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Abstract—In this paper, co-located single-element aperture
coupled antennas (ACA) working at the Wi-Fi frequency band
are presented. The antenna shows an operating bandwidth of
320 MHz at 6.11 GHz center frequency and exhibits an isolation
of 38 dB over the desired frequency band. The mutual coupling
reduction is achieved by utilizing complementary split ring res-
onators (CSRR) in the ground plane and the integrated antennas
show a smooth measured gain of 8 dBi in the entire working
frequency band. Moreover, the co-located antennas are further
integrated with the software-defined radio (SDR) to demonstrate
its indoor sensing capabilities up to a distance of two meters.
Simultaneously, the communication performance is shown and
evaluated by employing a separated horn antenna receiver in a
demonstrator designed for integrated sensing and communication
(ISAC) applications.

I. INTRODUCTION

Wireless local area network (WLAN) represents a viable
option for high data transfer rates [1]. However, the speeds for
both uploading and downloading of WLANs pose limitations
in applications comprising the internet of things and high-
definition video due to the shortcomings of present wireless
system architecture. Therefore, the sixth generation (6G) of
Wi-Fi, or Wi-Fi 6E, with a frequency range of 5.925 GHz to
7.125 GHz, has been introduced [2], [3]. The main objective
of future 6G integrated systems is to unify communication
and radar capabilities on a common platform, which will
give rise to novel applications on the 6G networks [4][5][6].
This will enable the researchers to use radio frequency (RF)
resource allocations most effectively and flexibly to address
the primary issues of integrated sensing and communication
(ISAC) applications [7][8]. The antenna is a critical component
of the RF front end in these networks, which is responsible
for transmitting and receiving EM waves. The introduction
of sensing requires the isolation of co-located antennas for
radar applications. For this work, the concepts are carried out
in the Wi-Fi frequency band, which is the assigned band for
integrated sensing and communication [9]. Self-interference re-
duction techniques have been extensively investigated by using
orthogonal antennas from the perspective of communication
systems [10][11][12]. For radar applications, the need for a
co-located identical polarized antenna requires more demand-
ing techniques to mitigate the leakage from the transmitting
antenna to the receiving antenna. This paper is a detailed
extension of our previous work where the single antenna with
a lens was designed for a gain-boosting scenario [13]. Here
in this work, the lens is removed and the antenna concepts
are further expanded at the Wi-Fi band from the transmitter
(Tx) and receiver (Rx) antenna perspective. Self-interference
reduction techniques are discussed for joint communication

Fig. 1. A 50Ω transmission line with its ground plane loaded with different
numbers of CSRRs.

and sensing applications. Moreover, the combined isolated
antennas are integrated into an SDR platform for evaluating
their performance for integrated sensing and communication
scenarios.

The paper is organized as follows. In the first sub-section of
section II, the transmission line loading method is presented
to extract the transmission reduction behavior of the CSRR.
In the following sub-section, integrated antennas including
CSRR are presented, and both measured and simulated results
are evaluated. In section III, the antennas are integrated with
a software-defined radio (SDR) platform to demonstrate its
system evaluation for integrated sensing and communication
applications. Finally, the conclusion of the paper is discussed.

II. ANTENNA STRUCTURE

A. Transmission line loading method

In this sub-section, a transmission line loading method
is utilized to evaluate the coupling reduction effect of the
CSRRs before integrating them with the co-located Tx and
Rx antennas. This approach assists in the assessment of the
CSRR’s effectiveness in minimizing electromagnetic coupling
within the intended frequency band. Fig. 1 shows the elec-
tromagnetic (EM) simulation setup, where a two-port 50Ω
transmission line with a ground plane containing the CSRR
patterns is employed. Different configurations of CSRRs were
etched beneath the transmission line, and their effects on sig-
nal transmission were observed. The transmission coefficient
behavior of these loaded CSRR configurations is shown in
Fig. 2.

The results show that a single CSRR cell offers a weak iso-
lation over a narrow frequency band at 7.2 GHz. As the number
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Fig. 2. Transmission coefficient response of the transmission line loaded
with different numbers of CSRRs.

(a) (b)

Fig. 3. Configuration of co-located aperture coupled antennas: (a) bottom;
(b) top.

of CSRRs is increased, the minimum transmission shifts down
towards the desired frequency and its effect becomes broader.
This indicates that employing numerous CSRRs improves the
bandwidth of the isolation effect. However, this necessitates
a larger space throughout the integration process. Therefore,
a minimum of two CSRRs are selected during the antenna
integration process to achieve the desired minimum coupling
for the radar applications.

B. Co-located aperture coupled antenna

For this work, aperture-coupled antennas are utilized for
the feasibility of providing high gain with a single element.
The bottom and top side of the co-located antenna structure
with its highlighted key dimensions are shown in Fig. 3.
The co-located antennas are spaced 80 mm apart center to
center, a minimum distance chosen to reduce mutual coupling
between the antennas. To further improve isolation and reduce
interference, defected ground plane structures based on CSRR
are incorporated. Each antenna is a linearly polarized design
with an H-shaped aperture. The antennas are designed on
a 0.813 mm thick low-loss Rogers4003C substrate, with a
relative permittivity of 3.55 and a loss tangent of 0.0027.
To boost both bandwidth and gain, Rogers4003C small su-
perstrates with circular patches are mounted 2 mm above the
corresponding antenna apertures, forming a critical radiating
part of the design.

To excite the apertures, 50Ω transmission lines with ad-
ditional short lines of open stubs are employed. These stubs

TABLE I. DIMENSIONS OF THE INTEGRATED APERTURE COUPLED
ANTENNA

Parameters Value (mm)
Lsub 68
Wsub 110
Lsup 25
Wsup 25

Rc 10.5
Lf 34
Wf 1.82

Lstub 4.5
WH 1.25
LH 4.5

hsup 2
h 0.813

Sp 80
RCSRR1 5.1
RCSRR2 4.1
WCSRR 0.6

Fig. 4. Reflection coefficient of the aperture coupled antennas based on the
different length of stubs.

maximize the coupling with the circular patches and ensure
optimal impedance matching over a broader frequency range.
The effect of the stub length is illustrated in Fig. 4, which
shows that additional length of stub is required to achieve
optimal impedance matching. Additionally, the results on the
Smith chart show the stub length’s transformation from near
to open circuit to the center of the Smith chart, as shown in
Fig. 5. The optimized dimensions of the integrated antenna
design are given in Table. I. The antennas are designed for
a Wi-Fi frequency band resonating at a center frequency of
6.31 GHz showing a simulation bandwidth of 515 MHz as
shown in Fig. 6. Moreover, the simulated transmission coef-
ficient plots reveal more than 40 dB of isolation between the
antennas across the target frequency range, which demonstrates
a reasonable coupling suppression. During the EM simulations,
SubMiniature version A (SMA) connectors were incorporated
to minimize discrepancies between measured and simulated
performance. The individual ACA antenna element on average
shows a realized gain of 8 dBi across its operational band as
shown in Fig. 7, making it suitable for both communication
and sensing applications.

The bottom and top sides of the final integrated Tx and
Rx fabricated board with etched 2×6 array of CSRR in the
ground plane are shown in Fig. 8. In order to align and main-
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Fig. 5. Input impedance variation of the aperture coupled antennas based on
the different length of stubs.

Fig. 6. Simulated and measured reflection and transmission coefficients of
the co-located aperture coupled antennas.

tain a distance between the H-slots and the circular patches
four corner plastic screws were utilized. The measured and
simulated reflection coefficient results are illustrated in Fig. 6.
The antenna operates within the WiFi frequency band covering
from 5.95 GHz to 6.27 GHz with a 320 MHz measured
bandwidth. Moreover, the measured minimum isolation at the
receiving antenna port is observed to be around 38 dB. A
slight shift in the center frequency, limited bandwidth and
discrepancies in the expected isolation are attributed to the
fabrication tolerances of the machine. As illustrated in Fig. 9,
the variations in top superstrate patch size can lead to a shift
in the reflection coefficient of the antenna and also decrease
its magnitude.

Furthermore, the surface current distribution of the inte-
grated antennas is also analyzed. After inserting the CSRRs,

Fig. 7. Directivity, gain and realized gain of the co-located aperture coupled
antennas.

(a) (b)

Fig. 8. Fabricated co-located aperture coupled antennas: (a) bottom; (b) top.

it is evident that the unwanted leakage surface currents are
further suppressed. Therefore, improved isolation is observed
at the port as the undesired signals to the receiving antenna are
significantly reduced during the excitation of the Tx antenna
as illustrated in Fig. 10. The 3D realized gain patterns of
the Tx antenna are examined after the integration step at
different frequencies as depicted in Fig. 11. It clearly shows
the integration of CSRRs in the near vicinity of the Rx antenna
have negligible impact on the radiation pattern of the antenna.
The antennas show a smooth pattern with more than 8 dBi of
realized gain in the entire operating frequency band.

III. INTEGRATION WITH SDR

A software-defined radio (SDR) platform integrated with
the Heterogeneous Radio Mobile Simulator (HermesPy) [14]
was deployed to assess the system performance of the isolated
aperture antenna in integrated sensing and communication ap-
plications. The full experimental setup, including two NI Ettus
X410 [15] SDRs and integrated antennas, is shown in Figure
12. In this system, the aperture-coupled antenna acts as the
transmitter and receiver of a monostatic radar, simultaneously
transmitting and receiving a communication waveform in an
in-band full-duplex fashion over both antenna ports, respec-
tively. An additional communication receiver represented by a
horn antenna is placed at a distance of 2 m within the boresight
of the transmitting isolated aperture antenna so that the overall
setup effectively forms a communication downlink, where the
isolated aperture antenna acts as a base-station and the distant
horn antenna within its boresight acts as a terminal. At its
maximum sampling rate of 491 MHz, the system was config-
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Fig. 9. Impact of size variation of the top superstrate patch on the reflection
coefficient of the antenna.

Fig. 10. Current distribution of the co-located aperture coupled antennas.

ured to transmit communication frames at a carrier frequency
of 6.08 GHz consisting of 320 Root-Raised Cosine pulses
with standard preamble-based synchronization, least-squares
channel estimation and single-tap channel equalization at the
communication receiver side at a symbol rate of 122 MHz. At
the radar receiver side, a matched filter processing, correlating
the communication waveform transmitted over the aperture
coupled antenna’s first port with the reflections received over
the aperture antenna’s second port, was performed to obtain a
radar range profile with a resolution of approximately 30 cm.

During the system evaluation, the integrated sensing and
communication performance of the aperture-coupled antennas
was benchmarked against standard horn antennas. Fig. 13
shows the radar sensing performance in terms of the receiver
operating characteristic (ROC) for both the proposed antenna
and standard horn antennas. For this setup, a radar corner
reflector object was either present at distance of 2m from
the base station or not. Accordingly, the signal processing
needed to decide on the presence of the object, yielding either
false alarms or missed detections as error sources. As can be
seen, no performance degradation when using the proposed
antenna was experienced. To evaluate the communications
performance, Fig. 14 shows the constellation error vector
magnitude (EVM) at the receiver after equalization.

The co-located aperture antennas and separated horn anten-

(a) (b)

(c) (d)

Fig. 11. 3D realized gain of the integrated antennas at different frequencies:
(a) 6.05 GHz; (b) 6.15 GHz (c) 6.45 GHz (d) 6.57 GHz.

Fig. 12. ISAC demonstrator with aperture coupled antennas, corner reflector
and receiving horn antenna.

nas exhibit similar measured performance. This proves that the
isolated aperture antennas, even when co-located, can deliver
reliable performance in scenarios where joint communication
and radar sensing are required.

IV. CONCLUSION

In conclusion, a functional indoor integrated sensing and
communication demonstrator is presented. The design and
operating principle of a dual-port ACA integrated with CSRR
have been described. It is practically shown that shared re-
sources at both hardware and software levels for communi-
cation and sensing is possible, which is a crucial concept
for future 6G applications. At the hardware level, the Tx
antenna is shared between the communication receiver and the
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