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Abstract —A new diversity multiple-input/multiple-output
(MIMQO) antenna array with improved characteristics is
introduced for fifth-generation (5G) mobile phone applications.
Eight compact loop resonators are placed at different edges of the
mobile-phone mainboard with 75x150x0.8 mm? FR-4 dielectric.
By addling modified arrow strips protruded among the adjacent
loop antennas, the operation bandwidth and mutual coupling of
the antenna radiators have been significantly improved. The
MIMO antenna is designed to cover the sub 6 GHz spectrum of
5G network and provides a wide bandwidth of 3.2-4 GHz. The
MIMO performance, user-hand effect, and fundamental
properties of the proposed antenna design are studied.

Keywords — 5G, cellular communications, decoupling, future
mobile phones, loop radiator; MIMO.

I. INTRODUCTION

To support the increasing demand of high transmission rate
with throughput for various fixed and mobile services,
multiple-input/multiple-output (MIMO) techniques have been
attracting much more attention for next-generation 5G
communication networks [1-2]. MIMO is a promising
technology to enhance the performance of 5G networks. In
comparison with the millimeter-wave (MM-Wave) spectrum,
sub 6 GHz MIMO 5G can provide wider coverage and fewer
propagation losses. In the case of massive MIMO, the 5G
communication system also requires an array antenna with an
increased number of antenna elements and dual-polarization
capability [3-4]. MIMO antennas have been employed in smart
and portable devices such as smartphones, laptops, etc. Among
various types of MIMO antennas, microstrip antennas are more
appropriate due to their attractive features. dual-polarized
antennas polarization and pattern diversity could be a good
candidate for use in mobile phones [5-8].

One significant drawback associated with the MIMO
system is the mutual coupling between the radiation elements
inside the MIMO antenna structure [9-10]. Since the space of
the smart device is limited, the arrangement of the multiple
antennas is difficult. Thus, the mutual coupling between the
array elements is high. This means that some energy will be
radiated from one element to the other one and vice versa. To
maintain the radiation performance and independence of each
antenna element in the MIMO system within a limited space,
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it is one of the urgent difficulties to overcome mutual coupling
from the adjacent antenna element [11]. In addition, due to the
restrictions on antenna size on mobile phone PCBs, bandwidth
improvement of the MIMO antenna system without increasing
the size of the antenna radiators is another challenge for smart
devices. Several MIMO antennas are introduced for sub 6 GHz
5G mobile phone applications [12-15]. However, all these
antennas either offer narrow impedance bandwidth, occupy a
large space, or use non-planar/single-polarized radiators.

In this work, a new bandwidth improvement and decoupling
technique is introduced for radiation elements of a MIMO
antenna system for 3.6 GHz future handset applications. Eight
loop antenna resonators fed by discrete ports are employed at
four edge corners of the mainboard. The employed loop
antennas are compact in size and printed in the same of the
ground plane in the bottom layer of the substrate. By
embedding an arrow strip among each loop resonator pair, the
frequency bandwidth and mutual coupling characteristics are
improved.

II. DESIGN DETAILS OF THE MIMO ANTENNA STRUCTURE

The configuration of the MIMO mobile phone antenna is
illustrated in Fig. 1. The proposed array is implemented on a
single-layer FR4 dielectric with an overall size of the printed
MIMO antenna is 75x150%1.6 mm?. The CST software is used
to investigate the properties of the designed MIMO antenna
[16]. Table 1 specifies the parameter values of the design.
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Fig. 1. The proposed 8-element diversity mobile phone antenna.
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TABLE. I PARAMETER VALUES OF THE DESIGN

Parameter \ Wi W, W;
Value (mm) 1.25 5 1 1.5
Parameter Wy L L, L,
Value (mm) 10 2 13.5 1

Parameter W, W;s Ws W
Value (mm) 1.25 3 4

Parameter Ls Ly Ls X
Value (mm) 10.3 32 2 1.5

III. CHARACTERISTICS OF THE PROPOSED ANTENNA ARRAY

To explain the bandwidth enhanced and reduced mutual
coupling characteristic, we investigated the performance of the
antenna pairs without and with the decoupling structure.
Figure 2 shows the S;1/S; results of the adjacent loop elements
with/without the modified arrow strip. As shown, the loop
resonator is operating at 3.6 GHz fulfilled the requirement of
sub 6 GHz cellular communication. In addition, the S»; of the
basic design is around -10 dB. It is evident that by embedding
a decoupling strip among the closely-spaced loop resonators,
the frequency bandwidth and mutual coupling characteristics
are improved. As seen, another resonance is also generated at
the lower band to improve the impedance bandwidth of the
design. Therefore, 800 MHz impedance bandwidth in the
frequency spectrum of 3.2-4 GHz is obtained for the proposed
5G antenna. Nevertheless, for S;; < -6 dB, the loop antenna
element is supporting the operation band of 3-4.3 GHz. On the
other hand, the result of S,; is better than -12 dB and it has
reached -22 dB at the middle frequencies of the antenna
operation band.
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Fig. 2. S;1/S,) of adjacent elements with/without the modified decoupling strip.
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Fig. 3. Simulated current densities at (a) 3.3 GHz and (b) 3.7 GHz.

To validate the effectiveness of the employed strip among
the antenna pairs, the current densities of the antenna element
at 3.3 GHz and 3.7 GHz (resonant frequencies) are investigated
in Fig. 3. It is seen that at the first resonance (3.3 GHz), the
surface current is distributed around the employed decoupling
arrow strip verifying its role in generating a new resonance at
the lower band which leads to increase the antenna bandwidth
[17-18]. While at the second resonance, the currents have been
concentrated inside the loop resonator.

Figures 4 (a) and (b) illustrate Sy, (reflection coefficient)
and Sy (transmission coefficient) results of the designed array,
respectively. As seen from Fig. 4 (a), a wide operating
frequency band of 800 MHz for Spy, < -10 and 1300 MHz for
Smn < -6 dB are obtained. Sufficient mutual couplings are
observed for the antenna elements, as illustrated in Fig. 4 (b).
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Fig. 4. Simulated (a) Sy, and (b) Sy, results of the studied array.

The efficiencies (radiation and total) of the MIMO antenna
system are also depicted in Fig. 5. It is shown that sufficient
efficiency results are obtained within the operation bandwidth
of the design: at 3.4-4 GHz, more than 80% radiation and 60%
total efficiencies are achived for the proposed smartphone
atenna. The three-dimensional variation of the radiated field
for the elements are studied at the middle frequency and
represented in Fig. 6. This figure gives more appreciation of
the field shape and shows the elements of the MIMO antenna
are capable to support different sides of handset and improve
the performance of the design [19-20]. In addition, good gain
values are achieved for each loop antenna resonator.
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Fig. 5. Efficiencies of the MIMO diversity mobile-phone antenna.
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Fig. 6. Radiation patterns of diversity loop element at 3.6 GHz.

As illustrated in Fig. 7 (a), the 5G smartphone antenna was
fabricated and the S-parameters of the adjacent loop resonators
are measured and discussed. The feeding mechanism of the
adjacent loop antenna elements is also depicted in Fig. 7 (b).
Figures 8 (a) and (b) compares the S;i1/S, and envelope
correlation coefficient (ECC) properties of the simulation and
measurements. The practical results show fair agreements with
the simulated outcomes. for Si; <-10 dB, the loop element is
supporting the operation band of 3.2-4 GHz and achieving
quite good mutual coupling.

(@)
Fig. 7. (a) Prototype sample and (b) feeding mechanism.
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Fig. 8. Measured and simulated (a) S;1/S,; and (b) ECC results.

The impact of user-hand on the efficiency of the MIMO
design for different usage postures are discussed in Fig. 9. Due
to the symmetrical schematic of the design, the user-effect for
different studied scenarios is almost similar and good
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efficiency results (20%-60%) are achieved. It worth noting that
the maximum effects are observed for the element partially
covered by hand phantom [21-22].
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Fig. 9. (a) The placement and (b) efficiency results of the proposed mobile
phone antenna in the user-hand investigation.

IV. CONCLUSION

A new planar loop antenna array with improved properties
is proposed for 5G mobile phone applications. By embedding
an arrow strip among each loop resonator pair, the frequency
bandwidth and mutual coupling characteristics are improved.
The S-parameters and radiation characteristics of the proposed
MIMO antenna system are discussed, and good results are
achieved.
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