International Journal of Engineering and Science Invention (IJESI)
ISSN (Online): 2319-6734, ISSN (Print): 2319-6726
www.ijesi.org ||Volume 14 Issue 12 December 2025 || PP 10-12

The Role of 5G and V2X Communication in Intelligent
Transportation Systems

Atharva Balpande
DepartmentofElectronicsandTelecommunication Vishwakarma Institute of Information Technology Pune, India
Dr.RahulPol
Department of Electronics and Telecommunication Vishwakarma Institute of Information Technology Pune,
India
Abstract—The rapid evolution of communication technology haspositionedvehicle-to-

everything(V2X)communicationasthe backbone of intelligent transportation systems (ITS). Integrat- ing 5G
technology expands the scope of V2X communication, enabling advanced features such as ultra-reliable low-
latency ~ communication ~ (URLLC), mobile edge computing (MEC), and  massivemachine-
typecommunication(mMTC)forsafety-critical applications. Thispaperexploresthetechnologicaladvancements,
applications, challenges, and future trends in 5G V2X communi-
cation,focusingonitstransformativepotentialfortheautomotive industry and smart infrastructure development.
Index Terms—5G, V2X, Intelligent Transportation Systems, Mobile Edge Computing, Autonomous Driving,
Smart Infras- tructure, Al
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I. INTRODUCTION

Vehicle-to-everything (V2X) communication has emerged as a cornerstone of intelligent transportation systems
(ITS), offeringinnovativesolutionsforroadsafety,trafficefficiency,
andoverallmobility. V2Xencompassescommunicationmodes such as vehicle-to-vehicle (V2V), vehicle-to-
infrastructure (V2I), vehicle-to-network (V2N), and vehicle-to-pedestrian (V2P), aiming to create safer and
smarter transportation sys- tems.

The advent of 5G New Radio (5G NR) has significantly enhanced V2X communication, delivering high
reliability, ultra-low latency, and unprecedented connectivity. With the integration of mobile edge computing
(MEC) and network slicing, 5G enables real-time decision-making, dynamic re- source allocation, and efficient
data management. Despite its potential,challengessuchasinfrastructurecosts,cybersecurity risks, and global
standardization persist. This paper explores the opportunities and challenges of 5G V2X communicationin
reshaping ITS and smart infrastructure.

II. OVERVIEWOF5GANDV2XCOMMUNICATION
Thecombinationof5GandV2Xcommunicationintroduces a paradigm shift in ITS, enabling vehicles,
infrastructure, and pedestrians to interact seamlessly.

A. 5GTechnology
5@ offers unparalleled advancements in wireless communication, including:
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Fig.2 EnterCaption
- High Data Rates: Up to 10 Gbps, enabling HD sensor fusion and cooperative driving.
- Ultra-Low Latency: Below 1 ms, critical for safety applications like collision avoidance.
- Massive Connectivity: Supports millions of devices per square kilometer, vital for dense urban
deployments.
- Flexible Spectrum Usage: Operates across sub-6 GHz and millimeter wave bands for optimal
performance.
- Edge Computing Integration: Reduces latency and bandwidth requirements by processing data closer

to vehicles.

B. V2XCommunicationModes
V2Xcommunicationfostersdiverseinteractions,including:
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Fig.3.ComparisonbetweenDSRCandC-V2X

- Vehicle-to-Vehicle (V2V): Enables real-time data ex- change between vehicles to prevent collisions
and facili- tate platooning.

- Vehicle-to-Infrastructure (V2I): Allows communication with traffic signals and road signs for
adaptive traffic management.

- Vehicle-to-Network (V2N): Connects vehicles to cloud services for navigation, software updates, and
remote diagnostics.

- Vehicle-to-Pedestrian (V2P): Enhances pedestrian safety by alerting vehicles and pedestrians to

potential hazards.
II1. TECHNOLOGICAL ADVANCEMENTS

A. C-V2XOverDSRC

CellularV2X(C-V2X)outperformsDedicatedShort-Range Communication (DSRC) in range, scalability, and
reliability. Integrated with 5G, C-V2X supports both direct (V2V, V2I) and network-based (V2N)
communication, ensuring real-time responsiveness for safety-critical applications.
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B. MobileEdgeComputing(MEC)

MEC processes data at the network edge, minimizing la- tency and bandwidth usage. Applications such as
collision avoidance and real-time traffic optimization benefit signifi- cantly from MEC, enabling split-second
decision-making.

C. Allntegration
Artificial intelligence (Al) enhances V2X communication by enabling predictive analytics, dynamic resource

allocation, and anomaly detection. Al-powered systems optimize traffic flow, predict potential collisions, and
enhance vehicular communication security.

Iv. APPLICATIONS INSMARTINFRA STRUCTURE

5GandV2Xcommunicationenablediverseapplications that transform transportation systems:

- TrafficManagement:Real-timedataexchangeopti- mizes signal timings and reduces congestion.
- AutonomousDriving:Enablesvehiclestonavigate safely with advanced situational awareness.

- Platooning: Facilitates synchronized vehicle movement, reducing aerodynamic drag and fuel
consumption.

- EmergencyServices:Prioritizesroutesforemergency vehicles, improving response times.

- SmartParking:Guidesvehiclestoavailablespaces, reducing urban congestion.

V. CHALLENGES AND LIMITATIONS

A. InfrastructureCosts
Deploying5GandV2Xnetworksrequiressignificantin- vestment, particularly in underdeveloped regions.

B. CybersecurityRisks
Interconnected systems are vulnerable to spoofing, data breaches,anddenial-of-
serviceattacks.Robustencryptionand authentication protocols are essential.

C. Regulatoryandlinteroperabilitylssues

Achieving global standardization for V2X communication protocols is challenging due to regional variations in
regula- tions and spectrum allocation.

VI. FUTURE TRENDS

- 6G Evolution: Investigating 6G technology to enhance V2X capabilities further, focusing on ultra-low
latency and global coverage.

- Blockchain for Security: Leveraging blockchain tech- nologytoensuresecureandtamper-
proofvehicularcom- munication.

- Satellite Connectivity: Expanding V2X reach to remote areas using satellite communication.

- Smart Cities Integration: Developing fully connected ecosystems integrating IoT, 5G, and V2X for

efficient urban mobility.

VII. CONCLUSION
The integration of 5G and V2X communication is revolu- tionizing intelligent transportation systems
by enabling safer roads and smarter infrastructure. While challenges such as high deployment costs,
cybersecurity threats, and interoper- ability issues persist, advancements in Al, edge computing, and blockchain
promise a transformative future. Collaborative effortsamongindustrystakeholderswilldrivetheadoption of these
technologies, paving the way for a sustainable and efficient transportation ecosystem.
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