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ABSTRACT Dual polarized printed multiple input multiple output (MIMO) antenna for Band 42
(3.4 - 3.6 GHz) with wave propagation models is presented. Polarization and spatial diversity are achieved
by utilizing two printed bow-tie antennas in orthogonal orientation. The designed dual polarized antenna
element with 2×2, 4×4 and 8×8 massive MIMO antenna configuration radiation patterns are deployed in
selected geographical situation for detailed radio network planning using FEKO-WinProp platform. Knife
edge diffraction, extended walfisch-ikegami and dominant path wave propagation models are implemented
with designed MIMO antenna configurations. Modulation schemes of QPSK and QAM with corresponding
data rates and throughput for all propagation models are presented. The signal strength and quality reflecting
parameters reference signal received power (RSRP), received signal strength indicator (RSSI), reference
signal received quality (RSRQ), and signal to noise plus interference ratio (SNIR) are also evaluated for
each model. From the simulation results dominant path model provides data rate and throughput of 3.827,
995 MBit/s and 3.577, 930.1 MBit/s for single stream of data in uplink and downlink respectively. The
maximum data rate of 1.37 GBits/s is achieved for deployed base stations with 8×8 massive MIMO antenna
configuration effectively covering the entire geographical site.

INDEX TERMS Dual polarization, 5G, MIMO, radio network planning, wave propagation models.

I. INTRODUCTION
Basestation antennas gained a lot of attention over the past
few decades with various types of antennas and with differ-
ent structures [1]–[3]. Mainly antennas include patch anten-
nas [4], [5] slot antennas [6], cross dipole antennas [7]–[9],
with polarization diversity technique by utilizing different
polarization became popular for base station antenna. Com-
pact Dual polarized antennas are selected for base station
antennas for their interesting features to overcome multi-
path fading and increasing channel capacity [10]–[15]. The
ability of increasing channel capacity and combating the
effect of multipath fading effect with polarization diversity
received utmost attention in designing base station anten-
nas [16]. The current development of 5G networks, focusing
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on the possibility to multiplex data streams parallely with
time or frequency resource through multiple input multiple
output (MIMO) antenna systems.

From analog communications to the existing long term
evolution (LTE) new technology has evolved comprising
of new standard. Antenna technology also advancing start-
ing from monopoles to present complex massive MIMO
antennas [17]. To sustain the demand of network capacity
the requirement of new technologies with next level set of
standards are needed namely 5G [18]. 3rd generation part-
nership project (3GPP) also focusing and standardizing the
requirements for 5G [19]. The current scenario for tele-
com operators is to maintain multi-standard networks by
expanding the already existing 4G (fourth generation) long
term evolution (LTE) and gradually moving towards new
technology generations [20]. Simultaneously the network
operators are maximizing their LTE network by applying
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LTE-Advanced for providing capacity scalability and also to
make it flexible to adopt cellular connectivity. Recently, the
mobile traffic increased drastically (also by changes induced
by COVID-19) which allows antennas to further optimize
towards 6G systems [21]. For 5G systems to be reliable RF
propagation models have to be generated to ensure standard
performance which also includes path loss models [22], [23].
To meet these requirements of users with high connectivity
and data rates, 5G deployment has to accommodate huge data
traffic and unlock the connectivity issues.

In this paper, compact dual polarized MIMO antenna oper-
ating in Band 42 with wave propagation models for 5G appli-
cations is presented. The proposed antenna configuration is
miniaturized and provides high isolation of 32 dB with stable
radiation patterns and an average gain of 8.26 dB for entire
band of operation. To the best of the author’s knowledge the
detailed radio network planning along with wave propaga-
tion models for the designed antenna using FEKO Winprop
platform so far has not been reported. The designed antenna
element with 2×2, 4×4 and 8×8MIMO antenna configura-
tion radiation patterns are deployed in practical scenario for
complete network planning with different wireless standards
to support 5G requirements. The analysis of deployed base
stations with modulation schemes of QPSK and QAM for
all wave propagation models are also discussed. The sig-
nal strength and quality reflecting parameters RSRP, RSRQ,
RSSI and SNIR are analyzed with each propagation model
for selected geographical site.

II. DUAL POLARIZED MIMO ANTENNA
A. ANTENNA DESIGN DETAILS
The geometry and development of the proposed dual polar-
ized antenna(DPA) are shown in Fig. 1. The antenna con-
tains three layers radiator, printed feed structure and a PEC
reflector. The main radiator of the proposed antenna con-
sists of two printed dipoles in orthogonal orientation and
fabricated on FR4 substrate with relative dielectric constant
of 4.4. The orthogonal arrangement of two such dipole
antennas in cross-pairs provides two different polarized
radiation patterns. To obtain better isolation, two pairs of
L-slots are etched on each arm of the radiator. In addi-
tion to L-slots, U notches are created between two adja-
cent arms of the antenna as shown in Fig. 1. The pro-
posed shape of the each arm with L shaped slots and
U-notches on the edges of the radiator enhance the port to

FIGURE 1. Geometry of the proposed DPA.

port isolation and also supress the cross polarization between
antenna elements.

The feed structure is printed on two vertical substrates with
0 shaped feed lines, which are properly designed for good
impedancematching on FR4 substrate as shown in Fig. 2. The
bottom PEC reflector contains the extended feed lines of the
two vertical substrates where the two 50� coaxial cables for
the feed structures are connected. It is observed that the two
individual ports of dual polarized antennas with this arrange-
ment provide better port to port isolation. Optimizations are
performed using FEM based 3D electromagnetic (EM) simu-
lation software Ansoft HFSS 19.0. The geometric parameters
for the proposed dual polarized antenna element are tabulated
in Table 1.

FIGURE 2. Geometry of the proposed feed network.

TABLE 1. Optimized dimensions of the proposed dual polarized MIMO
antenna.

B. SIMULATED AND MEASURED RESULTS
Simulated and measured S-Parameters for the dual polar-
ized antenna element are shown in Fig. 3. From the mea-
sured results it is observed with a VSWR of < 1.5 and
high isolation of 32 dB are achieved for entire band of
interest. The measured gain and efficiency measurement
by utilizing Q method are calculated for both the polar-
ized antenna elements as shown in Fig. 4. An average
gain of 8.26 dB is obtained for each single dual polar-
ized antenna element. The fabricated prototype of the pro-
posed dual polarized MIMO antenna element are shown in
Fig. 5(a) and (b).

29184 VOLUME 10, 2022



A. Bellary et al.: Analysis of Wave Propagation Models With Radio Network Planning Using Dual Polarized MIMO Antenna

FIGURE 3. Simulated and measured S-parameters of the proposed DPA.

FIGURE 4. Measured gain and efficiency of the proposed DPA.

FIGURE 5. Fabricated prototype of proposed DPA (a) Top view and
(b) Side view.

The measured and simulated radiation patterns at different
frequencies of 3.4 GHz, 3.5 GHz and 3.6 GHz for dual
polarized MIMO antenna element in both E and H planes
when antenna port 1 is excited are shown in Fig. 6(a),
Fig. 6(b) and Fig. 6(c) respectively. From the measured
results cross polarization levels are below -25 dB in both
azimuth and elevation planes with front-to-back ratio of
30 dB. The difference in measured and simulated results may
be attributed to the measurement and fabrication errors. The
far field measurement setup for the proposed dual polarized
MIMO antenna element is shown in Fig. 7. The MIMO
performance parameters like envelope correlation coeffi-
cient(ECC) and diversity gain(DG) are also calculated by
using S-parameters for 1 × 2 MIMO configuration with ele-
ments E1 and E2 as shown in Fig. 8. The performance com-
parison of the proposed antenna with previous work is given
in Table 2.

FIGURE 6. Simulated and measured radiation patterns when antenna
port 1 is excited (a) E-Plane (b) H-Plane.

FIGURE 7. Far field measurement setup of fabricated DPA.

III. RADIO NETWORK PLANNING FOR
5G MIMO ANTENNA
A. DEPLOYMENT OF 5G MIMO ANTENNA ELEMENT
The proposed dual polarized 5G MIMO antenna is deployed
in practical scenarios with different air interface wireless
standards by using FEKO-WinProp software. FEKO Win-
Prop 3D EM software package is utilized for simulating the
model as it supports ray tracing models with 3D visualization
of actual deployment in campus environment. Full 3D visual-
ization of the environment for the antenna deployment could
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FIGURE 8. MIMO performance analysis using ECC and DG parameters.

TABLE 2. Performance comparison of proposed MIMO antenna element
with previous work.

not be implemented in MATLAB/ADS and it’s not under
the scope of the proposed work in the manuscript. Effect
of various parameters like reflection, refraction, scattering,
path loss, line of sight are taken into account with WinProp
software which also supports different wireless standards
as per 3GPP requirements. The effective coverage over the
selected terrain and locations for proper deployment of the
antennas are also shown with suitable graphs using WinProp
software.

The different wave propagation models are considered for
computing the radio coverage and radio channel analysis in
various scenarios from large rural to dense urban cities. The
step by step procedure for deploying the proposed 5GMIMO
antenna is shown in Fig. 9.The network planning modules for
different air interfaces helps to compute the overall signal and
interference situation by superposing the contributions from
multiple deployed transmitting sites.

The ray tracing models in WinProp [24] considers all
the dominant wave propagation characteristics (reflection,
diffraction, and scattering) and support the analysis of 3D
building knowledge representing the given surroundings. The
propagation models are three dimensional by taking into
account of all 3D object data. For accurate predictions of
the radio coverage the dominant path model(DPM) is applied
which consists of high accuracy with short computation time.
For deploying the designed 5GMIMOantenna element a geo-
graphical terrain National Institute of Technology Karnataka
(NITK) campus is selected as shown in Fig. 10. and the
equivalent representation of the map by using WallMan is
shown in Fig. 11. The designed radiation patterns for Unit

FIGURE 9. Flow chart for deployment of 5G MIMO antenna element in
WinProp.

FIGURE 10. NITK campus considered locations A,B and C with respective
buildings are labelled and given in map.

FIGURE 11. Selected geographical terrain using WallMan and ProMan
(a) Layout and (b) 3D View respectively.

cell, 2 × 2, 4 × 4 and 8 × 8 massive MIMO antenna
are exported from ANSYS HFSS and made compatible for
WinProp by using AMAN(Antenna Manager). The obtained
3D radiation plot for MIMO antenna element is shown
in Fig. 12.

The radio channel predictions in terms of time, frequency
and also for the spatial domain are necessary to analyze
the 5G transmission modes along with various MIMO con-
cepts. MIMO antenna arrays are developed in different con-
figurations on both at transmitter(Tx) and receiver(Rx) side
which uses spatial multiplexing or beamforming and even
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FIGURE 12. 3D Radiation pattern of Single DPA Element in AMAN.

combination of both technologies. The signal field strength
and delay with angle of depature at both Tx and Rx are
considered in WinProp. This simulation tool provides several
methods which are fully three dimensional by considering 3D
objects data to compute all rays in 3D. The ProMan(Project
Mangaer) is utilized to deploy the cell sites in selected geo-
graphical terrain and required network planning is done by
using various air interfaces.

B. MEASUREMENT LOCATIONS
The measurement environment is at NITK campus and the
respective deployed locations A,B and C for base station
antenna are given in Fig. 10. The deployment of the MIMO
antenna with different configurations can be selected to any
densely populated urban areas, for convenience the campus
view itself is considered and analyzed. The measurements are
taken in three locations, namely at Building A (Main Aca-
demic Building) as location-A, Building B (Lecturer Hall C)
as location-B and Building C(Mega Tower) as location-C
which are marked on the map. Location A and location B
are on two either sides of the national highway passing in
between the east and west campus which are 15m apart
whereas the distance between location A, location B to loca-
tion C will be more than 50m. The pictorial representation
of the campus with selected sites for antenna deployment are
shown in Fig. 13. The panoramic views from these locations
are also shown from Fig. 14 to Fig. 16. These locations
were selected such that the deployed MIMO antenna sees
the different environment addressing the maximum number
of users.

In location A, B and C the selected MIMO antenna con-
figurations are placed at altitude of 30m from the terrace to
maintain the uniform coverage. There are other bulidings in
between with various departments covering the maximum
number of users. The selected three locations covers the
entire campus with maximum data rate and throughput with
required channel modulation schemes. The various wave
propagation models are studied with differentMIMO antenna
configurations and analyzed.

FIGURE 13. Pictorial representation of NITK campus with deployed cell
site locations.

FIGURE 14. Panoramic View from Location A focusing the east side
campus. This building is marked as site 1 antenna 1 in the cell site area
map.

FIGURE 15. Panoramic view from location B focusing towards building A.
This building is marked as site 2 antenna 2 in the cell site area map.

FIGURE 16. Panoramic view from location C focusing the entire hostel
blocks. This building is marked as site 3 antenna 3 in the cell site area
map.

C. RADIO NETWORK PLANNING OF 5G MIMO ANTENNA
The performance of wireless communication networks
depends on an efficient architecture of the network. Due to
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the wide range of available air interfaces for cellular and
broadcast wireless networks with their different behavior and
parameter settings, radio network planning is essential to
analyze the performance of the wireless network [25].

For deploying 5G, ultra-dense networks consisting of base
stations with low power in suburban areas are utilized to pro-
vide high data rates. Accordingly, a fast coverage prediction
model is required. Here, for 5G radio planning the dominant
path model is utilized as it combines high accuracy with less
computation time. The dominant path model supports wide
frequency range which can be used for all types of cells
with Tx antennas above, below or on the rooftop. Therefore,
by considering this model the radio coverage for different air
interface wireless standards are tabulated in Table 3.

TABLE 3. Radio network planning for air interface with wireless
standards.

As the 5G cellular network launching gets interconnected
and utilizes the already existing 4G LTE networks. To under-
stand the LTE(Long Term Evolution) signal strength and
quality few signal type terminologies and its considerable
range of values are described below [25].

• Reference Signal Received Power(RSRP) : As per 3GPP
definition of RSRP is defined as the linear mean over
the power contributions for the resource elements that
contain cell-specific reference signals within the desired
measurement frequency bandwidth. Its typical signal
quality values are ≥ −80 dBm (Excellent); −80 dBm
to −90 dBm (Good); −90 dBm to −100 dBm (Fair to
Poor); ≤ −100 dBm (No Signal/Disconnection).

• Received Signal Strength Indicator (RSSI) : RSSI is
defined as the entire received power including the
desired power from the serving cell in addition to the
co-channel power and other sources of noise. RSSI
typical signal quality value ranges are > −65 dBm
(Excellent); −65 dBm to −75 dBm (Good); −75dBm
to −85 dBm (Fair); −85 dBm to −95 dBm (Poor);
≤ −95 dBm (No Signal/Disconnection)

• Reference Signal ReceivedQuality (RSRQ) : It indicates
the quality of the received reference signal. RSRQ typi-
cal signal quality value ranges are≥−10 dB (Excellent);
−10 dB to −15 dB (Good); −15 dB to −20 dB (Fair to
Poor); ≤ −20 dB (No Signal/Disconnection).

• SNIR/SNR : Signal to Noise plus Interference Ratio
(A minimum of 20 dB is required to detect the
RSRP/RSRQ). It indicates the throughput capacity
of the channel. The typical range of values are ≥
20 dBm (Excellent); 13 dBm to 20 dBm (Good);
0 dBm to 13 dBm (Fair to Poor); ≤ 0 dBm (No Sig-
nal/Disconnection).

WinProp platform is utilized to determine the path loss, cell
coverage, signal to noise and interference ratio, throughput,
maximum data rates in down link and up link, received power,
individually for each transmission mode. From the tabulated
data both Time division duplex(TDD) and Frequency division
duplex(FDD) technologies are utilized for 5G. TDD, FDD are
two different spectrum utilization techniques which are con-
sidered by mobile operators. In FDD, separate frequencies
are used for uplink and downlink where as in TDD a single
frequency is used for both uplink and downlink transmitting
at different times.
In general, FDD is employed for better coverage, while

TDD is chosen for better capacity. However, by comparing
the results and range of coverage over the selected area 5G
FDD standard with dual polarized antenna element consisting
of three number of sites is selected. The cell site areas over the
selected map is shown in Fig. 17. From the simulation results
calculated path loss is observed as -80 dB at each cell site is
calculated and given for cell site 1 as shown in Fig. 18. The
line of sight(LOS) and non line of sight(NLOS) with respect
to each cell sites are calculated and given for cell site 1 as
shown in Fig. 19.

FIGURE 17. Individual cell site area in selected map.

IV. WAVE PROPAGATION MODELS FOR
5G MIMO ANTENNA
A. KNIFE EDGE DIFFRACTION MODEL
Generally, the deterministic models utilize the physical phe-
nomena to explain the propagation of radio waves and are
based on ray optical techniques. When a radio wave is con-
sidered to propagate in straight line it gets presuaded by only
the present obstacles that mostly lead to reflection, diffrac-
tion and even peneration through these obstacles. But for
scenarios where there is large distance between transmitter
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FIGURE 18. Simulation results of path loss over the selected geographical
terrain for cell site 1.

FIGURE 19. Layout of the geographical terrain with LOS and NLOS for cell
site 1.

and receiver the computational demand is ambitious. There
are also even some scenarios where there is no 3D vector data
available but only the clutter height information of the located
building heights in pixel format. Kinfe edge diffraction(KED)
model is one approach where the both cases can be predicted
based on either vector or pixel data. This model considers the
effect of the actual environment by utilizing the 3D vector
building data along with terrain profile [24].

For the selected geographical terrain KEDmodel is applied
and the computation is done by using WinProp software.
The number of diffractions (knife edges) can be limited to
required number by editing the parameters in additional knife
edge diffraction settings. The diffractions at the clutter objects
including the clutter height are taken in to consideration for
simulation. The general scenario how the knife edges are con-
sidered between transmitter and receiver during computation
is shown below in Fig. 20. The simulations are carried out
with unit cell MIMO antenna element, 2 × 2, 4 × 4 and
8 × 8 massive MIMO configuration radiation patterns. The
effect of single stream data rate and throughput over the area
of coverage as the number of antenna elements increases are
observed shown in Fig. 21 (a) and (b).

The observed simulation results by implementing KED
model are tabulated in Table 4. The single stream data rate

FIGURE 20. General transmitter and receiver scenario in knife edge
diffraction model.

FIGURE 21. Analysis of different MIMO configurations with KED model
(a) Data rate (b) Throughput.

and throughput of 2.7764 MBits/s and 719.8 MBits/s for
downlink and 2.956 MBits/s and 766.5 MBits/s for uplink
are reported for the deployed cell sites at three locations A,
B an C. From the simulation results RSRP is -85 dBm, RSRQ
is 0 dB and RSSI is -62 dBm which states that the signal
strength is excellent covering the entire map with selected
locations A,B and C.

B. EXTENDED WALFISCH-IKEGAMI MODEL
Extended walfisch-ikegami model(EWM) considers several
parameters related to building profile in the environment for
path loss prediction. It utilizes very less computation time
with tolerable accuracy when compared to the deterministic
ray optical models. Wave-guiding effects are not considered

VOLUME 10, 2022 29189



A. Bellary et al.: Analysis of Wave Propagation Models With Radio Network Planning Using Dual Polarized MIMO Antenna

TABLE 4. Simulation results of various parameters with knife edge
diffraction model.

in this model which generally occurs in urban canyons.
This model accuracy is more accurate when the transmitters
are located above the rooftop levels of the bulidings as it
approximates the multiple diffractions. It considers only the
characteristic values for predicting path loss. It discriminates
between line-of-sight (LOS) and non-line-of-sight(NLOS)
situations.

The general propagation scenario of the EWM model is
shown in Fig. 22. Where HTx is the height of the transmitter,
Hroof is the mean value of the building heights, HRx is the
height of the receiver, w is mean value of width of roads, s is
mean value of building separation. The evaluation of path loss
agress very well with the measurements of the base station
antenna heights above the rooftop level. In this model the
prediction error becomes quite larger for HTx close to Hroof
when it is compared with the situations whereHTx >>Hroof .
The performance of this model is considered to be poor when
HTx << Hroof [24].

FIGURE 22. Propagation scenario with transmitter and receiver in
extended walfisch-ikegami model.

For micro cells the prediction error is large and it does not
consider the multipath propagation as a result wave guiding
effects are not taken into account in computation. So, in sit-
uations where the transmitters are on over the rooftops this
model provides good results. The single stream data rate and
throughput for different MIMO antenna configurations over
the considered geographical terrain with EWM are shown in
Fig. 23 (a) and (b).

Using EWM model the simualtion results for the selected
locations A,B and C deployed for this map are tabulated
in Table 5. The data rates and throughput of 2.576 MBits/s
and 669.8 MBits/s for downlink and 2.756 MBits/s and

FIGURE 23. Analysis of different MIMO configurations with EWM (a) Data
rate (b) Throughput.

TABLE 5. Simulation results of various parameters with extended
Walfisch-ikegami model.

716.5 MBits/s for uplink are reported for the deployed cell
sites. From the simulation results RSRP is −80 dBm, RSRQ
is 0 dB and RSSI is −60 dBm which shows that the signal
strength is good covering the entire map with deployed loca-
tions A,B and C.

C. DOMINANT PATH MODEL
Dominant path model(DPM) uses the full 3D approach in
path searching and hence the results are more realistic and
accurate. So far discussedwave propagationmodels are based
on empirical approaches and they compute by direct ray
between tranmitter and receiver location which often leads
to erroneous results. This model determines the one domi-
nant path between each transmitter and receiver pixel. The
computation time is very less when compared to ray-tracing
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models and accuracy is identical to knife edge diffraction
model. As the ray tracing models are very time consum-
ing and also they rely on vector database which indirectly
influence the accuracy of prediction DPM are preferrable.
DPM determines the most siginificant one propagation path
between transmitter and receiver which contributes to more
than 90% of the total energy. This leads to less computation
time and accuracy almost equivalent to ray-tracing mod-
els [26].

Ray tracing models (Knife edge diffraction) determine the
numerous paths between transmitter and receiver, in empir-
ical models (Extended Walfisch-ikegami Model) it considers
the direct path but in DPM model it determines the most
significant dominant path which requires less computation
times. DPM model does not require preprocessing for vector
database so it is ideal approach to compute coverage predic-
tions in large urban areas. The computation path loss is given
by using the following equation [24].

L = 20log(4π/λ)+ 10plog(l)+
n∑
i=0

f (φ, i)+�+ gt (1)

where L is the path loss computed for the receiver location,
l is the distance between tranmitter and receiver, p is path loss
component, f losses due to diffraction, gt gain of transmitting
antenna. The simulations are carried out with unit cell MIMO
antenna element, 2×2, 4×4MIMO and 8×8massiveMIMO
configurations. The single stream data rate and throughput for
different MIMO antenna configurations over the considered
geographical terrain with DPM are shown in Fig. 24.

FIGURE 24. Analysis of different MIMO configurations with dominant
path model (a) Data rate (b) Throughput.

FIGURE 25. (a) QPSK (b) 16 QAM analysis with dominant path model.

FIGURE 26. (a) 64 QAM (b) 256 QAM analysis with dominant path model.

FIGURE 27. Single stream data rate for different modulation schemes
with dominant path model.

The detailed analysis with minimum transmitting and
receiving power of base station(BS), mobile station(MS)
for both down link (DL) and uplink (UL) are analysed
with QPSK, 16 QAM, 64 QAM and 256 QAM modulation
schemes are shown in Fig. 25 and 26. From the simulation
results it is observed with 256 QAM for deployed base station
at different locations A,B and C the maximum data rate
and throughput are obtained. The comparison between the
different modulation schemes with single stream of data for
dominant path model are shown in Fig. 27.

By considering the 5G FDD wireless standard and dom-
inant path wave propagation model the bandwidth is varied
and observed the single stream of data for both downlink
and uplink as shownin Fig. 28. From the simulation results
it is observed with rise in bandwidth the data rate also
increased. The maximum data rate of 1.37 GBit/s is reported
with 20MHz bandwidth for 8×8 massiveMIMO by utilizing
64 dual polarized antenna elements both at the transmitter and
receiver when compared with other MIMO configurations as
shown in Fig. 29.

DPM simulation results for the deployed cell sites in the
selected geographical terrain are tabluated in Table 6. The
single stream data rate and throughput for both downlink
and uplink are given in Fig. 30. The data rates and through-
put of 3.577 MBits/s and 930.1 MBits/s for downlink and
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FIGURE 28. Data rate and bandwidth variation with dominant path
model.

FIGURE 29. Maximum data rate with different MIMO configurations for
dominant path model with same number of antennas at both transmitter
and receiver.

TABLE 6. Simulation results of various parameters with dominant path
model.

3.827 MBits/s and 995.0 MBits/s for uplink are reported for
the deployed cell sites. The SNIR is simulated as 60 dB for
8 × 8 massive MIMO configuration and given in Fig. 31(a).
The signal strength and quality parameters RSRQ, RSRP and
RSSI are shown in Fig. 31(b), Fig. 32(a) and 32(b) respec-
tively. From the simulation results RSRP is -60 dBm, RSRQ

FIGURE 30. Data rate and throughput of downlink and uplink with
dominant path model for 8 × 8 massive MIMO.

FIGURE 31. (a) Received power and SNIR (b) RSRQ for the map area with
dominant path model.

FIGURE 32. (a) RSRP (b) RSSI for the layout with dominant path model.

is 0 dB and RSSI is -40 dBm which shows that the signal
strength is excellent covering the entire map with selected
locations of base stations at A,B and C.

V. CONCLUSION
Dual polarized printed multiple input multiple out-
put (MIMO) antenna for Band 42 (3.4 - 3.6 GHz) with
wave propagation models is presented. An isolation of 32 dB
between the two ports and an average gain of 8.26 dB for each
polarized antenna element is measured. The designed dual
polarized antenna element, 2 × 2, 4 × 4 and 8 × 8 massive
MIMO antenna configuration radiation patterns are deployed
in selected geographical situation for detailed radio network
planning using FEKO WinProp platform. Dominant path
model provides data rate and throughput of 3.827, 995MBit/s
and 3.577, 930.1 MBit/s for single stream of data in uplink
and downlink respectively. By comparing all the three wave
propagtion models dominant path model provides the maxi-
mum data rate of of 1.37 GBits/s with utmost signal quality
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covering the entire geographical site by evaluating 256 QAM
modulation technique with 8 × 8 massive MIMO antenna
configuration.
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