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Abstract

Vehicular Ad-hoc Networks (VANETs) have enabled intelligent transportation systems by facilitating
communication between vehicles and roadside infrastructure. However, the current 5G and 4G networks that support
VANETs have certain limitations that hinder the full potential of VANET applications. These limitations include
constraints in bandwidth, latency, connectivity, and security. The upcoming 6G network is expected to revolutionize
VANETS by introducing several advancements. 6G will provide ultra-fast communication with significantly reduced
latency, enabling real-time and high-bandwidth data exchange between vehicles. The network will also offer highly
reliable and secure connectivity, ensuring the integrity and privacy of VANET communications. Precise localization
and sensing capabilities will be enhanced in 6G-based VANETS, enabling accurate positioning of vehicles and improved
situational awareness. This will facilitate collision avoidance, traffic management, and cooperative driving applications.
Moreover, integrating edge computing in 6G networks will bring computing resources closer to the edge, lowering
response times and facilitating faster decision-making in time-critical scenarios. This paper explores the key features
and capabilities of 6G technology and how it can revolutionize intelligent transportation, addressing challenges and
opportunities for adopting 6G in VANETS.
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1. Introduction reduced latency, and improved connectivity [3, 4].
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. . .. continue to grow, the limitations of 5G are becoming
emerged as a critical component in modernizing . . .
. .. apparent, propelling researchers and industries to explore
transportation networks, revolutionizing how people and

the transft ti tential of 6G technology. Th
goods move within cities and across regions [1]. The ¢ transformative potential of 6G technology ©

) . . . . relentless pursuit of technological innovation has led to
integration of communication technologies into vehicular

networks has given rise to Vehicular Ad hoc Networks
(VANETS), enabling vehicles to interact with each other,
the infrastructure, and the environment [2]. This
technological advancement has paved the way for

the development of 6G, the next generation of wireless
communication [5]. Expected to build upon the
foundation laid by its predecessors, 6G promises to
deliver a leap forward in communication capabilities. Its
enhanced safety, efficiency, and sustainability in ult'ra-l'li.g h data rates, Virtu? lly zero latency, enh? nc.ed

reliability, and energy efficiency are set to revolutionize
Vehicular Networks and drive the intelligent

transportation systems of the future. The prospect of 6G

transportation operations. The deployment of 5G
technology marked a significant milestone in the
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evolution of v S, providing faster data rates, offers new possibilities for a wide array of applications
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that have the potential to reshape the transportation
landscape [6].

This paper examines how 6G technology can
revolutionize intelligent transportation through its unique
attributes and features. We will discuss key characteristics
of 6G that position it as a strong contender for
transforming VANETS, providing seamless Vehicle-to-
Infrastructure (V2I) and Vehicle-to-Vehicle (V2V)
communication. Moreover, we will investigate the
specific applications of 6G in intelligent transportation,
ranging from cooperative collision avoidance to remote
vehicle control and enhanced passenger experiences.
Nevertheless, adopting 6G in Vehicular Networks is not
without challenges. Infrastructure deployment and
associated costs, spectrum allocation and regulation,
interoperability, security, and privacy concerns present
significant hurdles that need to be addressed for
successful implementation. We will also discuss these
challenges and identify potential solutions to ensure a
smooth transition towards 6G-enabled intelligent
transportation.

2. Backgrounds

Over the past two decades, the exponential growth in
the number of vehicles has outpaced the improvements in
transportation infrastructure, leading to significant traffic
problems. As a result, the integration of ITS has become
increasingly critical. ITS 1is designed to address
transportation issues, improve roadway safety, and
facilitate the development of intelligent roads. Through
ITS, passengers and drivers receive useful real-time
information about available seats and traffic flow, leading
to improved security, comfort, and reduced commuting
time [7]. The concept of VANETs has evolved with
advancements in computation and communication
technologies, giving rise to the Internet of Vehicles (IoV).
IoV plays a pivotal role in ITS by connecting smart
vehicles on the Internet, providing efficient collaboration
and communication among vehicles, bicycles,
pedestrians, and roadside infrastructures. As a result, a
significant decrease in traffic accidents caused by
unimpaired drivers is anticipated, contributing to
enhanced traffic management and reducing collisions,
traffic congestion, and air pollution.

The adoption of ITS is predicted to grow rapidly in the
near future, driven by projects like CityVerve Manchester
and ERTICO-ITS Europe, aimed at developing intelligent
cities. IoV enables the connectivity of pedestrians,
transportation infrastructures, and autonomous vehicles,
facilitating the Vehicle-to-Everything (V2X) approach.
Nevertheless, the proliferation of vehicular services and
smart vehicles is anticipated to generate vast data volumes
and substantial traffic on networks. Additionally, the
complexity of IoV, coupled with low latency and high
mobility requirements, may pose challenges in terms of
cloud-based storage, management, and privacy.
Maintaining consistency and interoperability among IoV
systems from different vendors is crucial. To address
these challenges, it is essential to establish decentralized,
interoperable, flexible, scalable, and secure data exchange
and storage mechanisms within the [oV ecosystem. Such
measures are paramount to unlocking the full potential of
ITS and realizing the benefits of the IoV in
revolutionizing transportation systems.

5G has emerged as a significant enabler for enhancing
ITS capabilities. 5G technology possesses four major
properties, namely enhanced reliability and lower latency,
wide connections and reduced power consumption, wide
coverage, and higher capacity. These factors have made
the Internet of Things (IoT) a potential ITS infrastructure.
Compared to its predecessor, 4G, 5G offers not only faster
speeds but also superior reliability and lower latency,
which are essential prerequisites for ITS to advance
towards intelligence. 5G facilitates the
integration of data management platforms, power grids,

seamless

automation systems, sensor networks, and road networks.
This integration is instrumental in realizing the concept of
the Internet of Everything (IoE) for ITS. The introduction
of 5G has accelerated the evolution of self-driving
vehicles and revolutionized transportation industry
technologies. With the standardization of 5G completed,
commercial 5G networks were launched in 2019, further
fueling the progress and deployment of ITS.

The development and design of 6G communications
began with the aim of catering to future communication
needs. Unlike 5G, 6G networks will need to innovate
significantly, enabling intelligence and aiming to achieve
an impressive data rate of 1Tb/s. The potential of 6G goes
beyond personalized communications, as it strives to
implement the IoE paradigm fully, connecting various
entities such as robots, devices, sensors, computing
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resources, wearables, and people. The fundamental
potential architecture of 6G is an Integrated Space-Air-
Ground-Underwater Network (ISAGUN) that supports
instant and continuous hyper-connectivity. This network
will enable communication across different domains to
ensure comprehensive connectivity. An essential aspect
of 6G is the integration of Artificial Intelligence (Al) as a
fundamental function. Researchers view Al as a crucial
component, as advanced machine learning technologies
offer solutions for handling extremely complex scenarios
efficiently.

In the pursuit of combining 6G with Al and other
innovative technologies (6G+ABCDE), a concept called
the "traffic brain" has been envisioned. This traffic brain,
inspired by human brain functions, would possess long-
term memory storage conversion and orientation
capabilities, approaching human-like cognitive abilities.
This revolution in technology may lead to computers
exhibiting advanced thinking abilities, eliminating tedious
and repetitive tasks, and transforming how we interact
with technology. While this vision of the future might
seem extraordinary and challenging to comprehend, it
holds great potential for innovation revolution applied to
6G-AITS (6G-enabled Advanced Intelligent
Transportation Systems). As research and development in
6G continue, the realization of this vision may pave the
way for a groundbreaking era in communication and
intelligent systems.

3. A Vision of the Future 6G Network

As we delve further into 6G development, it is
essential to consider existing technologies and literature
that provide insights into its potential performance,
network structure, PHY (Physical Layer) technologies,
and possible application opportunities. While 6G is still in
the early stages of research, various predictions and
expectations have been proposed based on advancements
in the field.

3.1. Performance metrics and characteristics

6G necessitates advancements in various domains
when compared to its predecessor, 5G. To begin with, 6G

is expected to operate at higher frequencies, enabling
transmission rates that are 100-1000 times faster than 5G.
Consequently, users can experience data rates of up to 1
Tb/s [8]. Moreover, 6G is poised to revolutionize long-
distance connectivity with an impressive latency of under
1 ms [9], outperforming 5G by tenfold. The density of the
6G network will significantly increase, boasting a
capacity that might be 10-1000 times greater than that of
5G [10]. In terms of positioning accuracy, 6G will excel
with 10 cm and 1 m precision for indoor and outdoor
positioning, respectively, a tenfold improvement over 5G
[11]. Additionally, 6G is projected to demonstrate
enhanced energy efficiency, performing 10-100 percent
better than 5G, while its spectrum performance is
expected to be 5-10 percent superior to 5G [12].
Furthermore, 6G will impose more stringent demands on
synchronization accuracy compared to 5G. Despite all-
encompassing improvements, it is predicted that the cost
of wireless connections in the 6G network will be
minimal, amounting to less than 0.1 dollars/year [13].
This price point is exceptionally low, being 1000 times
less than traditional 5G systems.

3.2. Space-air-ground-sea integrated network

It is widely agreed that the 6G network is an integrated
system encompassing sea, ground, air, and space
components, as illustrated in Figure 1. Positioned at the
top layer of the Earth's network, the space network
enhances the existing ground infrastructure [14]. This
space network comprises three satellite types: Low Earth
Orbit (LEO), Medium Earth Orbit (MEO), and
Geostationary Orbit (GSO) [15]. Satellite-based space
communication networks (SCNs) play an increasingly
vital role in various applications, including marine
communications and emergency rescue operations [16].
Overcoming challenges in constructing [oT ecosystems in
remote areas, SCNs offer a potential pathway to realize a
global IoT [17]. Satellite-based IoT services have
emerged, with LEO satellites being particularly suitable
for their greater coverage, propagation delay, and power
[18]. A growing number of satellites, including
nanosatellites, will lead to greater accuracy and Quality of
Experience (QoE) for ground users [19].
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Figure 1. Space-air-ground-sea integrated network.

Moving to the air network, it exhibits inherent
characteristics such as flexible mobility, adaptive altitude,
and intelligent placement [20]. Comprising Unmanned
Aerial Vehicles (UAVs), airships, air balloons, airplanes,
high altitude platforms (HAPs), and other aircraft, the air
network offers unique advantages. Firstly, the
construction and deployment costs of Flying Base
Stations (FBSs) are lower compared to ground base
stations, with some UAVs even directly serving as BSs
due to their abundant resources [21, 22]. Secondly, HAPs
offer shorter time delays than space networks and broader
coverage areas than ground networks [23]. Thirdly, low-
cost UAVs are extensively utilized in network coverage
and transportation due to their high mobility and hovering
capabilities. Fourthly, FBSs can serve as relays for
ground-to-satellite communications, enhancing the user
experience for satellite services [24]. Additionally, UAVs
can guide emergency vehicles in urban areas to select
optimal routes [25].

When compared to space and air networks, the ground
network constitutes the backbone of the 6G network. It
will be an ultra-dense heterogeneous network comprising
buildings, smart vehicles, intelligent devices, factories,
and other ground facilities. All equipment and facilities
within the ground network will communicate with each
other. As depicted in Fig. 1, 6G will support future
applications such as advanced medical treatment, ultra-
dense communications, smart factories, and Device-to-
Device (D2D) communications. To achieve technologies
like holography and vehicular automatic driving and meet
the Tb/s data transmission speed of 6G, the ground
network will facilitate full-band communications,
encompassing low frequency, microwave, millimeter
wave, and terahertz bands.

Furthermore, given that the Earth's ocean area
constitutes 71% of the total area, a sea-based network is
vital for future oceanographic data collection and certain
military activities. This sea-based network comprises

vessels, Unmanned Underwater Vehicles (UUVs),
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underwater gliders, submarines, and more. While the
current sea-based network faces challenges such as a
complex environment, serious signal attenuation, real-
time positioning issues, and limited computing resources,
advancements in wireless communication methods under
the sea, such as radio frequency, acoustic, and optical
communications, enable high-speed data transmission
between underwater devices and expand the scale of the
sea-based network [26].

3.3. Ubiquitous Al in 6G

Ubiquitous Al in 6G refers to the pervasive integration
of Al capabilities throughout the entire 6G network and
its associated entails embedding Al
algorithms, machine learning models, and intelligent

services. It

decision-making mechanisms at various levels, from edge
devices and base stations to the core network and cloud
infrastructure [27]. This ubiquitous Al presence in 6G
empowers the network to analyze vast amounts of data,
make intelligent decisions in real-time, and optimize its
performance continuously [28]. The convergence of 6G
and Al holds tremendous potential to revolutionize
various industries, including intelligent transportation,
healthcare, smart cities, industrial automation, and more
[29]. In the context of intelligent transportation,
ubiquitous Al in 6G can lead to several transformative
applications. Al algorithms can analyze real-time traffic
data, historical patterns, and other relevant information to
optimize traffic signal timings, dynamically adjust traffic
flow, and predict congestion [30]. This can lead to more
efficient traffic management, reduced travel times, and
improved overall transportation system performance. Al-
powered analytics can optimize fleet operations by
considering factors such as vehicle locations, traffic
conditions, and delivery schedules. By making intelligent
decisions regarding route planning, vehicle assignment,
and maintenance schedules, fleet managers can enhance
efficiency, reduce operational costs, and minimize carbon
footprints.

Ubiquitous Al in 6G enables continuous monitoring
and analysis of vehicle health data, identifying potential
issues before they escalate. This predictive maintenance
approach ensures timely repairs and reduces the risk of
breakdowns, improving vehicle reliability and safety. In
the realm of autonomous vehicles, Al plays a central role
in perception, decision-making, and control. 6G's

ubiquitous Al  capabilities  facilitate  real-time
communication and collaboration among autonomous
vehicles, enabling them to share critical information,
coordinate movements, and optimize traffic flow
cooperatively. Al-driven personalization in vehicles can
offer customized infotainment, comfort settings, and
navigation preferences tailored to each passenger. With
6G's high data rates and low latency, Al can access cloud-
based services seamlessly, enhancing the in-vehicle
experience and making journeys more enjoyable and
productive. Ubiquitous Al can power Advanced Driver
Assistance Systems (ADASs) with real-time analysis of
road conditions, vehicle dynamics, and potential hazards.
By providing instant feedback and alerts to drivers, Al can
significantly enhance road safety and reduce the risk of
accidents. Al-powered surveillance systems can detect
traffic violations, such as speeding or illegal parking, in
real-time, enabling more efficient traffic enforcement and
ensuring better compliance with traffic regulations. Al
can optimize public transportation routes, schedules, and
capacity planning based on passenger demand and real-
time traffic conditions. This ensures more efficient and
responsive public transit services, improving accessibility
and rider satisfaction.

3.4. PHY techniques in 6G

In the context of 6G, several promising PHY
techniques are being explored to meet the demanding
requirements of ultra-high data rates, low latency, and
massive connectivity. Terahertz (THz) Communication
frequencies, ranging from 100 GHz to 10 THz, offer vast
amounts of available bandwidth, enabling ultra-high data
rates in 6G. However, THz communications face
challenges due to high propagation losses and
atmospheric absorption. Researchers are developing
advanced antenna designs, beamforming techniques, and
signal processing algorithms to mitigate these challenges
and exploit the benefits of THz frequencies for future 6G

networks.

Massive Multiple-Input Multiple-Output (MIMO)
involves deploying a large number of antennas at base
stations to serve multiple wusers simultaneously,
dramatically increasing capacity and spectral efficiency.
Cell-Free Massive MIMO goes a step further by pooling
antennas from multiple base stations, creating a
distributed MIMO system with improved coverage and
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interference management. These techniques promise
significant gains in spectral efficiency and network
performance. Intelligent Reflecting Surfaces (IRS), also
known as reconfigurable intelligent surfaces or
metasurfaces, consist of passive elements that can modify
the phase and amplitude of incoming signals. By
controlling the reflections of radio waves, IRS can
optimize signal paths, enhance coverage, and improve
signal quality, leading to increased network capacity and
reduced interference.

Non-Orthogonal Multiple Access (NOMA) is a multi-
user communication technique that allows multiple
devices to share the same time-frequency resources. It
assigns different power levels and decoding priorities to
each user, enabling simultaneous data transmission.
NOMA improves spectral efficiency and accommodates a
large number of connected devices, making it suitable for
6G's mMTC requirements. Orbital Angular Momentum
(OAM) multiplexing exploits the spatial domain by using
unique phase patterns in radio waves to create multiple
data-carrying channels within the same frequency band.
This spatial multiplexing technique can significantly
increase data capacity, making it attractive for future 6G
networks. Full-duplex communication allows devices to
transmit and receive data simultaneously on the same
frequency band. In 6G, full-duplex techniques promise
higher spectral efficiency and reduced latency by
eliminating the need for time-division duplexing.

6G is expected to leverage multi-band communication,
utilizing different frequency bands for different purposes
to achieve better coverage and capacity. Spectrum-
sharing techniques, such as dynamic spectrum access and
spectrum pooling, will enable efficient utilization of
available frequency resources and facilitate coexistence
with other communication systems. Hybrid beamforming
combines analog and digital beamforming to optimize the
trade-off between complexity and performance. By using
RF chains and digital processing, hybrid
beamforming reduces hardware complexity while still

fewer

providing directional beamforming benefits, making it
suitable for massive MIMO and mmWave

communications in 6G.

3.5. Existing literature on 6G

Currently, researchers are primarily focusing on the
vision and prospects of 6G. A review of existing literature

reveals some key areas of interest and progress in 6G
research. Several studies [12, 13, 31-33] propose that the
6G network will be a 3D integrated network incorporating
space, air, ground, and sea components. They present
various 6G performance indicators by comparing them
with those of 4G and 5G networks. Researchers of [10,
11, 34] are exploring potential
technologies for 6G. To meet the high communication
rates and ultra-dense communication requirements of 6G,
new technologies will be introduced, and existing ones
will be upgraded. Researchers [35-37] discuss the
development of 6G networking and edge computing
technologies. These technologies are crucial for enabling
efficient and seamless communication in the next-

communication

generation network. Blockchain Applications: The
characteristics of privacy and secure information sharing
in blockchain technology make it promising for 6G
applications. Researchers of [38, 39] highlighted the
potential and development of blockchain technology in
6G networks. Al and machine learning technologies are
expected to play a significant role in 6G. Studies [27, 40,
41] emphasize the intelligence of future 6G networks and
explore the possibilities of applying machine learning
technologies in 6G. Apart from the overall outlook of 6G,
some papers focus on specific layers of the 6G network.

Research [42-44] discussed the necessity of satellite
communication in the future and introduced relevant
satellite communication technologies. UAVs, HAPs, and
other aircraft are crucial components of the 6G air
network. They not only provide services for the ground
network but also act as relay nodes to assist satellite
communication [45, 46]. Communication in remote and
maritime areas has been a challenging issue, and 6G is
expected to address this problem and achieve true global
interconnection [47, 48]. As the backbone of the 6G
network, the ground network has various application
scenarios. For instance, studies [49, 50] explore the
applications of 6G in the IloT scenario, while others [51,
52] discuss relevant technologies in 6G vehicular
networks. In summary, current research on 6G is centered
around its vision and potential, encompassing areas such
as network architecture, communication technologies,
edge computing, blockchain applications, Al integration,
and improvements in specific components like space, air,
sea, and ground networks. As researchers delve deeper
into these aspects, 6G is poised to revolutionize
communication and networking on a global scale.
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4. Key Features of 6G for VANETS

The key features of 6G technology hold immense
promise for transforming VANETs and revolutionizing
the landscape of intelligent transportation, as outlined in
Table 1. With its ultra-high data rates, anticipated to reach
terabits per second (Tbps), 6G can facilitate seamless
communication between vehicles and infrastructure,
supporting bandwidth-intensive applications and services.
Moreover, its virtually zero latency, reduced to mere
microseconds, ensures real-time responsiveness critical
for safety-critical applications like cooperative collision
avoidance. This low latency capability can significantly
enhance safety and system efficiency, allowing vehicles
to exchange critical information swiftly and prevent
accidents. Additionally, 6G's enhanced reliability and
network availability, achieved through advanced error
correction and redundancy techniques, ensure robust and
dependable connections in challenging vehicular
environments, reducing the risk of communication
failures.

The massive machine-type communications (mMTC)
capability of 6G is a boon for VANETS, as it can
accommodate the proliferation of IoT devices within
intelligent transportation systems. By enabling seamless
connections with various sensors and roadside units,
mMTC facilitates comprehensive data sharing and
intelligent decision-making, paving the way for more
efficient and adaptive vehicular networks. Moreover, 6G's

Table 1. 6G features for VANETS.

focus on energy efficiency is vital for battery-powered
vehicles in VANETs. With advanced energy-saving
mechanisms, 6G optimizes data transmission and
reception while minimizing power consumption,
enhancing the sustainability and longevity of vehicular
operations. Security and privacy are paramount in the
context of vehicular communication, and 6G addresses
these concerns through advanced security mechanisms,
such as quantum-resistant cryptography and blockchain
technologies. These mechanisms safeguard
communication channels from cyber threats and protect
sensitive vehicle and user data. Furthermore, 6G's
integration of Al brings intelligence and autonomy to
VANETs. Al-driven algorithms optimize network
resources, predict traffic patterns, manage communication
links, and detect anomalies, ensuring more intelligent and
proactive vehicular networks.

The transformative potential of 6G technology goes
beyond just enhancing the technical capabilities of
VANETSs. It opens up new possibilities for a wide array
of applications that have the potential to redefine the
entire intelligent transportation ecosystem. One such
application is cooperative collision avoidance, where
vehicles equipped with 6G communication can exchange
real-time information, such as speed, position, and
direction, to avoid potential collisions and enhance road
safety.

Feature Description

Ultra-High Data Rates

Terabits per second (Tbps) data transmission speeds enable bandwidth-intensive applications.

Communication delays are reduced to microseconds, which is critical for real-time safety

Virtually Zero Latency o
applications.

Enhanced Reliability
Massive Machine-Type
Communications
(mMTC)

Energy Efficiency
Enhanced Security and
communication.

Privacy

Integration of Al

Advanced error correction and redundancy techniques ensure robust and dependable connections.

Supports a massive number of connected devices, facilitating IoT integration in VANETS.

Advanced energy-saving mechanisms optimize power consumption for battery-powered vehicles.

Incorporates quantum-resistant cryptography and blockchain technologies for secure

Al-driven algorithms optimize resources, predict traffic patterns, and detect anomalies.
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The virtually zero latency of 6G ensures that critical
collision avoidance messages are delivered without delay,
enabling swift responses in emergencies. Another area
where 6G can make a significant impact is in traffic
management and optimization. With its ultra-high data
rates, 6G enables the seamless exchange of traffic data
between vehicles and infrastructure, facilitating dynamic
traffic flow management. Al-driven algorithms can
analyze real-time data to predict traffic patterns, optimize
signal timings, and suggest alternative routes, reducing
congestion and travel time for commuters.

The integration of 6G with autonomous vehicles holds
the potential for remote vehicle control. Through the
combination of low latency and high data rates, 6G allows
for real-time remote monitoring and control of
autonomous vehicles, enabling remote assistance and
intervention when needed. This capability not only
enhances safety but also opens up new possibilities for
autonomous mobility services, such as remotely operated
shared autonomous vehicles. Furthermore, the ultra-high
data rates and low latency of 6G enable enhanced
infotainment and passenger experiences in vehicles.
Passengers can enjoy high-quality multimedia services,
augmented reality experiences, and seamless connectivity
while on the move. Such entertainment options can
transform the travel experience, making journeys more
enjoyable and productive for passengers. The 6G
technology's potential extends beyond the vehicle-to-
vehicle and vehicle-to-infrastructure communication. It
also enables efficient vehicle-to-network communication,
where vehicles can connect to a wider array of cloud-
based services, such as real-time traffic updates, weather
information, and navigation assistance. This integration
with cloud services enhances the overall intelligence and
efficiency of VANETSs, making them a crucial component
of smart city ecosystems.

As the deployment of 6G technology progresses, the
research community and industries will continue to
explore new applications and possibilities for VANETs.
However, alongside these exciting opportunities, some
challenges need to be addressed. These include
infrastructure deployment and cost, spectrum allocation
and regulation, interoperability, and standardization, as
well as security and privacy concerns. Overcoming these
challenges will be crucial in realizing the full potential of

6G technology in transforming VANETSs and redefining
the future of intelligent transportation. The successful
integration of 6G into VANETs will pave the way for
safer, more efficient, and connected transportation
systems, ultimately revolutionizing the way we move and
experience mobility in the years to come.

5. 6G Applications in Intelligent
Transportation

6G technology offers a wide range of transformative
applications in the field of intelligent transportation, as
summarized in Table 2. With its ultra-high data rates and
virtually zero latency, 6G enables real-time V2V
communication, allowing for cooperative collision
avoidance systems that can predict and prevent potential
accidents. Additionally, the advanced communication
capabilities of 6G facilitate efficient traffic management
and optimization through seamless V2I communication,
leading to reduced congestion and improved traffic flow.
Furthermore, 6G's low latency and high data rates enable
remote vehicle control, enhancing the safety of
autonomous vehicles and enabling remote assistance in

challenging situations.

In the context of passenger experiences, 6G opens the
door to enhanced infotainment services, providing
passengers with high-quality multimedia and augmented
reality experiences during travel. Moreover, 6G fosters
intelligent public transportation systems by enabling real-
time communication and coordination among vehicles
and transit infrastructure, improving the efficiency and
reliability of public transit services. The technology's
potential extends to logistics and freight management,
where 6G-powered communication allows for real-time
monitoring of vehicles and cargo, optimizing supply
chains and streamlining freight transportation. As urban
air mobility gains prominence, 6G's capabilities become
crucial for enabling safe and efficient communication
between aerial vehicles, ground infrastructure, and air
traffic control in the realm of future air transportation.
Overall, 6G technology holds the promise of
revolutionizing intelligent transportation, ushering in a
new era of connected, efficient, and sustainable mobility
solutions.
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Table 2. 6G applications in intelligent transportation.

Application

Description

Cooperative Collision Avoidance

Traffic Management and Optimization

Remote Vehicle Control

Enhanced Infotainment and Passenger

Experience

V2I Communication

Remote Diagnostics and Maintenance

Intelligent Public Transportation

Smart Logistics and Freight Management

Urban Air Mobility (UAM)

Smart Charging Solutions

Collaborative Perception for

Autonomous Vehicles

Integration with Smart City Initiatives

Real-time V2V communication to predict and prevent potential accidents.

Efficient traffic flow management, signal optimization, and route suggestions for
reduced congestion.

Real-time remote monitoring and control of autonomous vehicles for enhanced
safety and remote assistance.

High-quality multimedia services and augmented reality experiences for passengers
during travel.

Seamless communication between vehicles and smart infrastructure for improved
traffic control and information.

Real-time vehicle health monitoring and predictive maintenance for optimized fleet
efficiency.

Real-time communication and coordination among vehicles and transit infrastructure
for efficient public transit.

Real-time monitoring and coordination of vehicles and cargo for optimized supply
chain and freight operations.

Efficient communication between aerial vehicles, ground infrastructure, and air
traffic control for safe UAM.

Efficient communication between electric vehicles and charging infrastructure for
optimized energy usage.

Sharing sensor data between vehicles to enhance situational awareness for
autonomous driving.

Data-driven decision-making for optimized traffic management and seamless

integration with smart city services.

In addition to the aforementioned applications, 6G
technology brings about remarkable advancements in
remote diagnostics and maintenance for vehicles.
Through its mMTC capability, 6G allows seamless
connectivity between vehicles and diagnostic sensors,
facilitating real-time monitoring of vehicle health. This
enables predictive maintenance, as vehicles can transmit
data on their condition and performance to maintenance
centers, ensuring timely repairs and proactive measures to
prevent breakdowns. As a result, vehicle downtime is
minimized, and fleet efficiency is optimized, leading to
cost savings and improved overall transportation
operations. The integration of 6G in intelligent
transportation systems also plays a pivotal role in enabling
more sustainable and eco-friendly practices. The high data
rates and low latency enable efficient communication

between electric vehicles and charging infrastructure,
facilitating smart charging solutions. By dynamically
coordinating charging schedules based on -electricity
demand, grid capacity, and vehicle availability, 6G-
powered intelligent charging systems can optimize energy
usage, reduce peak loads, and promote the adoption of
electric vehicles.

Moreover, 6G technology empowers vehicles with
advanced sensing capabilities, them to

communicate data from various onboard sensors, such as

enabling

LiDAR, cameras, and radar, to other vehicles and
infrastructure. This collaborative perception capability
enhances situational awareness for autonomous vehicles,
enabling them to navigate complex traffic scenarios,
adverse = weather  conditions, and challenging

environments better. As the world increasingly embraces
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smart city initiatives, 6G plays a critical role in shaping
the future of urban transportation. Its integration with
smart city infrastructure allows for data-driven decision-
making, enabling optimized traffic management, dynamic
routing, and efficient allocation of
Additionally, 6G supports the seamless integration of
intelligent transportation systems with other essential
services, such as public safety, healthcare, and emergency
response, creating a holistic smart city ecosystem that
fosters safety, sustainability, and quality of life for its
residents.

resources.

6. Challenges and Considerations

The deployment of 6G technology in intelligent
transportation — presents challenges and
considerations that must be carefully addressed to ensure
its successful implementation. One of the primary
challenges is the significant infrastructure investment
required for 6G network deployment, which includes
installing new base stations and communication nodes to
support ultra-high data rates and low latency. The
associated costs and complexities of upgrading existing

numerous

infrastructure and ensuring widespread coverage pose
considerable financial and logistical challenges.
Additionally, spectrum allocation and regulation issues
must be resolved to ensure sufficient spectrum resources
for 6G communication in intelligent transportation
without interference. Coordinating spectrum usage among
different stakeholders and industries is crucial to avoid
fragmentation and optimize spectrum efficiency.
Interoperability and standardization are equally critical
considerations, as diverse stakeholders may develop
proprietary solutions, potentially leading to compatibility
issues and hindering seamless communication between
vehicles, infrastructure, and smart city systems.
Establishing common standards and protocols will be
essential to promote interoperability and create a unified
communication in

framework for 6G intelligent

transportation.

Another pressing concern is the security and privacy
of 6G-enabled transportation systems. As intelligent
transportation relies heavily on connected technologies
and data exchange, ensuring robust cybersecurity
mechanisms is imperative to protect against cyber threats
and unauthorized Equally important is

safeguarding user and vehicle data privacy to gain public

access.

trust and acceptance. Public perception and acceptance
are essential for the successful adoption of 6G in
intelligent transportation. Addressing concerns related to
data privacy, job displacement due to automation, and the
safety of autonomous technologies through effective
communication and education initiatives is vital in
fostering public confidence and support.

Furthermore, energy consumption and sustainability
are significant considerations, given the potential increase
in energy demand from more data-intensive 6G networks.
Balancing the need for high performance with energy
conservation measures is crucial for the long-term
sustainability of 6G-enabled intelligent transportation
systems, especially for battery-powered vehicles and
remote infrastructure locations. Integrating 6G with
legacy transportation systems and infrastructure poses
compatibility challenges, as older systems may not
support the capabilities of 6G. Ensuring smooth
integration and optimizing the performance of legacy
systems are necessary to maximize the benefits of 6G in
intelligent transportation.

Finally, network resilience and redundancy are
paramount in intelligent transportation systems, where
communication failures can have severe consequences.
Implementing  fail-safe =~ mechanisms, redundant
communication paths, and robust network design is
essential to maintain reliable communication in critical
situations or adverse environmental conditions.
Addressing these challenges and considerations requires
collaboration among stakeholders, regulatory bodies, and
industry players to pave the way for a seamless and
successful integration of 6G technology into intelligent
transportation, unlocking its full potential in shaping a

safer, more efficient, and connected future of mobility.

7. Opportunities and Future Directions

6G technology opens up new possibilities for the
widespread adoption and advancement of autonomous
vehicles. The ultra-high data rates and low latency of 6G
enable seamless communication between autonomous
vehicles, infrastructure, and cloud-based
enhancing their perception and decision-making
capabilities. With 6G, autonomous vehicles can navigate

services,

complex traffic scenarios, adverse weather conditions,
and challenging environments more efficiently, making
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self-driving cars safer and more reliable. This paves the
way for a future where autonomous vehicles become an
integral part of intelligent transportation systems,
transforming mobility and urban planning.

6G technology facilitates the integration of intelligent
transportation systems with broader smart city initiatives.
The efficient between vehicles,
infrastructure, and smart city systems allows for data-
driven decision-making, optimizing traffic management,
energy usage, and resource allocation. Seamless
integration with other smart city services, such as public
safety, healthcare, and emergency response, can lead to
more sustainable and resilient urban environments. This
collaboration fosters the development of comprehensive
smart city ecosystems, enhancing the quality of life for

communication

citizens and improving urban mobility.

6G's capabilities drive the emergence of innovative
mobility services beyond conventional transportation
modes. The technology's high data rates and low latency
enable real-time coordination between different modes of
transportation, including ridesharing, bike-sharing, and
micro-mobility services. By integrating these services
into a seamless multi-modal transportation network, 6G
facilitates efficient and personalized mobility solutions,
reducing congestion and promoting eco-friendly
transportation choices. With its cooperative collision
avoidance and real-time communication capabilities, 6G
can significantly enhance road safety. Vehicles equipped
with 6G can communicate with each other and
infrastructure elements to detect potential hazards, share
real-time traffic information, and prevent accidents. This
cooperative  safety  approach, with
advancements in V2X communication, can revolutionize

combined

road safety and drastically reduce the number of accidents
and fatalities.

6G technology's ability to handle vast amounts of data
in real-time opens up opportunities for sophisticated
transportation analytics. Al-driven algorithms can analyze
massive data streams from vehicles, sensors, and
infrastructure to gain insights into traffic patterns, demand
forecasting, and transportation behavior. These analytics
can inform decision-makers, urban planners, and
policymakers, enabling them to make data-driven,
efficient, and sustainable transportation policies and
infrastructure investments. 6G's mMTC capability
facilitates seamless connectivity between vehicles and

cargo, enabling real-time tracking and monitoring of
goods in transit. This connected freight management
enhances supply chain efficiency, reduces delivery times,
and optimizes logistics operations. It also enables better
resource  allocation, minimizing wastage and
environmental impact and fostering a more sustainable
approach to freight transportation.

6G can synergize with other emerging technologies,
such as edge computing, artificial intelligence, and
blockchain. Edge computing, coupled with 6G's low
latency, enables real-time data processing at the network
edge, reducing data transmission delays and enhancing
system responsiveness. Al can be harnessed to optimize
transportation operations, improve traffic flow, and
predict transportation demand, while blockchain can
enhance data security and
communication. 6G's high data rates and low latency
enable real-time traffic data collection and analysis. By
utilizing Al-driven algorithms and machine learning, 6G
can predict traffic patterns and congestion in advance,

trust in vehicular

allowing for more proactive traffic management.
Dynamic traffic rerouting and signal optimization can be
implemented in real-time, reducing traffic jams and
improving overall transportation efficiency.

6G can revolutionize parking systems by enabling
real-time availability updates and seamless payment
With  6G-enabled
communication, drivers can quickly locate and reserve

transactions. sensors  and
parking spots, reducing the time spent searching for
parking spaces and alleviating traffic congestion in urban
areas. The high data rates and low latency of 6G can
Augmented Reality (AR) navigation
experiences. Through AR overlays on windshields or

enhance

head-up displays, drivers can receive real-time navigation
guidance, traffic alerts, and points of interest information,
leading to safer and more immersive navigation

experiences.

6G can be leveraged for environmental monitoring in
intelligent transportation systems. Sensors embedded in
vehicles and infrastructure can collect data on air quality,
noise levels, and emissions, contributing to smarter urban
planning and more sustainable transportation policies.
6G's efficient communication capabilities enable on-
demand mobility services, such as ride-hailing and micro-
transit solutions, to become more seamless and
responsive. Passengers can request transportation services
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in real-time, and autonomous vehicles or drones can
quickly requests,
transportation availability and accessibility.

respond to these optimizing

With 6G's high data rates and low latency, emergency
responders can access real-time information and video
feeds from accident sites, enabling faster response times
and more effective incident management. Additionally,
public safety agencies can leverage 6G for improved
coordination and communication during emergencies and
disasters. The widespread adoption of 6G in intelligent
transportation has the potential to create significant social
and economic impacts. The transformation of mobility
services, increased accessibility to transportation options,
and improved traffic management can lead to enhanced
quality of life, reduced transportation costs, and increased
productivity for individuals and businesses alike.

8. Conclusion

Several key technologies will play a crucial role in
realizing the potential of 6G-enabled VANETSs. These
technologies include terahertz communication, which
allows for higher-frequency transmissions and increased
bandwidth; optical wireless communication, which
provides high-capacity and secure data transfer through
optical links; reconfigurable intelligent surfaces, which
manipulate wireless signals to improve coverage and
capacity; and edge computing, which enables distributed
processing and data storage near the network edge.
Despite the promising potential of 6G-based VANETS,
several open challenges need to be addressed. These
efficient

challenges include

management

developing
strategies, security
mechanisms to protect against cyber-attacks, integrating
heterogeneous technologies, and

resource
ensuring  robust
communication

addressing spectrum allocation and interference

management issues.
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