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In this paper, a low-profile co-linearly polarized simultaneously transmit-receive antenna (STRA) terminal is presented for 5G and
upcoming technologies. The proposed STRA terminal comprises of an identical pair of spatially rotated half-circular microstrip
antennas for transmission (Tx) and reception (Rx). The challenge of self-interference (SI) is addressed by employing passive SI
cancellation techniques such as spatial diversity, field confinement, and surface perturbations. This has been accomplished
by using fence-strip structure and V-shaped slots in the ground plane. The STRA was designed, fabricated, and tested for
full-duplex operation in a sub-6 GHz band lying from 5.73 to 5.88 GHz, providing high interport isolation ranging from 35.5 dB
to a maximum of 46.5dB. The proposed STRA was implemented using Rogers 3003™ substrate. The measurements yield
radiation characteristics with high gain of 5.45-6.0 dBi and 5-6.5 dBi for Tx and Rx antennas, respectively. The measured results
are in good conformance with the simulated design. This antenna finds its potential usage in V2X and private 5G networks and

can be extended for full-duplex MIMO implementations.

1. Introduction

With an exponential rise in wireless applications and con-
sidering the limited availability of frequency spectrum, the
need for systems with high data rates and throughput is
inevitable. The fifth generation (5G) wireless systems have
catered these needs for high efficiency, high data rates,
and better connectivity. However, wireless communication
systems conventionally operate in half-duplex mode which
results in underutilization of the available bandwidth. In
recent years, in-band full-duplex systems have gained sig-
nificant attention as they can simultaneously transmit and
receive within the same frequency bands and hence, techni-
cally, may double the spectral efficiency. For the successful
implementation of full-duplex communication, interference
cancellations at multiple stages in the transmit and receive
chain are required. This is accomplished at various subsys-
tems working in the digital domain, analog domain, and
propagation domain [1, 2]. In addition, a careful design of
transmit and receive terminals with high interport isolation

further aids the cancellation process in the subsequent stages.
Recently, many techniques have been reported to improve
interport isolation at antenna terminals in the propagation
domain.

In [3], a full-duplex antenna has been presented for 5G
applications operating in a frequency band of 2.40-2.62 GHz
with an isolation ranging from 35.9 to 46.5 dB. In this scheme,
a reflective terminal is used to cancel the direct coupling
between the transmit and receive antenna. Whereas by
employing differential feeding schemes and/or 180° hybrid
couplers for patch antenna, interport isolation ranging from
40 to 90 dB can be achieved [4-8]. However, it can be observed
that high levels of isolation are achieved at the cost of band-
width. Another approach using orthogonal spatial phase
diversity has been demonstrated to provide isolation better
than 37 dB across the band of 2.3-2.9 GHz in [9]. This antenna
consists of a turnstile antenna as the transmitter (Tx) and a
loop antenna as the receiver (Rx) stacked vertically. In [10],
a gear-shaped monostatic antenna is used for Tx and Rx.
Here, the incorporation of a defected ground structure
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FIGURE 1: Geometry of the proposed antenna. (a) Isometric view, (b) top view, and (c) bottom view. Dimensions: L, = 50; R=9.6; L, = 68.5;
W, =1.5;L;=31.5; W,=0.5;1,=9.5; Wf =2, w,=0.5y,=6.8d=0.5 g=0.9; p=0.8; h=1.52. Units in mm.

offers frequency filtering and results in isolation between Tx
and Rx terminals. An even and odd mode feed-based
approach has been mentioned in [11] for in-band full-
duplex applications. In [12], a broadband, differentially fed
patch antenna based on metasurface, has been demonstrated
to exhibit isolation better than 43dB. Another full-duplex
antenna using a fence-strip resonator has been reported in
[13]. This antenna offers isolation better than 20dB over an
operating bandwidth of 2.4-2.52 GHz.

In this work, we present a low-profile, in-band full-
duplex simultaneously transmit-receive antenna (STRA)
operating over a bandwidth of 150MHz from 5.73 to
5.88 GHz for 5G and upcoming technologies. The antenna
offers isolation as high as 46.5dB between the Tx and Rx
antennas by utilizing a combination of spatial diversity, field
confinement, and surface current cancellations.

2. Antenna Realization

2.1. Configuration of Proposed Antenna. The proposed
antenna consists of a pair of half-circular microstrip anten-
nas colocated spatially with orthogonal placement as shown
in Figure 1. The half-circular configuration is implemented
by loading an array of via holes along the center normal to
the E-plane. Both antennas are inset-fed by microstrip lines
and are identical in nature. A series of vias forming a fence
structure is incorporated along the periphery of these radia-
tors for field confinement. Furthermore, a compact V-
shaped slot is incorporated near the feed point of each radi-
ator in the ground plane. These measures reduce coupling
between the adjacent feed ports and result in high interport
isolation.

2.2. Evolution of Proposed Antenna. Initially, a pair of half-
circular microstrip antennas located orthogonally is designed

to operate at 5.8 GHz (design-1 in Figure 2). However, it
can be seen from the S-parameter plot that mere orthogonal
placement is not sufficient as strong coupling occurs between
the two ports yielding isolation of 27dB. To address this
issue, in the next step, a via fence is introduced along the
periphery which acts as a vertical electric wall and thus
enables field confinement (design-2 in Figure 2). This
improves isolation by 5dB, and thus, interport isolation bet-
ter than 32 dB is achieved. Finally, V-shaped slots are intro-
duced in the ground plane near the feed point of each
radiator (design-3 in Figure 2). The slot modifies the surface
current in the ground plane as it acts as an inductive element
and results in additional resonance (surface current density
distributions in Figure 2)). This additional parallel resonance
possesses band-stop characteristics resulting in isolation
enhancement up to 45dB at 5.8 GHz. In addition, the radia-
tion patterns are also not altered in the direction of maxi-
mum radiation, and the front-to-back ratio is 9.7 dB which
is within the acceptable limits for wireless communications

(Figure 2).

2.3. Design of Proposed Antenna. For the implementation of
the proposed STRA, initially, a circular microstrip antenna
inset-fed by a microstrip line was designed. This antenna
operates at dominant TM, ;, mode, and the dimensions were
determined as follows [14]:

1 X{1
= —_—> 1
f’ 271\/‘17!? R ( )

where y|, represents the first zero of the Bessel function for
TM,,, mode and R is the radius of the microstrip patch.
Next, the half-circular configuration was implemented by
loading an array of via holes along the center normal to
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FIGURE 2: Design evolution of the proposed antenna. Comparison in terms of S-parameters, surface current density distributions, and

radiation properties.

the E-plane. The pitch, p, and diameter, d, of the designed
via holes satisfy the following:

where A, is the guided wavelength and A, is the free space
wavelength at the center frequency. After that, two of these
antennas were positioned orthogonally, and a fence-strip
structure was implemented along the perimeter with pitch,
p, and diameter, d, satisfying equation (2). Next, a pair of
V-slots for the ground plane was designed to operate at
5.8 GHz. As the slot interior angle increases, the rejection
bandwidth also increases. However, given the constraints

of space, the interior angle of the V-slot was chosen to be
90°. For the band-stop characteristics, the dimensions were
optimized by running a parametric analysis as shown in
Figure 3. From the parametric study, it can be observed that
with the increase in slot length, [, the stop-band shifts to
lower frequency values.

The final dimensions of each element were optimized by
carrying out parametric analysis in Ansys High-Frequency
Structure Simulator v2021R3.

3. Results and Discussion

The proposed antenna was designed and fabricated using a
1.52mm thick Rogers RO3003™ substrate with a relative
permittivity of 3.0 and dielectric loss tangent of 0.0001.
The prototype was fabricated in-house by a standard photo-
lithographic procedure for printed circuits.

Next, the experimental validation of the proposed STRA
was carried out by measuring S-parameters and radiation
profiles. The S-parameter measurements were carried out
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FIGURE 3: (a) Parametric study of slot length. (b) Top view: microstrip line. (c) Bottom view: slot embedded in the ground.
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FIGURE 4: Simulated and measured results for port-1 and port-2. (a) S-parameter results with measurement setup and (b) realized gain

results with measurement setup in anechoic chamber.
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FIGURE 6: (a) E-field at port-1, port-2 terminated with matched load. (b) E-field at port-2, port-1 terminated with matched load. (c) E-field at
port-1, port-2 with simultaneous excitation. (d) Gain at port-1, port-2 terminated with matched load. (e) Gain at port-2, port-1 terminated

with matched load. (f) Gain with simultaneous excitation.

using Agilent’s vector network analyser (VNA model no:
N5247A), and the setup along with simulated and measured
results is shown in Figure 4(a). For Tx (port-1), it can be
observed that the simulated impedance bandwidth (BW),
[S;;] £ —-10dB, ranges from 5.62 to 5.84 GHz, and the mea-
sured values obtained are 5.71-5.88 GHz. Similarly, for Rx
(port-2), the simulated BW lies from 5.62 to 5.84 GHz,
while the measurements yield 5.73-5.88 GHz. The mea-
sured results are in good agreement with the simulated
results, while the minor deviations can be attributed to the
connector losses and fabrication imperfections. Now, for
in-band full-duplex operation, an overlapping frequency
band of Tx and Rx antennas is considered. Thus, it can be
inferred that the proposed STRA operates in full-duplex
mode for a frequency band ranging from 5.73 to 5.88 GHz.
The interport isolation values can be obtained from trans-
mission coeflicients, |S,;| = |S,|. The simulated results show
isolation ranging from 32.4 to 45.1dB, and the measured
values obtained are better than 35.5dB to a maximum of
46.5dB in the frequency band of interest. Next, the radiation
properties were measured in an anechoic chamber, and the
setup as well as the realized gain results for both ports are
shown in Figure 4(b). From the measured values of realized
gain, it is evident that the duo is radiating with a gain of

5.45 to 6.00 dBi and 5.00 to 6.50 dBi over the operating band-
width from port-1 and port-2, respectively. Furthermore,
the simulated and measured results of the radiation pat-
tern are plotted in the figure. For port-1, the copolariza-
tion (Co-Pol.) and cross-polarization (Cr-Pol) results in
the E-plane and H-plane are shown in Figures 5(a) and 5(b),
respectively. In the E-plane (¢ = 0°,xz plane), the Co-Pol levels
are 15dB higher than the Cr-Pol levels for 8 = 0°, while the
maximum margin is obtained for 6=330". In the H-plane
(¢ =90°, yz plane), the Co-Pol levels are 25 dB higher than the
Cr-Pol levels for 8 =0°. Similarly, for port-2, in the E-plane
(¢ =907, yz plane), the Co-Pol levels are 28 dB higher than the
Cr-Pol for 0 = 0” (Figure 5(c)). In the H-plane (¢ = 0°, xz plane),
the Cr-Pol levels are 27 dB lower than the Co-Pol for 6 =0"
(Figure 5(d)). The resultant radiation patterns in E- and H-
planes for each port are shown in Figures 5(e) and 5(f), respec-
tively. Furthermore, for better insight about the operational
modes of proposed antenna, the simulated E-field patterns
and the gain have been demonstrated in Figure 6 for three
possible cases, viz., (1) when port-1 is excited and port-2 is
terminated with matched load (half-duplex), (2) when port-2
is excited and port-2 is terminated with matched load (half-
duplex), and (3) when both port-1 and port-2 are excited simul-
taneously (full-duplex).
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TaBLE 1: Comparison of previously reported LP IBFD antennas.

Ref. Iso. technique Isolation (dB) BW (MHz) Res. Freq. (GHz) Size (AS)
3] RT >36 220 25 0.038
[15] DF >75 50 2.5 0.006*
[9] OSPD >37 520 26 0.060
[13] DR >20 120 2.4 0.002
[16] FC and DGS >45 94 5.9 0.034
This paper SD, FC, and DGS >35 150 5.8 0.014

DF: differential feed; RT: reflective terminal; OSPD: orthogonal spatial phase diversity; DR: decoupling resonator; FC: field confinement; GP: ground
perturbations; SD: spatial diversity; DGS: defected ground structure. *Excluding the size of the feed network.

To highlight the features of the proposed antenna, a
comparison is drawn in Table 1 for various reported linearly
polarized STRA or in-band full-duplex (IBFD) antennas. It
can be observed that the antenna reported in [15] not only
provides very high isolation but also requires the feeding
network externally. This increases the overall footprint of
the antenna. Similarly, for the antenna in [9], high isolation
is achieved for a broad bandwidth of 520 MHz, but the struc-
ture has a nonplanar profile due to the implementation of
vertical integration for spatial separation. In [3], a reflective
terminal-based cancellation is reported to attain isolation
better than 35.9 dB. However, the fixed reflective load pos-
sesses limitations in dynamic environment conditions.

A compact antenna is reported in [13] which uses a
fence strip via structure as a decoupling resonator and offers
20-30dB of isolation. In [16], the use of via fence along with
DGS offers ITS extremely high isolation levels, but for a
narrow bandwidth (covers the V2X and application bands).
However, in the proposed antenna, by using a combination
of spatial diversity, field confinement, and DGS, better
impedance bandwidth is obtained which covers V2X, ITS,
and CBRS/LTE B48 bands. Furthermore, in comparison to
these works, the proposed antenna offers the following
advantages: (1) interport isolation ranging from 35.5 to
46.5dB over a BW of 150 MHz, (2) a relatively compact,
planar, simple, and symmetric geometry with a footprint
of 0.43 Aj (A, is the free-space wavelength at resonance fre-
quency) opens a room for full-duplex MIMO implementa-
tions, and (3) no additional hardware is required for the
feed network.

4. Conclusion

A simple antenna terminal that can transmit and receive
within the same frequency band of 5.73 to 5.88 GHz has
been realized. This antenna offers high interport isolation
(better than 35.5dB) for an impedance bandwidth of
150 MHz. The antenna utilizes spatial diversity, field con-
finement, and surface current cancellation techniques for
enhanced isolation levels. In addition, the proposed antenna
radiates with high gain (better than 5dBi to a maximum of
6.5dBi) over the entire frequency range of operation. The
planar structure and relatively simple geometry make the
proposed antenna attractive for implementing wireless
point-to-point or point-to-multipoint communication, or

wireless LAN applications in full-duplex mode. As a further
study, the symmetric nature of the proposed antenna can
be exploited for a compact 8-element full-duplex MIMO
implementation.
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