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Abstract—Integrated sensing and communication (ISAC) sys-
tems aim to obtain the environment information using the
wireless communication signals. However, most existing methods
for ISAC systems require additional communication or hardware
overheads, which pose a significant challenge for the resource-
constrained wireless communication system. To address this issue,
we propose a novel sidelobe-enhanced beam sweeping scheme,
which leverages the extra information provided by the sidelobe
compared to the traditional beam-based sensing algorithm. The
proposed scheme takes into account the complete beam pattern
including sidelobes, exploiting the different characteristics in each
direction to simultaneously utilize multiple spatial angles. By
effectively exploiting the sidelobes rather than treating them as
interference, the proposed scheme can achieve comprehensive
environmental information acquisition with high efficiency. Sim-
ulation results demonstrate that the proposed algorithm yields
remarkable performance improvement.

Index Terms—Integrated sensing and communication, sidelobe
utilization, compressed sensing, environment sensing

I. INTRODUCTION

Integrated sensing and communication (ISAC) technology
has emerged as a promising research direction for the next
generation wireless communication systems [1]–[4], as it can
provide vital environmental information for various application
scenarios such as autonomous driving, high-precision position-
ing, and imaging [5]. An outstanding advantage of ISAC is
that, unlike conventional radar sensing, it relies on existing
communication systems and devices [6], which enhances its
deployability. Furthermore, designing a joint communication
and sensing waveform is another appealing scheme, which
can achieve efficient spectrum utilization and reduce hardware
costs [7].

Some recent works in the field of ISAC is based on the
compressed sensing (CS) theory [8], which exploits the spar-
sity of scatterers in the environment to achieve low-complexity
sensing tasks. In [9], the authors models the scatterers in
the environment as a sparse point cloud and uses the signals
transmitted during the communication process to accurately
reconstruct it. In [10], the authors employs an iterative algo-
rithm to achieve high-precision sensing of specific regions.
Due to the large number of environmental variables involved
in the ISAC system, achieving accurate environment sensing
usually entails additional communication resources, hardware,
and computational overhead. However, the above works in

[8]–[10] do not fully exploit the beamforming pattern effect
including the sidelobe and merely treat the sidelobe as pure
interference, even though the proper design with utilizing side-
lobe effect can further decrease the system hardware cost and
improve the sensing performance. In the proposed environment
sensing framework with sidelobe-enhanced beam sweeping,
we exploit the sidelobe characteristics of beams which are
usually regarded as interference to assist in the acquisition of
environmental information and the convergence and accuracy
of the algorithm have been substantially improved.

In the millimeter wave (mmWave) communication scenar-
ios, beamforming technology is widely used [11] in equipment
such as vehicle phased arrays and large-scale arrays at the base
station (BS) to enhance the concentration of signal energy.
In the formed beam, besides the energy concentrated in the
beam direction, there will also be certain signal radiation in
other directions, and these signals have unique amplitude and
phase characteristics. Since the parameters of beamforming are
known, it is possible to obtain the complete characteristics of
the beam in all directions and realize the observation of various
angles of the environment during one signal transmission.
Under the joint effect of multipath transmission and additional
characteristics of sidelobes, the received signal contains ex-
tremely rich information about the environment outside the
beam pointing. Based on known complete characteristics of
the beam, this information, which was previously regarded
as interference, can be cleverly extracted. Combined with the
proposed beam sweeping strategy, it is feasible to quickly
acquire complete environmental information and achieve ac-
curate sensing at low hardware costs. The main contributions
of this paper are summarized as follows:

• In the scenario of uplink communication between the
vehicle phased array and the BS, we propose an ISAC
scheme that utilizes the complete characteristics of the
beam to achieve efficient environment sensing.

• We devise a sidelobe-enhanced beam sweeping algorithm
for environment sensing. The algorithm generates an op-
timal sweeping strategy by comprehensively considering
the characteristics of the beam.

• Extensive simulation results confirm the effectiveness of
the proposed algorithm.
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