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Abstract— This study represents the schematic and
fundamental features of a new MIMO antenna with low-profile
elements and suitable characteristics for future cellular
communications. Two rows of low-profile hook-shaped ring-
monopole antennas with discrete-fed topology are mounted on
opposite sides of the board, forming an 8§x8§ MIMO network. On
the same layer as the ground plane, the elements of the suggested
design were etched and provided a dual-band function operating
at 3.5 and 5.6 GHz of the sub-6 GHz cellular spectrum. The board
layout allocates a limited space for the intended array. Due to the
resonators’ arrangement, the proposed design can function as
dual high-gain beam-steerable phased arrays. In summary, the
planned MIMO array is capable of delivering optimal
performance, meeting the requirements for future SG portable
devices like smartphones and tablets.

Keywords— Smartphone antenna, 5G, cellular communications,
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I. INTRODUCTION

The current 4G wireless systems lack the necessary high
data rates for future mobile networks, prompting the evolution
to Sth generation (5G) technology that offers enhanced services
to meet these challenges [1-4]. Wireless service providers are
grappling with unprecedented challenges due to global
bandwidth constraints arising from the surge in mobile data
usage and widespread smartphone adoption [5].

To address these issues, future 5G networks incorporate
Multiple Input Multiple Output (MIMO) systems, combining
multiple inputs and outputs to achieve high transmission
speeds, data rates, and throughput [6-7]. MIMO technology
enables increased data rates, capacity, and coverage by
mitigating multipath fading and minimizing coupling among
antenna elements [8-10]. In the realm of mobile and cellular
communications, microstrip and printed antennas are widely
used due to their compact sizes and simple structures,
enhancing their appeal [11-15]. However, optimizing the
performance of MIMO arrays in cellular networks poses
significant challenges that need careful consideration and
resolution [16-19]. Among microstrip antennas, the simplicity,
efficiency, and adaptability of monopole antennas make them
indispensable components in the realization of high-
performance MIMO systems [20].

This study introduces an innovative eight-element array
with a compact configuration. The design covers the

frequencies of 3.3-3.7 GHz and 5.4-6 GHz, addressing the sub-
6 GHz 5G cellular communication bands separately. The design
approach is streamlined, employing a discrete feeding
technique within a single layer of monopole-loop antenna
elements. This MIMO array design achieves commendable
results. While numerous studies explore eight-element MIMO
antenna designs, this paper's focus lies in developing a system
with strong MIMO characteristics while simplifying both the
design and manufacturing processes. The characteristics of the
proposed design were analyzed using CST 2020 [21]. The
subsequent sections provide detailed schematics, fundamental
properties of the proposed antenna system, and the study's
conclusions.

II. CONFIGURATION

A perspective top view of the proposed MIMO design can
be seen in Figure 1. It is apparent from the diagram that the
multi-feed antenna contains eight monopole-loop radiators
deployed at different PCB sides. The ground plane and elements
are etched at the same time. Table I outlines the specific
parameter values used in this study.
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Fig. 1. (a) The MIMO antenna layout and its (b) single-element schematic.



TABLE. I PARAMETER VALUES IN MILLIMETER (MM)

Parameter \\Y L W, L, W, L,
Value (mm) 150 75 3.5 1.5 2.5 1.5
Parameter W3 Ls W, Ly Ws Ls
Value (mm) 7 0.25 0.5 2 0.5 0.5
Parameter W Le W, Ly Lg d
Value (mm) 14 2.5 3 3.5 1.5 5

III. THE ESSENTIAL PROPERTIES

Figure 2 displays the S-parameters for the array design,
illustrating key characteristics of the MIMO array's frequency
responses, such as S;; (indicating reflection coefficient and
impedance bandwidth) and Sun (representing transmission
coefficient). The findings reveal that, at a -10 dB threshold,
the antenna functions effectively within two distinct
frequency bands: 3.3-3.7 GHz and 5.4-6 GHz, with the
possibility of exceeding these values at a -6 dB level.
Furthermore, the designed elements exhibit favorable mutual
couplings, measuring less than -11 dB.

S-Parameters [dB]

Frequency [GHz]
Fig. 2. The S-parameter results of the array.
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Fig. 3. Current densities at (a) 3.5 and (b) 5.6 GHz.

The surface currents of the designed hook-shaped ring-
monopole element at its resonances of 3.5 and 5.6 GHz have
been depicted in Fig. 3. The influence of internal and external
dimensions, as well as varied sides of the proposed resonator,
on resonance generation and the enhancement of antenna
impedance bandwidth is evident [22-24]. Figure 3(a) illustrates
this effect, where the external length of the resonator exhibiting
high current densities corresponds to the lower frequency band,
and conversely, to the higher frequency band.
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Fig. 4. Simulated radiation/total efficiencies.
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Fig. 5. Maximum gain results of the antenna.

As observed in Fig. 4, the suggested elements offers sufficient
efficiencies. The radiation efficiency function is higher than
80% as represented. Furthermore, Fig. 4 also indicates that
more than 50% total efficiencies can be achieved at both
operational bandwidths. The maximum gain characteristics of
the proposed antenna at is operation band is plotted in Fig. 5. It
can be observed that more than 4 dBi gain is obtained over the
first operation band. While, as shown, for the second operation,
the antenna gain level varies from 3 to more than 5.3 dBi.
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Fig. 6. Radiations at 3.5 GHz.

Figures 6 and 7 provide 3D visualizations of the radiated
field at the resonating operational frequencies (3.5 and 5.6
GHz) for the elements within the suggested MIMO
configuration, confirming the precisely defined radiation
patterns of the antenna elements at these specific frequencies.
These figures depict highly satisfactory radiations, ensuring
consistent performance and adequate gain levels across the
mainboard. These results validate the antenna's ability to offer
diverse coverage while maintaining stable and sufficient signal
strengths, as indicated in the existing literature [25-27].

To optimize gain and regulate radiation patterns, the
design can be organized to create two 1x4 beam-steerable
arrays. Figure 8 assesses the primary radiation beam of one sub-
array at its second resonance frequency, 5.6 GHz. The 1x4
subarray has demonstrated its ability to produce high-gain
radiation beams, enabling wide beam steering capabilities, as
supported by previous research [29-30]. Similar performance

can be anticipated for the first resonance frequency, suggesting
the consistent and reliable functionality of the design across
different operational frequencies.
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Fig. 7. Radiations at 5.6 GHz.

Fig. 8. Side-view radiations for the 1x4 subarrays main scanning angle for the
1x4 sub-arrays placed at different sides of the mainboard.



IV. CONCLUSION

This paper describes a MIMO smartphone antenna array
with low-profile hook-shaped ring-monopoles and dual-
operational bandwidth for 5G handheld devices and cellular IoT
communications. Based on the schematic provided, the
smartphone board features eight compact printed loop
resonators on each side, designed to function effectively at both
3.5 and 5.6 GHz frequencies. The array was examined for a
number of properties and satisfactory results were observed.
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