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ABSTRACT: This study proposes a dual-band MIMO antenna with high element isolation for 5G smartphones. The antenna unit consists
of stacked F-shaped radiators, perpendicular to the motherboard, printed on the outer side frames. The antenna feeder is shaped like
the Chinese character “I1E” and is printed on the inner surface of the side substrate. Based on this design, eight F-shaped antenna units
are placed at the ends of two long side panels, forming an 8-element MIMO antenna system. High isolation in the operating bands is
achieved using ground stubs and defective ground structures (DGSs). All radiating elements are etched on a low-cost FR4 substrate
with a total size of 150 x 75 x 6.8mm?®. The antenna system is modeled and measured to operate in the N78 (3.3-3.8 GHz), N79
(4.4-5.0 GHz), and WLAN 5 GHz bands (5.15-5.85 GHz). The isolation between neighboring antenna units is greater than 15 dB, with
total efficiencies ranging from 62% to 79%, and a measured envelope correlation coefficient (ECC) of less than 0.01. Additionally, the

antenna performance in one-handed and two-handed holding scenarios has been evaluated, showing favorable results. These findings
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demonstrate that the proposed antenna system is well suited for MIMO applications in 5G smartphones.

1. INTRODUCTION

ith the continuous advancement of 5G communication

technology [1], the improvement of communication per-
formance of smartphones, as the most common 5G terminal de-
vices, has become the key to the development of the industry.
5G networks offer higher transmission speeds, lower latency,
and wider connection density than 4G. The realization of these
advantages not only relies on the construction of base stations
and network architecture, but is also closely related to the hard-
ware performance of terminal equipment, especially in the de-
sign and application of wireless communication antennas.

In 5G smartphones, antenna system plays a crucial role. Tra-
ditional single-band antennas can no longer meet the needs of
high-speed, high-traffic communications, so the use of multi-
frequency bands and multi-antenna systems design has become
an effective way to improve the communication capacity of cell
phones. Multiple input multiple output (MIMO) antenna tech-
nology was born in this context. MIMO technology [2-5] is
through the simultaneous use of multiple transmitter and re-
ceiver antennas. Multi-antenna system designs [3] and [4] form
a 4-unit antenna system by adding antenna units, while both
[2] and [5] form an 8-unit antenna system by adding antenna
units, while the latter covers the frequency band with better
impedance matching. Therefore, in this paper we also consider
the use of an 8-unit antenna system.

However, placing multiple antennas in a limited design space
may lead to serious degradation of isolation and radiation effi-
ciency of the antenna system. Therefore, how to achieve ef-
fective isolation of each antenna in a MIMO system is a ma-
jor challenge for antenna designers. Several techniques [6-9]
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have shown that the isolation between antenna elements can be
improved when they are closely spaced. The commonly used
decoupling methods mainly include: loading floor branches or
parasitic units, defective ground structure (DGS) [10-14], neu-
tralization lines [15—-18], and other self-decoupling methods.
In this paper, a 5G dual-band MIMO antenna with an oper-
ating frequency covering 2.62—3.94 GHz and 4.35-5.98 GHz is
proposed with a size of 150 x 75 x 6.8 mm?, which is similar
to the appearance of mainstream smartphones such as Huawei
Mate 60. The eight elements of the antenna are distributed on
two side metal frames, and the coupling effect between the el-
ements is reduced by a decoupling structure (DG). This study
designed, fabricated, and tested this MIMO antenna and ana-
lyzed its performance metrics, including S-parameters, radia-
tion efficiency, directional map, and envelope correlation coef-
ficient (ECC). The antenna can effectively cover the 5G Chi-
nese bands N78 (3.4-3.8 GHz) and N79 (4.4-5.0 GHz) as well
as WLAN 5G (5.15-5.85 GHz), thus reducing the number of
antennas dedicated to the WLAN band in 5G handsets. The
antenna maintains isolation better than —15dB across the en-
tire operating band, which meets the performance requirements
of 5G terminal antennas. In addition, its overall efficiency is in
the range of 62%—79%, which is an excellent performance. The
measured data are highly consistent with the simulation results.

2. PROPOSED MIMO ANTENNA SYSTEM

2.1. Antenna Structure

The structure and physical dimensions of the proposed antenna
are shown in Fig. 1(a). The MIMO antenna consists of three
FR4 substrates with £, = 4.4 and tand = 0.02. These sub-
strates include a central main substrate as well as two addi-
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FIGURE 1. Shape and dimensions of the proposed 8-element MIMO antenna. (a) Antenna system. (b) Detailed structure and dimensions of the

antenna. (c) Detailed structure of the decoupling structures.

tional side substrates. The dimensions of the main substrate
are 150 x 75 x 0.8 mm?>, while the dimensions of the side sub-
strates are 150 x 6 x 0.8 mm®. Eight antenna elements, which
are designed to be aligned perpendicular to the main substrate,
are precisely printed on the two side substrates. The proposed
8-clement antenna array (Ant 1-Ant 8) is divided into two 4-
element subarrays (Ant 1-Ant 4 and Ant 5-Ant 8) located on
the left and right long edges of the metal frame. Among them,
Ant 1-Ant 4 and Ant 5-Ant 8 are structurally symmetric. To
simplify the discussion, this study mainly focuses on the per-
formance analysis of Ant 1-Ant 4. Table 1 lists the optimum
size of the important components of the antenna.

TABLE 1. Optimized parametric dimensions of proposed MIMO an-
tenna.

L
13.5

L
2.7

Ls
4.2

Ly
0.8

Parameters H,

6.8

H,
53

Value (mm)

2.2. Antenna Element

As shown in Fig. 1(b), each antenna unit consists of a heat sink,
a feed line, and an “F” shaped patch. The radiator consists of
an elongated structure arranged in the shape of a Chinese char-
acter “IE”, comprising three horizontal rectangular microstrip
lines and two longitudinal rectangular microstrip lines precisely
printed on the inner surface of the side substrates. The “F” patch
consists of two horizontal rectangular microstrip lines and one
longitudinal rectangular microstrip line loaded on the outer sur-
face of the side substrates. The feed lines are then printed on the
upper surface of the main substrate and are connected to the heat
sink. Four antenna units are printed on the inner surface of each
edge substrate. In order to improve the isolation between the
units, a DGS is introduced, which is shown in Fig. 1(c). The de-
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coupling structure consists of a Chinese character “1.” shaped
slot. These decoupling structures are etched on the bottom sur-
face of the main substrate, effectively extending the coupling
current path and significantly reducing the interference between
antenna units. From the inside of the antenna, the orthogonally
arranged Chinese character “1E” shaped strips are located on
the inner surface of the side dielectric substrate. From the out-
side of the phone, the “F” shaped patch and the Chinese char-
acter “_I.” shaped slot are located on the outside surface of the
metal frame. Although both structures work on the same prin-
ciple, the different layouts give them different functions. The
“F”” shaped patch and the orthogonal structure work together to
form the radiating unit of the antenna.

The orthogonal arrangement of the “I1E™ structure helps to
evenly distribute the current among the feed points and im-
prove the excitation uniformity of the antenna unit; multiple
transverse and longitudinal branches provide electromagnetic
energy coupling in different directions, so that the antenna unit
can radiate in multiple directions and improve the coverage.
At the same time with the “F” shaped patch to form a coupled
feed, improve the radiation efficiency. The strong coupling be-
tween the “1E” feed line branch and the “F” shaped patch forms
a non-direct contact feed, which helps to optimize impedance
matching and enhance the resonance mode. The “F” shaped
patch is loaded on the outer surface of the side substrate, while
the “1E” shaped feed structure is located on the inner surface,
and the two are electromagnetically coupled for energy trans-
fer. As the structure forms multiple resonant paths, it helps the
antenna achieve better impedance matching and higher gain in
the 5G band. At the same time, the orthogonal arrangement
of the “1E” feed branches can support dual polarisation modes
(e.g., horizontal and vertical polarisations), thus increasing the
polarisation diversity of the MIMO antenna. In 5G terminals,
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FIGURE 3. Comparison of simulated (a) Reflection coefficients, (b) Transmission coefficients between the antenna without decoupling structures

and the proposed antenna.

this design reduces the correlation between antenna units and
improves data transmission and interference immunity.

Due to the different locations and radiation environments of
each antenna unit, the reflection coefficients will be slightly dif-
ferent even if they have the same dimensions. Since the antenna
units have the same size and structure and are symmetrically
distributed on both sides of the decoupling structure, these eight
units can be divided into two groups: Ant 1, Ant 4, Ant 5, and
Ant 8 belong to one group, and the remaining four antennas are
categorized into the other group. Therefore, only the reflec-
tion coefficients of Ant 1, Ant 2, Ant 3, and Ant 4 are shown
in Fig. 2(a). The antennas operate in the frequency bands of
2.62-3.94 GHz and 4.35-5.98 GHz, and are able to effectively
cover the 5G Chinese N78 band (3.4-3.8 GHz), N79 band (4.4—
5.0 GHz), and WLAN 5G band (5.15-5.85 GHz). In this pa-
per, S1s denotes the transmission coefficient between Ant 1 and
Ant 8, which satisfies the following relationship: Sig = Sis,
512 = 534 = 555 = S73, 523 = 567, and 514 = 558- Fig. Z(b)
demonstrates the isolation performance of the antenna, with all
ports having more than 15 dB isolation to ensure the indepen-
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dence of the antenna units from each other and to avoid the
interference effectively.

External decoupling structures are often used between an-
tenna units to improve isolation and reduce correlation. In
8-element MIMO antenna designs, ground plane slits are a
common means of creating equivalent circuits similar to par-
allel RLC configurations, which can trigger resonances at spe-
cific frequencies, adjust surface current distributions, and al-
ter transmission characteristics. It has been shown that these
slits not only enhance the isolation between cells, but also serve
as functional areas for frequency spreading. Fig. 3(a) com-
pares the reflection coefficients with and without DGS and
shows that even without DGS, S} and S, still cover the tar-
get band, but with the addition of the defected ground struc-
ture, the impedance matching is optimized, and the bandwidth
is increased. Fig. 3(b) shows the effect of the defected ground
structure on the isolation performance. With the introduction of
DGS, the mutual coupling is significantly suppressed; the iso-
lation between Ant 1 and Ant 2 is significantly improved; and
S12 and S>3 meet the 15 dB requirement in the target band.
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2.3. Design Process

The design methodology of the antenna element is shown in
Fig. 4, which illustrates in detail the layout of the key structures
as well as the whole process of optimization. The geometrical
features of the antenna elements are visualized, and the specific
functions of the components and their roles in the overall struc-
ture are also illustrated. Fig. 5 includes the simulated reflection
coefficients of the antenna element to evaluate the performance
of the design and its frequency response characteristics.
Figure 5 shows the variation of reflection coefficient during
antenna evolution. From the simulation results, the reflection
coefficient curves of Case 1 and Case 2 show that the low-
frequency resonance is mainly triggered by the extension of
the horizontal rectangular part of the F-shaped microstrip line
loaded on the outside of the side panel. This structure optimizes
the resonance characteristics in the low-frequency band by in-
creasing the effective electrical length, thus ensuring that the
antenna can maintain reliable operation in the range of 2.62—
3.94 GHz. Meanwhile, the simulation results of Case 3 show
that the short-circuit structure between the longitudinal rect-
angular portion of the F-shaped microstrip line loaded on the
outside of the side panel and the ground plane plays a key
role in the high-frequency resonance. The short-circuit struc-
ture effectively improves the high-frequency resonance point
by adjusting the equivalent impedance of the antenna as well
as the current path, covering the high-frequency band of 4.35—
5.98 GHz. Ultimately, through reasonable structural design and
fine optimization, the antenna element achieves comprehensive
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—v— Proposed

230 1 1 I 1 1 I 1
2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

6.0
Frequency/GHz

FIGURE 5. Simulated reflection coefficients of antenna elements during
the evolution of antenna elements.
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coverage of the 2.62-3.94 GHz low-frequency band and 4.35—
5.98 GHz high-frequency band. This frequency response char-
acteristic not only demonstrates the practical applicability of
the antenna design, but also shows excellent band isolation per-
formance and efficient resonance characteristics, which lays a
solid foundation for the research and application of future an-
tenna systems.

In order to show the working principle of the antenna more
clearly, the current distribution of each antenna unit is pre-
sented in Fig. 6. Specifically, the current distribution of Ant 1
is shown in Fig. 6(a), and the strong current is mainly concen-
trated in the middle of the F-shaped microstrip line, near the
horizontal rectangular microstrip line. The length of this strong
current is about 26 mm, which is consistent with the quarter-
wavelength at 3.6 GHz frequency, indicating that the antenna is
in the quarter-wavelength operating mode at this resonant fre-
quency. In addition to this, Fig. 6(b) shows the current distribu-
tion around each antenna cell when only Ant 1 is excited. From
the figure, it can be observed that, except for the stronger cur-
rent around Ant 1, the current intensity around the rest of the
antenna units is significantly lower, which indicates that each
antenna unit has a high degree of isolation and very little inter-
ference with each other, thus effectively improving the overall
performance of the antenna system.

3. RESULTS AND DISCUSSION

3.1. Proposed Antenna Design

To evaluate the actual performance of the antenna, an 8-element
antenna array was designed and processed, and its physical top
view is shown in Fig. 7. The 8-element MIMO antenna sys-
tem was fully simulated and analyzed using ANSY'S software,
focusing on evaluating its S-parameters, isolation, and radia-
tion performance. Meanwhile, the S-parameters of the actual
antenna are measured using a vector network analyzer to ver-
ify the accuracy of the simulation results. The far-field perfor-
mance tests are conducted in an anechoic chamber to ensure
low interference and high accuracy in the testing environment.
In addition, key parameters such as the antenna’s directional
map and efficiency are also experimentally verified. The cor-
responding results and performance comparisons will be pre-
sented and discussed in detail later.

3.2. S-Parameters

As shown in Figs. 8(a) and (b), the antenna model is tested in a
microwave darkroom to obtain its actual reflection coefficient
and isolation. Since the 8-cell array antenna is symmetrically
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FIGURE 6. Current distribution of the antenna system when excited. (a) Current distribution of Ant 1. (b) Current distribution of each antenna unit.

FIGURE 7. Fabricated prototype.

distributed on both sides of the metal frame, only the simulated
and measured S-parameter values of one side are shown here.
Fig. 9 shows the simulated and measured results of the reflec-
tion coefficient, and there are some differences between them,
which are mainly manifested in the slight right shift of the res-
onant frequency. For example, the resonant frequency of Sy, is
3.6 GHz in the simulation, while the measured value is 3.8 GHz,
and the corresponding reflection coefficient coverage changes
from 2.6-6.0 GHz to 2.8-5.8 GHz. The 5, also undergoes a
rightward shift in resonance frequency in the low frequency
section, with the resonance frequency changing from 3.4 GHz
to 3.6 GHz, which suggests that the actual fabrication accu-
racy needs to be improved, and the deviation may be caused
by the fabrication process or measurement errors. A number of
solutions have been proposed to address the errors generated.
Firstly, check whether the dielectric constant and thickness of
the substrate material are consistent with the design value, and
stricter quality control or more accurate materials can be used.
Secondly, printed circuit board (PCB) or metal deposition pro-
cess may lead to increased conductor surface roughness, affect-
ing the high frequency response, and low roughness copper foil
can be selected, or the plating process can be optimised. Fi-
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nally, check for processing errors, such as etching accuracy and
soldering inhomogeneity, and use higher precision build equip-
ment or correct process parameters.

Meanwhile, it can be observed from the figure that the
impedance bandwidths of Ant 2 and Ant 3 are slightly lower
than those of Ant 1 and Ant 4, which is mainly because they
are located in the middle region of the ground plane, sand-
wiched on both sides by the other antenna units. However,
the actual measured reflection coefficients still cover the tar-
get bands, including N78, N79 and WLAN 5G, which meet the
design requirements. In terms of isolation, the measured results
are slightly lower than the simulated values. For example, the
simulated value of S}, is —17 dB, while the measured value is
—12.5dB, and the difference can be attributed to the measure-
ment accuracy. However, the measured results show that the
isolation between neighboring ports is better than 10 dB, which
indicates that the antenna has good port multiplexing capability
and meets the MIMO antenna communication standard.

3.3. Radiation Performance

Figure 10 shows the peak gain plot of the antenna, from which
we can see that the gain of the antenna designed in this paper
is greater than 2 dBi throughout the operating frequency range,
which shows excellent radiation performance. The simulated
and actually measured radiation direction diagrams of Ant 1—
Ant 4 are shown in Fig. 11, respectively, demonstrating the
radiation characteristics in the xoz and yoz planes. From the
xoz radiation plane, the high-gain radiation directions of Ant 1—
Ant 4 are mainly concentrated at 90° and 270°, which indicates
that the antenna has a strong directional radiation capability in
this plane. On the other hand, in the yoz plane, the antenna
is able to effectively produce omnidirectional radiation charac-
teristics, which is suitable for application scenarios that require
full coverage.

Www.jpier.org
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FIGURE 8. Diagram for measuring the anechoic chamber in an antenna model. (a) Overall view. (b) Far-field test environment.
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Ant 1, Ant 2, Ant 3, and Ant 4.

Due to the mirror image distribution of the antenna elements,
the design allows the radiation in different directions to comple-
ment each other, thus optimizing the far-field radiation charac-
teristics and ensuring uniformity of radiation. This design helps
to improve the overall performance of the antenna, especially
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in multi-user environments, providing more stable signal cov-
erage. However, the differences in test environments lead to
unavoidable errors between simulation and actual measurement
results, which may be related to the processing of the antenna
as well as the accuracy of the measurement equipment.

4. DIVERSITY PERFORMANCE

MIMO antenna’s exceptional diversity qualities offer better
fading and interference immunity, enabling the independent
operation of each antenna. This section provides a detailed
description and investigation of MIMO antenna diversity per-
formance in terms of ECC, total active reflection coefficient
(TARC), and diversity gain (DG).

4.1. Envelope Correlation Coefficient

ECC is a key parameter to measure the performance of radial
directional map diversity of MIMO antennas. The correlation
quality of an antenna is indicated by the ECC value. A lower
ECC value usually means that the antennas are less coupled
to each other, and a single antenna has less influence on other
antennas, thus contributing to the overall performance of the
MIMO system. MIMO antennas used in modern mobile ter-
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minals should usually have an ECC value less than 0.5, and
the formula for calculating ECC by simulating the radiative far
field is:

2
# Aq2 (0, ) sinOdbdy

# Ay, (8, @) sin 8dfdp - #Am (6, ¢) sin 0dodp

pe

M

Aij = Epi (0,0) - Eg; (0,0) + Epi (0,9) - EG ; (6,¢) (2)

In Equation (1), p. stands for ECC. Moreover, the ECC value

of the antenna is shown in Fig. 12, where it is below 0.2 in the
frequency band, which meets the standard.

4.2. Total Active Reflection Coefficient and Channel Capacity
Loss

TARC is a newly proposed metric. In MIMO systems, the mea-
surement of TARC is directly related to the total incident and
reflected power. Ideally, TARC should be zero, indicating that
the antenna is able to fully receive all the incident power. The
measurement of TARC is crucial for evaluating the effective-
ness of a MIMO system. Equation (3) can be used to calculate
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the TARC for a two-port configuration.

TARC — \/(511 + S12)? ; (S21 + S22)?

(€)

Channel Capacity Loss (CCL) is a measure of the reduc-
tion in channel capacity during information transmission. It
describes how much the actual amount of information that the
channel can transmit is reduced from the theoretical maximum
under a given signal transmission condition due to various fac-
tors such as interference and signal fading. The larger the value
of CCL is, the more serious the impairment of the channel’s
efficiency and performance is. This parameter is very impor-
tant for designing and optimising communication systems as it
is directly related to the data transmission capacity of the sys-
tem. The value of CCL is usually determined by comparing it
with the theoretical channel capacity to assess the actual perfor-
mance of the channel. A MIMO antenna system is considered
to have met the performance requirements when the CCL is
lower than 0.4 bit/s/Hz, and the value of the CCL is calculated
by the following equation:

CCL = — log, det(a') )
off = [ Q11 Q12 ] (5)
Q21 Qg2
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PIER C

Hou et al.

0.010

0.005

Envelope correlation coefficients

0.000
3.0 3.5 4.0 4.5 5.0 5.5 6.0

Frequency/GHz

FIGURE 12. Calculated ECCs.

0.6

0.5

CCL(bits/s/HZ
B s
w -

S
%

0.1

0.0
3.0 35 4.0 4.5 5.0 5.5 6.0

Frequency/GHz

FIGURE 14. Channel capacity loss (CCL).

ap =1—(ISul’ +15:12%);
ayg = —S11 % S12 — Sa1 * S22
(6)
agy =1 — (|Saa|® + Sz *);
a1 = —S22 % So1 — S12 ¥ S11

Figure 13 shows the calculated TARC value of the recom-
mended MIMO antenna, which is less than —30 dB in the op-
erating band. Fig. 14 shows the CCL value of the MIMO an-
tenna, which is less than 0.18 bits/s/HZ in the operating band.
Therefore, the designed MIMO antenna performs well in terms
of radiation efficiency and channel capacity, and can provide
good signal transmission and data transmission capability.

4.3. Diversity Gain

Diversity gain (DG) is a metric used to measure diversity ef-
fectiveness. In the operating frequency range of wireless com-
munication systems, the optimum value of DG is usually about
10dB to ensure that the system achieves acceptable reliabil-
ity. Using the ECC value, the DG can be determined by Equa-
tion (7).
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Similarly, Fig. 15 illustrates the results of the DG calculation
for the antenna, which shows that the MIMO antenna has a DG
about 10 dB in the operating band.

DG = 10 x /1 — |ECC]| 7)

5. PRACTICAL APPLICATION ANALYSIS

In order to investigate the performance of the antenna model
in real use cases, this section discusses that the most common
modes of operation for antennas embedded in smartphones are
single handset mode (SHM) and dual handset mode (DHM). It
is worth noting that the impact on the user’s head is not dis-
cussed here since the operation is only used for data transmis-
sion and not for call mode. As shown in Fig. 16(a), only Ant 1 is
kept at a certain distance from the finger, and all other antennas
are in direct contact with the finger. Fig. 17 shows the radiation
efficiency, transmission coefficient, and reflection coefficient
of the antenna system in SHM mode. From Fig. 17(a), it can be
seen that only Ant 1 has the best impedance matching of reflec-
tion coefficient, while Fig. 17(b) shows that the antenna is well
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FIGURE 17. Parameters that were simulated under SHM. (a) Reflection coefficient. (b) Transmission coefficient. (c) Total efficiency.

isolated in SHM mode with transmission coefficient less than
—15dB. Fig. 17(c) shows that the efficiency of Ant 1 only de-
creases by about 5%, while the efficiency of the other antennas
decreases by about 10%, and the efficiency of the antenna is
maintained between 62% and 81% in SHM mode with good ef-
ficiency performance. Therefore, the antenna proposed in this
study still has excellent performance in SHM mode.

As shown in Fig. 16(b), only Ant 2 and Ant 3 are not in di-
rect contact with the finger, all other antennas are in direct con-
tact with the finger. The reflection parameters under DHM are
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shown in Fig. 18(a), where only Ant 2 and Ant 3 are not in
direct contact with the finger, while none of the other antenna
elements are, and thus Ant 2 and Ant 3 clearly exhibit wider
reflection coefficients. As shown in Fig. 18(b), the isolation of
each port is greater than 18 dB over the entire desired operating
band, which meets the isolation requirement for MIMO antenna
systems. As shown in Fig. 18(c), the radiation efficiency of
the antenna elements remains greater than 70% over the entire
operating bandwidth, indicating that the antenna performance
under DHM is also good.
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FIGURE 18. Parameters that were simulated under DHM. (a) Reflection coefficient. (b) Transmission coefficient. (c) Total efficiency.

TABLE 2. Performance comparison of 5G antenna array.

References Bandwidth (GHz) Isolation (dB) ECC Total Efficiency (%)
[2] 3.4-3.6,4.8-6.0 15 NO 52-88
[8] 34-3.6 17 < 0.1 65-75
[10] 3.4-5.6 15 <0.1 45-76
[18] 3.3-42,4.8-5.0 11.5 < 0.05 52-78.5
[21] 3.25-3.90, 4.36-4.93 15 < 0.05 NO
[22] 4.45-5.52,5.95-7.15 15 < 0.00001 > 95
This Paper 2.62-3.94,4.35-5.98 15 < 0.01 62-79

literature [18] does not have the 5.15-5.85GHz band, liter-
ature [21] does not have the 4.4-5.0GHz, amd literature [22]
does not have the 5.15-5.85 GHz”

6. COMPARISON AND DISCUSSION

The innovation of this scheme is that it proposes a new an-
tenna structure whose antenna units are composed of the Chi-
nese character “1E”, and it adopts a DGS decoupling design,
which effectively reduces the coupling between antenna units
and thus improves the overall performance. Table 2 shows
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the comparison of the designed 8-element bezel antenna with
other existing schemes in terms of bandwidth, isolation, ECC,
and total efficiency. Ref. [2] does not have the 3.3-3.4 GHz
band; [8] does not have the 3.3-3.4 GHz, 4.8-5.0 GHz, and
5.15-5.85 GHz bands; [10] does not have the 3.3-3.4 GHz and
5.15-5.85 GHz bands; [18] does not have the 5.15-5.85 GHz
band; [21] does not have the 4.4-5.0 GHz band; [22] does not
have the 5.15-5.85 GHz band. Compared with the antennas in
the literature [2, 8, 10, 18-20], the proposed antenna supports
5G N78/N79 and WLAN 5 GHz bands and can cover more
frequency bands. Moreover, the proposed antenna achieves
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—15dB in isolation, which outperforms [15] and also outper-
forms the related studies in [11, 14, 15], in terms of total effi-
ciency. This MIMO system shows strong advantages in terms
of diversity and gain. In summary, the proposed design has
better performance and is very suitable for application in mo-
bile terminals in wireless communication networks. Table 2
compares the performance of the proposed MIMO antenna with
other schemes in the literature.

7. CONCLUSIONS

In this paper, we propose a new 8-cell MIMO cell phone bezel
antenna design tailored for 5G new radio (NR) band and WLAN
5G (5.15-5.85 GHz) band. Compared to existing solutions, the
design not only offers the advantages of a simple structure and
ease of fabrication, but also has significant bandwidth coverage
capabilities to effectively support multiple frequency bands.
The antenna units have low coupling coefficients, high an-
tenna efficiency, and excellent diversity performance. In terms
of specific design, eight functionally consistent antenna units
(Ant 1-Ant 8) are integrated into the metal bezel of the smart-
phone to build a complete 8 x 8 MIMO antenna array. Each
unit adopts a patch antenna structure, equipped with a 50 (2 mi-
crostrip feedline and a Chinese character “IE” antenna design.
In order to achieve excellent impedance matching in the high-
frequency band, a tuned truncation line is added to the feed-
line, and a slot structure is designed on the substrate. The de-
sign successfully achieves full coverage of the target frequency
bands (2.62-3.94 GHz and 4.35-5.98 GHz), and meets the re-
quirements of 5G N78/N79 bands and WLAN 5 GHz bands at
the same time. Experimental results show that the design deliv-
ers excellent performance, including mutual coupling rejection
of more than —15dB, good far-field radiation patterns, enve-
lope correlation coefficients below 0.01, and high efficiencies
of 62%—79%, providing a reliable solution for 5G mobile ter-
minals.
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