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Abstract—SG Vehicle-to-Everything (5G-V2X) is a new emerg-
ing technology for vehicular networks standardized by 3GPP
to contribute to road safety services. The flexibility of the New
Radio (NR) frame structure is one of the most interesting 5G key
features enabled by the use of the new 5G numerologies. The 5G
numerologies are an enabler to meet the requirements of a wide
range of 5G services. Indeed, V2X communication encompasses
a variety of applications with different requirements. Therefore,
the choice of the appropriate numerology for each V2X scenario
is of particular importance. To this end, in this paper we present
a comprehensive study of the impact of 5G numerologies on the
performance of V2X applications. Using the Simu5G and 5GVLL
simulators, we demonstrate that the choice of the appropriate
numerology is a trade-off between the targeted requirements of
V2X applications, the Inter-Carrier Interference (ICI) and the
Inter-Symbol Interference (ISI) issues.

Index Terms—5G-V2X, 5G Numerologies, V2X applications

I. INTRODUCTION

5@, the fifth generation of mobile networks, is considered
as a real technological breakthrough in telecommunications
networks. In fact, communication networks are experiencing a
real revolution nowadays due to the different requirements for
different services. The growing number of mobile subscribers,
the very high demand for bandwidth and data transmission
rates, the emergence of Intelligent Transport Systems (ITS),
the Internet of Things (IoT) and, above all, the forecasts for
smart cities are the main drivers of this revolution. However,
the fourth generation of mobile networks (4G) is not able to
meet all these different requirements of the different sectors.
Therefore, the standardisation of a new generation of mobile
networks is a necessary step to meet all these requirements.
To this end, the 3GPP (Third Generation Partnership Project)
standardisation body has completed the standardisation of 5G
technology to meet the requirements set by the International
Union of Telecommunication (IUT-R) for IMT 2020, including
a peak data rate of about 20 Gbit/s, a low latency of 1 ms,
and a high mobility of 500 km/h [1].
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Indeed, 5G has the potential to meet all these requirements
of different services, thanks to the emergence of new key
features and technologies such as small cell with dual con-
nectivity, massive Multiple Input Multiple Output (MIMO),
beamforming, new 5G numerologies, Network Function Vir-
tualization (NFV), Network Slicing (NS) and Mobile Edge
Computing (MEC). Therefore, the 5G network will have a
great impact on various sectors, not only on the telecommu-
nication one, but also on other sectors such as the medical
sector and the automotive industry.

In the automotive industry, the first standardized technology
for V2X (Vehicle-to-Everything) communications is Wi-Fi
technology, known as DSRC (Dedicated Short Range Com-
munication) or ITS G5 based on the 802.11p standard [2],
followed by the cellular technology LTE-V2X (Long Term
Evolution-V2X). Today, applications in vehicular networks are
evolving with high reliability and low latency requirements.
The IEEE 802.11p and the LTE-V2X cannot really meet the
requirements of future applications. To do so, standardization
bodies have recognized the need to develop new technologies.
3GPP has standardized NR-V2X (New Radio-V2X) in its
Release 16 to support advanced V2X applications [3], such
as vehicle platooning, extended sensors, advanced and remote
driving applications.

In this context, the 5G numerologies are considered as
one of the 5G key features. A numerology refers to the
spacing between OFDM (Orthogonal Frequency Division Mul-
tiplexing) subcarriers. While a fixed subcarrier spacing of
15 kHz is applied in the LTE system, different subcarrier
spacing values can be used in 5G, e.g., 15 kHz, 30 kHz, 60
kHz, or 120 kHz. For URLLC (Ultra Reliable Low Latency
Communication) services, higher subcarrier spacing can be
used to meet ultra-low latency requirements. In the vehicular
context, as mentioned above, there are several use cases.
However, choosing the appropriate numerology for a particular
V2X application is an open question that needs to be ad-
dressed. Regarding the literature review, there are few research
works that address the choice of the numerology for vehicular



communication. However, the vehicular environment, which
is a dynamic network due to the high mobility of vehicles,
is strongly influenced by the Doppler effect [4]. Since this
later has a great impact on the choice of the numerology,
it is interesting to consider realistic vehicle environments
and study the impact of numerologies on the communication
performance. This study can then be used to decide on the
choice of the appropriate numerology. Although theoretically
it is known that the use of higher numerologies can increase
throughput, reduce latency, and overcome the ICI problem, but
they are more susceptible to the ISI problem, it is necessary
to simulate a wide range of realistic scenarios considering
different channel conditions in order to demonstrate the choice
of the appropriate numerology depending on the scenario.
For this reason, the main contributions of this paper can be
summarized as follows:

o In a first part, we present a comprehensive study on
the impact of 5G numerologies on V2X application
performance considering both physical and application
layers.

o Based on the conducted simulations and the analyzed
results, we present our recommendations for the selection
of the appropriate numerology considering the scenario.

In this work, we have considered two different V2X appli-
cations, namely the safety V2V application and the infotain-
ment application. System performances are calculated at both
application and physical layers.

The rest of this paper is structured as follows: the motivation
of our work and the related work are presented in Section
II. Then we present the technical background in Section III.
The simulation scenarios and the analysis of the results are
presented in Section IV. Finally, we conclude our paper in
section V.

II. MOTIVATION AND RELATED WORK

As mentioned earlier, the new 5G numerologies are one of
the most important features of 5G, but choosing the appropri-
ate numerology for a particular V2X scenario is still an open
issue. As far as the literature is concerned, there are only a
few research works dealing with the concept of numerology.
In [5-8], the authors investigate the impact of numerologies
on 5G system performance. However, they do not investigate
their impact on V2X use cases. Among the few research works
that address their impact on V2X communications are those
presented in [9, 10], where authors are interested in the impact
of numerologies on the sidelink autonomous mode 2 of NR-
V2X, in which the resources are autonomously selected by
vehicles using the Sensing-based Semi Persistent Scheduling
(SPS) algorithm. Indeed, the authors show that the used nu-
merology affects the size of the sensing and resource selection
windows used in the SPS algorithm for mode 2. In this context,
the authors show that increasing the numerology improves the
overall performance of the system. Moreover, the authors of
[11] propose an adaptive numerology selection algorithm that
aims to choose the appropriate numerology to satisfy the QoS
(Quality of Service) of V2X applications such as reliability

and throughput. However, the authors do not clearly present
the direct impact of these numerologies on the requirements
of V2X applications. To the best of our knowledge, the only
research work that makes an attempt in this direction is the
one presented in [12], where the authors study the impact
of 5G numerologies on V2X communication performance
considering the BLock Error Rate (BLER) parameter. The
authors conclude that the choice of the appropriate numerology
depends on the Inter-Carrier Interference (ICI) and Inter-
Symbol Interference (ISI) problems. However, the limitation of
this work is that the authors have only focused on the physical
level performance evaluation and neglected the impact of these
numerologies on the application level system performance. In
addition, the authors do not consider a wide range of use
cases for the channel conditions, which makes this study is
not very exhaustive. Therefore, the main objective of this
work is to present a more comprehensive study on the impact
of 5G numerologies on V2X communications, considering
both application-level and physical-level parameters. We have
selected two different V2X applications. The first application
is a safety V2V application and the second one is an info-
tainment application. In order to analyse the impact of 5G
numerologies on the performance of V2X applications, we
chose a rigorous Key Performance Indicator (KPI) for each
application. Since the safety V2V application is a time-critical
application, we evaluated the impact of the numerologies on
the latency for this application, while we are interested in
the average throughput of the infotainment application. Our
study includes two complementary parts. In the first part,
we are interested in studying the impact of numerologies
on application layer performance, while in the second part
we focus on physical layer performance. Our study can be
considered as a reference study for researchers interested in
resource allocation in 5G V2X communications.

III. TECHNICAL BACKGROUND
A. Overview of V2X communications

Nowadays, vehicular networks form a large and important
research area that attracts the automotive and telecommunica-
tion industries. Road safety remains the most important goal
of the automotive industry. In this context, the integration
of wireless communication technologies in this sector has
led to the emergence of a new concept known as V2X
communication.

V2X communications can be divided into four main types:
Vehicle-to-Vehicle (V2V), Vehicle-to-Infrastructure (V2I),
Vehicle-to-Pedestrian (V2P), and Vehicle-to-Network (V2N),
as shown in Figure 1. The main objective of V2X communica-
tions is to ensure road safety and traffic management services
in order to reduce the number of accidents. In addition, they
can also provide other types of services, such as entertainment
applications.

In fact, applications in vehicular networks can be divided
into three main categories: traffic safety applications, traf-
fic management applications, and entertainment applications
[13]. Traffic safety applications require low latency and high
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Fig. 1: V2X Communication types

reliability and can be considered as part of URLLC, while
entertainment applications require high data rates and belong
to eMBB (enhanced Mobile Broadband). Traffic safety ap-
plications are based on the broadcasting of periodic messages
known as Cooperative Awareness Messages (CAM) indicating
the position, speed and direction of the vehicle. Another type
of message, which is aperiodic in nature, is exchanged between
vehicles to prevent a particular event. These aperiodic mes-
sages are known as Decentralized Environmental Notification
Message (DENM) as described in [14].

Collision warnings and emergency vehicle warning are
examples of such safety applications. The second category of
applications, which is traffic management, aims at managing
road traffic by exchanging informations between Road Side
Units (RSU) and vehicles, e.g., information about the regu-
latory speed limits or the status of traffic lights. The third
category of V2X applications is the infotainment applications,
which is related to the comfort of drivers and travelers. As
examples of such applications, we mention finding a parking
space, downloading media, or downloading maps.

B. Overview of 5G NR Numerologies

The concept of numerologies, standardized in Release 15 by
3GPP, refers to the spacing between OFDM subcarriers [15].
Unlike LTE-V2X, where the subcarrier spacing is fixed at 15
kHz, in NR-V2X it can take other values that are multiples
of 15 kHz, i.e. 30, 60 and 120 kHz, as shown in Figure 2.
Since the subcarrier spacing is variable, the time slot, i.e.,
the time to transmit 14 OFDM symbols, is also variable and
decreases as the subcarrier spacing increases, which reduces
the latency and therefore favors time-critical applications. The
duration of a time slot depends on the used numerology. The
time slot follows the rule: time slot = 1/2", where n indicates
the numerology order. For example, in the case of numerology
0, the time slot value is 1 ms and for numerology 1 it is 0.5
ms. In the Table I, we present the parameters for the individual
numerologies. As can be seen from the table, each numerology
has its own symbol length, slot length and Cyclic Prefix (CP).
The CP parameter is used to avoid the ISI problem in the
multipath propagation environment.
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Fig. 2: NR-V2X Frame Structure

IV. SIMULATION SCENARIO AND RESULT ANALYSIS

Our study can be divided into two parts. In the first part, we
have studied the impact of the 5G numerologies on the perfor-
mance of V2X applications by considering the throughput and
latency parameters, while in the second part we are interested
in the impact at the physical layer by considering the BER (Bit
Error Rate) parameter. In the following subsections, we present
the simulated scenarios and the analysis of the results obtained
for the first and second parts of the study, respectively.

A. Application layer performance evaluation

1) Simulation Scenario: in the first part of our study, we
simulated two different V2X applications using the network
simulator Simu5G [16], an OMNeT++ based simulator. In
our scenario, we have 20 vehicles. Among these vehicles, 12
vehicles are running safety applications and 8 vehicles are
running infotainment applications. The first simulated appli-
cation is the safety V2V application, where the transmitting
vehicles periodically send a CAM message of 190 bytes
to their neighbors every 10 ms. The second application, an
infotainment application, is the video streaming application
where infotainment vehicles receive video stream packets from
other transmitting vehicles. The chosen parameters for the
video streaming application are as follows:

e Video size: 100 MB.
o Video packets length: 3000 bytes.
e Transmission time interval: 1 ms.

For vehicle mobility, we used the traffic simulator SUMO
(Simulation of Urban MObility) [17]. The vehicles move at
an average speed of 40 km/h on a lane of 300 m length. The
relevant parameters of our simulations can be found in the
Table II.

2) Result Analysis: the main objective of the first part
of our study is to evaluate the impact of 5G numerologies
on V2X application performance, considering the more in-
teresting KPIs required for each application type. Since the
safety V2V application is a time-critical application, the main
KPI parameter we evaluate for this application is the latency.



Numerology | Sub-carrier spacing (kHz) | Slots per sub-frame | Symbol length (us) | Slot length (ms) CP
0 15 1 71.42 1 Normal
1 30 2 35.71 0.5 Normal
2 60 4 17.85 0.25 Normal/Extended
3 120 8 8.92 0.125 Normal
4 240 16 4.46 0.0625 Normal

TABLE I: Main Parameters of NR-V2X Numerologies

TABLE II: Simulation Parameters using Simu5G

Parameter Value

Frequency 5.9 GHz
Scenario Urban Macro (UMa)

Number of RBs 50 RB
UeTxPower (dBm) 23 dBm
gNBTxPower (dBm) 46 dBm
Fading channel model Rayleigh

Number of vehicles 20 vehicles
Simulation time 60 s

However, we are interested in the average throughput of
the video stream application. The latency is defined as the
average time of sending packets from source to destination.
The throughput is defined as the average number of received
packets per second.

Figures 3(a) and 3(b) show the average latency and average
throughput for safety and video streaming applications, respec-
tively. When we vary the numerology index from 0 to 3, we
find that the average throughput increases with the increase of
the numerology index, unlike the latency, which decreases as
the numerology index increases.

In fact, when we increase the numerology index, the number
of transmitted symbols per 1 ms time slot increases. As a
result, the number of packets transmitted during a given time
period also increases, increasing the average throughput. In
other words, as we increase the numerology index, the trans-
mission rate increases and the transmission delay decreases,
reducing the overall latency.

Based on the above results, we can conclude that increasing
the numerology index increases throughput and decreases
latency, which is beneficial for both infotainment and safety
applications. At this level of our study, we can quickly confirm
that the higher numerologies are always the best choice for
all V2X scenarios. However, in this context, we mean by
the throughput the average number of packets received per
second, which may or may not be received correctly. Thus,
the results obtained at the application layer do not provide any
information about the reliability of the transmissions. For this
purpose, a comprehensive study is performed at the physical
layer regarding the reliability, which is very interesting in V2X
communications and especially in the case of the safety V2V
communications.

B. Physical layer Performance Evaluation

1) Simulation Scenario: in this part of our study, we
present an in-depth analysis of the impact of 5G numerologies
on physical-level performance. For this purpose, we used a

Matlab-based link-level simulator, namely the 5G Vienna Link
Level (5GVLL) simulator [18].

TABLE III: Simulation Parameters using SGVLL

Parameter Value
Channel Bandwidth 5 MHz
Frequency 5.9 GHz
Subcarrier Spacing (Khz) 15, 30, 60, 120

Number of Subcarriers 384, 192, 96, 48

UeTxPower (dBm) 23
gNBTxPower (dBm) 46
Doppler channel model Jakes
Number of Simulations 50

For the physical layer performance evaluation, we have
chosen the Bit Error Rate indicator.

The vehicle speed is varied from 0 to 250 km/h. This wide
range of vehicle speeds allows us to study a large number
of use cases. For each vehicle speed value, we calculated the
average BER after 50 simulations with 95% confidence inter-
val. The simulation parameters using the SGVLL simulator are
presented in Table III. In order to vary the simulation scenar-
i0s, we have also considered both urban and rural scenarios
with different delay spread values. The delay spread of the
channel is defined as the difference between the arrival time
of the last multipath component and the arrival time of the first
multipath component in a multipath propagation environment.
The delay spread values chosen for our simulations can be
found in the table IV. These values are chosen based on the
standardized values considering different scenarios for urban
and rural areas. The characterization of urban or rural scenarios
is related to the values for the delay spread parameter, as
described in [19]. For the rural scenario, low delay spread
values are considered, with the longest value being 153 ns,
while for the urban scenario, higher delay spread values of
over 800 ns are considered, as shown in Table IV.

In order to obtain accurate results depicting the impact of
5G numerologies on physical layer performance, we simulate
only one vehicle moving at speeds ranging from 20 km/h
to 250 km/h. The choice of a single vehicle is intended to
avoid inaccuracy in the results. In fact, many factors, such
as the problem of interference between vehicles [20] can
have an impact on the BER. However, the choice of the
appropriate numerology is directly influenced by only two
types of interference, namely the Inter-Carrier Interference
(ICI) and the Inter-Symbol Interference (ISI), as already shown
in the work presented in [12]. For this reason, we have avoided
the presence of other types of interference in order to obtain
only the errors due to the choice of the numerology and not
the errors due to other factors. In contrast, if there are many
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Fig. 3: Average Latency and Throughput varying numerologies for Rural Macro (RMa) scenario

vehicles in the scenario, we cannot accurately show the impact
of the choice of numerology, since the BER will be higher,
as it includes all errors, including errors due to inter-vehicle
interference. Therefore, to avoid inter-vehicle interference and
hence the inaccuracy of the results, we simulated only one
vehicle in the scenario using the SGVLL simulator.

2) Result Analysis: in the following paragraphs, we present
the result analysis of the rural and urban scenarios:

TABLE IV: Delay Spread Values

Scenario Delay spread value
Short | Normal | Long
Urban Macro (UMa) | 93 ns 363 ns 850 ns
Rural Macro (RMa) 32 ns 37 ns 153 ns

a) Rural scenario: for the rural scenario, Figures 4(a),
4(b) and 4(c) show the BER as a function of vehicle speed,
considering delay spread values of 32 ns, 37 ns and 153 ns,
respectively.

As can be seen in Figures 4(a) and 4(b), the BER increases
with the increase in vehicle speed. This can be explained by
the ICI caused by the Doppler effect due to vehicle mobility.
However, we note that for the same vehicle speed, the BER
decreases as the numerology increases. This behavior can be
explained by the fact that as the numerology increases, the sub-
carrier spacing is increased and the system is then less affected
by the ICI phenomenon. For that, the lower numerologies
are more affected by the ICI than the higher numerologies
due to their lower sub-carrier spacing values as shown in
[12]. In this context, we also notice that the BER has a
particular behavior for numerology 3. Regarding the curves of
numerology 3 in Figures 4(a), 4(b) and 4(c), we note that BER
is almost independent of the velocity values of the vehicles.
This behavior, which can be seen more clearly in Figure 4(c),
can be explained by the fact that the system performance is
not affected by the ICI when numerology 3 is used, since
the subcarrier spacing is larger, which can overcome the ICI
problem.

Looking at figures 4(a), 4(b) and 4(c), we notice that the
curves of the same numerologies show the same behavior for
numerology index 0, 1, and 2. However, for the curves of
numerology 3, we notice that BER increases when the delay
spread is increased from 32 ns to 153 ns. As a result, the
system exhibits a performance degradation when numerology
3 is used in this case.

In this context, it is interesting to explain a second problem
at physical layer, namely the problem of ISI. In fact, ISI
is one of the most well-known forms of signal distortion
that occurs in a multipath propagation environment. To avoid
the occurrence of the ISI problem, the used cyclic prefix
must be longer than the delay spread of the channel. As
explained in section III-B, each numerology has its own
cyclic prefix. However, depending on the delay spread of the
channel, the cyclic prefix of the numerology may or may not
overcome the ISI problem. In this context, we have considered
different delay spread values in our simulations corresponding
to both Urban Macro environment (UMa) and Rural Macro
environment (RMa).

b) Urban scenario: for the urban scenario, Figures 5(a),
5(b) and 5(c) show the variation of the BER as a function of
vehicle speed considering three delay spread values of 93 ns,
363 ns and 850 ns, respectively.

If we compare the curves of the same numerologies in Fig-
ures 5(a) and 5(b) with delay spread values of 93 ns and 363
ns, respectively, we find that the curves of numerologies 0 and
1 show the same behavior, while the curves of numerologies
2 and 3 show a remarkable difference. Looking at the curves
of numerologies 2 and 3, we notice that the BER values are
higher for a delay spread of 363 ns than for a delay spread
of 93 ns. Moreover, we find that the BER is higher with
numerology 3 when compared to numerology 2. Furthermore,
if we increase the delay spread value to 850 ns, we find that the
BER also increases for numerology 3, 2, and even more for
numerology 1, as shown in Figure 5(c). Thus, we conclude
that the system performance decreases significantly when
using higher numerologies as the delay spread of the channel
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TABLE V: Our Recommendations for the Selection of the appropriate Numerology based on the delay spread of the channel
and vehicle speed

Delay Spread Appropriate Numerology Index
32 ns 3
37 ns 3
93 ns 3
153 ns depends on vehicle speed:
o 2 for speed< 240 km/h
o 3 for speed > 240 km/h
250 ns 2
300 ns depends on vehicle speed:
e 1 for speed < 100 km/h
o 2 for speed > 100 km/h
363 ns depends on vehicle speed:
o 1 for speed < 225 km/h
o 2 for speed > 225 km/h
450 ns 1
520 ns depends on vehicle speed:
o 0 for speed < 40 km/h
o 1 for speed > 40 km/h
650 ns depends on vehicle speed:
e 0 for speed < 90 km/h
o 1 for speed > 90 km/h
750 ns depends on vehicle speed:
e 0 for speed < 125 km/h
o 1 for speed > 125 km/h
850 ns depends on vehicle speed:
e 0 for speed < 150 km/h
o 1 for speed > 150 km/h

increases. Indeed, the system performance is more susceptible

. . . 10° T T T T
to the ISI problem when using the higher numerologies due !
. . . . =888 —%-8 =] =] E
to their shorter cyclic prefix. For this reason, we note that in —10t L i
. . . .. [~
urban scenarios and with higher delay spread values, it is not i
recommended to use the higher numerologies. T102 L
Since the numerology 3 exhibits a special behavior, we show 2
in Figure 6 the BER as a function of vehicle speed for the S103 L
numerology 3 only, considering four delay spread values: 32 r.’a: y=32ns —e—i
ns, 153 ns, 363 ns, and 850 ns. The figure demonstrates the A104L Y=153nms
. . y=363 ns
hypothesis already §Xpla}1ned above. y=850 ns —&
Another observation is that for lower values of the delay 10° ‘ ‘ ‘ ‘

200 250

spread, i.e. 32 ns, and for lower vehicle speeds, i.e. speed < 0 50 100 150
120 km/h, the BER of numerology 3 is practically zero for Vehicle Speed (km/h)
most values of the vehicle speed, as can be clearly seen in
Figure 6 ( if there is no BER value for a given vehicle speed
in the curve, it means that the BER is close to zero). This
behavior can be explained by the fact that using numerology
3 with low delay spread value can overcome the ICI and ISI
problems.

Fig. 6: BER as a function of vehicle speed varying delay
spread () for numerology index 3

and a decrease in latency. These results seem to lead to
the conclusion that higher numerologies are almost the best

C. Our recommendations for the selection of the appropriate  chojce for all V2X scenarios. However, this is not always the

numerology

After analyzing the results obtained from the two parts of
this study, we demonstrate a theoretical hypothesis, which is
that increasing numerology leads to an increase in throughput

case, since problems at physical layer such as Doppler shift
and multipath variation have to be taken into account, which
causes the ICI and ISI problem, respectively. The obtained
results show that higher numerologies can mitigate the ICI
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Fig. 7: BER as a function of vehicle speed varying numerology index () for different delay spread values

problem due to their larger subcarrier spacing, but they are
more susceptible to the ISI problem. In contrast, the lower
numerologies can mitigate the ISI problem in a multipath
propagation environment with their higher cyclic prefix, but
they are more prone to the ICI problem. In conclusion, our
study allows us to prove the following hypothesis:

o Throughput increases as the numerology index increases,
as opposed to latency, which decreases as the numerology
index increases.

« The BER increases with vehicle speed for numerologies

0, 1, and 2 due to the Doppler effect leading to the ICI
problem, while it is fixed for numerology 3 thanks to
their higher subcarrier spacing that overcomes the ICI
problem.

o When using the higher numerologies, the BER increases
when the delay spread is increased due to the ISI problem.

o Unlike the higher numerologies, the lower numerologies
can overcome the ISI problem, but they are more suscep-
tible to the ICI problem.

Here it is interesting to highlight that the before-



demonstrated hypothesis do not bring an exact choice for the
appropriate numerology for a given V2X scenario. For this
reason we have extended our study by performing a series of
simulations, in which we consider randomly a wide range of
delay spread values and vehicle speeds, as shown in the Figure
7. The analysis of these figures follows the same strategy as
that of the previously analyzed figures. After analyzing all
those figure, we present our recommendations for choosing
the appropriate numerology as a function of channel conditions
and vehicle speeds in the table V. In fact, in a real scenario,
it is possible to determine the delay spread of the channel and
the vehicle speed accurately enough to choose the appropriate
numerology. Based on these parameters, this table can be used
as a reference for choosing the appropriate numerology. As can
be seen from the table, we can propose to use numerology 3
for the urban scenario with a delay spread of 93 ns and also
for the rural scenario with a delay spread of 32 ns and 37
ns. However, numerology 2 seems to be the best choice for
the rural scenario with a delay spread of 153 ns when the
vehicle speed is less than 240 km/h, while numerology 3 can
be selected for this delay spread when the vehicle speed is
more than 240 km/h.

Thus, we conclude that the choice of the appropriate nu-
merology depends not only on the V2X requirements such
as latency or throughput but also on the vehicle speed and
propagation channel conditions as more detailed in Table V.

V. CONCLUSION AND PERSPECTIVES

The 5G numerologies are considered as one of the most
important 5G key features to meet the requirements of various
5G services. However, in V2X communication, choosing the
appropriate numerology for a particular V2X scenario is still
a challenging task. In this paper, we have studied the impact
of 5G numerologies on V2X communication performance,
considering both safety and infotainment applications. Our
study shows that higher numerologies are the best choice to
achieve higher throughput and low latency, which is beneficial
for both infotainment and safety applications, respectively.
However, considering the problems at physical layer such
as ICI and ISI, we find that the choice of the appropriate
numerology depends on the propagation channel conditions
and the vehicle speed, which affects the reliability of the
V2X communications. Finally, we conclude that the choice
of the appropriate numerology is a trade-off between the
stringent requirements of V2X applications, the ICI problem,
and the ISI problem. As future work, we will propose a new
dynamic numerology selection algorithm that aims to select
the appropriate numerology for each vehicle separately, taking
into account the vehicle speed and channel conditions.
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