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Abstract — Joint Communication and Radar Sensing (JCAS)
is predicted to be one of the compelling features of future 6G
systems. This paper presents a hardware-software evaluation
platform designed to analyze JCAS performance in scenarios
where multi-purpose receiver (RX) front-end, antennas, and
waveforms are utilized to support both communication and
sensing functionalities. The measurements are conducted in the
5G NR n258 band with 1 GHz bandwidth. The front-end is
tunable in gain, linearity, and frequency and is supported by
a wideband high-isolation co-located aperture coupled antenna.
The RX front-end has a peak gain of 29.9dB and achieves
a maximum iP;4g of —17.5dBm for a gain of 16.8dB. The
antennas provide an isolation of more than 40dB across
the operating band. The software platform supports several
types of waveforms and modulation standards enabling a
comprehensive performance evaluation. The paper also presents
the radar measurements in a multi-target scenario along with
communication measurements.
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I. INTRODUCTION

Joint Communication and Sensing (JCAS) has garnered
significant interest in recent years and is currently a focus
of extensive research activities. It is expected to become
a key feature of the future 6G ecosystem [1][2]. JCAS
will offer hardware and spectrum sharing which will bring
advantages in terms of size, cost, power consumption
and safety of the overall system. Hardware reuse option
for a JCAS implementation offers attractive solutions to
integrate additional novel functionalities without necessitating
new blocks. However, it comes with the challenges of
different front-end requirements, operational bandwidth and
self-interference management [3][4]. The possible path to
solve these challenges are below:

o Introduction of a front-end and an antenna capable
of supporting wider absolute bandwidth for the radar
applications. Conventionally the radar will require the
wider bandwidth between the two applications in
order to support the range resolution requirements of
applications.

« A reconfigurable front-end architecture that can switch
between high linearity to high gain modes in the
receiver. The high linearity mode is needed to support

the close target detection in radar. In both modes,
the receiver linearity should be able to handle the
self-interference coming from the transmitter.

o Antennas equipped with isolation across the band that
will avoid saturation of the receiver and an overall
self-interference cancellation methodology to support
the mono-static radar operation and as needed for
In-Band Full-Duplex (IBFD) JCAS architecture.

Experimental evaluations until now were carried out
with a combination of standard and custom hardware
[41[51[6]1[71[8]1[9]. In [4], a custom hardware design with
separate antennas for Transmitter (TX) and Receiver (RX)
with a bandwidth of 245.76 MHz was presented. In [10] a
platform for radar supporting up to 1 GHz bandwidth was
introduced . This paper enhances the state-of-the-art evaluation
platforms with the following contributions while addressing
aforementioned three enablers:

« Using a receiver on Printed Circuit Board (PCB) with the
chip implemented in 22FDX Global Foundries process
and TX-RX antenna that can support 1 GHz of absolute
bandwidth at 25.5 GHz center frequency in the 5G NR
band.

o The receiver capable of switching between high gain/low
linearity (Model) and low gain/high linearity (Mode2).

o A self-interference cancellation methodology embedded
in the link level system evaluator, in addition to the
40 dB isolation from the antenna across the band.

The platform presented in the work is tested considering
a mono-static radar and time-division-duplex (TDD)
communications using the same hardware. However, it will
also work for IBFD JCAS including IBFD communication
and IBFD radar (active and mono-static).

Section II of this paper describes the different building
blocks of the system. Section III provides the measurement
results and section IV concludes the paper.

II. SYSTEM DESCRIPTION

The hardware-software evaluation platform in radar mode
is depicted in Fig. 1 with a custom RX front-end and wideband
co-located high-isolation aperture coupled antennas (ACA).
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Fig. 1. Hardware-software evaluation setup.

The transmitter was realized using off-the-shelf components
including an up-conversion mixer, amplifier and a Band Pass
Filter (BPF). The BPF is employed to filter out the lower side
band generated by the mixer. The Universal Software Defined
Radio Peripheral (USRP) transmits and receives waveforms
which are generated and processed by Heterogeneous Mobile
Radio Simulator Python (HermesPy) [11]. With HermesPy,
it is possible to evaluate the receiver performance with
different signal processing algorithms. The communication
measurements were done in a line-of-sight (LOS) arrangement
of the antennas.

A. Receiver Architecture

The custom receiver consists of a tunable Low Noise
Amplifier (LNA) and down-conversion mixer which are
tunable in frequency, gain and linearity. The receiver can
operate in two modes, namely, Model and Mode2 with the
option of further increasing the linearity with the changes in
the control voltages. The receiver chip was fabricated in Global
Foundries 22nm FDSOI technology, occupying a total area of
0.77 mm? including pads.

1) Tunable LNA
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Fig. 2. 2-stage frequency and gain tunable LNA.

A 2-stage common-source source-degenerated LNA as
depicted in Fig. 2 makes use of the bias voltages and the
back-gate of the transistors for tuning the gain and linearity.
The frequency tunability is achieved using the varactors Cy4
and Cs.

2) Tunable Down-conversion Mixer

A fully-differential tunable Glibert-cell down-conversion
mixer as shown in Fig. 3 was used in this design. The tunability
in gain and linearity were achieved by increasing the width of
the RF transistors. The RF transistors M6 and M7 are switched

off during Mode2 operation. The gain can further be tuned
using the tunable load resistors R1 and R2. The frequency
tunability is attained by tuning the capacitor Cs.

vdd
T
Cl
L00—| LOp  vBBp
—VbiasLO M
LOn
LOp .—|

C2 RFp

RF RFp
._{ E—VbiasRF

RFn

Fig. 3. Frequency and gain tunable down-conversion mixer.

3) PCB package
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Fig. 4. PCB package (a) RX PCB with DC supply board; (b) Zoom-in of the
manufactured prototype.

The PCB package comprises a four-layer stack with a
0.5mm FR-4 prepreg, sandwiched between two 0.254 mm
thick RO4350B cores. Each via-fence of the CPW ground
planes is built with blind-via configuration, i.e., the via runs
between the top copper layer and inner ground plane-1 only.
In this way, the bottom copper layer remains intact and has
no via footprints, allowing the DC lines routing across the
via-fences. Fig. 4a depicts PCB along with the supply board.
Bondwire interconnects are made up of 20 pm aluminum wires
with wedge-wedge bonding as visible in the zoom-in of the
manufactured prototype in Fig. 4b.

B. Wideband High-Isolation Antenna

In order to evaluate the hardware performance, wideband
co-located ACA functioning as TX and RX antennas were
utilized at 25.85 GHz. The antennas are fabricated using a
0.508 mm thick RO4003C substrate with a permittivity of 3.55
and a loss tangent of 0.0027. Circular patches with a diameter
of 1.75mm are placed at a height of 1 mm above the H-slots
to facilitate the enhancement of gain and bandwidth. The
fabricated antenna design with its corresponding dimensions is
depicted in Fig. 5. The mutual coupling between the antenna
is minimized by keeping a separation distance of 40 mm
between the TX and RX antennas. Moreover, dumbbell slots
are integrated into the ground plane to improve isolation to
40dB. The simulated and measured results of the antenna
are illustrated in Fig. 6. A close agreement is observed
between the results, and the antenna operates in the frequency
band of 24.6 GHz to 27.1 GHz. The antenna shows a stable
simulated realized gain of more than 8dBi in the whole
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working frequency regime. The measured realized gain is
approximately 7 dBi, attributed to the losses due to the
connectors, substrate and fabrication tolerance at 25.85 GHz.
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Fig. 5. Fabricated design with highlighted dimensions of co-located ACA:
(a) bottom; (b) top.
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Fig. 6. Simulated and measured reflection and transmission coefficients of
the co-located ACA.

C. Software Evaluation Platform

For integrating the hardware and software platforms,
a USRP X440 was wused. This device facilitates
high-performance, multichannel wideband signal generation
and analysis. HermesPy is utilized to generate and process the
transmission and reception waveforms at 1 GHz intermediate
frequency and 1 GHz sampling rate with an oversampling of 4
and an LO frequency of 25.3 GHz. The generated evaluation
waveform is a root-raised cosine (RRC) single -carrier
waveform with an effective bandwidth of 900 MHz. The
waveform’s modulation order and frame structure, i.e. number
of pilot and data symbols, are freely configurable. In order
to estimate a range-power profile, HermesPy is configured
to correlate transmitted frames with their respective digital
counterparts sampled at receiving antennas, resulting in a
range resolution of approximately 16 cm.

III. MEASUREMENT RESULTS

A. LNA measurement results
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Fig. 7. Measured S-parameters of the tunable LNA in Model and Mode2 for
same varactor voltages.

The LNA achieves a maximum gain of 15.4dB while
consuming 13.6 mW of DC power from a supply voltage
of 0.8V during on-wafer measurements. The measured input
compression point (iP14p) is at —14.1 dBm. The S-parameter
measurement results for the two modes of operation are shown
in Fig. 7. The measured noise figure (NF) in Model is
3.1dB at 25 GHz. To support Mode2, the bias voltage of the
transistors are reduced and the LNA attains a gain of 8.3dB
and an iP14p is —5.2dBm while consuming a total power of
2.9mW. The NF at 25 GHz in this mode is 3.8 dB.

B. Receiver PCB characteristics
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Fig. 8. Receiver characteristics (a) RX conversion gain Vs RF frequency at
BB 300 MHz; (b) RX coversion gain Vs BB frequency at a constant LO of
25 GHz.

The peak conversion gain of the receiver in Model is
29.93 dB, while the iP14p is at —34 dBm. The peak conversion
gain in Mode2 is 16.8dB at 25.3 GHz with an iP14p of
—17.5dBm. The measured and simulated RX characteristics
with respect to RF frequency with a fixed baseband frequency
of 300MHz is shown in Fig. 8a. The conversion gain
characteristics with respect to the baseband at a fixed LO
of 25 GHz is shown in Fig. 8b and the receiver achieves a
bandwidth of 2.5 GHz in baseband. An LO power of 2.5dBm
was used for all measurements.

C. Radar Measurements
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Fig. 9. Radar range measurements in a multi-target with targets seperated by
a distance of 0.60 m.

In order to test the sensing capabilities of the proposed
hardware-software platform, two corner reflectors were placed
at a respective distance of 60 cm and 120 cm from the
transceiver. The resulting normalized range power profile is
visualized in Fig. 9. Due to the two distinct peaks, both targets
are clearly distinguishable.
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D. Communication Measurements

The performance of the platform was evaluated in
communication mode with co-located ACA on both RX and
TX sides. Measurements were also done with a highly directive
horn antenna with a gain of 13 dBi to study the antenna effects.
The TX and RX antennas were placed in a LOS arrangement
with 0.5m separation. The symbol rate for the waveform
was 250 MSymbols/s. The eye and constellation diagrams
for the custom receiver and antennas are shown in Fig. 10
for a Quadrate Phase Shift Keying (QPSK) modulated signal
with a bit rate of 500 Mbps. The RX chain performances as
constellation diagrams with ACA and horn antennas for an 8
Phase Shift Keying (8-PSK) modulated signal with a bit rate of
750 Mbps are shown in Fig. 11. The narrowband and wideband
Signal-to-Noise Ratio (SNR) showed a degradation of 5.8dB
for ACA as compared to the narrowband and wideband SNR
of 33.65dB and 30.9dB of the horn antennas respectively.
This can also be observed in the tighter constellation points in
Fig. 11b. The Bit Error Rate (BER) for all scenarios was zero.
Despite the comparatively high SNR, the broad constellation
points can be explained by the lack of equalization at the
receiver.
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Fig. 10. Communication mode measurements at modulation order 4 with
co-located ACA: (a) Eye diagram; (b) Constellation.
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Fig. 11. Communication mode constellation diagram measurements at
modulation order 8 with: (a) co-located ACA; (b) Horn antennas.

IV. CONCLUSION

This paper presents a tunable receiver along with a TX-RX
antenna which can support a bandwidth of 1 GHz for JCAS
applications. The antenna achieves over 40 dB isolation within
the band, which is crucial for self-interference cancellation
and helps prevent receiver saturation. The hardware was
validated and compared using the software evaluation
platform under different modulation orders. The paper thus
provides an improved solution for JCAS implementations and
addresses requirements of the RF front-end, bandwidth and
self-interference management.
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