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Abstract—In this paper, a novel dual-band, dual-polarized,
miniaturized and low-profile base station antenna operating in
the frequency bands of 820–960 and 1710–2170 MHz is designed.
Elements are arranged such that high-frequency elements are
embedded in low frequency elements to reduce volume. A baffle
is used to reflect the transmitted power density in the forward
direction and also improve isolation between elements. Therefore,
surrounding isolation baffles and rectangular baffles are appended
around high-frequency elements and low-frequency elements,
respectively. The diameter of the proposed antenna cover is only
200 mm, which is smaller than the existing antenna diameter
of 280 mm. Compared with the other commonly used antennas,
the proposed antenna also has some advantages such as concealment and low profile using a tubular form of radome, which
can easily integrate the proposed antenna with the surrounding environment. The measured results verify that the proposed
antenna meets the stringent design requirements: voltage standing wave ratio (VSWR) is less than 1.3, the isolation is greater than
30 dB, and the pattern parameters also meet telecommunications
industry standards.
Index Terms—Base station antenna, dual-band, dual-polarized,
miniaturized and low-profile antenna.

I. I NTRODUCTION

O

NE of the key components in wireless mobile communication systems is the base station antenna, which plays
a critical role in converting the electromagnetic waves that
propagate in free space to electric current in the base station’s
circuitry [1]–[4]. With the development of various generations
of wireless mobile communication systems [5], antennas have
achieved numerous milestones for different standards, such
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as advanced mobile phone service (AMPS) system [6], 2G
base station antenna for GSM and CDMA system [7], 3G
base station antenna for TD-SCDMA, WCDMA, CDMA2000,
and Wimax system [8], [9], [10] as well as 4G (LTE/LTEAdvanced) base station antenna [11], [12]. In addition, most
of related work on base station antenna design focuses on the
miniaturization, broadband and dual frequency band [13]–[15],
and smart antenna [9] characteristics.
As more mobile users are involved in wireless networks, the
systems require an ever increasing capacity and more base station antennas. To optimize the resource utilization efficiency of
the base station antennas, 5G/4G/3G systems are established on
top of existing 4G/3G/2G systems to enable multiple systems to
simultaneously cover the same service area. Thus, the spectrum
utilization efficiency can be improved while the mutual interference increases. To alleviate the above problems effectively,
several new technologies such as multiband [16], double beam
[17], and polarization diversity [18] are desirable.
Dual-band antennas [19], [20] are increasingly used to drastically reduce the number of required antennas because they can
integrate two operating frequency bands in the same antenna
volume. Dual-polarized diversity antennas are used to reduce
multipath fading and interference due to their high port-to-port
isolation and low cross-polarization level. However, most dualpolarization antennas mainly operate in a single frequency band
[21], while dual-band antennas mainly focus on single polarization. Dual-band dual-polarized base station antenna topologies
[22] are still rarely reported.
Without loss of generality and for proof-of-concept purposes,
we propose in this paper a novel dual-band, miniaturized, and
low-profile base station antenna, where the two bands cover
820–960 and 1710–2170 MHz bands at the same time with
good miniaturization characteristics as the diameter is only
200 mm. It is a low-profile antenna with a tubular radome,
which can reduce the impact on surrounding environments. The
proposed antenna can achieve the following advantages in many
application scenarios: 1) to solve the difficult problem of site
selection; 2) to minimize the impact on surrounding urban environments and the resulting residents’ concerns about the health
safety of radiated radio waves; and 3) to optimize the network
coverage in dense urban areas.
This paper is organized as follows. Section II compares three
kinds of design implementation schemes for base station antennas. The simulation of the proposed antenna array is designed
in Section III with an experimental verification presented in
Section IV. Conclusion is drawn in Section V.
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Fig. 3. Embedded scheme.

Fig. 1. Side-by-side scheme.

Fig. 2. Up-and-down coaxial scheme.

II. C OMPARISON OF D ESIGN I MPLEMENTATION S CHEMES
FOR BASE S TATION A NTENNAS
In terms of different arrangement schemes of radiating elements, base station antennas can be divided into three categories: side-by-side scheme, up-and-down coaxial scheme, and
embedded scheme. These schemes are discussed to select the
most appropriate one for the proposed antenna.
A. Side-by-Side Scheme
In the side-by-side scheme, the two arrays for the two
bands are placed on a reflection plate in parallel, where one
raw denotes the high-frequency elements and the other raw
represents the low-frequency elements as shown in Fig. 1.
Since the antenna gain is proportional to the number of elements [23], if the required antenna gain in 820–960 MHz band
is 15 dBi, then five elements need to be used for the lowfrequency subarray. If the antenna gain in 1710–2170 MHz
band is 18 dBi, 10 elements need to be used for the highfrequency subarray. However, the spatial distance between the
two adjacent antenna subarrays depends on the operating frequency. Because the high-frequency operating frequency in this
paper is twice of the low-frequency operating frequency, the
spatial distance between adjacent high-frequency elements is a
half of that between adjacent low-frequency elements.
However, side-by-side dual-band antenna implementations
result in an increased width of the composite antenna array.
Furthermore, the far-field radiation pattern is greatly affected
as the two-row antenna elements are not placed exactly on the
center line of reflecting plate.
B. Up-and-Down Coaxial Scheme
The up-and-down coaxial scheme is designed according to
the following two constraints: 1) the right half part consists of
high-frequency elements and the left half part consists of lowfrequency elements as shown in Fig. 2 and 2) two single-band
antennas in different bands are connected up and down, where
these elements are placed on a long reflection plate.
The up-and-down coaxial scheme is simpler than the side-byside scheme because the single frequency base station antennas

were developed maturely. This is due to negligible mutual
coupling, which does not require the antenna elements to be
repositioned. This connecting scheme has no effect on two separate antennas, so it is not necessary to consider the mutual
coupling and readjusting the element position after connecting.
Furthermore, this scheme can reduce the antenna’s design cycle
compared to the first scheme.
Since two single antennas are connected into one antenna by
up-and-down coaxial scheme, the length of the antenna is sum
of the length of the two subarrays. Moreover, the main feed line
that is placed in upper part of the antenna needs to access the
input signal via the lower part of the antenna, which increases
the length of the main feed line greatly. The longer the feed line
length is, the greater the losses are. Thus, the gain of the upper
elements is effectively less than that of the lower elements.
C. Embedded Scheme
In the embedded scheme as shown in Fig. 3, elements
are arranged where a high-frequency element follows a lowfrequency element. The distance between two adjacent lowfrequency elements is twice as much as that between two
adjacent high-frequency elements. Therefore, every second
high-frequency element is also embedded in a low-frequency
element. The linear array elements are merged into the same
space, thus reducing volume.
Compared with the previous two schemes, the embedded
scheme features a great advantage in the composite antenna
topology size/area resulting in the elimination of the need for
increased length or width. Within the same physical size/area
of a single-band antenna, this antenna can operate at two bands.
However, the scheme increases the design difficulty because
embedded elements operating in different frequency bands
increase the parasitic coupling between the high-frequency and
low-frequency elements, especially in combined colocated elements requiring a readjustment of the radiation. Thus, the
adjusting for the antenna pattern and the isolation are essential.
Furthermore, unlike the previous two schemes, this scheme—
which is chosen for the proposed antenna—involves effectively
novel designs with unique miniaturization characteristics and
challenges.
III. D ESIGN OF A NTENNA A RRAY
A. Design of Element
When designing the individual radiating elements according
to the embedded scheme selected above, we need to consider
the following several factors: 1) the mutual coupling between
a high-frequency element and a low-frequency element especially for high-frequency elements that are embedded within
low-frequency elements; 2) the effect of adjacent elements on
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TABLE I
S OME PARAMETERS IN F IGS . 4–6

Fig. 4. Low-frequency element (left: vertical view and right: side view).

the radiation pattern as well as on the interelement coupling;
and 3) due to the bandwidth and polarization requirements,
every individual radiating element should be broadband and
dual-polarized.
1) Low-Frequency Radiation Element: In order to reduce
the mutual coupling between the high-frequency and lowfrequency radiation elements as much as possible, and have the
advantages of a simple low-profile structure, convenient manufacturing, high reliability, and good electrical properties, we
chose the low-frequency band to design a square-aperture planar broadband dual-polarization radiating element which looks
like a bowl as shown in Fig. 4. It includes two groups of radiation arms, four dipoles which are orthogonal with each other
between the two groups, four couples of baluns and a cricoid
pedestal (or called base bottom) [24]. In the cricoid pedestal,
there are screw holes for convenient installation. The proposed
low-frequency radiation element has the following characteristics: 1) the square-mouth diameter is reduced to 0.35−0.45λ
(typically 0.40λ, λ means wavelength) to effectively reduce the
mutual coupling between adjacent radiation elements; 2) the
four square vertices correspond to the four dipole feed points;
3) the radiation arm of each element is composed of the straight
part and the loading part, where the loading part can effectively
expand the bandwidth and improve the radiation performance;
and 4) at least two pairs of adjacent radiation arms of adjacent dipole are in the same plane, which is tilt relative to the
aperture plane. The radiation arms gradually converge to the
center of radiation element. This feature can increase the distance between low-frequency elements and the high-frequency
elements to obviously reduce the effect of the low-frequency
element on the adjacent high-frequency element, especially on
the standing wave ratio and the isolation; 5) four couples of
baluns’ base bottom (or called pedestal) is connected to form
a circular base bottom, and the base bottom is provided with
screw holes, which are easy to install.
Thus, the radiating element features miniaturization, broadband, low array mutual coupling, good radiation performance,
etc., while it has the advantages of a simple structure, simple
fabrication, high reliability with a topology that can be easily applied to a variety of single frequency, dual-band, and
multiband antennas.
The specific parameters of the individual low-frequency
radiation element in Fig. 4 are listed in Table I.
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B. Antenna Array Model

Fig. 5. (a) High-frequency element. Left: vertical view and right: side view.
(b) Feed piece 1 and feed piece 2. Left: 3-D view and right: top view.

2) High-Frequency Radiation Element: We chose to design
a fan-shaped ultra wideband dual-polarized radiating element
as shown in Fig. 5. It consists of two dipoles which are orthogonal to each other with balun (balanced–unbalanced) connectors,
and the orthogonal arrangement of the “–” feed piece [25].
Each dipole consists of two fan-shaped half dipoles. Feed piece
which can feed the dipole by the balanced–unbalanced connector two half dipoles also plays a supporting role to the radiation
arm. This design mainly has the following three advantages:
1) The radiation arm is composed of four identical fan-shaped
half dipoles symmetrically, where every fan-shaped half dipole
adopts a hollow shape to effectively reduce its weight, while
the current is flowing mainly on the edges of the radiation
arm. The hollow shape results in a minimal effect on the radiation performance. 2) The radiation arm edge adopts a polygon
shape and is hollow configuration as illustrated in Fig. 5(a)
so as to extend the radiation arm effective length. Extending
in this way the current distribution path, not only increases
the bandwidth but also reduces the element physical aperture
area to enhance its miniaturization. 3) The feed piece adopts
a straight structure, which is simple and not easy to deform
improving the consistency of standing wave performance compared to commonly utilized a right angle type feed piece
structure.
Therefore, the high-frequency radiation elements not only
obtain the dual-polarized broadband characteristics but also
avoid affecting significantly the low-frequency radiation characteristics. The proposed feeding configuration has the advantages of simple structure, light weight, casting molding and
consistency, easy assembly, etc.
The specific parameters of every individual high-frequency
radiation element in Fig. 5 are listed in Table I.

If the high-frequency gain is 18 dBi and the low-frequency
gain is 15 dBi, the number of high-frequency elements is 10,
and the number of low-frequency elements is 5. The number of
elements mainly influences the gain of the antenna and E-plane
pattern. Moreover, the H-plane pattern is often used in simulations, where the beamwidth and the front-to-back ratio (FBR)
only depend on the shape of reflection plate regardless of the
length of the antenna. For ease of simulations, we only use fiveelement high-frequency and two-element low-frequency simplified model in accordance with the third scheme—embedded
scheme.
Fig. 6(a) shows the antenna array simulation model, which
mainly comprises a reflection plate, high-frequency elements,
low-frequency elements, rectangular baffles, and surrounding
isolation baffles. Reflection plates and baffle plates are made
from aluminum. Because the dual-band antenna is heavier than
single-band antenna, the thickness of the reflection plate is
2.5 mm and the thickness of the isolation plate is 1 mm.
Since, high-frequency and low-frequency elements are embedded in the same axis, the mutual coupling between elements
is very large. Thus, we add some frames around elements and
optimize the shape and the size of the frame to achieve a decoupling effect. The beamwidth is more converged. The baffle is
used to direct the radiation of power density in the desired
direction and not on other undesired directions, while it also
improves the isolation between elements and the antenna FBR.
Because the baffle shape of the reflection plate impacts on the
H-plane pattern, the reflection plate needs to be optimized more
carefully.
In order to accurately simulate the practical environments,
the tubular radome needs to be appended in simulation model as
shown in Fig. 6(b) (The outer diameter of the cover is 200 mm;
the wall thickness of the cover is 3 mm; the material of the
cover is UPVC; and the dielectric constant is 3.8). Fig. 6(c) is an
enlarged Fig. 6(a). The optimum size of the proposed antenna
in Fig. 6 is shown in Table I.
C. Simulation Results and Analysis
Modeling and simulation of the antenna are difficult since
it needs to constantly modify variable parameters, and use
different methods to obtain optimized pattern. In the simulation, the antenna size is limited (the diameter is 200 mm).
After simulation and optimization for a period of time, some
rules are obtained: the width increasing of the reflection plate
results in higher FBR and bigger beamwidth in high frequency,
and low FBR and beamwidth in low frequency. The length of
the inclined side of the reflection plane and the bevel angle
changes have little influence on the high-frequency pattern but
greatly affect the low-frequency pattern. The surrounding isolation baffle is around the high-frequency element to make the
high-frequency beamwidth more converged and increase FBR
in the low frequency. As the rectangular baffle increases, the
FBR in the high frequency and low frequency will increase, but
the beamwidth will become wider. Therefore, the element spatial distance and the antenna height in the outer cover are taken
as an example to give a detailed description.
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(a)

(b)

(c)
Fig. 6. Simplified antenna array simulation model. (a) High-frequency fiveelement and low-frequency two-element model. (b) Sectional view. (c) Zoom-in
view.

1) Determination of Spatial Distance Between Two Adjacent
Elements: Spatial distance between two adjacent elements is
an important parameter used in antenna array pattern synthesis.
The small element spatial distance makes the effective radiation area overlap. Conversely, the big element spatial distance
results in the high sidelobe. Therefore, the choice of a suitable
element spatial distance is necessary.
Simulated H-plane gain patterns for two elements in different spatial distances in the frequency band of 1710–2170 MHz
are shown in Fig. 7, where λ = 200 mm. From Fig. 7 and
Table II, it can be seen that with the increase of the element
spatial distance, the gain of the antenna first slowly increases,
then gradually reduces. When the element spatial distance is
0.7λ (140 mm), the gain of the antenna reaches the maximum
of 9.138 dBi. Therefore, the high-frequency element spatial distance is set as 140 mm. However, in the dual-band antenna,
in addition to considering the high-frequency element spatial
distance, the low-frequency element spatial distance also needs

Fig. 7. Simulated H-plane gain patterns for two elements in different spatial
distances (f = 1.894 GHz). (a) 0.5λ. (b) 0.7λ. (c) λ.
TABLE II
G AIN S IMULATION FOR T WO E LEMENTS IN D IFFERENT E LEMENT
S PATIAL D ISTANCES

to be determined. For the high-frequency range from 1710 to
2170 MHz and the low-frequency range from 820 to 960 MHz,
the high-frequency antenna operating frequency is almost twice
as much as the low-frequency antenna operating frequency.
The high-frequency element wavelength is half of the lowfrequency element wavelength, therefore the low-frequency
element spatial distance is 280 mm.
2) Antenna Height in the Cover: In the simulation process
of the low-profile antenna proposed in this paper, we need to
optimize the height of the antenna body h in the cover as shown
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Fig. 8. Simulated H-plane gain patterns operating in high frequency with
different heights h (f = 1.894 GHz).
Fig. 10. Prototype of dual-band miniaturized low-profile base station antenna
array. (a) Front view. (b) Back view.

Fig. 9. Simulated H-plane gain patterns operating in low frequency with
different heights h (f = 880 MHz).

in Fig. 6(b), where the height of the antenna body in a cover
is defined as the vertical distance between the reflection plate
bottom surface and the cylinder center of the cover. In the planar antenna, the height of antenna body is fixed. However, in
the cover of low-profile antenna, although the width of the
antenna is limited, the upper and lower space is allowed to
adjust. Therefore, the height of the antenna body in a cover will
affect the pattern performance. A detailed analysis and simulation for this parameter is done, where initial value of h is set
as 0. If the antenna array moves up, h is positive; otherwise,
h is negative. When the antenna array moves down, the highfrequency and low-frequency patterns get worse. Thus, we only
analyze the effect of the antenna body moving up on the pattern.
Simulated gain patterns in high frequency and low frequency
are shown in Figs. 8 and Fig. 9, respectively.
Simulated H-plane gain patterns operating in high frequency
with different heights are shown in Fig. 8, where the antenna
gain reduces and the beamwidth and the FBR increase with
increasing of the height. In other words, in high frequencies, the
antenna array moving up results in a worse pattern. Simulated
H-plane gain patterns operating in low frequency with different
heights are shown in Fig. 9. With the increasing of the height,
the FBR also increases, but the gain and the beamwidth are
essentially unchanged. Therefore, in low frequency, the antenna
array moving up results in a better pattern. With the change of
the height, high-frequency and low-frequency pattern changes
are contradicted. The tradeoff height between the above two is
h = 15 mm.
3) Optimized Simulation Results: According to the conclusion drawn in the simulation, the reflection plate size and

the isolation baffle size are further optimized as shown in
Table I. Based on these sizes, simulated H-plane gain patterns
are obtained as shown in Fig. 12(a)–(d), where all crosspolarization levels are lower than copolarization levels in main
direction, and the low-frequency simulation pattern curves
are smooth and the high-frequency simulation pattern curves
fluctuate obviously. The reason why the high-frequency simulation pattern curves fluctuate is that a high-frequency element
is embedded in a low-frequency element which results in a
big mutual coupling effect. Nonetheless, the high-frequency
and low-frequency FBRs are basically larger than 25 dB, the
beamwidth is converged and the cross-polarization ratio for
main direction is larger than 10 dB. The only disadvantage is
that cross-polarization ratio for ±60◦ from main direction is not
ideal in high frequency, which can be improved in the practical
antenna adjusting.
IV. M EASURED R ESULTS AND V ERIFICATION
A. Antenna Prototype
According to the optimum size and the gain requirement
in the simulation, a dual-band array with 5 low-frequency
elements and 10 high-frequency elements is fabricated. A
dual-band miniaturized base station antenna array is shown in
Fig. 10, where the front view of the antenna is the radiation
element and the back view of the antenna is the feed network.
The practical antenna array size is the extension of the simulation model in Fig. 6. The practical length of the antenna array
is 1500 mm and the width of the antenna array is 170 mm.
B. Performance Analysis
Due to the differences between the realistic environment and
simulation environment, and the errors of the fabricating and
assembly, the measured results are not as good as the simulation results. Thus, we should adjust the antenna in the practical
environment to obtain the optimal measured results. For example, the isolation in the high-frequency band is adjusted by
appending an isolation baffle beside the third high-frequency
element and appending a linear-shape isolation baffle beside the
second, third, and fifth high-frequency element; the isolation
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in low-frequency band is adjusted by appending a long isolation bar through reflection plate beside the first low-frequency
element.
The measured results on S parameters and +45◦ polarization
patterns are shown in Figs. 11–13. −45◦ polarization patterns
are omitted due to symmetry. Fig. 11(a)–(d) shows not only
measured VSWR and measured isolation (S21 ) but also simulated VSWR and simulated isolation (S21 ). In simulated VSWR
results, the maximum VSWR in the high frequency is 1.5;
the VSWR in the low frequency is very ideal and the VSWR
curves in two ports in the low frequency are similar, which
illustrate the VSWR consistency performs well. In the practical antenna adjusting, we also need to further enhance this
parameter. In measured VSWR results, the VSWR in high frequency and the VSWR in low frequency are less than 1.3,
which meets the design requirements. In simulated isolation
(S21 ) results, the maximum value of the high-frequency isolation (S21 ) is −30 dB, which meets the requirements. Isolation
in low frequency is better, which illustrates a small mutual coupling effect between two ports in low frequency. In the practical
antenna adjusting, we also need enhance the isolation. In measured isolation (S21 ) results, the isolation in the high-frequency
band is greater than 30 dB and the isolation in the low frequency
band is greater than 33 dB, which all meet the requirement that
the isolation should be greater than 30 dB.
Fig. 12(a)–(d) also shows measured H-plane gain patterns,
where the gain in the high frequency is 18 ± 1 dBi and the
gain in the low frequency is 14 ± 1 dBi, which are all in the
allowed range. From Fig. 12, we can see the FBR is larger than
25 dB and the beamwidth is convergent. In the range of 65 ± 6◦ ,
the cross-polarization ratio for main direction is greater than
15 dB. The cross-polarization ratios for ±60◦ from main direction are less than 10 dB in individual points in high frequency,
but it does not impact on the antenna’s operation. The measured
results are in good agreement with the simulated results.
Measured H-plane and E-plane gain patterns are simultaneously shown in Fig. 13(a)–(d). In measured E-plane gain
patterns, the first sidelobe level in high frequency is slightly
higher, but the difference relative to the main lobe is over 15 dB,
which meets the design requirements. It is very clear that the
low-frequency pattern is good. In short, from these measured
results, the electrical performance is quite good.
C. Comparative Analysis
In order to demonstrate the advantages of the designed
antenna, we compare the designed antenna with the antenna
proposed in [26]. The two antennas operate in the same
band, i.e., the low frequency band is 820–960 MHz and
high-frequency band is 1.71–2.17 GHz; they have the same
number of the elements and the similar innerconstruct which
are all embedded. In contrast to the ordinary plate cover in
[26], we select the low-profile tubular radome. The following
comparison mainly consists of three factors: volume, performance, and appearance.
1) Volume Comparison: The reflector width of the commonly utilized antenna under comparison is 240 mm, while the
reflector width of antenna proposed in this paper is 185 mm.
Because the array element spatial distance is the same, the

Fig. 11. (a) Voltage standing wave ratio (VSWR) in high frequency. (b) VSWR
in low frequency. (c) Isolation (S21 ) in high frequency. (d) Isolation (S21 ) in
low frequency.

total physical length of both antennas is the same. From the
comparison, it can be seen that the volume of the proposed
antenna is significantly reduced and the design target of miniaturization is achieved.
2) Performance Comparison: The highest gain of the
antenna designed in this paper is 13.8 dBi in the low frequency
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Fig. 12. Simulated and measured H-plane gain patterns in (a) high frequency
of 2.17 GHz, (b) high frequency of 1.71 GHz, (c) low frequency of 0.96 GHz,
and (d) low frequency of 0.824 GHz.

and 16.7 dBi in the high frequency. The highest gain of the
comparative antenna is 13.4 dBi in the low frequency and
15.6 dBi in the high frequency. The minimum FBR in this
paper is 24.1 dB, and the minimum FBR in the comparative
antenna is 23.1 dB.

Fig. 13. Measured H-plane and E-plane gain patterns in (a) high frequency of
2.17 GHz, (b) high frequency of 1.71 GHz, (c) low frequency of 0.96 GHz, and
(d) low frequency of 0.824 GHz.

3) Appearance Comparison: This paper uses a tubular
form of radome, which is different from the ordinary plate
cover. The low-profile antenna with a tubular form of radome
has a special appearance so that the antenna has a certain appearance and concealment. Fig. 14 shows two typical
application scenarios for the proposed low-profile base station
antenna and an ordinary plate base station antenna. From this
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Fig. 14. Application example for the (a) proposed base station antenna and
(b) ordinary plate base station antenna, respectively.

figure, we can see that the low-profile antenna can be easily
installed in a minimum environmental impact configuration.
From the comparison of the previous three aspects, we find
the dual-band, miniaturized, low-profile base station antenna
designed in this paper not only operates in a wideband but also
has some advantages such as small size, high gain, characteristics of concealment and easy installation. From the analysis of
market demands, the proposed antenna is a valuable scheme to
meet the commercial requirements.
V. C ONCLUSION
In order to meet the increasing traffic demands of cellular
communication networks, a novel dual-band, dual-polarized,
miniaturized and low-profile base station antenna was proposed
in this paper. This antenna has several advantages: compared
with the conventional dual-band planar antennas, the proposed
antenna features a reduced volume allowing for miniaturized
tubular-form radomes to be placed around it thus minimizing
its environmental impact. The proposed dual-band low-profile
base station antenna which utilizes the embedded element
implementation schemes can be easily applied to commonly
used 2G/3G systems meeting the miniaturization requirements
without a significant degradation of its radiation performance.
In addition, the embedded element arrangement in this paper
can also be transplanted to 4G/5G base station antenna
design.
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