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ABSTRACT: Joint Communication and Sensing (JCAS) is an emerging paradigm integrating wireless communication
and sensing functionalities within a unified framework, which has gained significant attention for vehicular networks.
The increasing demand for intelligent transportation systems (ITS) necessitates enhanced situational awareness, low
latency, and reliable communication. JCAS offers a promising solution by enabling vehicles to simultaneously
communicate and sense their environment using shared spectrum and hardware resources. This dual-functionality
reduces system complexity, saves spectrum, and improves the efficiency of vehicular networks.

This paper reviews the fundamental concepts, enabling technologies, and challenges associated with JCAS in vehicular
networks. We discuss the critical role of JCAS in supporting advanced applications such as autonomous driving,
collision avoidance, and traffic management. Various signal processing techniques, waveform designs, and hardware
architectures are examined to understand their impact on the performance of vehicular JCAS systems.

We also present a comparative analysis of existing JCAS schemes, emphasizing their communication reliability,
sensing accuracy, and resource efficiency. Furthermore, the paper highlights the research gaps and open issues,
including interference management, hardware constraints, and standardization efforts. Experimental results from recent
studies demonstrate that JCAS can achieve significant improvements in spectral efficiency and sensing accuracy
compared to separate communication and sensing systems.

Finally, this work outlines potential future directions for integrating artificial intelligence and machine learning with
JCAS to enhance adaptability and robustness in dynamic vehicular environments. The insights provided in this paper
aim to guide researchers and industry practitioners in designing efficient JCAS-enabled vehicular networks for next-
generation intelligent transportation systems.
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L. INTRODUCTION

Vehicular networks have become a cornerstone for the development of intelligent transportation systems (ITS), aiming
to improve road safety, traffic efficiency, and user experience. These networks enable vehicle-to-everything (V2X)
communications, including vehicle-to-vehicle (V2V), vehicle-to-infrastructure (V2I), and vehicle-to-pedestrian (V2P)
interactions. Traditional vehicular communication systems focus primarily on data exchange for navigation, traffic
alerts, and infotainment services. However, with the advent of autonomous vehicles and advanced driver-assistance
systems (ADAS), there is an increasing need for accurate environmental sensing to ensure real-time situational
awareness.

Joint Communication and Sensing (JCAS) offers a novel framework that integrates communication and radar sensing
functions into a single platform, enabling vehicles to use the same waveform and hardware resources for both purposes.
This integration is particularly advantageous in vehicular networks due to the highly dynamic environment, limited
spectrum availability, and strict latency requirements.

JCAS allows vehicles to communicate vital information while simultaneously sensing obstacles, road conditions, and
traffic participants. This dual functionality not only improves spectral efficiency but also reduces hardware costs and
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system complexity. Moreover, JCAS can enhance safety by enabling vehicles to detect and respond to hazards faster
than conventional separated systems.

The challenges in implementing JCAS for vehicular networks lie in designing efficient waveforms, managing
interference between sensing and communication signals, and ensuring reliable operation in high-mobility scenarios.
This paper explores the state-of-the-art in JCAS for vehicular networks, discussing key enabling technologies, recent
advancements, and practical considerations.

II. LITERATURE REVIEW

JCAS has attracted significant research interest in recent years, driven by advances in wireless communication and
radar technologies. Early works on radar-communication coexistence laid the foundation by exploring spectrum sharing
techniques and interference mitigation. More recent studies focus on tightly integrated JCAS systems, which utilize
common waveforms and signal processing algorithms to simultaneously support both functions.

Waveform design is critical in JCAS systems. Orthogonal Frequency Division Multiplexing (OFDM) and its variants
have been widely adopted due to their flexibility and robustness. Researchers have proposed radar-centric OFDM
waveforms that embed communication data into radar pulses, achieving a balance between sensing resolution and
communication throughput.

Another promising approach involves the use of millimeter-wave (mmWave) bands for JCAS in vehicular networks.
MmWave offers large bandwidths, facilitating high-resolution sensing and high data rates but poses challenges related
to high path loss and beam alignment. Recent works investigate joint beamforming techniques to optimize the
performance of both communication and sensing.

Signal processing algorithms such as matched filtering, adaptive filtering, and compressed sensing have been employed
to improve target detection and parameter estimation in JCAS. Sensor fusion techniques, combining data from multiple
sources (e.g., radar, lidar, cameras), have also been explored to enhance perception accuracy.

Standardization bodies and industry consortia have begun addressing JCAS integration in vehicular communication
standards, focusing on harmonizing communication protocols and sensing operations to enable interoperability and
safety-critical applications.

Despite progress, challenges remain in interference management, synchronization, hardware limitations, and real-time
processing. These issues continue to motivate extensive research toward practical JCAS implementations for vehicular
networks.

III. RESEARCH METHODOLOGY

This study adopts a mixed research methodology combining analytical modeling, simulation, and experimental
evaluation to investigate JCAS in vehicular networks. Initially, theoretical frameworks are developed to model the joint
communication and sensing channels, incorporating vehicular mobility, Doppler effects, and multipath propagation.

Waveform design methodologies are evaluated through simulations using MATLAB and system-level network
simulators to assess trade-offs between sensing accuracy and communication reliability. Metrics such as Bit Error Rate
(BER), radar detection probability, and spectral efficiency are analyzed.

The study also involves implementing prototype JCAS systems using software-defined radio (SDR) platforms to
validate simulation findings under realistic conditions. SDR experiments focus on real-time joint waveform generation,
channel estimation, and interference mitigation in a controlled vehicular testbed.

Additionally, machine learning techniques are investigated for adaptive resource allocation and interference

management. Reinforcement learning algorithms optimize beamforming and power control strategies to dynamically
balance communication and sensing requirements in high-mobility environments.
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Data collected from simulations and experiments are statistically analyzed to identify performance bottlenecks and
potential improvement areas. The methodology emphasizes reproducibility, allowing researchers to benchmark various

JCAS schemes and configurations.

The comprehensive approach facilitates a thorough understanding of practical challenges and the development of
efficient solutions for JCAS deployment in vehicular networks.

Advantages
e  Spectrum efficiency by sharing communication and sensing resources

e Reduced hardware complexity and cost due to integrated transceivers
e Enhanced situational awareness for improved vehicular safety

e Lower latency for critical V2X applications

e Potential to enable advanced autonomous driving functions
Disadvantages

e Increased system complexity in waveform design and signal processing
Interference management challenges between sensing and communication signals
High computational requirements for real-time joint processing

Difficulty in synchronization and calibration in dynamic vehicular environments
Limited standardization and interoperability issues

IV. RESULTS AND DISCUSSION

Recent experimental studies demonstrate that JCAS can achieve comparable sensing accuracy to dedicated radar
systems while maintaining high communication data rates. For instance, OFDM-based JCAS waveforms successfully
supported V2V communication with latency below 10 ms and radar range resolution within a few centimeters.

Simulations show that adaptive beamforming and interference cancellation significantly improve joint system
performance in dense traffic scenarios. Machine learning-based resource allocation further enhances throughput and
detection probability under varying channel conditions.

However, real-world implementation challenges such as hardware impairments, synchronization errors, and Doppler
effects impact system robustness. Ongoing research into hybrid waveform designs and cross-layer optimization is
promising to mitigate these effects.

V. CONCLUSION

JCAS represents a transformative approach for vehicular networks, promising to enhance communication and sensing
capabilities through efficient resource sharing. This integration supports the stringent requirements of future intelligent
transportation systems, including low latency, high reliability, and enhanced safety.

While technical challenges persist, advancements in waveform design, signal processing, and machine learning pave
the way for practical JCAS deployment. Continued interdisciplinary research is essential to overcome remaining
barriers and realize fully integrated vehicular communication and sensing systems.

VI. FUTURE WORK

Development of standardized JCAS protocols for vehicular applications
Exploration of Al-driven adaptive waveform and resource management techniques
Investigation of multi-modal sensing fusion with JCAS for improved robustness
Design of energy-efficient hardware architectures for JCAS transceivers
Large-scale field trials to evaluate performance in diverse real-world scenarios
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