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ABSTRACT This paper proposes a new design of a dual-polarized base station antenna for sub-6-GHz 5G
communication covering the band from 3.3 to 3.8 GHz. The proposed antenna offers a good impedance
matching across the desired frequency band with VSWR ≤ 1.5, a stable radiation pattern with a half power
beam width of 65◦ ± 5◦, and a high isolation between the ports with a small size and a low profile. The
antenna is converted to a planar MIMO antenna array with low envelop correlation coefficients between
the array elements to perform in either a broadcast or traffic communication topology whenever required.
In the broadcast communication topology, the proposed MIMO antenna array covers a sector of 65◦ in the
horizontal plane with three different down-tilted beam directions at 0◦, 10◦, and 20◦ in the vertical plane as
conventional base station antennas used for 2G, 3G, and 4G. In traffic topology, the proposedMIMO antenna
array can direct multiple beams to concurrent multiple users in a point-to-multipoint communication based
on a novel pseudoinverse synthesis (PIS). The novel PIS is proved to be better than the other approaches
which use spatial or frequency diversity as it possesses the advantage of the spatial diversity (by using a
single frequency for multi-user coverage) and the advantages of the frequency diversity (by offering good
steering capability and high directivity for each user). It is capable of radiating dynamic multiple beams
simultaneouslywith an excellent flexibility and steering capability in real-time processing and outperforming
other multi-beam antenna array methods. Thus, this new design is an ideal candidate for the new 5G mobile
base stations.

INDEX TERMS Antenna array, base station, broadcast, dual-polarized, MIMO, pseudo inverse synthesis.

I. INTRODUCTION
As telecommunication vendors are about to introduce 5G
mobile communication systems from 2019, base station and
mobile antennas need to cover the new sub-6 GHz 5G fre-
quency bands. In 2016, the European Commission (EC)
announced its spectrum plan for 5G trials from 3.4 to
3.8 GHz. In 2017, the ChineseMinistry of Industry and Infor-
mation Technology (MIIT) officially declared that 3.3-3.4
(indoor only), 3.4-3.6 and 4.8-5 GHz bands were allocated
for 5G services [1]. For base station antennas, diversity in
polarization (typically at±45◦) has been used to improve the
signal-to-noise ratio (SNR) and system performance [2]. Base
station antennas should maintain good impedance matching
within the entire frequency bands of interest, a stable radi-
ation pattern and also a high cross polarization discrimi-

nation ratio (XPD) simultaneously [3]. XPD is defined as
the power ratio between co- and cross-polarizations in two
orthogonal planes (typically±45◦ for base station antennas).
Many successful designs have been introduced for the 2G,
3G and 4G applications using planar cross dipoles [4] or 3D
printed cross dipoles [5]. Furthermore, a quite few designs
have been recently introduced for the sub-6 GHz 5G appli-
cations. In [6], stacked patch antenna was used to operate
at a single frequency of 3.7 GHz. In [7], an antenna based
on vector synthetic mechanism was introduced with a small
size and an industrial impedance matching (VSWR ≤ 1.5)
but its bandwidth (BW) is insufficient (3.3-3.6 GHz). In [8],
the BW was improved at the expense of the antenna size
to meet the non-industrial impedance matching requirement
(VSWR ≤ 2). In [9], a 2×2 antenna subarraywas used to pro-
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vide a high gain covering the frequency band from 3.45 GHz
to 3.55 GHz. Later on, metamaterial was used to design
multiband antennas as in [10] and [11] but their single polar-
ization limits their applications in mobile communications.

Multiple-Input Multiple-Output (MIMO) is considered as
a key technology for deploying the 5G network at both
Sub-6 GHz and mm-wave bands. For the next few years,
the Sub-6 GHz for 5G network will be in service side-by-side
with the 3G and 4G networks to provide broadcast wireless
mobile communications. Furthermore, 5G is expected to pro-
vide traffic communications in a point-to-multipoint (P2MP)
basis [12]. Many approaches have been adopted to achieve
the traffic communication topology. The most commonly
used approach is applying spatial or frequency diversity to a
MIMO antenna array. In spatial diversity, the MIMO array
is divided into small sub-arrays each of which is fed and
controlled independently to direct its beam to a user [13].
For frequency diversity, different frequencies within the 5G
frequency band (with a separation of 40MHz at least between
two successive frequencies) are employed to generate differ-
ent radiation patterns directed to concurrent users in a one-to-
one basis [14]. The main drawbacks of the spatial diversity
approach are the low directivity (user-selectivity) and the
limited steering capability of the radiation pattern due to the
limited sub-arrays apertures. On the other hand, although
the frequency diversity approach affords high directive beams
with good steering capabilities, the narrow BW limits the
number of users to 10-12 at any moment per base station [15].

Another approach to achieve traffic communication topol-
ogy is using multi-beam antenna arrays to generate a num-
ber of simultaneous or switchable but independent directive
beams with a high gain [12], [13]. A multi-beam antenna
array may use butler matrix [16]–[18] or multi-feeding
ports [19], to generate concurrent but static multiple beams
or digital [20] and hybrid beamforming [21] to generate
dynamic but switched multiple beams. To get the advantages
of having concurrent and dynamic multi-beam radiation pat-
tern simultaneously by a single antenna array, array syntheses
are applied using different optimization algorithms [22]–[27].
These algorithms need a long processing time which limits
their usages in the real-time 5G applications.

Based on the above discussions, a novel dual-polarized
antenna element for sub-6 GHz 5G applications is proposed
in this paper. The proposed antenna element covers the fre-
quency band from 3.3 GHz to 3.8 GHzwith VSWR≤ 1.5 and
a good isolation between its ports (better than 25 dB). It offers
a high XPD and a stable radiation pattern within its frequency
band with a half power beam width (HPBW) of 65 ± 5◦ in
addition to its small size and low profile in comparison to the
reported antennas in the literature.

Another major contribution of this paper is that a 5G
MMO antenna array based on the new antenna element is
proposed. The proposed MIMO array offers a good diversity
performance with very low envelop correlation coefficients
(ECC) between its antenna elements. It offers the freedom to
operate in broadcast or traffic topology. In broadcast topol-

ogy, the MIMO array covers a spatial sector of 65◦ and 30◦ in
horizontal and vertical planes respectively. In traffic topology,
a novel Pseudo Inverse Synthesis (PIS) is applied which has
been found to enjoy the advantages of the frequency diver-
sity approach (high directivity and good steering capability
of the radiation pattern) without scarifying the advantage
of the spatial diversity approach (using a single frequency
for multi-user coverage). Furthermore, PIS outperforms the
reported approaches in multi-beam antenna arrays as it offers
simultaneous dynamic multiple beams with an excellent flex-
ibility and steering capability in a real-time processing.

The paper is organized as follows: Section II describes
the proposed antenna element, its working principles, its
results and some parametrical studies; Section III discusses
the proposed MIMO antenna array in the two sub-6 GHz
5G communication topologies (broadcast and traffic) with a
detailed discussion on the proposed PIS and a comparison
to other reported approaches. And finally, conclusions are
drawn in Section IV.

II. DUAL-POLARIZED ANTENNA ELEMENT
A. ANTENNA ELEMENT DESIGN
In this section, a novel dual-polarized antenna element cov-
ering the band from 3.3 GHz to 3.8 GHz is illustrated.
Fig. 1 shows the exploded geometry of the proposed design:
the antenna consists of three stacked layers. Layer I (the feed-
ing layer) is a Rogers RT5880 laminate with thickness Hd =
1.6 mm, relative permittivity εr1 = 2.2 and tangential
loss of 0.0009. A square feeding patch is printed on the
top of Layer I with two orthogonal 50 � feed lines for
dual-polarization which are excited by two feeding ports.
A ground plane is printed on the bottom side of Layer I to
provide unidirectional radiation. Layer II is a foam layer with
thickness H = 9 mm and relative permittivity εr2 ≈ 1.
Layer III (the radiating layer) is a Rogers RT5880 laminate
which has the same characteristics as Layer I. A radiating
square patch, with the same dimensions as the feeding patch,
is printed on the bottom side of Layer III while a parasitic
copper patch is printed on the top side. Two orthogonal sym-
metrical rectangular slots are cut in the radiating patch. The
three layers are oriented in the XY plane. The three layers, the
three patches (feeding, radiating and parasitic patches) and
the slots are concentric. For base station antennas,± 45◦ dual-
polarization is required. So, the side lengths of the layers,
patches, feed lines and slots form angles of ±45◦ with the
X and Y axes respectively.

The optimized dimensions (in mm) are determined as fol-
lows: WP1=WP2= 27, WP3= 20, WS1= 71, WS2= 30,
L_Slot = 9. W_Slot = 3 and H = 9.

B. ANTENNA PRINCIPLES OF OPERATION
Two reference designs (antenna REF1 and antenna REF2)
are employed to understand the working principle of the pro-
posed antenna element as shown in Fig. 2. Initially, a single
substrate (Layer I) with a square patch of 0.5λg in length
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FIGURE 1. Exploded geometry of the radiating antenna element.

was designed with dual orthogonal feed lines (where λg is
the guided wavelength at the central frequency 3.55 GHz)
(antenna REF1). In this case, the BW observed is narrow.
The design is amended by adding Layer II and Layer III
(without the parasitic patch) above Layer I with radiating
patch printed on the bottom side of Layer III. The radiating
patch, in this case, is fed by the electric field coupling from
Layer I. Furthermore, two rectangular slots are cut in the
radiating patch to improve the impedance matching across
the desired frequency band (antenna REF2). So, the BW is
observed to be wider but still not satisfactory. The BW can
be further improved by printing a parasitic patch on the top
side of Layer III (proposed design). The parasitic patch can
improve the BWby adding a capacitive loading to the antenna
input impedance and hence cover the frequency band from
3.3 GHz to 3.8 GHz with a reflection coefficient ≤ −15 dB
(VSWR ≤ 1.5) as shown in Fig. 2.

FIGURE 2. References and the proposed antenna element designs.

Fig. 3 shows the current distributions across the radiating
patch at the central frequency (3.55 GHz) feeding from port 1
(+ 45◦) and port 2 (− 45◦). It is evident that the two cur-
rent distributions are symmetrically inversed which indicates
good isolation between the ports and high XPD between the
co- and cross-polarized radiation patterns.

C. ANTENNA ELEMENT RESULTS
To validate the proposed design, a prototype was fabricated
as shown in Fig. 4, and then measured. The simulation was

FIGURE 3. The current distributions across the radiating patch at the
central frequency feeding from (a) port 1 (b) port 2.

FIGURE 4. A prototype of the proposed antenna element.

accomplished by using CST microwave studio. Measured
results of S-parameters, gain, and radiation patterns were
obtained by using a Vector Network Analyzer (VNA) and an
anechoic chamber. Fig. 5 shows a good agreement between
the simulated and measured reflection coefficients, isolations
between the ports and realized gains. A fractional BW of 14%
is achieved (3.3-3.8 GHz) with VSWR ≤ 1.5 to meet the
standard industrial requirements. The measured port-to-port
isolation is better than 25 dB across the operating frequency
band. It is apparent also that the proposed antenna has a stable
realized gain of 8.5 ± 0.5 dBi across the frequency band of
interest.

The measured co-and cross-polarized radiation patterns at
the start, central and stop frequencies in H-plane (XZ plane)
and V-plane (YZ plane) are shown in Fig. 6. Because the
structure is almost symmetrical around the X and Y axes,
the HPBWs in H-plane and V-plane are about 65± 5◦ across
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FIGURE 5. Simulated and measured reflection coefficients, isolations
between the ports and realized gains.

FIGURE 6. Normalized measured radiation patterns in (a) H-plane
(b) V-plane.

the frequency band. The XPD is better than 22 dB at boresight
and better than 8 dB within a sector of ± 60◦.
A comparison between the state-of-the-art sub-6 GHz 5G

antennas reported in the literature and the proposed antenna
is tabulated in Table I. It is apparent that the proposed antenna
design has the widest BWwith the industrial standard VSWR
≤ 1.5, a small size, a high gain with a good isolation between
its ports and a high XPD.

TABLE 1. Comparison of reported SUB-6 Ghz 5G base station antennas to
the proposed antenna.

D. PARAMETRIC STUDY
An important parameter in the design is the height of the
gap H between the feeding and the radiating layers which

determines the coupling between these two layers and hence
affects the input impedance of the antenna. When H is
smaller, the feeding layer gets closer to the radiating layer and
the input impedance becomes more capacitive and vice versa
as shown in the Smith chart in Fig. 7. For optimum impedance
matching, H should be 9 mm to achieve VSWR ≤ 1.5 (the
purple circle at the middle of the Smith chart) within the
desired frequency band.

FIGURE 7. Effect of H on the reflection coefficient illustrated by
(a) S-parameters (b) Smith chart.

The second parameter studied was the length of the slots
L_Slot in the radiating patch. It controls the input impedance
of the radiating patch seen from the feeding points. The slot
length L_Slot is optimized and set to be 9 mm to cover the
frequency band from 3.3 GHz to 3.8 GHz with a reflection
coefficient better than −15 dB as shown in Fig. 8.

FIGURE 8. Effect of L_Slot on the reflection coefficient.

The third parameter studied was the side length of the
parasitic patch WP3. It affects the amount of the capacitive
loading added to the antenna input impedance. The larger the
parasitic patch, the higher capacitive loading is added. WP3
is set to 20 mm for optimum impedance matching across the
desired frequency band as presented in Fig. 9.

III. MIMO ANTENNA ARRAY
In this section, a dual-polarized MIMO antenna array based
on the antenna element presented in Section II is designed to
operate in one of the two different communication topologies
used in 5G mobile communications (broadcast and traffic).
In the broadcast topology, the 5G base station antenna array
is required to perform as conventional directive 2G, 3G and
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FIGURE 9. Effect of WP3 on the reflection coefficient.

4G base station antennas covering a sector in a hexagonal
cellular mobile network with a horizontal HBPW of 65◦ and
a vertical down tilting from 0◦ to 20◦. On the other hand,
in the traffic topology, the 5G base station antenna is required
to communicate with concurrent users in a P2MP communi-
cation by assigning multiple beams with narrow HPBWs to
multiple users (typically one beam for each user). Switching
between these topologies (broadcast and traffic) depends on
the excitation scenarios of the antenna elements in theMIMO
array.

Fig. 10 presents the MIMO antenna array structure. It con-
sists of 27 elements (3 columns and 9 rows). The spacing
between two successive columns is set to 65 mm (0.8λ0)
while the spacing between two successive rows is set to
50 mm (0.6λ0) (where λ0 is the free space wavelength at
the central frequency 3.55 GHz). To identify the location
of an antenna element in the array easily, the columns are
numbered as C1, C2 and C3 from left to right while the rows
are numbered as R1 to R9 from up to down as shown in
Fig. 10.

FIGURE 10. The structure of the proposed MIMO antenna array.

To evaluate the diversity performance of the proposed
MIMO array, the ECC can be obtained from the spherical

mode spectrum of the antenna as [28]:

ECC

=

∑
∞

l=1
∑l

m=−1
∑2

s=1 q
1
sml (q

2
sml )
∗√

(
∑
∞

l=1
∑l

m=−1
∑2

s=1 q
1
sml (q

1
sml )
∗
)(
∑
∞

l=1
∑l

m=−1
∑2

s=1 q
2
sml (q

2
sml )
∗
)

(1)

where qsml is the complex coefficient of the spherical har-
monic, the order m (−l ≤ m ≤ l) describes the azimuthal
variation of the field, the variation in elevation depends on
the degree l and the order m, the index s ∈ {1, 2} is
connected with the components of transversal electric and
transversal magnetic waves and (·)∗ stands for the complex
conjugate. Using equation (1), ECC is calculated and plotted
in Fig. 11. Results show that the proposed MIMO array offer
very low ECC. The maximum ECC is less than 0.004 across
the operating frequency band, far less than the general criteria
of ECC < 0.3. The two communication topologies are
described in detail as follow.

FIGURE 11. ECC of the ports of the proposed MIMO antenna array.

A. BROADCAST COMMUNICATION TOPOLOGY
In the broadcast communication topology, theMIMOantenna
array is divided horizontally into three vertical linear sub-
arrays; C1, C2 and, C3 as shown in Fig. 12(a). Each linear
sub-array consists of 9 antenna elements. The excitation sig-
nals for each sub-array are set such that the radiated main
lobes are directed to 0◦ (boresight), −10◦ and −20◦ for C1,
C2 and C3 respectively. The negative sign at each angle indi-
cates that the main lobe is tilted downwards. Each sub-array
has a vertical HPBW of 10◦. So, the three main lobes cover
a vertical sector from +5◦ to −25◦ contiguously without
overlapping or gaps (from +5◦ to −5◦ by C1, from −5◦

to −15◦ by C2 and from −15◦ to −25◦ by C3) as shown
in Fig. 12(b). It worth noting that the horizontal HPBW of
each radiation pattern is almost the same as the single antenna
element. Because the three main lobes are contiguous in the
V-plane without overlapping, they almost do not interfere in
the H-plane. So, the combined radiation pattern also has the
same horizontal HPBW as the single antenna element. The
combined radiation pattern of the three sub-arrays covers a
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FIGURE 12. The broadcast communication topology illustrated by (a) 3D
radiation patterns (b) V-plane.

FIGURE 13. A P2MP communication scenario for three users.

solid sector with a horizontal and vertical HPBWs of 65◦ and
30◦ respectively.

B. TRAFFIC COMMUNICATION TOPOLOGY
Generally, in traffic communication topology, a spatial or fre-
quency diversity approach is commonly used. The approach
of using a multi-beam array is also applied. In this section,
a multi-beam antenna array based on PIS is proposed. The
spatial and frequency diversities for the same MIMO antenna
array structure are illustrated to show how the proposed
PIS can overcome the drawbacks of spatial and frequency
diversities.

FIGURE 14. The traffic communication topology using (a) spatial
diversity (b) frequency diversity.

A P2MP communication scenario is assumed in this
paper where three users are located at three different angles
(+30◦, 0◦ and −30◦ respectively) as shown in Fig. 13. For
the spatial diversity approach, the MIMO array is divided
vertically into three planar 3 × 3 sub-arrays. Sub-array I
(consists of R1, R2 and R3), sub-array II (consists of R4,
R5 and R6) and sub-array III (consists of R7, R8 and R9) as
shown in Fig. 14(a). The three sub-arrays operate at the same
frequency and the excitation signals of each sub-array are set
independently to direct its main lobe to one of the users on a
one-to-one basis. From the combined radiation pattern shown
in Fig. 14(a), we can see that there are two main drawbacks in
the spatial diversity approach. The first drawback is that the
combined radiation pattern has overlapped themain lobes due
to their low directivity (selectivity) toward the users because
the sub-arrays aperture is limited. The second drawback is the
limited capability of beam steering of each sub-array due to
the limitation in the sub-array aperture.

For the frequency diversity approach, the whole MIMO
antenna array is excited by signals at three different frequen-
cies (3.3GHz, 3.5GHz and 3.8 GHz) as shown in Fig. 14(b).
First, the phases of the signal at each frequency are adjusted
to direct the main lobe of the radiation pattern at this fre-
quency to one of the users in a one-to-one basis then the
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three signals are superimposed and fed to the MIMO array.
From the radiation patterns shown in Fig. 14(b) we notice that
the frequency diversity approach overcomes the drawbacks
of the spatial diversity approach as it offers high directiv-
ity and good steering capability because it uses the whole
array aperture. On the other hand, the disadvantage of the
frequency diversity approach is using a single frequency for
each user instead of using a single frequency for multi-user
which is considered as an advantage in the spatial diversity
approach. The separation between the frequencies should be
40 MHz at least [14]. This limits the number of users served
by the base station antenna due to the limited spectrum of
the 5G.

Multi-beam antenna arraysmay also be used to servemulti-
users in traffic communication topology. One of the meth-
ods used in multi-beam antenna arrays is the simultaneous
static multi-beam approach using a Butler matrix or multiple
feeding ports. The drawbacks of this method are the limited
steering capability of the static multi-beam which does not
meet the requirements for 5G mobile applications and that
the more beams are required, a more complicated feeding net-
work is needed. Another method used in multi-beam arrays is
using digital, analog or hybrid beamforming technique which
allows dynamic but switchable (not simultaneous) multiple
beams. Again, not applicable for concurrent user service.
Another method used in multi-beam antenna arrays is using
optimization algorithms to synthesize multi-beam radiation
patterns. Although the radiation patterns, in this case, may
have simultaneous and dynamic multiple beams, they need
long processing time which is not applicable for real-time 5G
applications.

To understand how the proposed PIS works, we first study
the general formula of the radiation pattern formed by a
planar antenna array in the XY plane. The radiation pattern
P(θ , φ) can be found by multiplying the (MN × 1) com-
plex weight vector Wmn by the (MN × LP) steering matrix
A(θ, φ) [29]

P (θ,∅) = WH
mn × A (θ,∅) (2)

where

Wmn = [w11,w21, . . . ,wM1,w12, . . . ,wMN ]T (3)

A (θ,∅) = [a11 (θ,∅) , a21 (θ,∅) , . . . , aM1 (θ,∅) ,

a12 (θ,∅) , . . . , aMN (θ,∅)]T (4)

amn (θ,∅) = [e−iksin(θ1)[(m−1)dx cos(∅1)+(n−1)dy sin(∅1)], . . . ,

e−iksin(θL )[(m−1)dx cos(∅1)+(n−1)dy sin(∅1)], . . . ,

e−iksin(θL )[(m−1)dx cos(∅P)+(n−1)dy sin(∅P)]] (5)

(·)T and (·)H stand for the transpose and Hermitian transpose,
M andN are the total numbers of the array rows and columns,
θ and φ are the aspect angles in the XZ and YZ planes
measured from the antenna array boresight, L and P are the

numbers of the defined aspect angles θ and φ, dx and dy
are the separations between two successive antenna elements
in the X-axis and Y-axis respectively, wmn is the complex
weight of the antenna element number mn, k is the angular
wave number which equals to 2π/λ and λ is the free space
wavelength.

If we consider Pd (θ , φ) as a pre-defined radiation pattern
at each value of θ and φ, the corresponding synthesized
complex weight vector Wmns can be found by substituting in
equation (2) to yield

WH
mns = Pd (θ,∅)× [A (θ,∅)]−1 (6)

To obtain the inverse of the steering matrix A(θ , φ)
using classical mathematics, A(θ , φ) should be a non-
singular square matrix (i.e. MN = LP). So, we have two
cases.
Case (1): the number of the array elements MN should

be as large as the number of the defined aspect angles
LP which will result in an extremely large array (not
practical).
Case (2): the number of the defined aspect angles LP is as

limited as the number of the array elementsMNwhich results
in a radiation pattern with a poor resolution.

To solve this problem, pseudo (Moore–Penrose) inverse
matrix is used to obtain the inverse of A(θ , φ). Thus, from
equation (6), PIS is defined as

WH
mns = Pd (θ,∅)×

[
AH (θ,∅)×

(
A (θ,∅)×AH (θ,∅)

)−1]
(7)

By applying PIS in equation (7) to a pre-defined radi-
ation pattern Pd (θ , φ) with three narrow main lobes at
−30◦, 0◦ and 30◦ to match the requirements of the P2MP
communication scenario presented in Fig. 13, the corre-
sponding synthesized complex weight vector Wmns can be
determined as shown in Table II. The weight vector tabu-
lated in Table II is applied to the proposed MIMO antenna
array and the simulated 3D radiation pattern is presented
in Fig. 15(a).

TABLE 2. Synthesized complex weight vector Wmns using PIS.

It is clear that PIS has overcome the disadvantages of
both the frequency and spatial diversity approaches as it
can cover the three users simultaneously at a single fre-
quency with a high directivity (a narrow beam width) and
good steering capability. It can also generate a radiation
pattern with simultaneous and dynamic multiple beams in
a real-time processing. From Fig. 15(b), it is evident that
the pre-defined and the simulated radiation patterns have a
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TABLE 3. Comparison of the proposed PIS to other reported approaches.

FIGURE 15. The traffic communication topology using the proposed PIS
illustrated by (a) 3D radiation patterns (b) V-plane.

good agreement which indicates how accurate the PIS is.
Table III compares the different approaches used in the lit-
erature with the proposed PIS. It is clear that the proposed
PIS overcomes the drawbacks found in other approaches
as PIS can generate a simultaneous dynamic multi-beam
radiation pattern with a high directivity and a good steering
capability at a single frequency in a real-time processing out-
performing other multi-beam antenna array methods (while
the frequency diversity approach uses multiple frequencies).
Furthermore, the number of users served by the MIMO 5G
base station can be increased by applying PIS at multiple
frequencies.

IV. CONCLUSION
A new dual-polarized base station antenna has been designed,
optimized, fabricated and measured for the sub-6 GHz 5G
applications. The proposed design covers a frequency band
from 3.5 GHz to 3.8 GHzwith industrial impedancematching
specification (VSWR ≤ 1.5) and good isolation between
its ports. It also has a stable radiation pattern within the
desired frequency band with a small size and low profile
in comparison to other reported designs. A MIMO antenna
array based on the antenna element has been proposed to
perform in one of the two 5G communication topologies
(broadcast and traffic). A novel PIS has been illustrated and
applied to the proposed MIMO array for the traffic topology.
It has been shown that PIS offers the advantages of both
the frequency and spatial diversity approaches as it uses a
single frequency to generate multiple beams with high direc-
tivity and good steering capability. PIS has also been shown
outperforming other multi-beam antenna array methods as
it is capable of radiating simultaneous dynamic multiple
beams in a real-time processing which makes the proposed
design an ideal antenna candidate for the sub-6 GHz 5G base
stations.
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