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   Vehicular wireless communication systems are the backbone of intelligent
transportation, enabling vehicles and infrastructure to cooperate for safer,
more efficient and environmentally friendly mobility. The evolution from DSRC
to cellular-based V2X, empowered by 5G and beyond, is expanding the
scope of applications from basic safety messaging to fully autonomous
driving and smart city integration. Despite significant technical and regulatory
challenges, ongoing advancements in wireless technologies, network
architectures and intelligent algorithms continue to drive the realization of
connected and automated transportation systems. As these systems mature,
they hold the promise of revolutionizing how people and goods move,
ultimately transforming urban landscapes and improving quality of life on a
global scale.
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camera feeds, among vehicles and infrastructure. Beyond communication
technologies, vehicular wireless systems integrate sophisticated protocols for
message dissemination, security and quality of service. Safety messages, for
example, have stringent latency and reliability requirements and are typically
prioritized over non-critical data. Security mechanisms such as
authentication, encryption and privacy protection are essential to prevent
malicious attacks and ensure trustworthiness in V2X communications.
Furthermore, the heterogeneity of vehicular environments comprising urban,
suburban and highway scenarios with varying traffic densities and mobility
patterns necessitates adaptive communication strategies. Network
architectures combining centralized cloud services with edge computing
resources enable efficient data processing and decision-making closer to the
vehicles, reducing latency and bandwidth consumption.

    Challenges in deploying vehicular wireless communication systems include
managing the dynamic and rapidly changing wireless channels caused by
high vehicle mobility, ensuring interoperability among different manufacturers
and communication standards and addressing privacy concerns related to
vehicle data sharing. Urban environments introduce additional challenges
with multipath fading, signal blockage from buildings and interference from
numerous wireless devices. To mitigate these issues, advanced techniques
such as beamforming, diversity schemes and intelligent resource allocation
are employed. Additionally, the integration of AI and machine learning into
vehicular networks is emerging as a promising approach to optimize routing,
predict network conditions and enhance security measures in real time.
Standardization efforts by organizations such as 3GPP, IEEE and ETSI are
crucial for establishing unified protocols and frameworks to enable
widespread adoption of vehicular wireless communication technologies.

     The rapid advancement of wireless communication technologies has
played a pivotal role in transforming traditional transportation systems into
intelligent and connected ecosystems. Vehicular wireless communication
systems, often referred to as Vehicle-to-Everything (V2X) communications,
encompass a range of technologies that enable vehicles to communicate with
each other (V2V), with infrastructure (V2I), with pedestrians (V2P) and with
networks (V2N). These communication paradigms are integral to the
development of intelligent transportation systems (ITS), which aim to enhance
road safety, traffic efficiency and environmental sustainability. The
convergence of wireless technologies such as Dedicated Short Range
Communications (DSRC), cellular networks including 4G LTE and 5G and
emerging millimeter-wave (mmWave) communications has opened new
frontiers for real-time data exchange and cooperative driving. This article
explores the fundamental aspects, technological enablers and challenges of
vehicular wireless communication systems and their crucial role in enabling
the future of intelligent transportation [1].

   Vehicular wireless communication systems rely on a combination of short-
range and wide-area wireless technologies to facilitate seamless connectivity
among vehicles and other entities in the transportation environment. Dedicated
Short Range Communications (DSRC), based on IEEE 802.11p standards, was
one of the earliest technologies developed for V2X communication, offering
low-latency and high-reliability links within a range of approximately 300 meters.
DSRC enables safety-critical applications such as collision avoidance,
emergency braking alerts and intersection movement assistance by allowing
vehicles to exchange timely information about their position, speed and
trajectory. However, DSRC’s limited range and relatively low data rates pose
challenges for scaling to more data-intensive applications such as high-
definition map updates and infotainment services [2].

   To overcome these limitations, cellular-based V2X (C-V2X) technologies have
gained momentum, leveraging the extensive coverage and high capacity of
cellular networks. LTE-V2X and its successor 5G NR V2X offer enhanced
communication capabilities, including ultra-reliable low latency communication
(URLLC), massive machine-type communication (mMTC) and improved
mobility support. 5G’s high data rates, network slicing and edge computing
capabilities allow for real-time processing of vehicular data, enabling advanced
applications like cooperative adaptive cruise control, platooning and
autonomous driving. The utilization of millimeter-wave frequencies in 5G further
facilitates ultra-high bandwidth communication, supporting applications that
require the exchange of large volumes of sensor data, including lidar and 
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