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Performance Analysis and Optimization of ISAC
Vehicular Networks with 360° Radar Detection

Like Wang*, Yue Zhang*, Hangguan Shan*, Chen Chen', Fen Hou!, Huma Ghafoor?, and Yu Cheng1T
*College of Information Science and Electronic Engineering, Zhejiang University, Hangzhou, China
TSchool of Telecommunication Engineering, Xidian University, Xi’an, China
iDepartment of Electrical and Computer Engineering, University of Macau, Macau, China
§School of Electrical Engineering and Computer Science, National University of Sciences and Technology, Islamabad, Pakistan
ﬂDepartment of Electrical and Computer Engineering, Illinois Institute of Technology, Chicago, USA

Abstract—To alleviate the shortage of wireless spectrum for
vehicular communications, integrated sensing and communica-
tion (ISAC) technology is expected to be applied to vehicular
networks. In this paper, we design a dual-beam ISAC scheme
that allows 360° radar detection and directional communication
simultaneously. We then develop a stochastic geometry-based
performance analytical framework to evaluate both sensing and
communication performance of the dual-beam ISAC vehicular
network. The detection probability and communication coverage
probability are modeled by capturing the impact of both the
incident and reflected interference. Furthermore, to improve the
sensing performance of 360° radar detection while guaranteeing
communication performance, we study two power allocation
optimization problems. Simulation results not only validate the
accuracy of the proposed analytical models, but also show
the advantages of the proposed power allocation schemes in
improving average detection probability.

I. INTRODUCTION

Autonomous vehicles constantly sense the surrounding en-
vironment via radar and other sensors, and the sensed data can
be shared with other vehicles by communication technologies,
improving driving safety. Instead of having two separate
systems, developing integrated sensing and communication
(ISAC) technology to integrate the two functions into one can
not only achieve the benefits of reduced cost, size and weight
of the hardware equipment and better spectrum efficiency,
but also benefit by sharing information mutually, e.g., the
sensed information can be used to assist beamforming, and
the communication can help radar reduce interference [1].

However, the ISAC system needs to meet various require-
ments to enable simultaneous sensing and communication.
The ISAC system is expected to provide a high data rate for
communication and a high resolution for sensing. Thus, the
millimeter wave (mmWave) is more competent than the sub-
6G band for the ISAC system due to its large bandwidth [2].
One fundamental challenge in ISAC is that sensing requires
time-varying scanning beams, while communication requires
accurately pointed beams to overcome the large propagation

The work was supported by the Zhejiang Provincial Natural Science
Foundation of China under Grant LR23F010006, the National Natural Science
Foundation of China under Grants U21A20456, U21B2029, and 62027805,
the open research project program funded by the Science and Technology
Development Fund (SKL-IOTSC(UM)-2024-2026) and the State Key Labo-
ratory of Internet of Things for Smart City (University of Macau) (Ref. No.:
SKL-IoTSC(UM)-2024-2026/ORP/GA01/2023), and the University of Macau
(Project No. MYRG-GRG2023-00200-FST and MYRG2022-00242-FST).

loss. While many sensing implementations [3-5] are limited
to the direction of communication signals, the multibeam
framework in [6] is proposed to achieve 360° radar detection
and directional communication.

Introducing sensing capability to vehicular networks re-
quires us to consider simultaneous communication and sensing
functions design. To this aim, developing tractable models
that can evaluate communication and sensing performance is
of critical importance. Stochastic geometry has been applied
widely to analyze the performance of vehicular networks, but
most works are limited to only the communication systems
[7, 8] or radar systems [9—11]. Although [12] evaluates both
functions’ performance of ISAC vehicular networks, the di-
rections of sensing and communication are both limited to
the front and only the incident interference is considered.
However, reflected interference in mmWave networks is not
negligible [11]. Inspired by the studies above, we aim to fill
the gap by proposing an analytical model for the dual-beam
ISAC vehicular network supporting 360° radar detection and
directional communication capturing the impact of both the
incident and complex reflected interference.

In this paper, we first design a dual-beam ISAC scheme sup-
porting 360° radar detection and directional communication
for vehicular networks. Then, adopting the Matérn hard-core
process (MHCP) to model the vehicle positions, we propose a
stochastic geometry-based performance analytical framework
to evaluate the sensing and communication performance of
the networks by capturing the incident and complex reflected
interference in a dual-direction and two-lane scenario. Then,
to improve the sensing performance of 360° radar detection
while guaranteeing communication performance, we study
two power allocation optimization problems. Finally, Monte
Carlo simulations are conducted to validate the analytical
results. Simulation results also verify the advantages of the
power allocation schemes in average detection probability
(DP) enhancement.

II. SYSTEM MODEL
In this section, we introduce the research scenario, the
power allocation setting, the channel model, and the signal
model of the ISAC vehicular network.
A. Research Scenario
We consider a dual-direction and two-lane scenario as
shown in Fig. 1, with the width of each lane equal to [. On
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