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In the current era, the fifth generation (5G) determines the latency as 1 ms with high data speed for
mobile communication networks. During the investigation of using the 5G networks, the power efficiency
was higher, and spectrum usage was increased in the coverage of signal in the Massive 2-2 MIMO (Multiple
Input and Multiple Output) Antenna. Hence the Sixth generation (6G) is introduced which will support the
Massive 2-2 MIMO for 10 times better than the 5G in the mobile communication system. 6G provides 1 ps
with less power consumption through the efficiency with equal frequency in the design of Massive 2-2 MIMO
Antenna. In wireless communication networks, a protocol such as Message Queuing Telemetry Transport
(MQTT) is also proposed to use efficient Bandwidth and avoid delay while transmitting high-speed data rate
for multiple users. MQTT supports liberating from the security issues during the several transmissions in
the Massive MIMO System. A massive 2-2 MIMO antenna is designed for 10 GHz frequency to reduce inter-
symbol interference (ISI), resulting in 88 % efficiency. The Y-shaped patches are modeled with a radius of
8.5 mm at the top layer for the two elements. The dimension is grounded with 8.5 mm x 65 mm x 2 mm to
provide better improvement of the system. The proposed system used the operating frequency ranging from
2.7 GHz to 15.8 GHz with 15 dB return loss and isolation of 12 dB for the MQTT protocol with Massive
MIMO antenna. The High-frequency Simulator (HFSS) provides a relative permittivity of 2.7, isolation of
13 dB, and directivity of 5. Also, the gain is achieved for 6.7 dB with an efficiency of 88 % compared to the

conventional method.
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1. INTRODUCTION

Ref. [1] describes the design of an integrated antenna
with dimensions of 30 x 10 x 1.6 mm?3, optimized for
operation in many communications, especially Wi-I and
sub-6 GHz frequencies. The 3.5 GHz GHz and 5- GHz
range make this antenna suitable for many practical
applications. The paper also demonstrates an effective
technique for reducing coupling, which is to create a
negative ground pattern (NGR) of the antenna points by
combining two intersections in a field. By using this
technique, the coupling at 2.46 GHz and 3.47 GHz is
decreased from 6.5 dB and 9 dB to 26 dB and 13 dB,
correspondingly [2-5]. For Internet access applications,
this paper suggests a compact, minimal coupling,
broadband 4 x 4 MIMO antenna design. The antenna is
made up of four separate antenna components, each
measuring 15.2 x 3.5 x 0.8 mm? and having multi-branch
architectures. The multiple-mode resonance technique
is used to accomplish the broadband features, and
neighbouring antenna components are placed
orthogonally to guarantee that their primary radiation
directions lead to distinct locations.
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For 5G portable terminals, an eight-port antenna's
array is suggested in order to facilitate multiple-input
multiple-output (MIMO) functions. The printed circuit
board (PCB), measuring 150 x 75 mm2, has two
components at each of the corners of the arrangement.
Different types of radiation along with linear in shape
duality polarization are displayed by the apertures and
their corresponding radiating components. The antenna
efficiently covers the uppermost C-band frequency that
ranges from 3.3 GHz to 4.2 GHz for 5G n77 and n78
bands in frequency range 1 (FR1), with a bandwidth
surpassing 1000 MHz, from 3 to 4.2 GHz [6-8]. Spatial
wave decoupling over the tri-band is made possible by
the Archimedean helical metasurface. A small antenna
is produced by combining superficial waves with space
wavelength decoupling methods. The predicted data and
the actual findings agree quite well. In particular, the
observed results demonstrate isolation gains of 3.5 dB,
36.47 dB, and 6.42 dB for the frequency bands 3.45-3.55
GHz, 5.7-5.9 GHz, and 6.75-7 GHz, correspondingly,
with an approximate reflection coefficient of — 10 dB [9].
75 % of the electromagnetic spectrum will pass through
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the antenna inside its operational frequency band
thanks to mobile device antennas' functioning
bandwidth of — 6 dB. Even though other high-isolation
5G wireless terminal antennas were successfully
produced in previous research, which are very limited
dual-band wideband MIMO antenna configurations that
they can be utilized with smartphone systems. For
example, [10] describes a slot-based eight-antenna array
for metal-frame telephones.

The structure of this document is as follows: The
detailed introduction and its literature survey is
explained in detail in section 2. The analysis and its
evaluation of the MIMO antenna's design concepts,
procedure, and decoupling mechanism is covered in
detail in Section 3. Antenna performance, including
total gain patterns, efficacy, and ECC, is analyzed in
Section 4 by contrasting antennas with and without
decoupling  structures. The design procedure,
techniques, and outcomes of the MIMO antenna created
in this paper are compiled in Section 5.

2. LITERATURE REVIEW

Considering the widest variety of challenging
applications, antenna patch networks are utilized in the
most straightforward manner possible [11]. This section
covers the scientific investigation of numerous articles
on microstrip patch antennas. For future 5G mobile
applications, this article [12] proposes a cellular
broadband elliptical-shaped slotted antenna. This study
describes several ideas for rectangular microstrip
antennas [10]. All of these antennas function at 28 GHz,
it is among the frequently used wavelengths
communication in 5G. This study's findings [13]
concentrated on using a broad range of microstrip
antenna designs. A number of important factors, like as
gain, resonant frequency, bandwidth, return loss, as
well as voltage standing wave ratio (VSWR), can be
employed to evaluate the performance of an antenna.

A return loss below — 10 dB is regarded as an
exceptional value. The range of VSWR values that are
considered is 1-2. A state-of-the-art software program
called CST Microwave Studio lets users design and test
a large range of antennas, filters, and other gadgets.

A high-gain linear 1 x 4 antenna array having a
circle-shaped slotted patch for use in 5G communication
applications is discussed in the paper [14]. The
suggested antenna, designed for a frequency of 28 GHz,
when adjusted to resonance, can support TM11 as a
fundamental mode. The suggested antenna's concept
has been verified by characterizing the antenna
prototype using an anechoic chamber and vector
network analyzers (VNA).

In this work, an antenna with a microstrip patch is
employed as a communication device [15] and is
investigated for increased frequency one-band as well as
dual-band transmission. A square-slotted microstrip patch
antenna for mm Wave wireless transmission with a
resonance wavelength of 37 GHz is presented in this paper
[16]. This work designs a 1 x 2 array microstrip rectangular
patched antenna having the two components [17, 18]. The
antenna has a frequency of 3.5 GHz, an actual patch size of
19.5 by 26.5 millimeters, along with an array size of 1 x 2.
A computational model operating at 3.5 GHz is employed
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to build the antenna's design; copper is utilized for the
patch materials and flame-resistant (FR) 4 (which in turn
has a permanent of 4.3) is used for the substrate. 3.5 GHz
is the frequency at which the simulation runs.

3. ANTENNA DESIGN AND MQTT PROTOCOL

Integrating MQTT (message queuing telemetry
transport) with a massive MIMO (multiple input,
multiple output) antenna system offers a unique set of
opportunities and challenges, particularly for
communication systems that rely on wireless networks.

Enhanced Signal Quality: Massive MIMO can
develop the signal-to-noise ratio (SNR) in wireless
communication. With a better SNR, the MQTT
messages can be delivered with higher reliability and
reduced packet loss, which is crucial for applications
that rely on continuous and timely data transmission.

Lower Latency: One of the key benefits of Massive
MIMO is its ability to reduce latency by directing signals
efficiently to the intended receivers. This can result in
faster MQTT message delivery times, which is critical
for applications requiring near real-time data.

Increased Capacity: MQTT systems often serve
environments with many connected devices. Massive
MIMO can handle more simultaneous connections by
spatially separating wusers or devices through
beamforming, thus reducing congestion and improving
the overall scalability of MQTT-based systems.

Energy Efficiency: With beamforming, Massive
MIMO can focus energy in specific directions rather than
broadcasting signals widely. This can reduce the overall
energy consumption, which benefits both the base stations
and the end devices (IoT devices) running MQTT clients.

3.1 Geometry

An antenna for ultra wide band operations is
suggested in this study. This includes a faulty ground
positioned beneath the substrate and a 50" microstrip
feed line. Typically, a defective ground plane serves as an
electrical barrier in an antenna, which is also an essential
part of the feeding mechanism and radiator. Additionally,
this modifies the output radiation pattern and input
properties. However, in this case, the defective ground's
primary goals are to improve bandwidth and change the
current distribution. These are employed to attain an
electromagnetic pattern that eliminates ripples and
ultra-wideband  functioning, and omnidirectional
coverage. The FR-4 substrate has the rectangle copper
placed on it. The ultrawide band monopole antenna
measures 1.72 mm by 3 mm by 0.08 mm.

Fig. 1 - (a) and (b) shows the proposed radiator's front and rear
views
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3.2 Design Procedure

The CST Microwave Studio Software (MWS) is
utilized to model and simulation of the antenna
parameter design. The Y-shaped patch antenna in Fig.
la serves as the basis for the modeling. It has a 50 Q
microstrip feedline with dimensions of L = 16 mm and
W=3.13 mm, as well as two opposing lines that create a
dipole with dimensions of L¢= 8.5 mm and Wa=1.07 mm
and an inclination of 57°, which yields the letter Y. The
arrangement of the electromagnetic field in a microstrip
construction is shown in Figure 2.

Fig. 2 — Electromagnetic field distribution in a microstrip
structure

Two stubs of varying lengths are also present in
parallel; one is of S1 = 3.5 mm and the other is of
Sz = 5.5 mm. The two lines of the dipole are separated
by a 12-mm-long slit in the middle, which is there to
improve signal transmission. Two more 70° slanted
stubs at the base of the structure, measuring 3 mm and
1 mm in length (Lv) and width (W,), respectively, aid the
top stub to provide a pretty broad bandwidth across all
frequencies. Figure 3 represents the 3D Electric field
distribution in a planar resonator structure.

et |

Fig. 3 — 3D electric field distribution in a planar resonator
structure

With a permeability of &, = 4.4 and a loss tangent of
6 = 0.02, this design is installed on a FR-4 dielectric
substrate. Its dimensions are 26 x 18 x 1.6 mm3, which
is undoubtedly little, but it still produces good results.
A ground plane, seen in Fig. 1b, sits behind this
structure. Its width is equal to that of the substrate, and
its length (G) is 11.78 mm. This value was tuned using
the CST Microwave Studio program, yielding favorable
outcomes. Figure 4 represents the electric field
distribution in a planar microstrip resonator.

L

|
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}

Fig. 4 — Electric field distribution in a planar microstrip
resonator
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4. RESULTS AND ITS DEISCUSSION

Based on the final outcomes of the simulation, the
parameter was found to be accurate. The optimal base
value for wireless or mobile technology is — 10 dB. To
function at the required frequency, the antenna is
modified. Figure 4 illustrates its frequency of operation,
which is 28 GHz. It was discovered that the return loss
at this frequency was — 38.348 dB. The S11 parameter
describes the proposed antenna's return loss. The return
loss at — 10 dB is — 38.348 dB, as shown in Figure 4. This
is an extremely high value which makes it a perfect
choice for 5G applications.

Figure 4 displays the antenna's bandwidth, which is
3.464 GHz, between 26.327 GHz and 29.791 GHz.
Increased bandwidth is essential for 5G applications.
The bandwidth attained in this effort is ideal for these
uses. Because it indicates how effectively the
transmission line's impedance is matched, VSWR is a
crucial metric for evaluating an antenna's performance.

XV Piet 1
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Fig. 5 — Return loss vs frequency of the antenna

For improved performance, the VSWR's bandwidth
should be near 1. The VSWR value in Figure 5 is 1.024485,
which is extremely near to the minimal range of 1.
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Fig. 6 — VSWR versus the microstirp patch antenna's frequency

The H field, E field, and surface current of the
antenna were measured and shown in Figure 6-8.
An applied electromagnetic field is the source of the
surface current, which is a genuine electric current.
Since the E-field is a vector quantity, each point in space
has both a magnitude and a direction. Fringe fields have
a major impact on a microstrip antenna's performance.
With microstrip antennas, there is no electric field at the
center of the patch. The radiation is caused by the
fringing field that exists between the ground plane and
the patch's edge. The antenna's magnetic strength is
represented by the H Field.
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Fig. 7a — Radiation performance — Gain
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Fig. 7b — Radiation performance — Efficiency

Since it illustrates an antenna's overall performance,
the radiation pattern is a crucial component. The
microstrip patch antenna's 3D radiation pattern is
displayed in Figure 9. According to the figure, 5G
technology is highly effective with a gain of 8.2 dBi and
a radiation efficacy of 77 %. Furthermore, as shown in
Figure 10, the side-lobe level, angular breadth (3 dB),
and main-lobe direction are 11.0, 72.5, and — 13.8
degrees, correspondingly.

Rudintion Pulluin 2

0
g mom T

Fig. 8 — The proposed antenna's (a) 10 GHz radiation pattern

It causes an impedance mismatch as it propagates
into the antenna, which is what causes power
consumption. Consistent data transfer, low power
consumption, and less heating are the outcomes of
optimal design. The maximum amount of power
delivered to the load from the source is made possible by
a desired low VSWR, which is achieved when the
impedance is matched. The investigated antenna
exhibits a smaller return loss when compared to earlier
studies. To 1improve the examined antenna's
performance in terms of gain and bandwidth, every
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Y-monioui matui macusrHoi MIMO-auTenu a/1a BUMipIOBaHHS IPOAYKTHUBHOCTI Ipu
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B cyuachy emoxy m’are nokosiaus (5G) BusHayae 3aTpUMKY HA PiBHI 1 MC 3 BUCOKOIO IIBUIKICTIO ITepeaayi
IaHUX JJIS Mepesk MOOLIbHOro 3B'A3Ky. Ilim uac mociipkeHHsT BUKOPUCTAHHS Mepesk 5G 0yJio BHSBIIEHO
BUIMH PIBEHb €HEeProeeKTUBHOCTI Ta 30LIBINEHHS BUKOPHUCTAHHS CIEKTPY B 30HI IOKPUTTS CUTHAILY
macuBHol auTenu 2-2 MIMO (Multiple Input and Multiple Output). Tomy 6ys0 mpemcraBieHo ImocTe
noroiinHg (6G), sike migrpumysatume macuBHy anreHy 2-2 MIMO y 10 pasis kpame, Hisk 5G y cucremi
MoObibHOTO 3B’s13Ky. 6G 3abesmedye 1 MKC 3 MEHIIMM CIIOKWBAHHSM €HEPril 3aBIsAKd epeKTHBHOCTI Ta
OIHAKOBIN YacTOTi B KOHCTPYKINI MacuBHOI antenu 2-2 MIMO. ¥V mepeskax 6e3apoTOBOTO 3B'S3KY TAKOMK
IPOIOHYEThCsA TpoToKoJ, Takui sk Message Queuing Telemetry Transport (MQTT), nns ederruBaOrO
BUKOPUCTAHHS IIPOITYCKHOI 3JaTHOCTI TA YHUKHEHHS 3aTPUMOK IIiJ] Yac Imepegadl BUCOKOIIBUAKICHUX JaHUX
A KibKox KopueryBadiB. MQTT momomarae mosGyTucss mpoGiieM GesmeKM I Yac KIIBKOX Iepenad y
cucremi macusaol MIMO. Macusua antena 2-2 MIMO pospob6nena mgia vacroru 10 [T mis smenmeHss
MikcUMBOJIBHOI iHTepdepentri (ISI), mo sabesneuye edexTrBHICTE 88 %. Y-m0oMi0HI TIISHKNA 3MOIEIHOBAHI 3
pamiycom 8,5 MM y BepXHBOMY IIapi [IJisA OBOX eJieMeHTiB. Poamip 3asemiieHHA 8,56 MM X 65 MM X 2 MM
3a0eameuyio epeKTUBHICTL PoOOTH. 3aIlpolIOHOBAHA CHCTEMa BHKOPHCTOBYBAJa poOody yacrory Bim 2,7 mo
15,8 I'T'it 3i BTpaTamu Ha BimouTTa 15 ab Ta isossamiero 12 1B misa mporokosry MQTT 3 MacuBHOI aHTEHOIO
MIMO. Bucoxouacroraunii cumysarop (HFSS) sabesneuye BigHOCHY i€ IeKTPUYHY IPOHUKHICTD 2,7, 130JIAIII0
13 1B Ta cupsimoBanicts 5. Takoxk mocaruyTo koeditrierTa mocusierus 6,7 1b 3 edexruBHicTIO 88 % TOPIBHIHO
31 3BUYAHUM METOJIOM.

Knrouogi ciosa: 6G, Macusuuii 2-2 MIMO, HFSS, MQTT, ISI, MoGiyibHuM 3B’ s130K.
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