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Abstract
A low-profile slant ±45∘ polarized antenna for a 4G/5G base station with a dominant path
wave propagation model (DPM) is reported in this paper. For dual-polarization and wide
impedance bandwidth, the two dipole radiators are crisscrossed and a square metallic ring
is integrated with the dipole arms and screwed with the four shorting vias. The antenna oper-
ates in Band 40/41/42/43 with strong isolation and low ECC (Envelop Correlation Coefficient).
Fabricated antenna results show that the predicted wideband antenna has 13.38% bandwidth
in 4G, which is Band 40/41, and 29.33% bandwidth in 5G sub-6 GHz Band 42/43. The antenna
has a consistent radiation pattern, a 40 dB XPD (Cross Pol Discrimination), and a beam
width of 69.5∘ ±1.5∘ in the entire frequency band. Three base station sites were explored
to deploy the radiation pattern of a dual-polarized antenna in the 3D EM (Electromagnetic
Analysis) tool. To evaluate signal quality, strength, radio network planning, and wave prop-
agation analysis by analyzing antenna performance in real-time scenarios with 64 and 256
QAM (Quadrature Amplitude Modulation) techniques. For the proposed four-stream MIMO
(Multiple-Input-Multiple-Output) antenna arrangement at deployed cell sites for 4G/5G base
station applications, the maximum downlink and uplink data rates are 3.826/2.8 Mbps and
1044/800 Mbps respectively.

Introduction

With the growth of fifth-generation (5G) technology, the number of users (user equipment
[UE], machine-to-machine [M2M], IoT (Internet of Things), vehicle-to-vehicle [V2V], etc.)
using 5G services is increasing exponentially. High throughput is required to provide the 5G
service to the users in upcoming dense urban and rural areas; hence, themotivation to install the
MIMO Base Transceiver Station (BTS) antenna is a tangible task. As per the third-Generation
Partnership Project (3GPP), International Telecommunications Union (ITU) fixed and named
themid-band as frequency range-1 band or sub-6 GHz band ranging from 410 to 7125MHz for
5G network deployments [1]. Operators, however, demand low-profile and lightweight anten-
nas for ease of installation in 4G and 5G base station towers [2, 3]. A pictorial representation
of the vehicle-to-infrastructure, vehicle-to-everything, M2M, and V2V wireless communica-
tion is shown in Fig. 1(a). Each vehicle can talk to other vehicles on the road, base stations,
the driver, and passengers. A cellular base station antenna with wideband high-gain proper-
ties is desirable to meet different communication requirements with multiple communication
network deployments. When addressing two or more wireless communication applications,
increasing the impedance bandwidth and reducing the interference through various MIMO
antenna elements become difficult.

The network infrastructures of all generations from 2G to 4G, including the core network,
base band unit (BBU), and radio remote head (RRH), are on the ground surface, with only
antennas installed on the towers. The RRH, BBU, and the heat sink are called the radio unit
(RU). The RU and the antennas are in one enclosure, called an active antenna system (AAS).
As per 3GPP-ITU recommendations, the 5G network deployment demands a compact AAS
on the cell phone tower, as shown in Fig. 1(b). As a result, the design challenge for 5G tech-
nology is to create attractive antenna features with a low profile and lightweight that is suited
for both 4G and 5G deployment. The compact antenna system replaces the existing 3G/4 G
antennas and satisfies all generations [4]. Bandwidth, gain, and isolation enhancement are
done using artificial magnetic conductor (AMC) cavity, parasitic elements, and vertical stubs
in the design [5–7]. Frequency selective surface is introduced to eliminate the influence of
the Low Band (LB) antenna on the Mid Band/High Band (MB/HB) antenna array and to get
the wideband–Band-pass filter response [8]. The dual-band performance is achieved by inte-
grating a small oval-shaped loop within the large oval-shaped loop without increasing the
size of the radiating patch [9]. Many attempts have been made to design dual- or multi-band
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Figure 1. Pictorial representation: (a) wireless communication networks and (b) network architecture evolution.

antennas for miniaturized base station applications. In [10], the
adaption of the vector synthesis technique provides better isolation
and low cross-polarization. An arrangement of probe-fed annular
ring elements and pairs of cross microstrip dipoles nested together
makes the designmore complex. A differential feedingmechanism
provides antenna miniaturization, thereby, a low profile [11].

A cascaded coupled-resonator decoupling network can effec-
tively mitigate the coexistence between two co-located systems by
providing at least 20 dB of isolation improvement and enhanced
matching performance [12]. The high-frequency radiators are
positioned over the low-frequency patch in this scheme [13], which
makes the designmore intricate. Stack-up configurations indirectly
increase the overall antenna height, which is not practically desired
for deployment. Even though [14] AMCs are used to address the
issues of size and wideband, the infinite ground plane is limited to
achieving the 0∘ reflection phase with low backfiring. In [15], both
dual-band antennas are printed on opposite sides of the substrate.
This scheme provides good radiation characteristics but usually
suffers from cross-polar discriminations (XPD) ofmore than 20 dB
at 0∘ and more than 10 dB at ±60∘.

This paper presents a novel approach that allows low-profile,
dual-polarized, high isolation base station antenna to address the
challenges in outdated methods reported in the literature [16].
The two dipole radiators are placed in crisscross arrangement to
obtain the wide impedance bandwidth. A squaremetallic ring with
a 3 mm air gap is placed below the dipole arms connected with
four shorting vias to operate the antenna in Band 40/41/42/43. The
overall antenna height, including the radome, is only 0.25𝜆 (𝜆 at
an operating wavelength of 3.5 GHz), smaller than the state-of-
the-art designs [17]. Ansys HFSS 3D EM solver is used for the
antenna design and simulation [18]. A dual slant ±45∘ polarized
dual-generation antenna is fabricated and tested.

This paper is divided into six sections: “Design of a dual-
generation MIMO antenna element,” which deals with design
flow, starting with radiator selection in terms of critical parame-
ters, antenna design, and feeding techniques; “Results and discus-
sion,” “Radio network planning for 4G and 5G MIMO antenna,”
“Wave propagation analysis using 4G and 5GMIMO antenna,” and
“Conclusion.”

Design of a dual-generation MIMO antenna element

A flared bow tie structure of length 𝜆0/2 (42.5 mm) at a center fre-
quency of 3.5 GHz is modeled. A detailed view of the wideband
radiator is shown in Fig. 2. The proposed dual-polarized antenna
is powered by radiofrequency (RF) cables; the inner conductor of

the cable is connected to one arm of the leaf-shaped dipole and
the outer conductor is connected to another arm of the antenna.
Finally, the outer layer of the RF coaxial cable along with one arm
of the dipole antenna is connected to the back reflector plane.
Another metal post with an RF cable connecting the other dipole
arm to the ground is located in the symmetrical plane. A balun
is created by the exterior part of the RF cable and the shorting
metal post, which optimizes the antenna’s feed. It is clear that the
patch’s edges are where the current prefers to flow the most. The
current could be adjusted symmetrical with 0∘ directions by opti-
mizing the lengths of the metallic post, square ring, and dipole
arms. This improved the 0∘ linearly polarized wave and decreased
the antenna’s cross-polarization. The novelty of the design lies in
the fact that for acquiring the dual-polarization, the two flared
petal-shaped dipole radiators are placed in a crisscross manner
with wide impedance bandwidth, high isolation, and low cross-
polarization. A square metallic ring with a 3 mm air gap is placed
below the dipole arms and are connectedwith four shorting vias, as
shown in Fig. 2(a) and (b). The square ring that connects the outer
edges of the dipoles’ arms that makes the antenna short is another
important feature of this antenna. The adjacent edges of the dipole
arms form a shorted slot transmission line as the dipoles’ ends are
connected. An open circuit is presented at the feeding point of the
dipole by appropriately adjusting the parameters of this shorted
slot transmission line. As a result, the isolation between the two
polarizations is improved by decreasing the current at the feed-
ing point. The antenna height is reduced in part due to the center’s
suppression of the current.

The side length is 21.2 mm, which makes an acute angle of
a = 60∘. The other working mechanism of the antenna and how
the fields on the metallic ring and dipole arms contribute to the
wider bandwidth at 2.5 and 3.5 GHz are illustrated in Fig. 2(c).
Fig. 2(c) shows the three current traveling paths at 2.5 GHz for
a −45∘ polarized radiator. One direction is along the dipole arms,
and the remaining two paths are from the square ring to the dipole
arms. The current traveling path indicates that the radiators seem
like non-uniform folded dipoles to achieve multiple resonances.
Similarly, at 3.5 GHz, fields are highly concentrated on the ring and
less on the sides of the dipole arms.

The fields on the ring seem like the short dipole scenario, and
the slant 45∘ polarization is obtained by the conciliation of four field
paths on the square ring. The Larm is calculated using equation (1),

Larm = R∗(1 + 1
tan (0.5 ∗ a) ), (1)

where R is the half circle radius and a is the acute angle.
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Figure 2. Configuration of the proposed low-profile dual slant ±45∘ polarized antennas: (a) side view, (b) top view, (c) current distribution, and (d) MIMO antenna prototype.

Thesquare ring is placed under the dipole radiatorswith a 3mm
air gap and shorted with the four corners of the ring with vias
because the leaf-type dipole arms are very close to each other. As
the gap is smaller, the frequency range is narrower. The ring length
(Lr), dipole arm length (Larm), and acute angle (a) have a significant
impact on the input impedance. From the above interpretation, it
is noted that the primary resonance is due to the leaf-type (petal-
shaped) dipole radiator, and the secondary resonance is yielded due
to the cumulative impact of the square ring, which is placed 3 mm
below the radiators and the mutual coupling between the flared
petal-shaped dipole arms.The effect of coupling between the paral-
lel vertical rods and the coaxial cables with squaring strip together
diminish the near-field coupling between the adjacent channels.
The use of additional parallel metallic vertical rods improves port-
to-port isolation and reduces cross-polarization levels by locating
the return current path to the ground plane. These petal-shaped
bow tie radiators give a bidirectional pattern on the broadside. To
get a unidirectional pattern based on image theory, a perfect elec-
tric conductor (PEC) acts as a reflector larger than the size of the
radiator placed at 𝜆0/4 under the radiator parallel to it. A PEC

is a metallic surface and can be realized by a copper plate. This
arrangement will improve the gain by two folds. The antenna is
fed with an SubMiniature version A (SMA) connector to create
a simple planar radiator for low-profile geometries. Table 1 com-
pares the proposed BTS antenna with the antennas available in the
literature.

Table 2 shows the comparison of the characteristics between the
anticipated antenna and the research results published in recent
years [5,6] and [13,16] in terms of electrical size, impedance band-
width, isolation, gain, and feed configuration. The features of the
proposed antenna are low profile, larger bandwidth, high isolation,
high gain, low XPD, and stable radiation pattern.

Results and discussion

In the simulations and measurements, different orientations are
considered in azimuth, elevation, and slant directions to under-
stand the capability of simultaneously producing +45∘ and −45∘

multi-beam patterns.
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Table 1. Optimized antenna dimensions

Parameters Description Values (mm)

Lg Length of the ground plane 65

Wg Width of the ground plane 65

Ld Dipole length (0.5*𝜆3.5 GHz) 42.5

Lstrip Strip length 5

Larm Length of the dipole arm 21.2

G1 Spacing between dipole arms 1.32

G2 The gap between shorting post
and coaxial cable

1.77

R Semicircle radius 9.25

Wpost Shorting post width 3

H The gap between the radiators
and ground plane

21.53

Dual-generation dual-polarized MIMO antenna element
performance

The simulated and measured S-parameters of the dual-polarized
antenna are shown in Fig. 4. The developed antenna element cov-
ers the frequency band from 2 to 5 GHz (S11 < −15 dB, 42.85%).
The slant ±45∘ polarized signals communicate well with the UE.
An Agilent N9927A vector network analyzer is employed to mea-
sure the performance of the antenna. Fig. 4 presents the simulated
and measured return loss showing the measured −10 dB return
loss impedance bandwidth and isolation of >40 dB ranges from
2 to 5 GHz (42.85%). Discrepancies between the measured and
simulated results are probably due to the additional insertion loss
induced by the inclusion of the SMA connector. Besides, the simu-
lations assign the ground plane, patch radiator, coaxial connector,
and shorting pins as PEC boundaries. In contrast, they are made
from lossy metals in the prototype, and the inductive effect of
soldering may also contribute to the discrepancies.

The far-field radiation pattern of the prototype antenna is mea-
sured in the anechoic chamber. The measurement setup is shown
in Fig. 3. The transmitter (Tx) is an standard gain horn and the
receiver (Rx) is the antenna under test, mounted at 1.5 m height
in the far-field separation of 3.65 m. Fig. 5(a) and (b) represent the
normalized measured radiation patterns in the xz- and yz-planes
at 2.5 and 3.5 GHz, respectively.

The measured results of a MIMO antenna element provide a
directional stable radiation pattern and a cross-polarization level
of −40 dB, front to back ratio of 23 dB, and a maximum gain of
11.3 dBi and beam width of 69.5∘ ± 1.5∘. The slight variation in
the measured radiation pattern is due to the alignment of the Rx
antenna to the Tx antenna. However, the proposed antenna pro-
vides a broader beam width, which results in the wider coverage,
and larger range ismade possible due to high-gain properties of the
antenna for telecommunication network demands.

Envelope correlation coefficient and directive gain

Because of the external environment, signal fading occurs in real-
istic mobile scenarios. The envelope correlation coefficient (ECC)
is crucial when assessing the performance of a MIMO antenna ele-
ment in typical multipath scenarios. The ECC of a MIMO antenna

Figure 3. Fabricated dual-polarized MIMO antenna element in an anechoic
chamber.

Figure 4. Simulated and measured S-parameter comparison of the proposed
antenna.

element with two dual-polarized elements is assessed in this sec-
tion. For a decent radiator with excitation at different antenna
ports, the acceptable value of ECC should be less than 0.5. ECC
(𝜌e) is calculated using measured far-field radiation patterns at the
resonant frequency reported in [19] using equation (2). The ECC
(𝜌e) is depicted in Figure 6(a).

ECC (𝜌e) =
∬
4𝜋

Ei (𝜃, 𝜙) ⋅ E*
j (𝜃, 𝜙) dΩ

√∬
4𝜋

Ei (𝜃, 𝜙) ⋅ E*
i (𝜃, 𝜙) dΩ ∬

4𝜋
Ej (𝜃, 𝜙) ⋅ E*

i (𝜃, 𝜙) dΩ
,

(2)

where Ei(𝜃,𝜙)(Ω) and Ej(𝜃,𝜙)(Ω) are complex electric fields
radiated by the antenna fed with two different ports along 𝜃 and
𝜙 direction and Ω is the solid angle.

The maximum ECC value obtained in Band 40 is 0.05. On the
other hand, themaximumECC values range from 0.01 to 0.0001 in
Band 41/42/43. The above results prove that the radiation patterns
of both antennas are uncorrelated.

Furthermore, diversity gain (DG) [20] is another important
parameter to evaluate the MIMO antenna element performance,
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Table 2. Comparison of proposed BTS antenna with literature

Reference Polarization/feed Operating frequency (GHz)
Isolation/XPD

(dB) Overall antenna size (mm3)

Maximum
measured
gain (dBi)

[5] Dual/Printed 0.69−0.9/1.71−2.69 20−32/20−25 3.33𝜆0 × x3.33𝜆0 × 0.94𝜆0 8.0

[6] Dual/Coaxial 2.5−2.690/3.3−3.6 38/25 0.43𝜆0 × 0.43𝜆0 × 0.26𝜆0 8.5

[13] Dual/Printed 2.35−4.25 28 1.13𝜆0 × 1.13𝜆0 × 0.26𝜆0 9.65

[16] Dual/Printed 2.38−2.54/3.11−4.15 28/23 0.8𝜆0 × 0.8𝜆0 × 0.27𝜆0 3.9/7.2

Proposed
antenna

Dual slant (±45∘)/Coaxial 2.0−5.0 band 40/41/42/43 40/40 0.55𝜆0 × 0.55𝜆0 × 0.25𝜆0 11.3

Figure 5. Radiation patterns of dual-generation dual-polarized MIMO antenna element (+45∘) are excited: (i) 2.5 GHz and (ii) 3.5 GHz at the broadside direction.

which is calculated using equation (3). Fig. 6(b) shows a proposed
MIMO antenna’s simulated and measured DG. It is noted that the
DG is close to the ideal case’s maximum value in the operating
bands.

DG = 10 ∗ √1 − |𝜌e|
2. (3)

Radio network planning with 4G and 5G MIMO antenna

The dual-polarized MIMO antenna element is designed using the
FEKO-WinProp software for the 4G and 5G BTS applications in
the real world by setting various air interface wireless standards.
The DP antenna design uses the FEKO-WinProp 3D EM software

package, which provides ray-tracing models with 3D visualization
of actual deployment in campus environments. The WinProp soft-
ware, which also supports numerous wireless technologies with
3GPP specifications, considers the effects of many characteristics
such as reflection, refraction, scattering, path loss, and line of sight.

The ray-tracing models in WinProp [21] facilitate the analysis
of 3D building information describing the provided surroundings
while considering all the predominant wave propagation features
(reflection, diffraction, and scattering). The propagation models
incorporate all 3D object data, making them three-dimensional.
The dominant path model (DPM) combines high accuracy with
rapid computing and provides accurate predictions for radio
coverage. The systematic deployment procedure for the proposed
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Figure 6. (a) ECC and (b) DG of the proposed antenna.

Figure 7. (a) Flowchart for the 4G/5G MIMO antenna deployment in the WinProp environment. (b) Three locations of BTS Sites 1, 2, and 3 at the NITT campus with
respective departments are marked on the map.

4G and 5GMIMOantenna is shown in Fig. 7(a).The campus of the
National Institute of Technology Tiruchirappalli (NITT) is chosen
for deploying the developed MIMO antenna element on graph-
ical terrain with BTS Sites 1, 2, and 3, as depicted in Fig. 7(b).
The equivalent 3D vector-building database of the selected urban
environment using WallMan is shown in Fig. 8(a).

Antenna manager (AMan) is used to export the designed radi-
ation patterns for the MIMO antenna element from the 3D EM
simulators and make them compatible with WinProp. In order to
export the 3D radiation pattern to WinProp environment, first,
take the 3D radiation pattern data in terms of Theta and Phi
from 3D EM solvers and save as.apa/.apb file format and export
the same file into WinProp platform for the 3D radiation pat-
tern of the MIMO antenna. Figure 8(b) illustrates the 3D radiation

pattern of the MIMO antenna. This simulation tool offers various
three-dimensional methods by considering 3D object data when
computing all rays in 3D. To deploy cell sites in specific geographic
terrain, the ProMan (Project Manager) is used, and necessary
network planning is carried out through various air interfaces.

Any highly populated metropolitan region can choose the
MIMO antenna element deployment with various configurations;
for convenience, the NIT Tiruchirappalli campus perspective is
considered and examined. The simulations are performed at three
different sites, identified on the map as BTS Sites 1, 2, and 3
(Silver Jubilee Building (SJB), Department of ECE, Central Library,
andAdministration Building, respectively), with inter-site distance
of 700 m from BTS Sites 1 and 2 and 850 m from BTS Sites
2 and 3.
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Figure 8. (a) 3D vector-building database of a selected urban environment in WallMan and (b) 3D radiation pattern in AMan.

Figure 9. The isometric view of the buildings in the NITT campus is marked as (a) Site 1, (b) Site 2, and (c) Site 3 in the cell site area.

Figure 9(a–c) shows an isometric view of the buildings as indi-
cated on the map. These places are selected so that the deployed
MIMO antenna element can see the various environments and
address the highest number of users. BTS Sites 1, 2, and 3 are
deployed at an altitude of 25 m from the terrace in the desig-
natedMIMO antenna element configurations tomaintain uniform
coverage. Different MIMO antenna element configurations are
explored by utilizing the dominant path model.

Wave propagation analysis using 4G and 5G MIMO antenna
element

The effectiveness of the network’s architecture determines how
well wireless communication networks perform. Radio network
planning is crucial to assess the wireless network performance
due to the broad range of accessible air interfaces for cellular and
broadcast wireless networks [21] with their diverse behavior and
parameter settings. To provide high-speed data rates for 4G and
5G deployments, ultradense networks comprising base stations
with minimal power in suburban areas are used. Therefore, a rapid
coverage prediction model is necessary. Here, the dominant path
model is used for Band 41 (2.496–2.690 GHz) 4G and Band 42
(3.4–3.6 GHz) 5G radio planning, combining high accuracy with
minimal computing time. All cells with Tx antennas above, below,
or on the rooftop can use the DPM, which enables a broad fre-
quency range. Tables 4 and 5 summarize radio coverage with the
DPM for various air interface wireless technologies.

WinProp tool determines the downlink (DL) and uplink (UL)
data rates, throughputs, signal-to-noise plus interference ratio

(SNIR), Reference Signal Received Power (RSRP), Reference Signal
Received Quality (RSRQ), Received Signal Strength Indicator
(RSSI), received power, path loss, and the coverage area for each
transmission mode. Both time division duplex (TDD) and fre-
quency division duplex (FDD) technologies are used for 4G (Band
41) and 5G (Band 42), according to the tabulated statistics. In
FDD, UL and DL use different frequencies, whereas in TDD, UL
and DL transmit on the same frequency but at different time
intervals.

Generally, TDD is preferred for better capacity, whereas FDD
is used for better coverage. However, the 5G FDD standards with
a dual-polarized MIMO antenna element composed of three loca-
tions are selected by analyzing the results and the coverage area
over the selected region. Fig. 10(a) depicts the cell areas across the
map chosen; Site 1 coverage is represented in green color, Site 2
in red color, and similarly Site 3 in blue color. Based on simula-
tion results, each cell site’s path loss is determined to be −90 dB, as
shown in Fig. 10(b).

The results are more precise and realistic because the DPM
adopts a fully 3D approach in path searching. This model identi-
fies the one dominating path between each transmitter and receiver
pixel. Compared to ray-tracing models, the computing time is sig-
nificantly less, and the accuracy is identical to that of the knife-edge
diffraction model. A DPM is preferred because ray-tracing mod-
els require a lot of time and depend upon the vector databases
that subsequently affect the accuracy. The most significant prop-
agation path between transmitter and receiver is determined by
DPM, which contributes more than 90% of the total energy. As a
result, computation time is reduced, and accuracy is nearly on par
with ray-tracing models [22].
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Figure 10. Simulation results of (a) cell area and (b) path loss over the selected area from the map.

Figure 11. Downlink and uplink: max. Throughput
and data rate with dominant path model for the MIMO
antenna element.

The DPM model is the best method for computing coverage
predictions in significant urban areas because it does not require
preprocessing for vector databases. The following equation is used
to determine the computation path loss (L) [23],

L = 20 ∗ log (4𝜋
𝜆 ) + 10 ∗ p ∗ log (l) +

i=0

∑
n

f (𝜑, i) + Ω + gt, (4)

where L is the path loss (dB), l is the distance between the Tx
and Rx, p is the path loss factor, f is the loss (dB) component
due to the diffraction, 𝜆 is the wavelength at the operating fre-
quency, gt is the transmitting (Tx) antenna gain (dB), and Ω is the
wave guiding component that determines the gain values.Thewave
guiding factor depends on the reflection loss due to the guiding
walls and their distance to the wave propagation path. The maxi-
mum input power (PT) given to the macro cell base station MIMO
antenna element is 48 dBm or 69 W at the antenna connector. The
developed MIMO BTS antenna gain (GT) is 10 dBi, the maximum
connector loss (LC) of the antenna is considered 1 dB, and cable
loss is 0 dB (ideal case). The maximum effective isotropic radiated

power (EIRP) is calculated using the below equation [24] at the
transmitting antenna aperture as 57 dBm:

EIRP = GT + PT − LC. (5)

Figure 11 shows the four-stream data rates and throughput for
both the UL and the DL. According to Fig. 12(a), the maximum
SNIR and received power are 50 dB and −50 dBm, and Fig. 12(b–d)
show the signal quality and strength parameters RSRQ, RSRP, and
RSSI for a MIMO antenna element.

The simulation results show that the signal strength is excellent
across the entire map with selected base stations at Sites 1, 2, and
3, with a maximum RSRP of −75 dBm, RSRQ of −4 dB, and RSSI
of −40 dBm. In conclusion, from the above extensive simulation
studies, it is observed that the high isolation BTS antenna pro-
vides high data rates and throughputs for the 4G and 5G network
deployment. According to the Shannon channel capacity theo-
rem, channel capacity is defined as a theoretical maximum bit rate
(number of bits/s) for the noisy channel. This channel capacity is
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Figure 12. (a) SNIR and received power, (b) RSSI, (c) RSRP and (d) RSRQ for the map area with the dominant path model for the MIMO antenna element.

calculated using the following equation [25]:

Channel Capacity (C) = BW * log2 (1 + S
N ) (6)

where BW = channel bandwidth, S = signal power (watts), and
N = noise power (watts).

As per the above equation,maximum channel capacity ormaxi-
mum data rate can be achieved only when the channel’s bandwidth
or SNIR is higher. The SNIR of the MIMO system is increased
if an antenna has high isolation (polarization diversity) and low
XPD, as shown in Table 3. Polarization diversity uses the anten-
nas of different polarization, i.e., slant ±45∘. If the low isolation
dual-polarized antenna is used for the wireless communications,
then the adjacent channel interference or the channel leakage
ratio increases and thereby a cross-talk occurs, which disturbs the
entire communication systems. So, many of the telecom opera-
tors prefer to take high isolation BTS antennas for efficient net-
work communications to provide quality of service to the users.
Also, high isolation antennas improve the spectral efficiency of

the network for better services to the end users. The MIMO
antenna uses multipath propagation characteristics to receive sep-
arate uncorrelated signals. The rigorous studies show that the
antenna with high isolation reduces the interference and improves
the SNIR. As a result, data rate and throughput increase. In addi-
tion, it is concluded that the antenna with high isolation provides
high data rates and throughput in the specified channel bandwidth
(20 MHz for 4 G and 100 MHz for 5G).

In a typical propagation analysis, the orientation of the receiving
antenna concerning the geometry’s coordinate system is specified.
But when the receiving antenna is fixed to a vehicle, it moves with
the vehicle. As a result, one establishes a trajectory in a virtual
drive test. As it travels along the trajectory, the receiving antenna’s
orientation changes by its motion.

The received power, SNIR of 30 dB, maximum throughput of
96.77 Mbps, and received power of −65 dB for this particular
scenario are plotted in conjunction with propagation or network
analysis for the selected geographical area as shown in Fig. 13. The
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Table 3. Comparison of channel capacity parameters of the antenna with low isolation and high isolation

5G

TDD FDD

S. no. Parameters As per 3GPP expected values 20 dB isolation 40 dB isolation 20 dB isolation 40 dB isolation

1 Received power (dBm) — −55 −50 −53 −50

2 DL: data rate (Mbps) — 1.05 1.913 2.1 3.826

3 DL: throughput (Mbps) — 255.3 522.2 510.5 1044

4 UL: data rate (Mbps) — 0.59 1.473 1.43 2.75

5 UL: throughput (Mbps) — 198.3 402.3 412.3 800

6 Max. SNIR (dB) ≥20 37 45 45 50

7 RSRP (dBm) ≥−80 −75 −75 −75 −75

8 RSRQ (dB) ≥−15 −11 −4 −11 −4

9 RSSI (dBm) ≥−65 −50 −40 −50 −40

10 Path loss (dB) ≤−80 −85 −90 −90 −90

Figure 13. The receiving antenna moves along the
trajectory in the specified path.

comparison of radio network parameters with three wave prop-
agation model and with various MIMO streams are reported in
Table 3, and it is clear that the DPMmodel provides accurately net-
work parameters with less simulation time. Before installation of
base station towers, this analysis is verymuchuseful for the telecom
operators for optimizing the location of the BTS in virtual manner.
This virtual drive test saves huge installation cost and also increases
manpower cost.

The network simulations with the MIMO antenna element
were carried out in the 4G and 5G bands. The data rate and
throughput for a single stream, and two-stream scenarios over

the selected geographic region with the DPM model are tabulated
in Tables 4 and 5. The full wave analysis using QPSK, 16 QAM,
64 QAM, and 256 QAM modulation schemes for both the DL
and UL of the base station and the mobile station were carried
out. According to the simulation results, the highest data rate and
throughput are achieved with 256 QAM for base stations deployed
at various BTS Sites 1, 2 and 3 locations.

The proposed base station antenna providing >40 dB isolation
is used for the simulation and analysis of the deployed Band 41
(2.496–2.690 GHz) 4G cell sites with TDD wireless standards in
the selected geographic area using the DPM and a comparison
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Table 4. 4G (Band-41) radio network deployment parameters with a dominant path model

4G

TDD

S. no. Parameters As per 3GPP expected values No MIMO stream MIMO 2 stream

1 Received power (dBm) — −50 −50

2 DL: data rate (Mbps) — 0.625 1.213

3 DL: throughput (Mbps) — 62.53 119

4 UL: data rate (Kbps) — 86.88 163.3

5 UL: throughput (Mbps) — 7.688 15.63

6 Max. SNIR (dB) ≥20 40 55

7 RSRP (dBm) ≥−80 −70 −75

8 RSRQ (dB) ≥−15 −11 −11

9 RSSI (dBm) ≥−65 −40 −40

10 Path loss (dB) ≤−80 −90 −90

Table 5. 5G (Band-42) radio network deployment parameters with a dominant path model

5G

FDD TDD

S. no Parameters As per 3GPP expected values No MIMO stream MIMO 2 streams No MIMO stream MIMO 2 stream

1 Received power (dBm) — −50 −50 −50 −50

2 DL: data rate (Mbps) — 2.010 3.826 1.005 1.913

3 DL: throughput (Mbps) — 548.6 1044 274.3 522.2

4 UL: data rate (Mbps) — 1.548 2.8 0.774 1.473

5 UL: throughput (Mbps) — 422.6 800 211.3 402.3

6 Maximum SNIR (dB) ≥20 45 50 45 45

7 RSRP (dBm) ≥−80 −75 −75 −75 −75

8 RSRQ (dB) ≥−15 −11 −4 −11 −4

9 RSSI (dBm) ≥−65 −50 −40 −50 −40

10 Path loss (dB) ≤−80 −90 −90 −90 −90

of the No MIMO stream and two-stream MIMO are made avail-
able. The data rates and throughput for both the UL and the DL
are reported in Table 4. For the deployed cell sites, maximum DL
data rate and throughput were 1.213 and 119 Mbps, respectively.
The maximum UL data rate and throughput were 0.163 and 15.63
Mbps recorded with 20 MHz bandwidth with two -stream MIMO.
The maximum received power and SNIR are −50 dBm and 55 dB
and the maximum RSRP is −75 dBm, RSRQ is −11 dB, and RSSI
is −40 dBm. DPM simulation results for the deployed Band 42
(3.4–3.6 GHz) 5G cell sites with FDD and TDD wireless stan-
dards with 100 MHz bandwidth in the selected geographic area
are tabulated in Table 5. For the deployed cell sites, the maximum
DL data rate and throughput were 3.826 and 1044 Mbps and the
maximum UL data rate and throughput were 2.8 and 800 Mbps.
The maximum received power and SNIR are −50 dBm and 50 dB,
respectively, and the maximum RSRP is −75 dBm, RSRQ is −4 dB,
and RSSI is −40 dBm.

Conclusion

A compact dual slant ±45∘ polarized MIMO antenna with high
isolation for dual-generation BTS and vehicular base station

applications is presented. High isolation and low ECC are dis-
covered by introducing a square metallic ring with a 3 mm air
gap placed below the crisscrossed flared dipole radiators, which
is connected to the dipole arm with the help of four shorting
vias operating in Band 40/41/42/43. The proposed dual-polarized
antenna height is 0.25𝜆3.5GHz. The prototype of a MIMO antenna
element is fabricated and tested. Measured results show that
the proposed dual-polarized antenna achieves 13.38% and 29.3%
bandwidth in the Band 40/41 and sub-6 GHz bands, respectively.
Simulated and measured results demonstrated that the proposed
antenna offers stable radiation patterns with port-to-port isola-
tion of >40 dB, with a maximum gain of 11.3 dBi and low
XPD of −40 dB over the operating band. The WinProp platform
is used to deploy the radiation patterns of the designed dual-
polarized MIMO antenna element in the selected geographical
area for detailed radio network planning. The maximum DL data
rate and throughput were 3.826 and 1044 Mbps, respectively. The
maximum UL data rate and throughput were 2.8 and 800 Mbps,
respectively, with a two-stream MIMO antenna element for the
deployed cell sites. The developed antenna is fit for the 4G and
5G sub-6 GHz MIMO BTS and vehicular base station antenna
deployments.
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