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Abstract—In order to achieve next-generation wireless
communication standards, especially for small cell base
stations, one of the key needs is the construction of a
wideband, high-gain multiple antennas operating at the mm-
wave frequency (24 GHz — 28 GHz). In essence, a closely
spaced antenna makes up a multiple antenna system. The
performance of the system as a whole is lowered by closely
placed antennas because they increase mutual interaction.
Metamaterial, parasitic elements, and defective ground are
examples of decoupling structures that are utilised to lessen
this contact. This work makes use of no decoupling structures
still achieving required isolation. This work includes the
design of a 2 x 2 Microstrip Patch Antenna with a U-slot that
provides self-isolation when deployed. The space between the
elements is taken as A/4. The performance criteria used to
evaluate the planned multiple antenna system include the
envelope correlation coefficient, diversity gain, channel
capacity loss, and total active reflection coefficient. The
Elliptic-Curve Cryptography (ECC) is evaluated using both
s-parameter and far-field patterns, and the results are less
than 0.05 and 0.5. In the required mm-wave range, the
channel capacity loss is less than 0.5bit/s/Hz, and the total
active reflection coefficient is less than -10dB. Because no
decoupling structure is used, the multiple antenna system is
compact. The antenna can be used as a pico cell or femtocell
base station antenna for mm-wave communication.

Keywords—U-slot loaded-microstrip patch antenna, mm-
wave band, self-isolation, Multiple Antenna System (MIMO),
small cell base station

I. INTRODUCTION

From the invent of 1G to the most recent 5G, wireless
communication technologies have been evolving. Every
generation have always offered better connectivity, data
throughput, and latency, every generation compared to its
former generation communication system. This
improvement is made possible through adjustments to the
required frequency majorly towards higher frequency and
the design of new systems that can function at the
necessary frequency. The current fifth generation
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promises to provide a high data rate, expressed in gigabits
per second. It is one of the primary needs that must be met
by the current and next wireless technologies. This need
can be met by implementing a multiple input, multiple
output system. The Multiple-Input-Multiple-Output
system will function correctly if the radiating elements
display strong isolation between them. The Multiple-
Input-Multiple-Output system will work properly if the
radiating element exhibits strong isolation between them.

As the present 4G-LTE band is fully utilized and the
millimeter-wave band frequency is the next possible
frequency band, the next-generation wireless technology
necessitates that the devices function at a new frequency
band as well. There has been a surge in interest in
millimeter-wave system design. For any wireless
communication to be effective, design of a proper antenna
system places a crucial role. Thus, antennas are an
essential part of wireless communication. It is well known
that their size gets smaller as operating frequencies
increases. The main advantage of building a small and
compact antenna system is overall system size reduction.
Since the single antenna element cannot fulfil the need for
a high gain, high data rate there is need to transform single
antenna element into multiple-input multiple-output
system.

Isolation between the antenna elements is an important
factor to be considered during the design of multiple
antenna system. If high isolation between the elements is
not maintained, the performance of the multiple antenna
system is degraded. Including a decoupling structure
between multiple antenna systems is one way to improve
isolation. As a result, it is critical to design a multiple input
multiple output antenna system with sufficient radiating
element isolation. Several methods, such as the use of
metamaterials, parasitic components, and energy-band gap
structures, have been developed to reduce the contact
between antennas. But the achieving isolation without
introducing any decoupling structure/ element is really
challenging.

In this work isolation between the antenna element is
achieved without incorporating any of the earlier
mentioned decoupling structure. Initially, a single
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Rectangular Microstrip Patch Antenna (RMPA) with U-
slot is designed and antenna results are analyzed. Later, it
is transformed to 2 x 2 multiple antenna system and
performance analysis is carried out. Further the paper is
organized as follows, Section I includes the introduction
Section II of the manuscript gives the literature survey.
Section III briefs about the performance metrics
considered for multiple antenna system assessment.
Section IV discusses the design of u-slot loaded microstrip
patch antenna which is followed by its transformation into
2 x 2 multiple antenna system. The obtained results are
discussed in Section V. Conclusion of the work carried out
is discussed in Section VI.

II. LITERATURE REVIEW

Basically, in the design of the patch antenna, the
dielectric substrate plays a very important role, when
antenna is intended for high frequency application. In [1],
impact of dielectric material on the antenna performance
operating at mm-wave frequency is carried out. The
obtained results show that Roger 5880 is more appropriate
material to be used when operating at mm-wave frequency.
The microstrip patch antenna is designed to operate in
Ultra-Wideband (UWB), and bandwidth enhancement is
achieved by changing its shape [2]. The planned antenna
is transformed to 2 x 2 MIMO, and the decoupling
structure is a meta-surface composed of SRR. The
measurement shows a transmission coefficient of —43dB.
ECC and diversity gain are respectively 10dB and 0.07.
The findings demonstrated that, at UWB frequency, the
use of metamaterials increased the isolation between
radiating elements.

A unique metamaterial absorber in the form of a flower
has been created and is being used as a decoupling
structure [3]. The 5.5 GHz WiMAX spectrum is intended
for the MIMO antenna technology. Metamaterial absorber
with a four-element array is intended to form a line
between two radiating elements. A —33dB isolation has
been attained. ECC, DG, and TARC were the Multiple
Antenna performance metrics that were assessed. The
obtained ECC and DG values are 0.004 and 10 dB,
respectively, however the radiation efficiency was 68.03%.
Due to the partial ground structure, the radiation efficiency
was reduced.

For the purpose of reducing mutual coupling in multiple
antenna systems, a Meta surface antenna array decoupling
technique is used [4]. A two-element MIMO antenna array
is suspended by a meta-surface composed of SRR with a
5.8GHz frequency configuration. At the desired frequency
band, isolation is —27 dB. The obtained ECC is 0.08. By
using a hybrid electric and magnetic coupling structure,
the isolation in MIMO antenna systems is improved [5].
The operating range of the MIMO antenna system is 2.3 —
2.8 GHz. A Split ring resonator is the structure that
uncoupled the radiating element. With a split ring structure,
a —30 dB decoupling factor was achieved. From 2.3 GHz
to 2.9 GHz, the ECC is less than 0.005, which is extremely
modest. The MIMO antenna’s channel capacity loss,
which ranges from 1.28 to 16.55 bps/Hz, is also assessed.
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The sub-6GHz frequency spectrum is the intended range
for the MIMO system.

Broadband SCS for broadcasting and communications
applications is built with a quad-band antenna with high
isolation MIMO [6]. Quad band was produced by the dual
PIFA and the addition of a self-complementary structure.
The developed antenna exhibits good impedance matching
at WLAN at 2.4 GHz and 5.15 GHz, L-band, and UHF.
First, the antennas were oriented so that they were
orthogonally aligned. Next, a connecting line was utilised
near the feed point, which essentially served as a band stop
filter at 2-GHz. Finally, a connecting plane is used on the
bottom side of the antenna. For an antenna operating at
three separate frequencies, all three approaches were
utilized. The achieved isolation of the antenna elements is
—30 dB.

An extremely small MIMO antenna system for
WiMAX and WLAN is designed and investigated [7]. Its
radiating elements were arranged orthogonally. A Y-
shaped parasitic element is employed between the
orthogonal elements in addition to orientation. The system
is 20 mm by 20 mm in size. With 80% radiation efficiency,
the transmission coefficient is —43 dB, and the ECC is
roughly 0.004.

According to a survey Ref. [8] on massive MIMO’s
ability to support the next generation of wireless
communication technology, some of its advantages
include a ten-fold increase in capacity and a concomitant
100-fold increase in radiated energy efficiency. It is said
that the adoption of a significant number of antennas will
enable a huge gain in energy efficiency. A unique
decoupling structure is created using the phase shift
concept [9]. A shorting pin and a half-wave microstrip line
make up the innovative construction. Due to the provision
of an additional signal line, the mutual coupling between
the nearby patch antennas is minimized. A 7-8 dB
improvement in isolation exists between the two patch
elements at 3.16 GHz, the frequency of operation.

When employed in antenna design, the notion of
characteristic modes is used to examine the behavior of a
defective ground structure [10]. A methodical process is
used to conduct the analysis and determine whether or not
the isolation may be improved. Two 4-element and one 2-
element MIMO antenna systems with individual
monopole and PIFA elements were constructed for the
case study. The paper came to the conclusion that 11dB
isolation increase is possible with the addition of DGS.

Two other types of feed lines, one based on a substrate
integrated cavity and the other on surface plasmon
polarization, are also used to improve isolation [11].
Broadband decoupling is made possible by the SIW and
SSP’s high-pass and low-pass feeding networks. A T-
junction power-combiner/divider is designed to excite a 2-
element array [12]. To increase isolation, defective earth
with shapes like rectangles, circles, and zigzags is inserted
into the soil. The designed antenna operates in the 25.5-
29.6 GHz mm-wave band. 8.3 dB is the obtained peak gain.
For the designed MIMO antenna for varied form DGS
structure, ECC, MEG, and DG are estimated.
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For use with UWB, a single negative metamaterial
monopole antenna is created [13]. The SNG metamaterial
is put into the single monopole antenna. By increasing the
bandwidth from 3.08GHz to 14.1 GHz, an average gain of
4.54 dB was provided. An antenna is used as the
microwave oven’s temperature sensor [14]. The sensor
node, which serves as a temperature detecting element, is
where the UWB antenna is mounted. The resonance
frequencies for metamaterial are 250 MHz, 200 MHz, 150
MHz, and 50 MHz [15]. The main function of
metamaterial is to act as a sensor to detect different
chemical samples that have a strong dielectric response.

Metamaterial is employed as the superstrate in a split
ring resonator [16]. When a patch antenna is loaded with
superstrate, the gain increases by 7.6 dB at 5.9 GHz but
the bandwidth remains unchanged. Gain with
metamaterial as superstrate is the antenna parameter that
has been improved.

A superstrate that uses a split ring resonator at UWB
frequency has been developed [17]. The analysis of a split
ring resonator with more rings and more space between
them has been done. The increase in bandwidth is
demonstrated by the patch antenna with loaded SRR
superstrate. Exclusive investigation of the s-band and x-
band gap linked hexagonal split ring resonator
metamaterial [18]. The 10mmx10mm GCHSRR is printed
on the dielectric material FR-4. In the S-band and X-band
spectrum, the developed metamaterial displayed negative
permittivity and permeability. At 4.27 GHz, 5.42 GHz,
and 12.40 GHz, the metamaterial’s absorption peaks were
found to be 99%, 98%, and 82%, respectively. The
proposed GCHSRR is appropriate for microwave
application due to its strong absorptance.

At 15GHz, a brand-new single negative metamaterial
made up of concentric rings and crossing lines is
designed [19]. At several frequency bands, the developed
metamaterial exhibited a single negative behavior. The
patch is positioned below metamaterial. With the
introduction of metamaterial into the ground plane, an
increase in bandwidth and impedance matching is seen
from 2 GHz to 20 GHz.

A 3-port multimode antenna is used as a unit element in
the design and analysis of a small 108-element base station
antenna array [20]. The 75mm x 75mm %14.8mm three-
layer with aperture couple feed made up the three-port
multimode antenna. The middle patch is a square ring
patch and is connected to port-1 and port-2. The gain
obtained through the unit element is 6.5dB and the
impedance bandwidth of 254 MHz (2.248 GHz -
2.486GHz) and 238 MHz (2.248 GHz — 2.486 GHz) when
port-1 and port-2 were excited. The upper patch is a square
patch with a slot and is connected to port-3. The elements’
mutual coupling is kept at —14 dB.

Additional base station antenna testing is needed for the
MIMO-OFDM downlink system’s multiuser urban street
grid scenario. Singular value spread and DPC sum
capacity for the proposed 108-clement base station
antenna converges to 7 dB and 11.6 bps/Hz at 10 dB SNR
for a 4-user case using the same frequency and time
resource. The s-parameter and far-field patterns are
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primarily used to analyze the correlation coefficient of the
MIMO antenna system. If the antenna element’s radiation
efficiency is high, the obtained value of CC is notable. The
analysis of CC takes into account the radiation efficiency
for the N-port as well as the s-parameter [21]. The effect
of beam tilt on the correlation coefficient is also explored.

Microstrip patch antennas are integrated with
metamaterial to improve its functionality [22]. To increase
the impedance bandwidth, the patch is loaded with a
complementary split ring resonator structure close to the
feedline. The CSRR in the ground structure, which also
had a flaw, was bigger in size than the CSRR that had been
loaded with the patch. The entire building is made to
function at 2.4 GHz Wi-Fi frequency.

A 1.7789 GHz and 2.459 GHz dual-band terahertz
metamaterial absorption device is created [23]. A metallic
mirror and two similar square patches make up the
absorption device. There is an insulating material
positioned between the patch and the metallic mirror. It is
possible to realize two resonance peaks with almost
complete absorption. Different field creation techniques
resulted in the Q-factor of 6.9156 and the ultra-high Q-
factor of 296.28 being produced.

A millimeter-Wave energy bandgap structure is
intended to function [24]. A conventional uniplanar EBG
unit cell is transformed into an EGB unit cell by adding
two connecting bridges and etching two slots. The EBG’s
size is 78% smaller than a typical unit. The massive
antenna array at 60 GHz millimeter wave frequency can
use the planned EGB’s performance as a decoupling
device. The work in the [25] introduces metamaterial wall
as decoupling structure between 2 x 2 antenna element
operating at UWB frequency as achieved isolation of —54
dB and —27 dB for 3.4 GHz and 4.7 GHz. The major
drawback of this structure is the increase in the height of
overall antenna system and structure complexity.

For indoor wireless communication with high data rate
needs, conventional Radio Frequency (RF) systems must
maximize spectral efficiency and capacity. This problem
is solved by using Visible Light Communication (VLC)
bands, although there are drawbacks due to VLC’s
dependence on Line of Sight (LoS) connectivity. In order
to satisfy a variety of quality of service (QoS) criteria, this
study presents a hybrid RF/VLC for intra-software-
defined wireless body area networks (SDWBAN)
architecture that is based on vertical handover. Network
reliability is improved by giving emergency data priority.
A multi-objective optimization problem is addressed
in [26] by the suggesting hard switching algorithm, which
maximizes throughput and system fairness while
minimizing worst-case delay, packet error rate, and outage
and blocking probabilities.

The foundation of the suggested ERQTM system
in Ref. [27] is network clustering, which has been shown
to reduce total network latency. Given that clustering is an
NP-Hard problem that requires optimization, this paper
uses a genetic algorithm to find the necessary Cluster
Heads (CHs) in the ER scheme in the best possible way
while accounting for node-related factors such as residual
energy, energy consumption rate over consecutive
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intervals, distance to the SDN controller, signal to noise
ratio, and path loss model. The traffic management
strategy that prioritizes Emergency Data (ED) in addition
to clustering effectively manages packets by guaranteeing
free-delay for ED transmission. High priority routing, high
data rate, and necessary power are assigned to do this.

In the article [28], an adaptive optimal resource
allocation technique for cooperative transmission in
hybrid wireless power sensor networks enabled by
Simultaneous Wireless Information and Power Transfer
(SWIPT) is designed. The sensor nodes can use radio-
frequency signals to send energy and the data they have
sensed to the cluster heads thanks to the SWIPT concept.
We think about using a Hybrid Access Point (HAP) that
serves as a communication gateway and a power
transmitter. Therefore, a cluster head located two hops
away from the HAP transmits its collected energy and
aggregated data to a nearby cluster head located one hop
away from the HAP.

A tri-band stacked elliptical patch antenna with a right-
handed circular polarization is proposed in Refs. [29, 30].
It is intended to function at the L2, L5, and L1 bands of
the Global Navigation Satellite System. First, a probe feed
is used to create an elliptic patch that produces TM 1o and
TMzi0 modes at resonance frequencies determined by
Mathieu functions. By carefully adjusting the probe
location, the quasi-orthogonal mode of TM110 is excited,
producing Circularly Polarized (CP) waves at the L2 and
L5 bands. Then, to increase the Axial Ratio (AR)
beamwidth in the L2 and L5 bands and activate the
orthogonal mode of TM»jo to generate CP waves at the L1
band, an eye-shaped aperture is engraved into the elliptical
patch. Since the article application includes telemetry
communication circular polarized antenna are more
appropriate to achieve reliable communication but gain of
the antenna can still enhanced.

III. PERFORMANCE METRICS FOR EVALUATION OF
MULTIPLE ANTENNA SYSTEM

The performance of the Multiple-Antenna System can
be evaluated using a variety of metrics [31], in this work
Envelope Correlation Coefficient (ECC), Diversity Gain
(DG) and Mean Effective Gain (MEG) are used to assess
the performance of the proposed multiple antenna system.

In Multiple antenna system, the antenna elements must
be highly isolated, ECC measure the correlation between
the antenna elements. The Correlation is observed both in
terms of Field pattern and S-parameters. ECC has been
assessed in this work employing Eq. (1), (where i and j are
antennas and N is the total Number of antennas taken
under consideration) via S-parameters between
components of the shown Multiple Antenna System

) 2
_ |Z‘r[\1]=1 Si,nSn,j|

¢ Hk=(i,j) 1- 221:1 52‘.n Sn,k

To satisfy the power standards, the Mean Effective Gain

(MEGQG) of any two antennas in a Multiple Antenna System

must be —3 dB. The incident average power to antenna
average received power ratio is known as MEG. The

(1
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power differential over a channel or propagation medium
is assessed or evaluated by a multiple antenna system’s
means effective gain. It is a vital metric for determining
how well a multiple antenna system works. The MEG
computation is carried out using an Eq. (2).

XPR

2
MEG = [ [} [1+pr Go(6,9)Pe(6,9) +
Gy (6, )Py (6, 9| sinf d d @

1+XPR

Gy and GO are the power gain patterns of the antenna
when 6 is varied, and ¢ is constant in the case of G and
vice versa GO. XPR=0 for an outdoor uniform propagation
environment. Diversity Gain describes the degree to which
Multiple Antenna System outperforms SISO (Single Input
Single Output). It can be calculated using
Eq. (3). When using maximum-ratio combining, the
maximum diversity gain is 10 at the 1% probability level,
and ep is the diversity gain reduction factor resulting from
the signal correlation between the two antennas (e is the
envelope correlation coefficient).

G=10xe, = \[(1 —10.99ep;;|)? 3)
TARC is an important parameter to characterize
multiple antenna system frequency bandwidth and
radiation performance under the diverse nature of multiple
antennas. It signifies the importance of impedance
bandwidth and non-varying resonance frequency even
when the input signal phase 6 changes for all the input
ports. A generalized equation of TARC has been defined
for multiple-port antenna combining all scattering
parameters when the antenna is linearly polarized after
considering the TARC formulation given in Eq. (4).

N j 2
_ \/Zi=1|si1 +Z%=2 Simejgm_1 |

TARC = m )

CCL is one of the vital diversity performance check-up
parameters for multiple antennas. CCL helps in signifying
the maximum attainable limit of message transmission rate
up to which signal can be transmitted continuously over
the communication channel with a loss of fewer than 0.4
bits/s/Hz over the operating frequency range. It can be
computed using the following Eq. (5):

_ R
Closs - _10g2 det(a ) (5)
®11 Q12 Ag3
where af = [@21 @22 Q3
31 A3z A3z

2 *
where ai; = 1- Zy=1|511| and ai]- = —(S,:,: Sl] +
Sji" Sy

IV. PROPOSED U-SLOT LOADED MULTIPLE ANTENNA
SYSTEM DESIGN AND ANALYSIS

In a microstrip patch antenna, the space between the two
metallic patches is usually filled with a dielectric material.
The radiating patch is the metallic patch that is located
beneath the substrate. When working at a higher frequency,
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a dielectric material is chosen that has a low loss in the
substrate. CST EM simulation tool and Matlab are used to
simulate the designed antenna and to assess the MIMO
performance metrics. The Roger 5880 substrate is chosen
because it has a relative permittivity of 2.2 and a thickness
of 0.5 mm, and it is intended to work at 24 GHz. The Egs.
(6)—(10) are used to compute the patch antenna’s physical
parameters.

Wpatch: ﬁ (6)
Jo 3
Lpatch = Leff — 2AL @)
(eeff+0.3)(5-+0.264)
AL = 0412t ————— (8)
(Seff—O.ZSB)(E+0.8)
Lo, =—C ©)
e 7 2fo [ears
Eotr =T+ TE[1+ 12572 (10)

Using the aforementioned calculation, the microstrip
patch antenna’s dimensions are W,= 4.2 mm and Lp= 4.1
mm. The antenna is designed to have an optimal length
and width so that it can resonate at the necessary frequency
of 24 GHz. The attachment of the antenna to its feed line
is crucial since a microstrip line is employed as the feed
line. According to Eq. (11), the microstrip line’s
characteristic impedance is dependent on the line’s height,
width, and permittivity.

1201
Z =

Wy Wr
/seff[X+1.393+o.667 ln(?+1.44

AP

with ¢, standing for the height of the dielectric substrate,
Wy for the line’s width, and e for the substrate’s effective
permittivity. To achieve adequate impedance matching,
the feed width is parametrically changed. A 0.5 mm feed
width is used to provide better impedance matching.
Table I displays the single microstrip patch antenna’s
dimensions.

TABLE 1. DIMENSIONS OF RMPA

Sl\l/'ll:tflﬁ'e Parameter (Symbol) Xz:;;
Length (LG) 15
Copper Ground Width (WG) 15
Thickness (tG) 0.017
Diclectric Substrate Width (Ws) 15
Material Substrate7L§ngth (Ls) 15
Substrate Thickness(ts) 0.5
Rectangular Patch_ Width (Ws) 4.74
Metal Patch Patch Length (Lp) 3.84
Patch Thickness (tp) 0.017

The RMPA is equipped with a u-slot. Essentially, a U-
slot is made up of two parallel vertical rectangular slots
and one horizontal rectangular slot, with the slot width
being narrow in comparison to the slot length. The U-slot
patch generates two resonant frequencies as a result of the
slot’s interaction with its own patch. Because the U-slot
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offers another resonant frequency, a dual-band antenna
can be created by carefully selecting specifications. When
a U-slot is cut into the patch, it creates a notch within the
corresponding band, resulting in a dual-band antenna. The
Eqgs. (12—14) are used to design U-slot:

Slot Thickness:
=t
=% (12)
Slot Width:
Wy=——-2(L,+AL—a) (13)
st 2flow€eff p
L, is the microstrip patch length (mm)
Slot Length:
Ly = 0.75W; (14)

Fig. 1 depicts a basic U-slot loaded RMPA that
resonates at 24 GHz.

Fig. 1. U-slot loaded microstrip patch antenna.

The calculated values using the preceding calculation
for U-Slot dimension, yield a reflection coefficient of -8dB.
Further parametric sweep is performed around the size of
the U-slot as well as its number of concentric U-slot, for
the required gain and bandwidth. Fig. 2 depicts the final
structure of the concentric U-slot loaded microstrip patch

antenna.
.___| J» i

o
j | “"‘|‘

Fig. 2. Designed three concentric U-slot loaded microstrip patch
antenna.

Fig. 3 shows that the three concentric U-slot loaded
patch antenna has a wider bandwidth than the single and
double slot antennas. The insertion of additional U-slots
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is avoided since the decrease in the antenna efficiency is
observed.
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Fig. 3. Reflection Coefficient’s of 3 concentric U-slot loaded patch.

Fig. 4 depicts the comparison of the far plot to the field
plot. In comparison to a single or double concentric U-
slot, the suggested concentric U-slot loaded patch has a
narrow beam width of 61.50 and a 9.01dB gain.

5 // ™\
/ \
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Fig. 4. Cartesian plot of far-filed pattern 3 concentric U-slot loaded
patch.

A. Design of 2-port Multiple Antenna System

The intended u-slot loaded microstrip patch is often
transformed into a two-port Multiple Antenna System.
Fig. 5 displays the 2-port Multiple Antenna System built
utilizing the designed U-slot loaded patch. The antenna
distance is A/4, where 1 represents the open space
wavelength. Fig. 6 depicts the obtained S-plot for a two-
port multiple antennas. The reflection and transmission
coefficients do not interact in the operational frequency
range, as seen. The antenna elements do not interact with
one another, and no decoupling mechanism is used.

L

Picked elements
P1{X¥Z) -1.500000,0,0.517000 : )(

2 i
P2(XY,2) 1500000,0,0517000 . — —

P2-P1 3,00 T

p2-#1) 3 EEREE T

Fig. 5. Design 2 x 2 U-slot loaded multiple antenna system.
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Fig. 6. The S-plot of 2 x 2 U-slot loaded multiple antenna system.

V. RESULTS AND DISCUSSION

Section III discusses the measures used to evaluate the
performance of the 2 x 2 multiple antenna system design.
Fig. 7 (a) and (b) demonstrate that the envelope correlation
coefficient is 7.948 x 1078 for s-parameters and
2.80 x 107° for far-field patterns. Fig. 8 (a) and (b) show
the diversity gain and mean effective gain for the 2 x 2
system, which are 9.99 dB and —3.103, respectively.

The channel capacity loss of the 2 x 2 U-slot loaded
microstrip patch antenna produced is —2.748 x 1075, and
TARC varies over the operational frequency range, with a
value of at least 0dB in the required frequency range.
Fig. 9 (a) and (b) show plots of CCL and TARC for a 2 x
2 multiple antenna system separated by 4/4 distance.
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Fig. 7. Envelope correlation coefficient using: (a) Far-Field Pattern (b)
S-parameter.
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The ECC, DG, and MEG results are consistent with
those reported in the literature, but the TARC and CCL
values are also consistent. It is worth noting that the TARC
value is less than —10dB in the required frequency range
of 23.86 GHz — 26.54 GHz, and the curve remains stable
when the phase of the antenna’s excitation signal changes
between 30° and 60°, indicating overall impedance match
within the array, along with good stability across the phase
changes, which is crucial for the robust operation

VI. CONCLUSION

The major goal of the work was to build a self-isolating
multiple antenna system. Initially, a rectangular
microstrip patch antenna was developed to resonate at 24
GHz. In addition, concentric U-slots were introduced to
improve gain and bandwidth. The transmission and
radiation efficiency were maintained at more than 90%.
Thus, the addition of three concentric U-slots resulted in a
9.04 dB gain and an increase in bandwidth from 23.86
GHz to 26.54 GHz. Later, the intended antenna is
converted into a 2 x 2 multiple antenna system.

The performance metrics of various antenna systems,
such as ECC, DG, MEG, TRAC, and CCL, meet
requirements. It is discovered that without the use of any
decoupling structures, isolation of —33dB to —27dB is
achieved in the desired frequency range. Thus, the study
provided demonstrates that designing a self-isolating
antenna is critical in order to avoid the use of any
decoupling approach. The design of a self-isolating
antenna yields a compact multiple-antenna system. The
integration of the 2 x 2 and higher order array, possess
several issue that includes, hardware limitation of RF
chain, and increased computational complexity for signal
processing. Furthermore, complex channel estimation,
beam steering, and potential issues with hardware cost and
power consumption need to be addressed.
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