS
with the NATS broker sitting on the edge server in Fig. 2.
Since NATS supports distributed brokers, it enables high-
performing implementations of edge architectures for V2X
applications.

1) Sensor: The sensor in our 5G C-V2X testbed is
designed to be application-agnostic. It represents any device
that produces data within the network but does not consume
it. This can characterize a wide range of different applications
and concepts, such as local infrastructure sensors or by-
stander CAVs. For external communication, it is reasonable
to assume that an infrastructure sensor has a wired connec-

tion. However, in certain use cases or scenarios, a sensor
may require the flexibility of a wireless connection. For this
reason, in this work, the sensor is communicating with the
other agents through the cellular 5G network. Ultimately, this
leads to easier, more agile setups for outdoor experiments.
However, if latency and reliability need to be minimized, a
wired connection can be used instead.

2) Edge Server: The edge server has the role of a cen-
tralized computing unit that aggregates and processes infor-
mation and may also engage in decision-making processes.
In our testbed, it acts as a proxy between the infrastructure
sensor and the CAVs. Any computation that should be
done on the server can be emulated by delaying messages.
Depending on the scenario and application, the server can
be located locally or more centrally. By being physically
close to its users, the server can deliver benefits such as
reduced latency and higher bandwidth. This is enabled by
the 5G network’s ability to deploy applications near the
“edge” of an access network. However, it may be tolerable in
some applications to instead deploy in far-away data centers,
which can be more convenient or provide access to more
computational hardware. Since we are prioritizing latency
and bandwidth in our applications, we deploy the server on
the edge in our testbed setup.

3) 1/10th-scale CAV (SVEA): The vehicle has been
developed as a stand-alone platform for evaluating 5G C-
V2X use cases. Introduced in [9], the SVEA is a 1/10th-scale
automated vehicle that consists of the necessary components,
both in hardware and software, to build an autonomous
system. This enables the platform to evaluate a wide range
of scaled-down traffic scenarios. Moreover, the platform can
be used to collect and log vehicle state data, such as velocity
and GPS position, even when driving manually. This makes
the platform ideal for network-centric experiments that do
not require any autonomy, but where mobility still plays an
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important role. In contrast to the sensor, in the test case we
set up, the SVEA represents a user in the network that only
consumes data.

C. Messaging

In our testbed, communication between the agents occurs
in both uplink and downlink channels. As illustrated in
Fig. 2, the infrastructure sensor sends messages to the edge
server, which then distributes those messages to the vehicle.
We name the connections after the primary direction of
the application-critical traffic. That is, UL for uplink from
sensor to server and DL for downlink from server to vehicle.
However, due to TCP, which requires acknowledgments to
be sent in the opposite direction, there also exist downlink
traffic from UL and uplink from DL.

The traffic is characterized by the transmitted messages. A
message contains data of a certain size, and is sent at a certain
rate. The contained data can be in any format, however,
a message must include the timestamps, clock offsets, a
sequence number, and a checksum to verify the message
was sent correctly. This information will also later be used
to determine latency. Before the sensor sends a message, it
sets the T1 timestamp from the system clock time. Once
the message is received by the edge server, it updates the
messages with a corresponding timestamp T2. In the same
way, when the edge server sends the message, and a vehicle
receives it, then T3 and T4 are updated as depicted in Fig. 2.

The performance of 5G C-V2X applications can be evalu-
ated with metrics such as latency, jitter, signal-to-noise ratio,
packet drops and packet error rates. While the primary benefit
of NATS is effortless deployment of edge architectures, since
it is built on TCP, many of these performance metrics aggre-
gates to latency due to TCP’s order guarantees, error checks
and retransmission algorithms. This simplifies the evaluation
such that we can focus on measuring latency. For applications
that need further latency minimization, technologies like
MQTT can be used with UDP, which introduces the need
to explicitly measure packet drops and packet error rates.
However, by using MQTT with UDP, the implementation
of edge architectures becomes more difficult since MQTT
brokers cannot be directly distributed without additional
implementations. As previously described, messages are sent
in both UL and DL traffic. Therefore, we can also distinguish
between LUL and LDL latencies. If all agents were perfectly
synchronized, the latency would simply be the difference
between the respective timestamps, e.g., LUL = T2 − T1.

D. Network Time Protocol for Synchronization

Measuring latency between different agents is difficult
due to synchronization errors. Consider T1 and T2 which
are measured on different clocks. This becomes a major
source of errors when considering how computer clocks can
drift non-deterministically depending on voltage fluctuations,
temperature changes, system load, and production quality.
Consequently, taking the time difference T2 − T1 would not
only measure the communication latency, but also include
any synchronization error between the clocks.

In our testbed all agents use Network Time Protocol (NTP)
[15] to both correct their system clock and periodically query
the NTP server for synchronization errors. By querying the
NTP server during a test, we can correct for synchronization
error in the latency measurement. As such, when setting
timestamps in the messages, we also set a corresponding
clock offset value. To account for the synchronization error,
the latency becomes LUL = (T2 + E2)− (T1 + E1).

While alternative methods like GPS Clocks or Precision
Time Protocol (PTP) [16] can be utilized for more precise
time synchronization, we have excluded them from our
design due to hardware restrictions. Specifically, since server
implementations are typically installed indoors, there is not
always infrastructure available to provide servers access
to a GPS receiver. Furthermore, we do not always have
access to network infrastructures with hardware that has PTP
support throughout. In the case of software-based PTP, the
benefit over NTP is not as apparent when in a wireless
network due to PTP being more sensitive to delay variations.
Therefore, we choose to use the NTP client chrony2 for clock
synchronization due to it being readily available on most
operating systems.

IV. TESTBED EVALUATION

In this section, we develop and evaluate a simple test case
to assess the testbed’s ability to support 5G C-V2X appli-
cations under various conditions. Specifically, we present
the test case’s latency under three distinct conditions that
could impact the overall efficiency or reliability of 5G C-
V2X applications. Our primary objective in this section is to
show how the testbed can be used to evaluate the real-life
performance of a 5G C-V2X application. To this end, we start
by contextualizing our evaluation in a previously developed
V2X application and use that application to determine a
relevant architecture for us to test.

A. Test Case Context: Shared Situational Awareness

For our test case, we are inspired by [4], where the authors
have implemented a shared situational awareness framework,
with an objective to improve situational awareness of the
ego-vehicle using V2X communication. In this cited paper,
a simple urban scenario is considered, where the field-of-
view of the ego-vehicle has an occlusion created by a parked
vehicle. But this occluded region is visible for two other
connected V2X units in the near surrounding. The connected
V2X unit shares their perception data with the ego-vehicle.

The authors utilize the standardized Collaborative Per-
ception Message (CPM) [17]. In this standard, a general
message structure consists of Management Container (MC),
Station Data Container (SDC), Sensor Information Container
(SIC), Perceived Object Container (POC), and Free Space
Addendum (FSA). In [4], the communication of CPMs is
carried out over an ITS-G5 access layer with a 10 MHz
bandwidth. Each message is sent and received at a frequency
of 10 Hz. The total payload of each message was 156 bytes

2https://chrony-project.org/
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and each message consists of MC, SIC, and POC. In each
message, there were five POCs, which had a payload of
78 bytes. According to IEEE 802.11 standards, the ITS-
G5 network has a limitation to send each message with
a maximum payload of 1500 bytes. This means that if
messages need to be sent with payloads more than 1500
bytes, the messages need to be sent in separate parts. Based
on these values, we are able to determine some of the relevant
message sizes and frequencies to include in our test case.

In this work, we evaluate our testbed with a simple test
case that evaluates the messaging capabilities within the 5G
cellular network to develop a preliminary understanding of
how a 5G C-V2X shared situational awareness system could
be designed. Since 5G networks have different bandwidth
alternatives and different features for prioritizing sessions in
the network, we set up a test case where we evaluate the
testbed’s performance with varying network loads, message
sizes, and message frequencies. Moreover, since safety-
critical data is being communicated, it’s of great interest
to understand the effects of network traffic overloading and
handovers on the messaging between agents. As the focus of
the developed testbed is the facilitation of development and
evaluation of advanced 5G C-V2X applications, we will not
focus on comparing the performance of 5G C-V2X with ITS-
G5-based V2X. Instead, through our test, we are interested in
understanding how shared situational awareness would look
as a 5G C-V2X application.

B. Test Case Setup

Our testbed is in the Kista Innovation Park (KIP), an
arena that provides a controlled environment for conduct-
ing research and development of C-V2X applications on
a dedicated 5G standalone test network. As illustrated in
Fig. 2, KIP is equipped with two radio stations, allowing
for the study of handover events in a controlled manner.
This, combined with the ability to freely configure its net-

Network
Config.

Background Load
Uplink – Downlink

[Mbps]

Message
Size
[kB]

Message
Frequency

[Hz]

N
om

in
al

BL
No Load – No Load 1 10

10 20

1 UEs x 5 – 1 UEs x 110
1 10
10 20

AP
No Load – No Load 1 10

10 20

1 UEs x 5 – 1 UEs x 110
1 10
10 20

O
ve

rl
oa

d BL 1 UEs x 40 – No Load 10 20
2 UEs x 40 – No Load 10 20

AP 1 UEs x 40 – No Load 10 20
2 UEs x 40 – No Load 10 20

M
ob

ili
ty

BL No Load – No Load 10 20

TABLE I
COMBINATIONS OF NETWORK CONFIGURATIONS, BACKGROUND LOAD,

MESSAGE SIZES, AND FREQUENCIES IN THE PRESENTED TEST CASE.

Fig. 3. Cumulative Distribution Functions (CDFs) of latency for all the
different combinations under nominal conditions.

work, positions KIP as a suitable arena to explore real-
world complexities, yet under controlled and manageable
circumstances.

Based on the urban scenario introduced for shared situ-
ational awareness, for our test case, we employ an infras-
tructure sensor, an edge server, and a 1/10th-scale CAV as
the primary agents. By setting up this type of test case, we
can measure the latency of safety critical perception data
when sent from a sensor to a CAV through an edge server
over a 5G cellular network, as shown in Fig. 2. We can also
compare the effect of different network configurations. In this
work, we show this capability using a QoS mechanism in the
5G network named absolute priority scheduling that aims to
protect our safety-critical traffic. We compare the absolute
priority (AP) configuration with a baseline (BL) that uses
default scheduling.

In our implementation, we send messages containing
dummy data instead of real perception messages to more
easily control certain traffic characteristics such as message
size and frequency. The different combinations of network
settings, background loads, message sizes, and frequencies
applied in our experiments are summarized in Table I. With
these, we show how flexible our testbed is in terms of how
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quickly one can develop V2X scenarios and start testing
different designs of 5G C-V2X applications. By exposing
these options, we can create test cases relatable to existing
ITS-G5 based standards, i.e. 1 kB messages at 10 Hz,
then continue to investigate other test cases that take better
advantage of the features in 5G networks. We note that
these test cases are not exhaustive and in the future it’d be
interesting to continue to test shared situational awareness
under other scenarios. Next, we describe the specific network
conditions we considered in this work.

1) Nominal Conditions: In the nominal conditions, we
consider a static 1/10th-scale CAV that is receiving messages
of a particular size and at a particular frequency. At the same
time, there is background load in the network generated by
regular User Equipment (UE) using iPerf [18], and this load
is carried over User Datagram Protocol (UDP). Although
the application data is carried over TCP through NATS, the
background load has to flood the network, making UDP a
more suitable transport protocol. For the 5G network, that has
20 MHz bandwidth, we consider 1 UE loading 5 Mbps in the
uplink direction and 1 UE loading 110 Mbps in the downlink
direction to be within nominal conditions with respect to the
network’s capacity.

2) Overload Conditions: In the overload conditions, we
are also analyzing conditions when there is background
load exceeding the network’s capacity, which we refer to
as overloading conditions. Since networks are typically not
configured for symmetric resource allocation in uplink and
downlink traffic, it can be further valuable to test background
load in each direction separately. To assess the potential
benefits of prioritized network traffic on 5G C-V2X perfor-
mance, we test the network configurations AP and BL when
there is asymmetric background load.

3) Mobility Conditions: In the mobility conditions, due
to the motion of the vehicle, handover events are triggered
when the vehicle transitions between the two radio cells,
as illustrated in Fig. 2. These events can increase latency,
which is why they are an important aspect to consider during
mobility conditions.

C. Test Case under Nominal Conditions

Under nominal conditions, in a static vehicle agent setting,
we examine our test case with varying message types,
background load, and network configurations, as detailed in

Fig. 4. Latency of individual packets under background load. This test
was conducted with message size and frequency of 1 kB at 10 Hz, in BL
network configuration, while there was 1 UEs x 5 Mbps uplink and 1 UEs x
110 Mbps downlink load. In red, we see the synchronization error between
sensor-server and server-vehicle, respectively.

Fig. 5. Comparison between different cases under overload conditions. The
figure depicts 99%, 95%, and mean latency when overloading the network
in uplink traffic.

Table I. Using Cumulative Distribution Functions (CDFs) of
latency, we can compare the impact of different traffic and
network attributes with respect to the given requirements of a
5G C-V2X application. For example, a requirement could be
that 95% of the latency distribution must be less than 40 ms.
Fig. 3 shows such CDFs for the test cases under nominal
conditions. As expected, there is no significant difference
between BL and AP network configurations, since the benefit
of absolute priority scheduling is not apparent with such low
load and just one background UE in the cell.

In addition to Fig. 3, it can also be useful to view the
latencies of individual packets. Since our testbed logs each
message, it is possible to perform such analyses, as depicted
in Fig. 4. It is worth noting that this particular test was
affected by synchronization errors due to drifting system
clocks. Depending on what is being tested, this might not
be a significant problem. However, this issue demonstrates
the importance of careful consideration of, and planning for,
time synchronization.

D. Test Case under Overload Conditions

Overload conditions, as the name conveys, describe the
case when there is background traffic exceeding the net-
work’s capacity. In Fig. 5, we present the 99%, 95%, and
mean latency values of the UL traffic when there is extreme
background load only in the uplink direction. Through these
measurements, we see that the network was able to protect
the UL traffic under overload conditions with the help of the
enabled 5G features in AP.

E. Test Case under Mobility Conditions

Evaluating network behavior in the context of a moving
vehicle is particularly interesting due to the handover events
that can occur. The network configuration, message size,
and message frequency of this experiment are described in
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Fig. 6. Vehicle traveling along the handover route. The vehicle starts
near Antenna 2 (yellow) and drives towards Antenna 1 (orange). During
this route, DL traffic (server-vehicle) is logged and shown in the respective
color. UL traffic (sensor-server), which always goes through Antenna 1, is
also shown before (light orange) and after (dark orange) handover. Packets
affected by the handover are shown in green.

Table I, while no additional features were added to help lower
the handover latency. Fig. 6 displays the GPS coordinates
and packet latency following the handover route in Fig. 2.
Specifically, this allows us to know where and when these
handovers occur, along with the latency at these times. By
following this route in a controlled environment, we can
repeat handover events to evaluate their consistency and the
5G C-V2X application performance when these transitions
occur.

V. DISCUSSION

The performed tests, inspired from shared situational
awareness, show that the presented testbed implementation
stands as a fast and effective development platform. More-
over, it indicates that small-scale testbeds are suitable for
evaluating advanced 5G C-V2X applications. For example,
from the test cases under nominal conditions, we are able
to track individual messages and measure the latency when
they are of varying sizes and frequencies. From the test
cases under overload conditions, we are able to observe
the testbed’s ability to stress test an implemented 5G C-
V2X application when there are additional users in the
same network. Finally, from the test cases under mobility
conditions, we are able to see the effects of handovers,
providing us a controlled way to evaluate these events in
relation to the 5G C-V2X application. For future work,
we are implementing the full 5G C-V2X shared situational
awareness application along with an intelligent intersection
application, similar to [19], and will evaluate both of their

real-life performances. In parallel to this implementation, we
will also continue to investigate and implement new features,
such as features limiting handover interruption time, that are
being specified in 3GPP to enhance the network’s ability to
support 5G C-V2X applications
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