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Abstract—A novel shared-aperture antenna (SAA) integrat-
ing a fixed-beam reflectarray (RA) and a rapid-scanning leaky-
wave antenna (LWA) is proposed. The proposed SAA element
consists of two off-centered patches with embedded L-shaped
slots for the RA on the top layer and a dual-slot radiator
for the LWA on the bottom layer. By introducing a slow-wave
(SW) structure in the substrate-integrated waveguide, the —1st
spatial-harmonic radiation band of the LWA is adjusted to
enable co-frequency operation with the RA. In addition, the
enhanced dispersion introduced by the SW structure improves
the beam-scanning capability, resulting in a 43% enhancement
in scanning range with a scanning rate of 35.8°/GHz. Mea-
surements show that RA achieves a 22.7 dBi peak gain at 14.4
GHz, with 1-dB gain bandwidth of 20.5% (12.2-15.0 GHz) and
3-dB gain bandwidth exceeding 40% over 10 to 15 GHz. The
LWA scans from —69° to +67° across 10.7 to 14.5 GHz with
a peak gain of 24.4 dBi. Moreover, the measured RA-LWA
isolation remains below —33 dB, and sidelobe levels remain
below —10 dB across the operating band.

Index Terms—ILeaky-wave antenna, reflectarray, shared-
aperture antenna, integrated sensing and communication.

I. INTRODUCTION

Ith the evolution of 6G networks, antenna systems
for integrated sensing and communication (ISAC)
require both high-gain communication beams and wide-
area sensing coverage [1], [2]. Reflectarrays (RAs) can pro-
vide fixed high-gain radiation, whereas leaky-wave antennas
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(LWAs) offer wide-angle frequency scanning [3]-[6]. Inte-
grating them in a shared-aperture antenna (SAA) enhances
spectral efficiency and reduces hardware complexity.

Various SAAs have been proposed. RA-based SAAs, such
as the dual-band RA in [7], support shared-aperture opera-
tion but lack beam-scanning capability, while mechanically
steered RAs [8], [9] extend coverage at the cost of in-
creased structural complexity. LWA-based SAAs exhibit cer-
tain beam-scanning capability and multifunctional potential.
However, their overall scanning range remains limited. In
[10], endfire radiation and beam scanning are both realized,
but the scanning range is only 35° In [11], dual-band
scanning is achieved with scanning ranges of 49° and 39°,
respectively. In [12], multifunctional operation within the
same aperture is enabled using a beam-forming network, but
the scanning range is limited to 81° and continuous scanning
is not supported. Hybrid RA-LWA SAAs remain relatively
limited. In [13], a shared-aperture configuration is realized
by interleaving LWA elements between two RA elements.
However, the scanning capability is limited to 41° with
unidirectional scanning, and co-frequency operation is not
supported, resulting in reduced spectral utilization efficiency.

In this letter, an aperture- and spectrum-sharing ISAC
antenna integrating a fixed-beam RA and a wide-angle
scanning LWA is proposed. For the top-layer RA, an off-
centered patch with an offset feed prevents blockage of the
LWA aperture. For the bottom-layer LWA, the RA ground
plane is reused as the radiation layer, and a slow-wave
SIW structure is introduced to enable co-frequency operation
with the RA and wide-angle beam scanning. The proposed
SAA achieves seamless co-aperture integration and 136°
continuous scanning over 10.7 to 14.5 GHz.

II. ANTENNA CONFIGURATION AND DESIGN

A. Antenna Configuration

Fig. 1 shows the proposed SAA operating from 10 to
15 GHz, which integrates an RA and a LWA within a
common aperture. As shown in Fig. 1(a), the RA is excited
by a laterally offset horn to generate a fixed beam in
the xoz-plane, while the LWA provides frequency-scanned
beams in the yoz-plane with inherent 2-D scanning potential
through controlled phase differences. Fig. 1(b) depicts the






