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Abstract: This article presents a thorough literature review of published designs of multiple-input
multiple-output (MIMO) dielectric resonator antennas (DRAs) specifically designed for 5G applica-
tions. The performance of these designs is discussed in detail, considering various parameters such
as gain, isolation, size, bandwidth, profile, and radiation characteristics. The primary objective of this
work is to appreciate the significant progress made in this vital area of research. This article also aims
to identify any existing gaps in the literature and provide potential directions for future work.
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1. Introduction

Modern wireless communication heavily relies on 5G technology, which offers signifi-
cant improvements compared to its predecessor, LTE/4G technology. 5G provides higher
speeds, lower latency, increased reliability, and greater capacity. The bands used in 5G can
be broadly categorized into two groups: sub-6 GHz and mm-wave (above 24 GHz). The sub-
6 GHz band offers extensive coverage and is suitable for outdoor communication, while the
mm-wave band has a narrower coverage and finds applications in indoor communication.

To meet the requirements of 5G, multiple-input multiple-output (MIMO) antennas
are employed. In a MIMO antenna system, multiple antennas are compactly mounted
on a common ground plane to reduce multipath fading, increase channel capacity, and
improve link reliability. However, the design of MIMO antennas poses challenges such as
reducing the size of antenna elements and managing the mutual coupling between them,
which can degrade MIMO performance [1]. Previous studies have reported various printed
antennas with different decoupling mechanisms for MIMO configurations, each with its
own advantages and disadvantages.

In recent years, dielectric resonator antennas (DRAs) have gained popularity due to
their appealing features [2]. Unlike printed antennas, DRAs do not suffer from conductor
loss and surface waves at higher frequencies. These antennas are made from dielectric
materials, resulting in high radiation efficiency. They offer simple design relations, a small
size, a wide bandwidth, straightforward excitation methods, and easy fabrication [34].
Given the numerous advantages of DRAs, there has been increasing attention paid towards
the design of MIMO DRAs for various applications [5].

This article focuses on MIMO dielectric resonator antennas designed for different 5G
bands as reported in the literature. The published designs will be thoroughly analyzed,
examining their advantages and disadvantages, acknowledging the contributions made,
and identifying potential research gaps for future work in this rapidly evolving field.
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2. Categorization of MIMO DRAs for 5G Applications

The classification of the MIMO DRAs for 5G applications can be performed by group-
ing them in different categories based on their operating 5G frequency band, type of DRAs,
decoupling mechanism, polarization, and so on. In this work, we will review the literature
by grouping the designs on the basis of isolation techniques as follows:

2.1. Diversity Techniques

The mutual coupling between the DRA elements in a MIMO antenna can be improved
by utilizing the diversity techniques of spatial, polarization, and pattern diversity, which
requires the careful placing of the DRAs with respect to each other. These techniques do
not require any extra decoupling structure as opposed to the methods in which complex
additional structures are incorporated in the designs.

2.1.1. Circularly Polarized Designs

MIMO CP DRAs are advantageous in terms of channel capacity, data rate, and link
reliability. In this regard, a circularly polarized sub-6 GHz 5G MIMO antenna was proposed
using two offset-fed rectangular DRAs in [6]. One DRA was excited by a conformal feed,
while the other was excited by a microstrip-slot feed as shown in Figure 1. It has been
demonstrated that an offset conformal feed produces two orthogonal degenerate modes,
which satisfies one condition for circular polarization; however, it lacks a phase difference
of 90° which is also a necessary condition for circular polarization. To cater to this, an offset
notch was removed from the DRAs to attain phase-quadrature. The position of the feed and
the notch have been optimized by a parametric analysis. The impedance bandwidth for the
proposed design is between 5.15-6.12 GHz, while the Axial Ratio bandwidth is between
5.30-5.87 GHz. Pattern diversity ensured isolation by placing the DRAs on opposite sides
of the substrate, radiating in different directions. This arrangement offered a compact size
but with an increased profile.

Figure 1. Offset-conformal-strip-fed MIMO DRA [6].

In [7], orthogonally placed graphene strips enabled circular polarization in a reconfig-
urable hemispherical MIMO DRA, but with added complexity. The feeding layer below
the ground plane consists of a microstrip line that is surrounded by mushroom ridge-gap
waveguide (RGW) unit cells. The RGW helps to stop the energy from the microstrip line
from spreading and confines it right beneath the slot which eventually increases the gain to
10.3 dB. In [8], a two-element MIMO cylindrical DRA with circular polarization and spatial
diversity for isolation improvement was presented with simulated results only.

In [9], circular polarization was achieved through modified annular ring slots and
conformal feeding networks in a four-port cylindrical MIMO DRA. Polarization and pattern
diversity were used for isolation. However, the design had an increased profile due to
antennas on both sides of the substrate. In [10], circular polarization is achieved by a
z-shaped slot in the ground plane which excites hybrid degenerate modes in the DRAs
while the isolation between the DRAs is achieved through polarization diversity.
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2.1.2. Multiband Designs

Multiband antennas are a useful tool for any professional who is on the road and con-
nected to the critical communications community. These antennas can operate on multiple
radio frequencies simultaneously while also providing coverage for other technologies. In
this connection, a dual-band MIMO DRA with four ports for sub-6 GHz 5G applications
was presented in [11]. It utilized rectangular DRAs excited by a slot in the patch radiator
placed beneath the DRA on a substrate backed by the ground plane, as shown in Figure 2.
The design achieved resonances at 3.3 GHz and 3.9 GHz, with impedance bandwidths
ranging from 2.86-3.48 GHz and 3.67-4.25 GHz. Mutual coupling was reduced by orthogo-
nal placement of adjacent DRAs. Triangular slots in the feed enabled dual-band operation
in the rectangular MIMO DRA presented in [12]. The orthogonal placement of adjacent
DRAs improved isolation, utilizing polarization diversity. However, the design has the
drawback of limited impedance bandwidth.

Z Y Gy
P

z10g

Figure 2. MIMO DRA with patch radiator [11].

A hybrid MIMO DRA with multiband characteristics was introduced in [13]. It used
two rectangular DRAs on a substrate with a partial ground plane. The design achieved dual-
band operation (3.4—4.32 GHz and 4.96-5.05 GHz) through a microstrip feeding network
and parasitic patch. The partial ground plane widened the bandwidth and improved
matching. The orthogonal placement of DRAs and the feeding network resulted in isolation
exceeding 22 dB for both bands.

In [14], a compact MIMO DRA for 5G mm-wave applications was proposed. It
utilized two rectangular DRAs on opposite sides of a substrate, fed by coplanar waveguide
feeds with ground plane slots. Operating at 28 GHz and 38 GHz, the antenna achieved
gains of 6.2 dBi and 7.57 dBi, respectively. The impedance bandwidth was approximately
5 GHz (18% and 13% at 28 GHz and 38 GHz). The design improved isolation by 27 dB
without additional structures for mutual coupling reduction and with a reduced structural
complexity, although the height was increased due to the proposed arrangement.

In [15], a dual-band MIMO DRA for vehicular applications was presented. It used
rectangular microstrip lines with S-shaped apertures to excite higher order modes. Ring-
shaped dielectric resonators provided wider bandwidth, and the asymmetric aperture
generated multiple resonances and circular polarization. The design achieved LHCP and
RHCP polarization diversity with high gain (8.1 dBi) and radiation efficiency (>90%) by
using mirrored apertures and a conducting plate for isolation. A simulated cylindrical
MIMO DRA utilizing spatial diversity for isolation was presented in [16], which employs
microstrip feed with a circular patch for dual-band operation.

In [17], a dual-band MIMO dielectric resonator antenna (DRA) for 5G mm-wave
applications was presented. Four rectangular DRAs were arranged in a cross-shaped
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structure in which each DRA was excited by a substrate integrated waveguide through a
slot as shown in Figure 3. The impedance bandwidth obtained was between 24.5-27.5 GHz
and 33-37 GHz. Polarization diversity isolated adjacent DRAs, while spatial diversity
reduced coupling between DRAs in parallel. The design achieved an isolation greater than
22 dB and 17 dB (for the lower and upper bands, respectively) and high gain (9.9 dBi) with
high efficiency (>96%) across the operating bandwidth.

Port 4
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Figure 3. SIW-fed MIMO DRA [17].

In [18], a dual-band MIMO DRA for the sub-6 GHz 5G and other bands was presented.
It utilized five rectangular DRAs arranged cubically with PEC layers, achieving resonances
at 3.5 GHz and 5.9 GHz. An offset coaxial probe feed was used, and orthogonal placement
reduced coupling for isolation exceeding 25 dB. The design offered greater capacity and a
smaller footprint but occupied a large volume.

In [19], a two-port dual-band antenna was presented, consisting of a slot antenna
and a DRA on separate substrates. The slot antenna operated at 5.2 GHz (5.15-5.25 GHz
bandwidth), while the DRA operated at 24 GHz (23.87-24.36 GHz bandwidth). Maximum
gains achieved were 3.93 dBi (lower band) and 6.32 dBi (higher band). Port isolation
exceeded 35 dB through orthogonal feeding using polarization diversity. However, the
design had limitations such as a narrow bandwidth and fabrication complexity.

2.1.3. High Gain Designs

High gain designs are advantageous in term of their high level of functionality and
security. These antennas have a narrow radio beam, which increases the strength of the
signal. A MIMO DRA for 5G mm-wave applications utilizing eight cylindrical DRAs on
a substrate, excited by rectangular slots, was presented in [20]. Four DRAs formed two
linear arrays in the proposed structure. Isolation between DRAs was achieved by tilting
array beams in opposite directions for pattern diversity. A peak gain greater than 7 dBi is
achieved by the proposed array with a radiation efficiency of 80%. Advantages include
high gain, good isolation, and a compact size without additional structures for mutual
coupling reduction, with the drawback of increased sidelobe levels. A high gain of 9.43 dBi
was achieved by a 3 x 3 MIMO array in [21].

In [22], a compact MIMO DRA with pattern diversity has been presented. The pro-
posed design consists of two epsilon-shaped DRAs placed on top of a substrate facing
each other and two cylindrical DRAs between the epsilon-shaped DRAs. The distance
between the epsilon shaped DRAs is less than a wavelength and so is the distance between
the cylindrical DRAs. As a result, the entire structure acts as a single DRA. It achieved
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high gain (6.5 dBi), efficiency (97%), and a compact size with enhanced isolation using
rectangular slots.

In [23], a wideband MIMO DRA for sub-6 GHz 5G applications was proposed. It
featured A-shaped DRAs on a substrate, with conformal feeds. Orthogonal placement
reduced mutual coupling, achieving an isolation greater than 20 dB. The wide impedance
bandwidth achieved by perturbing the triangular DRA into the proposed A-shape ranges
between 3.2-6 GHz with a measured gain ranging between 6.03-7.45 dBi. In [24], a
simulated design was presented, utilizing spatial diversity for decoupling, and improved
gain by exciting DRA in a higher-order mode.

A simulated four-port, closely spaced MIMO DRA consisting of four arrays of sixteen
cylindrical DRAs utilizing pattern diversity for 5G mm-wave applications was presented
in [25]. With the proposed array, a gain of 10 dBi was achieved. A similar design with
two ports consisting of two arrays each with four DRAs, achieving a gain of 9 dBi, was
proposed in [26]. In [27], polarization diversity is utilized to reduce the mutual coupling in
a four-port wideband MIMO antenna for 5G mm-wave applications where the impedance
bandwidth ranges between 26.5 GHz to 43.7 GHz and the maximum gain is greater than
8 dBi.

2.1.4. High Capacity Designs

A sixteen-port eight-element MIMO DRA with a built-in decoupling mechanism was
introduced in [28]. The design comprised four DRAs on the top side and four DRAs
beneath, all placed on an FR4 substrate as shown in Figure 4. Each top DRA was excited
by two orthogonally positioned CPW-fed conformal strip lines, while each bottom DRA
was excited by two orthogonally positioned microstrip-fed conformal strip lines. This
arrangement formed an eight-element MIMO, enabling a sixteen-port MIMO configuration
to enhance the channel capacity. Isolation between the DRAs was achieved through all the
three diversity techniques, i.e., polarization, pattern, and spatial diversity. The increased
profile due to the placement of DRAs on both sides of the substrate is a major disadvantage.

Figure 4. Sixteen-port eight-element MIMO DRA [28].

In [29], an eight-port MIMO antenna with a quad-directional pattern was presented.
The design featured four cylindrical DRAs placed in a box configuration radiating in four
directions, with each DRA being excited by probe feeding and conformal-strip feeding,
achieving orthogonal feeding and improving isolation. In [30], an eight-port MIMO antenna
exhibiting high channel capacity utilizes spatial diversity and polarization diversity to
achieve an isolation greater than 12 dB within an operating frequency of 3.4-3.6 GHz.
The design has the advantage of mutual coupling reduction without incorporating any
structure but with an increased size.

2.1.5. High Isolation Designs

In [31], a quad-port MIMO DRA has been presented for 5G mm-wave applications. The
proposed design consists of a rectangular DRA that is mounted on a substrate integrated
waveguide and excited differentially through two narrow slots on the top surface of SIW.
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The DRA resonates at 28 GHz with an impedance bandwidth of 27.5-28.4 GHz. The
radiators in the MIMO configuration are arranged in such a manner that the DRAs that are
adjacent to each other are isolated from each other due to orthogonal polarization, while the
DRAs that are placed opposite to each other are isolated from each other due to the larger
gap between them. Thus, the proposed design utilizes a combination of polarization and
spatial diversity to attain a high isolation greater than 40 dB in the entire band of operation.

In [32], a four-port MIMO antenna achieves an isolation greater than 25 dB by employ-
ing polarization and spatial diversity to operate at the 35 GHz mm-wave band. A similar
approach has been used in [33] for obtaining an isolation greater than 27 dB in an SIW-fed
MIMO DRA operating in the mm-wave band of 26.64-28.55 GHz. A comparison of several
designs reported so far utilizing diversity techniques for mutual coupling reduction has
been given in Table 1.

Table 1. Comparison of reported designs utilizing diversity techniques.

Ref. Gain (dBi) Bandwidth (%) Isolation (dB) Polarization
[6] 4.7 17.2 17.1-27.6 Circular
[11] 58,62 19.5,14.6 >20, >26 Linear
[17] 9.1,9.9 115,12 >22,>17 Linear
[23] 6.03-7.45 60.8 >20 Linear
[25] 10 6.7 >15 Linear
[28] 5-6.5 8.8 >17 Linear
[31] 4.2 3.2 >40 Linear

[7] 5 30.2 >22 Circular

From the reported designs utilizing diversity techniques for mutual coupling reduc-
tion, it can be observed that high isolation can be achieved only if a combination of diversity
techniques is employed. Moreover, diversity techniques will not improve the gain or band-
width, or achieve circular polarization. Separate strategies need to be applied to the DRAs
in a MIMO configuration in order to achieve the desired characteristics.

2.2. Periodic Structures

The mutual coupling between DRAs in a MIMO configuration can be significantly
reduced by incorporating periodic structures such as metamaterials, EBGs, FSS, and meta-
surfaces. As opposed to the diversity techniques, these structures considerably enhance the
isolation by limiting the coupling energy between the DRAs, though the design complexity
is increased.

2.2.1. Circularly Polarized Designs

In [34], a two-element cylindrical MIMO dielectric resonator antenna for the sub-6 GHz
band was presented. Mutual coupling was reduced using a carefully designed metasurface
on top of the DRAs, which also generated circular polarization. The design operated at
3.81 GHz (3.86—4.23 GHz bandwidth), achieving over 20 dB isolation, 4 dBi gain, and over
90% radiation efficiency. The compact design allowed the close placement of DRAs, but
with an increased profile and complexity in fabrication with a low gain.

In [35], a circularly polarized, wideband MIMO DRA was presented, featuring two
rectangular DRAs on an FR4 substrate fed by microstrip lines. Wideband CP response
was achieved by truncating the opposite edges of the DRAs. A cross-ring-shaped slot
on the ground plane generated CP fields. Mutual coupling between the two DRAs was
reduced using an electromagnetic band-gap surface etched on the ground plane as shown
in Figure 5. Isolation exceeded 26 dB across the operating bandwidth. The design offered a
wideband CP, simple feeding structure, and good isolation but a low gain.
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Figure 5. CP MIMO DRA with EBG on ground plane [35].

2.2.2. High Gain Designs

In [36], a triple-band MIMO DRA for sub-6 GHz 5G applications was presented. It
featured six cylindrical DRAs on an FR-4 substrate, grouped with different heights but the
same diameters to generate three resonant frequencies. CPW-fed conformal strips excited
the DRAs, while a partially reflecting surface (PRS) reduced mutual coupling. The PRS
increased the peak gain by 2 dB but decreased radiation efficiency (90% to 80%). Limitations
included lower radiation efficiency, reduced impedance bandwidth, increased side lobe
levels at higher frequencies, and an increased profile due to the minimum distance required
for the PRS above the DRAs. Another design utilizing metamaterial for gain enhancement
on top of the MIMO DRA for 5G mm-wave applications was proposed in [37]. The
metamaterial served to reduce the mutual coupling between adjacent DRAs and assisted in
achieving a gain greater than 7 dBi for the proposed design.

In [38], a MIMO DRA with an FSS wall for the 60 GHz mm-wave band was presented
as shown in Figure 6. It included two cylindrical DRAs on a substrate, excited through
ground plane slots fed by microstrip lines. The FSS wall reduced mutual coupling using
Jerusalem-cross- and fan-shaped structures, achieving over 30 dB isolation, 1.5 dB increased
gain, and over 90% radiation efficiency. A drawback was the tilted radiation pattern from
the boresight direction.

Figure 6. MIMO DRA with FSS wall [38].

In [39], a 60 GHz MIMO DRA with a metasurface was presented. It featured two
cylindrical DRAs on an upper substrate, excited through rectangular slots and fed by
microstrip feedlines on a lower substrate. A metasurface unit cell consisting of split ring
resonators with gaps reduced mutual coupling. The design achieved high isolation (>18 dB),
improved gain (7.9 dBi), and efficiency (91%) at 60 GHz, but with a tilted main beam in the
H-plane.
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2.2.3. High Isolation Designs

In [40], a hybrid isolator was presented for reducing mutual coupling in a two-element
cylindrical MIMO DRA. The hybrid isolator, consisting of an EBG structure and a choke
absorber, was placed between the DRAs as shown in Figure 7. Operating at 60 GHz
(59.3-64.8 GHz bandwidth), the design achieved high isolation (>29 dB, up to 49 dB) in the
entire operating band. The limitations of the proposed design are low radiation efficiency,
an increased profile due to the choker absorber, and the shift of the direction of the main
beam in the H-plane.

Figure 7. Hybrid-isolator-based MIMO [40].

In [41], a mutual reduction technique for a 60 GHz mm-wave MIMO DRA was pro-
posed. It featured two cylindrical DRAs on a substrate, excited through a rectangular slot
in the ground plane. A metamaterial polarization rotator (MPR) wall between the DRAs
achieved high isolation by reducing mutual coupling on an average of 16 dB without affect-
ing the radiation pattern. Limitations included an increased profile due to the multilayered
structure, design complexity, and lower radiation efficiency (92% to 88%) when the MPR
wall was employed.

In [42], a compact EBG structure was proposed to reduce mutual coupling between
DRAs in a 60 GHz MIMO antenna. It featured two cylindrical DRAs on a substrate, excited
through ground plane slots by microstrip feedlines. Six unit cells of the proposed EBG
structure placed between the DRAs achieved an average isolation reduction of 13 dB,
with the minimum and maximum isolation exceeding 15 dB and 30 dB, respectively. The
design had the drawbacks of low gain and a 30° tilted radiation pattern in the E-plane. A
comparison of several studies utilizing different periodic structures for mutual reduction
has been given in Table 2.

Table 2. Comparison of reported designs utilizing periodic structures.

Ref. Gain (dBi) Bandwidth (%) Isolation (dB) Polarization Decoupling Structure
[35] 4.83 25.9 >26 Circular EBG

[39] 7.9 11.6 >18 Linear Metasurface

[40] 8.1 8.8 29-49 Linear EBG and choke absorber
[37] >7.5 7.9 Up t029.34 Linear Metamaterial

The reported designs utilizing periodic structures for mutual coupling reduction
indicate that high isolation can be achieved with such structures. Other desired performance
characteristics including a high gain, the desired bandwidth, and circular polarization can
also be achieved by carefully designing the periodic structures. However, a major drawback
of such structures is the design complexity.
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2.3. Other Decoupling Structures

The mutual coupling between the DRAs in a MIMO antenna can also be reduced by
other decoupling structures which offer simpler designs as compared to periodic structures.
Various such decoupling structures have been reported in the literature which will be
discussed in this section.

2.3.1. Compact Designs

In [43], a MIMO DRA with port and radiation pattern decoupling was presented. The
design utilized the principle of inducing a current in two adjacent DRAs through metallic
posts. When a single DRA was excited, the induced current canceled out the fields in the
adjacent DRA, achieving decoupling. Using the above concept, two designs were proposed,
one with H-plane decoupling and the other with E-plane decoupling, as shown in Figure 8.
The advantage of the proposed design is that it is very compact, as the two DRAs are
placed without any spacing between them. A drawback, however, is the low bandwidth.
In [44], a simulated substrate integrated MIMO DRA antenna for mm-wave applications
was proposed in which the isolation between the DRAs was achieved using metallic vias
and rectangular strips.

Rectangular DRA

Figure 8. H-plane-decoupled MIMO DRA [43].

In [45], a decoupling method was proposed for a single-element MIMO DRA at
28 GHz. Techniques involving embedded metallic sheets (for E-plane coupling) and
sidewall attachments (for H-plane coupling) reduced mutual coupling by suppressing EM
wave concentration. The proposed design is very compact since a single-element DRA
is utilized but with the drawback of limited bandwidth. In the simulated design of [46],
decoupling was achieved in a closely spaced half-volume MIMO DRA by incorporating an
inductor between the feeding microstrip lines.

In [47], conductive metallic strips were employed on the adjacent walls of the rectan-
gular MIMO DRA to reduce mutual coupling in the H-plane as shown in Figure 9. The
metallic strips suppressed the fields of the adjacent excited DRA from reaching the feed
of the undriven DRA. The proposed design has a simple and compact design but with
a smaller bandwidth. Similarly, Ref. [48] presented a decoupling method using metallic
strips on adjacent and opposite walls for a mm-wave rectangular MIMO DRA to achieve
an isolation greater than 50 dB.

A L
- = »

Metallic loop-_ (\
a

- -

W o b

- - \\',-

\ /

Figure 9. MIMO DRA with metallic strips on adjacent walls [47].
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A starfish-shaped single-element compact MIMO was proposed in [49] with a degen-
erated ground structure for improved isolation and bandwidth. Another single-element
cylindrical four-port MIMO DRA for mm-wave 5G applications employed a degenerated
ground structure for isolation enhancement in [50]. Similarly, isolation was improved by
utilizing slots in the ground plane in [51].

In [52], a technique to reduce mutual coupling in MIMO DRAs for 5G mm-wave
applications was proposed. The design featured two rectangular DRAs on a Rogers
substrate, excited by microstrip-fed slots as shown in Figure 10. Printed metallic strips
on the DRAs’ upper surface shifted the coupling field to the side, achieving over 24 dB
isolation across the bandwidth without affecting the radiation pattern. The compact design
required no additional space between the DRAs. However, the utilization of metallic strips
decreased the gain and impedance bandwidth of the DRAs compared to the absence of
the strips.

—DR ]

/ Metal Strips
/ ~DR 2

¥ Ground

- .,
- = \/\/I:Iane
Port 1 .y B
oS > - //
\
Feed Lines —Substrate
—— Port 2

Figure 10. MIMO DRA with metal strips [52].

2.3.2. Circularly Polarized Designs

In [53], an A-shaped conformal metal strip achieved circular polarization while an
S-shaped slot reduced mutual coupling in a sub-6 GHz rectangular MIMO DRA. The
design operated at a resonant frequency of 3.72 GHz with an impedance bandwidth of
3.57-4.48 GHz. In [54], a two-element cylindrical MIMO DRA has been presented for 5G
and X-band applications. The proposed design consists of a mirror S-shaped radiator that
produces linearly polarized waves at 4.4-5.05 GHz and 7.85-8.43 GHz, while a cylindrical
DRA placed in the center of the S-shaped radiator works to generate CP in 9.05-10.10 GHz
band. For mutual coupling reduction between the two antennas, a partial ground plane
with a slot has been used. The bottom side also consists of an elliptical radiator with a
T-shaped slot to achieve an isolation greater than 20 dB in the operating bandwidth.

In [55], a dual-band circularly polarized MIMO DRA for sub-6 GHz 5G applications
was presented. The design featured two ring DRAs on a substrate, excited by arc-shaped
microstrip feed lines with conformal probes as shown in Figure 11. The probes generated
orthogonal hybrid modes, enabling circular polarization. Improved isolation between
ports was achieved by a rectangular slot in the ground plane. In [56], a MIMO DRA
with CP agility for 5G applications was introduced. The design featured two DRAs on a
hexagonal substrate, fed by L-shaped microstrip lines and conformal probes. The substrate
reduced the antenna size, while the L-shaped feed lines and conformal probes enabled
circular polarization.
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Ring DRA Ring DRA

\

Figure 11. Geometry of dual-band CP MIMO DRA [55].

2.3.3. Broadband Designs

In [57], a four-element MIMO DRA was presented utilizing a linear array of 1 x 4 rect-
angular DRAs on small separated ground planes placed above a larger common ground
plane. By adjusting the dimensions and distance of the small ground planes, mutual cou-
pling between the DRAs was reduced. The design achieved a gain of 8.2 dBi and offered
high isolation, an improved front-to-back ratio, and a wider bandwidth (3.37-4.10 GHz)
compared to conventional DRAs. However, it has an increased profile and complexity.

In [58], a dual-element wideband triangular DRA for MIMO applications has been
presented. The proposed design consists of two triangular DRAs that are fed by coaxial
probes. Triangular DRAs have less size as compared to rectangular and cylindrical DRAs
with the same permittivity and height operating at the same resonant frequency. The
mutual coupling between the DRAs have been reduced by placing four metal vias between
the DRAs. The position of the vias have been optimized to achieve maximum isolation and,
at the same time, provide a wide bandwidth of 4.67-9.50 GHz (67.5%).

2.3.4. Multiband Designs

In [59], an on-chip MIMO DRA with multiband characteristics has been presented for
mm-wave applications. The proposed design consists of two rectangular DRAs made from
a silicon wafer and placed in a substrate of the same material. The energy to the DRAs
was coupled by using coplanar waveguides. The mutual coupling between the DRAs
was reduced by approximately 5-22 dB when a dielectric wall was placed between the
DRAs. The resonant frequencies of the proposed design are 26, 36, 41, 47, and 52 GHz, with
impedance bandwidths of 16%, 6.6%, 3.8%, 8.9%, and 5.5%, respectively.

In [60], a hybrid MIMO DRA operating in four bands was presented. The design
comprised two cylindrical DRAs fed by a tapered rhombic ring-shaped feed, achieving
quad-band operation. The resonant frequencies for the proposed design were 2.5 GHz,
5.09 GHz, 6.8 GHz, and 9 GHz, and the impedance bandwidth for these bands were 14.6%,
10.7%, 4.2%, and 5.3%, respectively. Mutual coupling between the radiators was reduced
using a partial ground plane with a center slot and two L-shaped slots. The drawbacks were
low bandwidth in all four bands, and decreased gain and efficiency due to degenerated
ground. In [61], a quad-band MIMO antenna with a perforated DRA for achieving four
bands and ground plane slots for enhancing isolation was simulated. The proposed design
resonates at 2.95 GHz, 3.93 GHz, 4.8 GHz, and 5.8 GHz, with impedance bandwidths of
2.83-3.07 GHz, 3.79-4.04 GHz, 4.7-4.9 GHz, and 5.72-5.86 GHz, respectively.

The design and numerical analysis of a rectangular terahertz (THz) dielectric resonator
(DR) antenna are presented in [62] recently. The study is presented with the DR aspect
ratio chosen in a way that allows the antenna to operate in four modes with a triple-band
response. The graphene strips have also been added to the DRs’ top radiating surface.
By carefully choosing the chemical potential of graphene, it is possible to manipulate the
resonant modes of an antenna to produce either a large single-band or triple-band response.
The antenna continues to provide the triple-band response operating at frequencies of
2.10-2.33, 2.56-2.65, and 2.77 THz.
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2.3.5. High Isolation Designs

In [63], a decoupling mechanism was proposed to improve the isolation of DRAs in a
MIMO arrangement as shown in Figure 12. A dielectric superstrate placed above the DRAs
effectively weakened the interaction between adjacent DRAs, reducing mutual coupling.
The proposed structure increased isolation by 25 dB, improved gain and efficiency, and
maintained polarization purity without modifying the DRAs’ resonant frequency. However,
the design increased the MIMO profile and reduced the impedance bandwidth.

Figure 12. MIMO DRA with dielectric superstrate [63].

In [64], metallic vias were used to reduce mutual coupling in both H-plane- and E-
plane-coupled MIMO DRAs for 5G mm-wave applications. The design achieved over 30 dB
isolation, compactness, and improved gain, but required the optimization of the resonant
frequency due to the vias’ effect. A 60 GHz MIMO DRA with a dielectric superstrate for
gain enhancement was presented in [65]. The mutual coupling between the DRAs was
reduced by etching a slot from the ground plane and placing a metallic strip between the
DRAs, achieving an isolation greater than 20 dB for the entire band of interest. A similar
level of isolation was achieved by a four-port rectangular MIMO DRA utilizing vertical
metal plates for minimizing mutual coupling in [66]. A comparison has been made for
several decoupling structures with their performance parameters as shown in Table 3.

Table 3. Comparison of reported designs utilizing different decoupling structures.

Ref. Gain (dBi) Bandwidth (%) Isolation (dB) Polarization Decoupling Structure
[47] 35 7.5 Up to 28 Linear Metallic strips

[49] 297 79 >20 Linear Defected ground structure
[53] 6 36.63 Up to 28.25 Circular Defected ground structure
[57] 8.2 19.5 >25 Linear Decoupling ground
[60] 2.18,4.59,4.11,4.75 14,10,4,5 Up to 22, 34, 30, 18 Linear Defected ground structure
[63] 5.6 6.6 >25 Linear Dielectric superstrate
[45] 6.4 34 Up to 23.45 Linear Metallic sheets

[66] 4.09 104 >20 Linear Vertical metal plates

From the designs reported in this section, it can be observed that a careful choice needs
to be made when employing a particular decoupling structure for isolation enhancement,
as some structures can have a pronounced effect on different performance parameters such
as gain, bandwidth, and polarization.

2.4. Self-Decoupling Techniques

The techniques discussed so far enhance isolation through decoupling structures or
the strategic placement of DRAs, but suffer from increased design complexity and size.
This section explores mutual coupling reduction techniques that provide isolation without
additional structures and with a built-in isolation mechanism. Most reported designs in
this category are compact single-element DRAs, offering reduced complexity and size.
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2.4.1. Single-Element Designs

In [67], a compact Y-shaped MIMO DRA was proposed for sub-6 GHz 5G applications.
It consisted of three rectangular DRAs merged at a 120° angle, forming a Y-shape on a circu-
lar substrate with a ground plane as shown in Figure 13. Each arm was fed by a conformal
strip, resulting in three ports. The mutual coupling was reduced by directing each port’s
main beam in a different direction. However, limitations included low radiation efficiency
and isolation. In [68], the rectangular DRA was transformed into a plus-shaped design to
improve isolation by removing portions of the DRA with strongly interfering fields.

Microstrip

DRA
Port2/| ' Port3

N\

N “'-
Conformal =4
strip Port1 ™ Ground plane

Z_ Substrate

Figure 13. 3-D view of Y-shaped MIMO DRA [67].

In [69], a triple-band dual-polarized MIMO dielectric resonator antenna (DRA) was
introduced for 5G and other wireless applications. The design featured a square DRA on
an FR4 substrate, excited through rectangular slots by two orthogonal L-shaped monopole
microstrip feeds as shown in Figure 14. Resonances were achieved at 1.7 GHz, 2.6 GHz, and
3.6 GHz, with respective impedance bandwidths of 1.63-1.84 GHz (12%), 2.43-2.71 GHz
(10.89%), and 3.27-3.75 GHz (13.68%), respectively. The maximum isolation reached 20 dB
for all the three bands. The design offered simplicity, dual-band operation, and ease of
fabrication.

Ground Plane

Square DRA
Port 2

N /
Ls»b
Slot Aperture
J Hosa
v
Port1

Microstrip feed line (bottom)

Substrate

S

Figure 14. 3-D view of the proposed MIMO [69].

In [70], isolation between the ports of a single-element triangular MIMO DRA was
improved by removing a semi-cylindrical portion of the DRA between the ports. A simu-
lated two-port MIMO djielectric resonator antenna for 5G mm-wave applications presented
in [71] consisted of two p-shaped dielectric resonators that were excited by a microstrip
line through a slot, improving isolation and offering a compact size.

2.4.2. Multiple-Element Designs

In [72], isolation between the DRAs was achieved by exciting higher-order modes
with the same radiation pattern as the active DRA. The proposed design had a resonant
frequency of 5.25 GHz and an impedance bandwidth of 4.89-5.42 GHz, with a gain ranging
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from 7 to 7.8 dBi and radiation efficiency of 85-95%. The method offered a compact, low-
loss, low-complexity, and cost-effective design, although the size of the antenna increased
due to the utilization of higher-order modes.

The investigation of a unique self-decoupling technique for MIMO dielectric resonator
antenna (DRA) arrays are presented in [73]. This approach is founded on the conformal
strip’s transmission properties that support the DRA. When the strip-fed DRA operates,
it is discovered that a higher-order mode, TE{13 mode, operates. This self-decoupling
technique can be used with 2-D MIMO planar arrays, in addition to 1-D H- and E-plane
coupled MIMO linear arrays. A 2 x 2 MIMO planar DRA array prototype is simulated,
processed, and tested to confirm its viability. Figure 15 shows the design of the DRA
structure and Figure 16 shows the corresponding S-parameter response. A comparison
of several reported designs of self-decoupled MIMO DRAs for 5G applications has been

provided in Table 4.
: RA-1,
Strlp-l RA-2
hal IR |- Strip-2
Iy H e
SMA Ground plane
G
an

DRA-1 i‘l{ DRA-2

o) oy

Ground plane

Figure 15. Configuration of the investigated coupled 1 x 2 MIMO DRA array [73].
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Figure 16. Simulated S-parameter response from the structure in [73].

Table 4. Comparison of self-decoupled designs.

Ref. Gain (dBi) Bandwidth (%) Isolation (dB) Polarization
[67] 8 64 >10 Linear
[68] 5.12 11.6 Upto15 Linear
[69] 5.5,59,6.9 12,10.89, 13.68 Up to 20 Linear
[72] 7-7.8 10.2 Up to 60 Linear

The self-decoupled designs have the advantage that no extra decoupling element is
required for isolation, which reduces the design complexity and offers a compact design. A
proper choice of the technique can provide high isolation, bandwidth, or gain, as per the
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designer’s requirement. The authors, however, could not find any design that achieved
circular polarization with a self-decoupling technique.

3. Discussion and Future Work Suggestions

The decoupling techniques reported for reducing mutual coupling in MIMO DRA

for 5G have been compared in Table 5 below. Each technique has its own advantages
and shortcomings, and, therefore, a careful decision needs to be made when choosing a
decoupling technique for achieving the desired results.

Table 5. Comparison of various decoupling techniques.

Decoupling Technique

Advantages

Shortcomings

Diversity techniques

Easy to implement
Less design complexity

Moderate isolation
Increases the size and profile of MIMO

Electromagnetic band-gap structures

Design complexity
Shifts main beam
Increases size of MIMO

High isolation
Can increase gain

Metamaterials

Increases size of MIMO

High isolation Design complexity

Metasurfaces

Increases size of MIMO
Shifts main beam from boresight
direction
Design complexity

High isolation
Can increase gain

Frequency selective surfaces

Increases size of MIMO
Design complexity
Beam tilting from boresight direction

High isolation
Can increase gain

Conformal metal strips

Low bandwidth
Low gain and efficiency
Shifts the original resonance frequencies
of DRAs

Good isolation
Compact design
Ease of fabrication

Dielectric superstrate

High isolation
Can increase gain and efficiency
Restores the tilt in main beam

Fabrication complexity
Increases profile of MIMO

Metallic vias

Lowers gain and efficiency
Shifts resonance frequency
Difficult to drill holes inside DRAs

Good isolation
Does not occupy extra space

Defected ground structures

Good isolation
May improve bandwidth
Does not increase profile

Lowers gain and efficiency due to
backward radiation

The literature review has identified several research gaps that can be explored in

future work:

Limited circular polarization: Only a few MIMO dielectric resonator antenna (DRA)
designs for 5G exhibit circular polarization, particularly in the mm-wave band.
Increased edge—edge separation: When an isolating structure is inserted between
the DRAs, the distance between their edges becomes large, impacting the overall
compactness of the design.

Lack of structural novelty: The majority of reported designs do not introduce novel
structures for the DRAs, suggesting a need for more innovative approaches.
Compactness challenges: It is challenging to achieve a compact structure when an
isolating structure, which occupies more space, is placed between the DRAs.
Limited bandwidth: Most designs have reported a small bandwidth, indicating the
need for improvements to achieve wider frequency coverage.
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e  Profile reduction: Many designs have not made efforts to reduce the profile of MIMO
antennas, highlighting a potential area for improvement.

The utilization of DRAs for 5G MIMO applications is still a developing area of research
as evident from the number of publications in this area as compared to the proposed designs
utilizing other antenna types for 5G MIMO arrangements. Addressing the above-mentioned
research gaps can contribute to advancements in MIMO DRA designs for 5G applications.

4. Conclusions

An extensive literature review on multiple-input multiple-output (MIMO) dielectric
resonator antennas (DRAs) designed for 5G applications was presented. The performance
of the reported designs in terms of gain, isolation, size, bandwidth, profile, and radiation
characteristics was discussed. The article also aimed to highlight the advancements in this
research area, identify gaps in the existing literature, and suggest potential directions for
future research.
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