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Abstract

Very high wind loads represent one of the major problems for the ultralarge-scale 5G base station array at the sub-6 GHz band,

where dozens of or hundreds of antennas are used. An ultracompact dual-polarized cross-dipole antenna with an extremely small

overall projected area is presented. The array with low wind load is realized by miniaturized cross dipoles and the replacement

of the traditional ground plane with a defected ground structure (DGS) and metal mesh reflector. The DGS is utilized to realize

size reduction and isolation enhancement. The projected area of the antenna is reduced by 70%. Therefore, each antenna in the

array can be independently packaged using a streamlined radome with a low wind load. And the inter-radome spacing is large

enough to make holes that are used to further reduce wind load. The antenna prototype is designed, fabricated, and measured

for the sub-1 GHz band. The measured results show that the impedance bandwidth is 680-970 MHz, the polarization isolation

is higher than 20 dB, and the gain is around 6.5 dBi. It is verified that the proposed ultracompact antenna of high radiation

performance is very suitable for an ultralarge-scale array of low wind load in a 5G base station.
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Abstract—Very high wind loads represent one of the major
problems for the ultralarge-scale 5G base station array at the
sub-6 GHz band, where dozens of or hundreds of antennas are
used. An ultracompact dual-polarized cross-dipole antenna with
an extremely small overall projected area is presented. The array
with low wind load is realized by miniaturized cross dipoles and
the replacement of the traditional ground plane with a defected
ground structure (DGS) and metal mesh reflector. The DGS is
utilized to realize size reduction and isolation enhancement. The
projected area of the antenna is reduced by 70%. Therefore,
each antenna in the array can be independently packaged using
a streamlined radome with a low wind load. And the inter-
radome spacing is large enough to make holes that are used
to further reduce wind load. The antenna prototype is designed,
fabricated, and measured for the sub-1 GHz band. The measured
results show that the impedance bandwidth is 680–970 MHz, the
polarization isolation is higher than 20 dB, and the gain is around
6.5 dBi. It is verified that the proposed ultracompact antenna of
high radiation performance is very suitable for an ultralarge-
scale array of low wind load in a 5G base station.

Index Terms—Base station antennas, antenna miniaturization,
dual-polarization, cross-dipole antenna, defected ground struc-
ture (DGS), low wind load.

I. INTRODUCTION

MASSIVE multiple-input multiple-output (mMIMO)
technology uses numerous transmit and receive anten-

nas to provide many more degrees of freedom in the spatial
domain and to increase spectral efficiency [1]. The fifth-
generation (5G) mobile communication system provides high
data rates, low latency, and significant capacity improvement
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using this mMIMO technology [2], [3]. In the 5G era, main-
stream base station sites have evolved into the form of a
baseband unit (BBU) plus an active antenna unit (AAU). The
high requirements on the performance of mMIMO lead to a
sharp increase in the number of base station antennas, which
negatively affects the production and installation of AAUs.
Wind load occurs because of the AAU area. Increasing the
number of antennas means a higher capacity but a larger
projected area for AAUs, which results in a high wind load
for AAUs in the sub-6 GHz band. And this problem becomes
more severe especially for AAUs in the sub-1 GHz band [4].

To date, research on the wind load of antennas has mainly
focused on aircraft antennas, large reflector antennas and
large deep space observatory antennas [5]–[9]. However, as
the number of base station antennas increases to hundreds
and even more than a thousand in 5G and beyond systems,
the influence of wind load on ultralarge-scale antenna arrays
cannot be ignored. In other words, wind load is one of the
key performance indicators for ultralarge-scale antenna arrays
and is also one of the key constraints on increasing the
number of base station antennas. The influence of wind load
on large antennas operating under open-air atmospheres was
studied in [8], [9]. Through the analysis and simulation of
antenna deflection and deformation caused by wind load, a
compensation algorithm for the control center that dynamically
adjusted the antenna was proposed, thereby reducing the
detection error. However, this compensation algorithm cannot
reduce the wind load of a large antenna. According to [4],
there are three aspects that can determine the wind load of
the antenna: the force coefficient, the projected area and the
dynamic pressure. The force coefficient is decided by the shape
of the antenna; the projected area is the size of the windward
side, which depends on the wind direction and the size of the
antenna; and the dynamic pressure is a square function of the
wind velocity and cannot be changed artificially. An aircraft
antenna with a saber-like structure was proposed to reduce
wind load by reducing the cross-section in front, giving it a
small projected area [5]–[7]. Additionally, this kind of saber
antenna has a shape that is conducive to airflow, resulting in
a further reduction in the wind load.

From the discussion above, it is obvious that reducing
the projected area of the base station antenna is the most
effective and convenient method for achieving a low wind
load. Moreover, it is necessary to simultaneously consider both
the aerodynamic aspects (projected area, wind load, etc.) and
the electromagnetic aspects (reflection coefficient, isolation
between different input ports, realized gain, cross-polarization
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(a) (b)

Fig. 1. Conceptual prototypes of (a) a traditional AAU and (b) an AAU with
low wind load.

level, etc.).
Considering the traditional structure of antenna elements,

the projected area is mostly determined by the size of the
metal ground of the antenna array. A conceptual prototype
of a traditional AAU operating in the sub-1 GHz band is
shown in Fig. 1(a). It uses one radome to protect all antenna
elements and RF modules, increasing the projected area,
especially when there are a large number of antenna elements.
It is necessary to change the intact metal ground structure to
achieve a small projected area. A ventilated base station an-
tenna array is a feasible and effective method for dramatically
reducing the projected area. Fig. 1(b) presents a conceptual
prototype of a novel AAU with a ventilated metal ground.
Streamlined small radomes installed on the metal mesh can be
utilized to separately protect the antenna element and its RF
module, tremendously reducing the overall projected area and
achieving a low wind load. Moreover, the lightweight metal
mesh reduces the requirements for installation poles.

To increase the ventilation area as much as possible, antenna
miniaturization research is of great significance. However,
traditional compact antenna design mainly focuses on reducing
the size of the radiating part of the antenna. To realize a
low wind load for base station antennas, a compact antenna
structure must be a small radiator and have a small overall
projected area. Previous research on compact antennas still
has important reference value.

Over the past years, various research methods have been
proposed to achieve antenna miniaturization. Through the
innovation of the radiating structure, a compact antenna struc-
ture can be accomplished. Sharing some common structures,
cutting some noncritical boards [10], applying fractal-shaped
radiators [11], [12], etching DGSs on the ground [13], [14],
and implementing half of the driven loop element of the
radiating part on each side of the substrate [15] can reduce
the size of antennas. For folded patch antennas, antenna
miniaturization can be facilitated by loading innovative slots
(interdigitated slots [16], multiple C-shaped slotlines [17], etc.)
to replace the original standard straight slot, which shifts
the resonance condition to a lower operating band. Folded
dipole antennas can also be utilized to generate new resonant
modes, providing a compact antenna structure and enhanced

bandwidth [18]. Moreover, a compact dual-polarized cross-
dipole antenna was proposed in [19]. Size reduction was
realized by installing parasitic elements and optimizing the
shape of crossed dipoles.

Recently, metamaterials have been utilized to simultane-
ously reduce the size of antennas and enhance radiation perfor-
mance [20]–[23]. In [20], owing to the increase in the effective
permeability of the substrate in the presence of metamaterials,
metamaterial loading was proposed to miniaturize an antenna
without much compromise from the impedance and radiation
characteristics. [21] proposed a compact planar antenna by
utilizing metamaterial unit cells on the reflector element, which
made the antenna operate at lower frequencies without the
need to increase its physical size. Moreover, reflector elements
loaded with metamaterial units can be utilized to reduce the
profile height of an antenna [23]. However, compact antennas
with metamaterials usually have complicated structures and
high costs, which is not appropriate for large-scale processes
and production.

In this work, a compact ±45◦ dual-polarized cross-dipole
antenna [24] with an extremely small overall projected area is
presented for a 5G base station antenna array with low wind
load [25]. The overall projected area reduction is realized by
loading a defected ground structure (DGS) on the ground layer
to enhance the S-parameters and replacing the traditional metal
ground with a metal mesh reflector [26]. The DGS on the
ground layer extends the path of the surface current and gener-
ates a continuous current strip, reducing the coupling between
the two input ports. The metal mesh reflector enhances the
radiation performance of the proposed antenna while reducing
the overall projected area. The major contributions of this work
are listed as follows:

1) The proposed antenna is mainly for reducing the wind
load of the base station array, which is of great signif-
icance, especially for base stations operating in the 5G
low/mid band.

2) A dual-polarized cross-dipole antenna with an extremely
small projected area is proposed. Each antenna in the
array can be independently packaged using a streamlined
radome with a low wind load. And the inter-radome
spacing is large enough to make holes that are used to
further reduce wind load.

3) A DGS layer and metal mesh reflector are combined
to replace the traditional metal ground plane of the
cross-dipole antenna, which enables the ultralarge-scale
antenna array to realize a low wind load and to maintain
high-radiation performance characteristics.

The rest of this paper is organized as follows. The design
of a low wind load antenna is presented in Section II. Experi-
mental results and discussion are shown in Section III. Section
IV concludes this article.

II. ANTENNA DESIGN

A. Compact Low Wind Load Antenna

The proposed compact antenna with a low wind load is
shown in Fig. 2. This antenna with an extremely small pro-
jected area consists of a radiating layer, defected ground layer,
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(a)

(b)

Fig. 2. Configuration of the proposed compact antenna with and extremely
small projected area: (a) three-dimensional view and (b) side view.

TABLE I
GEOMETRIC PARAMETERS OF THE LOW WIND LOAD ANTENNA

Parameter t1 t2 t3 l1 h

Value (mm) 1.524 2.0 2.0 101.0 40.88

Parameter d s1 s2 s3 a

Value (mm) 5.0 11.59 88.83 20.75 40.0

Parameter w1 w2 w3 w4 w5

Value (mm) 109.72 118.72 3.42 260.0 228.0

metal mesh reflector, coaxial lines and plastic posts. More
details about the radiating layer, defected ground layer and
metal mesh reflector are given in Fig. 3. The radiating layer
consists of two pairs of vertical bow-tie dipoles to achieve
±45◦ polarization. As shown in Fig. 3(a), each pair of bow-tie
dipoles is printed on the front side and back side of the Taconic
RF-35 substrate. The substrate has a dielectric constant of 3.5
and thickness of t1 = 1.524 mm. A 50-Ohm microstrip stub
is utilized to excite a pair of bow-tie dipoles. One side of
the stub is connected to one half of the dipole printed on the
front side, and the other side of the stub is connected to the
inner conductor of the coaxial line [27]. Note that to avoid the
cross-connection of two stubs, part of the stub of the −45◦

polarized dipole is printed on the back side of the substrate
and connected together by two metallic holes. Additionally, the
outer conductor of the coaxial line is soldered on half of the
bow-tie dipole printed on the back side of the substrate. The
coaxial line at port 1 excites the +45◦ polarized dipole, and
the coaxial line at port 2 excites the −45◦ polarized dipole.

The defected ground layer shown in Fig. 3(b) is constructed
using a printed circuit board (PCB) process. The DGS is

(a)

(b) (c)

Fig. 3. Geometry of the presented radiating layer, defected ground layer and
metal mesh reflector: (a) top view and side view of the radiating layer, (b)
top view of the defected ground layer and (c) top view of the metal mesh
reflector.

Fig. 4. Transformation from the traditional cross-dipole antenna to the
proposed low wind load antenna.

printed on an FR4 substrate with a dielectric constant of 4.4
and thickness of t2 = 2.0 mm. Two horizontal slots and two
vertical slots intersect perpendicularly, forming the DGS. The
inner part surrounded by these four slots is connected with
the outer conductor of the coaxial lines, and the outer part is
separate from the inner part; this can be regarded as a parasitic
patch. To maintain the stability of the physical structure of the
proposed antenna, the DGS is printed on the FR4 substrate
instead of by direct etching on the metal ground.

The traditional metal ground is replaced by the defected
layer and the metal mesh reflector presented in Fig. 3(c) to
reduce the overall projected area, and the middle part of the
metal mesh reflector is removed so that coaxial lines can be
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(a)

(b)

Fig. 5. Simulated (a) reflection coefficients, (b) isolation between two input
ports and realized gains of dual-polarized cross-dipole antennas with different
structures.

more conveniently installed. Four plastic posts with diameters
of 4 mm are utilized to support the proposed antenna. The
key dimensions of the low wind load antenna are presented in
Table I.

Fig. 4 shows the transformation from the traditional cross-
dipole antenna to the proposed antenna. The radiating parts
of these different antennas have the same reduction in size.
The simulated S-parameters and gains for different structures
are given in Fig. 5. The traditional ±45◦ dual-polarized cross-
dipole antenna with an intact metal ground (Antenna A) refers
to the antenna proposed in [27]. Additionally, the geometry of
the radiator is changed, the size of the radiating part is reduced,
and the metal ground is connected with the outer conductor
of the coaxial lines. The purpose of this work is to propose a
low wind load antenna that can not only reduce the projected
area but also meet or surpass the radiation performance of the
traditional antenna with an intact metal ground. To reduce the
overall projected area, a cross-dipole antenna with a cut metal
ground and metal mesh reflector (Antenna B) is presented, and
the cut metal ground is the same size as the radiating part.

(a) (b)

(c) (d)

(e) (f)

Fig. 6. Surface current distribution on half of the dipole printed on the back
side of the substrate of (a) Antenna B at 750 MHz and (b) the proposed
antenna at 750 MHz. Surface current distribution on the cut metal ground of
Antenna B at (c) 750 MHz and (d) 980 MHz. Surface current distribution on
the defected ground layer of the proposed antenna at (e) 750 MHz and (f)
980 MHz.

From Fig. 5, it can be seen that the reflection coefficient and
realized gain for Antenna B are similar to those for Antenna
A, which indicates that the metal mesh reflector has the ability
to maintain radiating characteristics while the projected area
is reduced. However, the isolation between the two input ports
of Antenna B deteriorates. From 670-690 MHz, the reflection
coefficient for these two structures performs poorly owing to
the smaller radiating part. The S-parameters for Antenna B
need further improvement.

To improve the S-parameters for the structures with the
traditional metal ground or cut metal ground, a defected
ground layer is proposed in this work. A cross-dipole antenna
with a defected ground layer (Antenna C) is then presented.
Fig. 5(b) shows that the isolation between the two input
ports of Antenna C has been enhanced at lower operating
frequencies. However, the realized gain of Antenna C shown
in Fig. 5(b) is quite undesirable in working frequencies. The
radiation produced by the defected ground layer introduces
negative effects in the higher frequency band.

It is clear that simply loading the defected ground layer
makes the realized gain decrease sharply in the operating
frequencies, and simply using a cut metal ground with a
metal mesh reflector cannot meet the requirements of the S-
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Fig. 7. Simulated normal gains of the proposed antenna and Antenna B when
port 1 is excited.

parameters at lower working frequencies. Under these cir-
cumstances, a cross-dipole antenna with a defected ground
layer and metal mesh reflector is proposed to simultaneously
reduce the projected area and achieve preferable radiation
characteristics.

As shown in Fig. 5(a), compared with Antenna B, which
has only one resonance frequency f3, the proposed antenna
has two resonance frequencies, f1 and f2, and resonance
frequency f1 is lower than resonance frequency f3. To present
the influence of the DGS on the S-parameters, the surface
current distributions of both Antenna B and the proposed
antenna are compared in Fig. 6. From Fig. 6(d) and Fig.
6(f), it can be seen that when the proposed antenna works
at 980 MHz, there is an obvious current distribution around
the slots and on the outer parasitic patch of the proposed
antenna, in contrast to Antenna B. This means that most of
the energy is stored and that there is no outgoing radiation,
which explains the generation of resonance frequency f2 by
the proposed antenna. Resonance frequency f2 improves the
reflection coefficient at higher working frequencies.

Moreover, when port 1 is excited, a comparison of the
surface current distribution shown in Fig. 6(a) and Fig. 6(b)
clearly shows that the surface current around two input ports
is changed due to the DGS layer, especially as marked by the
purple dotted lines. As shown in Figs. 6(c) and 6(e), when
the DGS layer is used, the current flowing around port 2
will flow along the outer conductor of the coaxial line and
then flow along the continuous current strip forming by four
perpendicularly intersecting slots. In this case, the magnitude
of the surface current around port 2 is reduced, which can
weaken negative influence on port 1 and reduce coupling
between two ports. Consequently, the isolation between the
two input ports is improved. The isolation enhancement can
also be proved by the simulated normal gains of the proposed
antenna and Antenna B. As shown in Fig. 7, from 680 MHz
to 970 MHz, the simulated cross-polarization level of the
proposed antenna is lower than that of Antenna B owing to

(a)

(b)

Fig. 8. Simulated wind load for the prototypes of (a) the traditional 64-
element AAU and (b) low wind load AAU.

the reduced coupling between the two input ports.
Furthermore, as marked by the black dotted lines, the new

surface current path along the four loaded slots also makes
the electrical length a bit more longer than that of Antenna B.
Therefore, the resonance frequency f1 is lower than the reso-
nance frequency f3, which increases the impedance bandwidth
at low frequencies. Additionally, a comparison of the reflection
coefficients of Antenna C and the proposed antenna shows
that the metal mesh reflector placed right behind the defected
ground layer can further extend the surface current path while
maintaining the realized gain and reducing the projected area,
which improves the reflection performance.
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Fig. 9. S-parameters of the proposed antenna versus α.

With the significant reduction of the projected area of both
the radiating part and the DGS, each antenna element can be
independently packaged using a streamlined radome of low
wind load. And the inter-radome spacing is large enough to
make holes which can be used to further reduce wind load.
Fluid simulations for the conceptual prototypes shown in Fig.
1 are performed in Fluent under normal temperature (298.15
K) and pressure (101.325 kPa), where the wind velocity is set
as 18 m/s. Considering the industrial processes and production,
the edges of each metal mesh are streamlined. The simulated
pressure distribution nephograms for the traditional AAU with
one radome and the novel AAU formed by the proposed
antenna element are shown in Fig. 8, and the wind load is
equal to the pressure integrated with respect to the projected
area. According to the results given by Fluent, the wind load
is reduced from 1132.79 N to 585.28 N, a 48% reduction. It
can be observed that the novel AAU with small streamlined
radomes has a significantly smaller projected area with higher
pressure than the traditional AAU with the whole radome,
which effectively reduces the wind load. Additionally, the
wind load of the novel AAU can be further reduced through
a better streamlined design [28]–[30].

B. Parameter Study

In this section, the influence of several key parameters,
including the top angle α of bow-tie dipoles, the width of
slots s1, the length of slots s2, the position of slots s3 and
the size of meshes a, is investigated. Since the size of the
radiating part w1 is determined, the top angle of the dipole α
can be changed by adjusting the parameter h of the dipole.

Fig. 9 shows the simulated S-parameters of the proposed an-
tenna with different top angles of the dipole α, where different
α values correspond to different h. As α increases from 70.4◦

to 88.4◦, the lower resonance frequency shifts toward higher
frequencies, and the higher resonance frequency shifts to-
ward lower frequencies, improving the resonance performance.
However, when α increases to 88.4◦, the proposed antenna
has only one resonance frequency, worsening the impedance

Fig. 10. Reflection coefficient of the proposed antenna versus s1, s2 and s3.

bandwidth. Considering the compact radiating layer, the lowest
operating frequencies need to be taken seriously. Choosing
α = 82.4◦ can realize a better reflection coefficient around
specific operating frequencies. Additionally, when α = 82.4◦,
the proposed antenna has better isolation between the two
input ports.

Additionally, as shown in Fig. 10, the four intersecting
square slots loaded on the defected ground layer have a sub-
stantial influence on the reflection coefficient of the proposed
antenna with a small radiating part and unique reflector. As
s1 increases from 5.59 mm to 11.59 mm, the lower resonance
frequency is basically unchanged, but the higher resonance
frequency shifts toward higher frequencies, increasing the
impedance bandwidth. As s2 increases from 48.83 mm to
88.83 mm, the lower resonance frequency shifts to lower fre-
quencies, making the operating frequency band move toward
lower frequencies, but the higher resonance frequency also
shifts downward, reducing the impedance bandwidth. As s2
increases from 88.83 mm to 108.83 mm, the lower resonance
frequency shifts higher, and the higher resonance frequency
shifts downward, which reduces the impedance bandwidth and
cannot meet the requirements at higher working frequencies.
As s3 increases from 20.75 mm to 32.75 mm, the lower
resonance frequency remains basically unchanged, but the
higher resonance frequency shifts downward, decreasing the
impedance bandwidth. Considering the tradeoff between the
reflection coefficient of lower working frequencies and the
impedance bandwidth, all parameters of these slots should
be carefully chosen to ensure the resonance performance, and
parameter optimization should be utilized.

Moreover, as shown in Fig. 11, changing the size of
the mesh can not only change the projected area but also
have a moderate impact on the radiation performance of the
proposed antenna. As a increases from 34 mm to 46 mm,
the mesh area increases, and more energy is leaked, reducing
the simulated realized gain and impedance bandwidth at the
working frequencies. As a increases from 34 mm to 40 mm,
the isolation worsens. However, when a increases from 40 mm
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Fig. 11. S-parameters and realized gains of the proposed antenna versus a.

(a) (b)

Fig. 12. Photographs of (a) the top view and (b) a three-dimensional view
of the proposed antenna.

to 46 mm, the isolation improves. In addition, the stability
of the physical structure worsens with increasing mesh area.
The change in radiation performance caused by different a is
not prominent compared to the changes caused by other key
parameters, but the influence of this parameter on the wind
load and stable physical structure of the antenna cannot be
ignored. The mesh sized a = 40 mm is chosen to reduce the
overall projected area while maintaining structural stability and
radiation performance.

III. RESULTS AND DISCUSSION

Using the standard PCB process, an antenna prototype is
fabricated for the sub-1 GHz band as an example, which is
shown in Fig. 12. Two 30-cm-long flexible coaxial lines are
utilized to feed the antenna. The metal mesh reflector is made
of aluminum. Plastic posts, screws and nuts are used to realize
physical stability. The S-parameters are measured by using a
vector network analyzer, and the radiation patterns and gains
are obtained in a far-field measurement system.

The simulated and measured S-parameters of the antenna
prottype are shown in Fig. 13(a). The simulated and measured
reflection coefficients match very well. The measured isolation
between port 1 and port 2 is not as good as the simulated
isolation result because of the error caused by the soldering
process and transmission connector. From 680 MHz to 970
MHz, the measured S11 and S22 are lower than -10 dB, and

(a)

(b)

Fig. 13. Simulated and measured (a) S-parameters and (b) realized gains of
the proposed antenna.

the polarization isolation is higher than 20 dB. Moreover, from
700 MHz to 970 MHz, the isolation between the two input
ports is higher than 25 dB.

Within these operating frequencies, the simulated and mea-
sured gains are shown in Fig. 13(b), and the measured realized
gain is 6.5 ± 1.0 dBi. The simulated and measured radiation
patterns in the H-plane (xoz-plane) and V-plane (yoz-plane)
for −45◦ polarization at 680 MHz, 820 MHz and 970 MHz
are described in Fig. 14. The radiation patterns for +45◦

polarization are similar due to the symmetrical geometry. The
measured radiation patterns agree with the simulated patterns,
and the measured cross-polarization levels are below -18 dB
in both the H- and V-planes. The above radiation performance
proves that the proposed low wind load antenna with a DGS
and metal mesh reflector can realize projected area reduction
and simultaneously meet the requirements for 5G base stations.

A comparison between the proposed antenna and some
previous designs is presented in Table II to display the
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TABLE II
COMPARISON OF THE PROPOSED ANTENNA AND THOSE IN REFERENCES.

Ref. Antenna structure
Size of the

radiation part (λ2
0)

Windward side (assuming that wind
direction is parallel to the Z-axis)

Freq.
(GHz)

Low wind
load design

[19] Folded dipoles with parasitic patch 0.28× 0.28 Radiator and metal ground 0.825 No

[20] ME-dipole with metamaterial loading 0.52× 0.36 Radiator and metal ground 2.7 No

[23] Band notch dipoles with AMC reflectors 0.57× 0.60 Radiator and metal ground 1.8 No

[24] Modified patch radiator fed by Y-shaped probes 0.30× 0.30 Radiator and metal ground 2.6 No

This work Printed cross dipoles with DGS 0.33× 0.33 Radiator and metal mesh reflector 0.825 Yes

∗ In [19], the parameters of the ground plane are not given, but the size of projected area is much larger than the size of radiation part.

(a) (b)

(c) (d)

(e) (f)

Fig. 14. Simulated and measured normalized radiation patterns for −45◦

polarization of the proposed antenna (a) at 680 MHz in the H-plane, (b) at
680 MHz in the V-plane, (c) at 820 MHz in the H-plane, (d) at 820 MHz
in the V-plane, (e) at 970 MHz in the H-plane and (f) at 970 MHz in the
V-plane.

advantages of projected area reduction. The design in [19]
has a wide band and smaller radiator and can be a good
candidate for integration with other antenna elements. A stable
gain and a wide impedance bandwidth are realized with size
reduction in [20] and [24]. A dual-band compact antenna is
designed in [23], where the profile height is reduced while
the antenna is miniaturized. Compared with these reported

designs, the proposed antenna with emphasis on low wind
load design has not only a smaller radiating part but also a
small overall projected area. More significantly, the excellent
broadband performance of the dual-polarized dipole antenna
is still maintained.

IV. CONCLUSION

A compact cross-dipole antenna with a small radiator and
overall projected area for application in 5G base stations
is proposed. The size reduction of the antenna is achieved
by loading a DGS and replacing the traditional intact metal
ground plane with a defected ground layer and metal mesh
reflector. The projected area of the radiating part and DGS is
0.33× 0.33λ2

0. The measured results show that the reflection
coefficients are lower than −10 dB and that the isolation
between two input ports is higher than 20 dB from 680 MHz
to 970 MHz. Especially, from 700 MHz to 970 MHz, the
isolation between the two input ports is higher than 25 dB. In
addition, the realized gain is 6.5 ± 1.0 dBi and the cross-
polarization levels are below −18 dB in both the H-plane
and V-plane radiation patterns within operating frequencies,
making the proposed antenna suitable for large-scale arrays
utilized in low-wind load 5G AAUs.
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