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Abstract 
The emergence of mm-Wave 5G technologies necessitates the 
development of antenna systems capable of meeting high-frequency 
operational demands. This research introduces two novel antenna 
designs tailored for mm-Wave 5G applications, enhancing wireless 
communication and connectivity. Antenna Design #1 is a compact, high-
efficiency patch antenna measuring 4mm × 2.75mm × 0.035mm. It 
features rectangular and circular slots, utilizing an inset feed technique. 
Operating at 31 GHz, it achieves a low return loss of -31.13 dB, a Voltage 
Standing Wave Ratio (VSWR) of 1.0571, and a peak gain of 5.13 dBi, 
making it ideal for the LMDS spectrum and 32 GHz backhaul 
connectivity. Antenna Design #2 builds on the first, with a slightly larger 
structure at 4.25mm × 2.75mm × 0.035mm, incorporating two additional 
rectangular slots and direct feeding via a microstrip line. This design 
supports dual-band operation at 28.94 GHz and 41.5 GHz, with return 
losses of -22 dB and -25.53 dB, and gains of 5.29 dBi and 7.31 dBi, 
respectively. Both designs feature broad scanning ranges in their 
radiation patterns, making them suitable for various 5G frequency 
bands, including n257 and n259. These antenna designs offer versatile, 
high-performance solutions for 5G network implementation, promising 
improvements in network coverage, capacity, and performance, and 
addressing the challenges posed by high-frequency 5G signals. This 
research lays the groundwork for future advancements in wireless 
communication infrastructure. 
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1. INTRODUCTION 

 
In the era of unprecedented digital connectivity and data-driven 
communication, the development of advanced wireless systems has 
become paramount. The advent of 5G technology has redefined the 
landscape of wireless communication, promising higher data rates, 
lower latency, and enhanced connectivity for a diverse range of 
applications [1-2]. The fifth-generation (5G) wireless systems mark 
a paradigm shift in the way we perceive and experience wireless 
communication. While the previous generations focused 
predominantly on voice and data communication, 5G systems 
extend their capabilities to encompass the Internet of Things (IoT), 
virtual reality, augmented reality, autonomous vehicles, and other 
emerging technologies [3-4]. This transformation requires a 
substantial increase in data rates and a significant reduction in 
latency, both of which are heavily reliant on the efficient utilization 
of frequency spectrum. 
To address the diverse demands of 5G applications, regulatory 
bodies and industry stakeholders have allocated multiple frequency 
bands spanning from sub-6 GHz to millimeter-wave (mmWave) 
frequencies. These include the low-band, mid-band, and high-band 
frequency ranges. The low-band (600 MHz - 2.7 GHz) offers wide 
coverage and reliable signal propagation, while the mid-band (2.7 
GHz - 24 GHz) strikes a balance between coverage and capacity. 
The high-band or mmWave frequencies (24 GHz and above) 
provide immense data-carrying capabilities but require 
sophisticated beamforming techniques due to their susceptibility to 

atmospheric absorption and blockage [5-7]. 
In 1998, the (Federal Communications Commission) FCC 

introduced the Local Multipoint Distribution Service (LMDS) band 
via Auction 17, reserving licensed spectrum for high-speed wireless 
data connections, often referred to as "wireless fiber." This band, 
along with other millimetre wave spectrum, serves various purposes 
including small-cell and mobile backhaul deployments, last-mile 
broadband access, and emerging technologies. It's currently used by 
national carriers, innovative wireless companies, and regional 
telecom firms for high-speed fixed data networks. The LMDS band 
plan consists of the A Block and B Block as shown in fig. 1, each 
divided into two sub-band channels. A Block has A2 and A3 
channels (150 MHz each), totalling 300 MHz, while B Block offers 
B1 and B2 channels (75 MHz each), totalling 150 MHz. Initially, 
there was an A1 sub-band channel with 850 MHz of spectrum in the 
28 GHz range (27.500 – 28.350 GHz). Due to demand for more 
microwave spectrum, especially for 5G applications needing high 
bandwidth (> 1.0 Gbps) and low latency, the FCC reassigned the A1 
channel to the new Upper Microwave Flexible Use License 
(UMFUS) [8-12]. 

At WRC-19, discussions centered around critical aspects of 5G 
transport networks, including the need for increased backhaul 
capacity. As 5G advances, repurposing current microwave 
frequency bands like 26GHz and 28GHz for 5G access networks 
becomes crucial [13-14]. Despite potential conflicts, national 
spectrum management can address these challenges effectively. A 
prime example is the 32GHz band (31.8GHz to 33.4GHz), which, 
while considered for 5G mobile access networks at WRC-19, is 
also positioned as a replacement for microwave backhaul, 
particularly for the 26GHz and 28GHz bands. This positioning 
makes it a strong contender as a global backhaul band. Apart from 
these bands other frequency bands like 24GHz, 37/39 GHz bands 
also play a pivotal role in the 5G implementations under the new 
UMFUS guidelines [15-16]. In future other higher mmWave bands 
like 37-43.5GHz, 64-71Ghz etc. may also be included/auctioned 
[17]. The global spectrum which are allocate or will be allocated in 
future for 5G deployments are shown in Table 1 [17]. 

 
Fig. 1 The local multipoint distribution service (LMDS) 
frequency spectrum 

 
Numerous research endeavours have been undertaken to design and 
analyse antennas capable of operating across the multi-band 
spectrum allocated for 5G applications. A comprehensive review of 
the existing literature reveals a variety of approaches and 
methodologies employed in the pursuit of optimal antenna designs 
[18-21]. Some studies focus on designing separate antennas for each 
frequency band, while others explore integrated solutions to cover a 
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wider range of frequencies [22-25]. Additionally, the incorporation 
of advanced materials, such as metamaterials and frequency-
selective surfaces, has been explored to enhance antenna 
performance in terms of bandwidth, gain, and directivity [26-31]. 
 

Table 1: Global frequency spectrum allocation or targeted 
allocation for mm-wave 5G deployments [17] 

 
Several research works have emphasized the significance of the 
microstrip patch antenna in enabling multi-band communication for 
5G networks. By exploiting its inherent ability to support multiple 
resonances, microstrip patch antennas have demonstrated potential 
in achieving the desired frequency coverage while maintaining a 
compact and low-profile form factor. However, challenges persist 
in terms of achieving optimal impedance matching, radiation 
efficiency, and beam steering across the entire frequency spectrum. 
This research paper aims to contribute to the body of knowledge in 
this field by presenting the design and analysis of a novel microstrip 
patch antenna tailored for 5G applications. The proposed antenna 
seeks to address the aforementioned challenges and achieve 
efficient, reliable, and seamless communication across the diverse 
frequency bands mandated by 5G systems. 

The subsequent sections of this paper are organized as 
follows: Section 2 outlines the methodology employed in the 
design of the preliminary antenna design #1. Section 3 presents 
the simulation results, performance evaluation and discussion of 
the antenna #1 and subsequently discusses how the preliminary 
design can be modified to attain dual band and hence, proposes 
antenna design #2. Finally, Section 4 concludes the paper. 

 
2. Proposed Antenna Design Procedure 

 
Rectangular patch antennas stand as one of the most 

extensively researched and commonly employed configurations. 

This study delves into variations of rectangular patch antennas, 
investigating diverse slot patterns. Specifically, we present two 
distinct designs featuring varied dimensions and slot arrangements.  

At first, an equation-based design is employed to create a 
single-element rectangular microstrip patch antenna (MPA) for 
operation in the 31 GHz band. Following that, a simulation is 
conducted to validate the results against the defined criteria. The 
microstrip patch antenna is then optimized for improved 
performance. 

2.1 Equation Based Antenna Design 

The proposed antenna design #1 is built on a rectangular 
substrate of FR4 material with length of 6.2mm, width of 7.4mm 
and thickness of 1mm. The relative dielectric permittivity ε of the 
material is 4.4 and dielectric loss tangent of 0.02. From the 
numerous feeding techniques for microstrip patch antennas, inset 
feeding technique is opted to achieve effective impedance matching 
between the radiating patch and the feed line.  

To determine the antenna's dimensions, equations (1-5) are 
employed. The patch's width is derived as follows: 

𝑤 =
𝑐

2𝑓

ඨ
2

ε + 1
=

3 × 10଼

2 × 31 × 10ଽ
ඨ

2

4.4 + 1
= 0.0048ඨ

2

5.4
= 2.921𝑚𝑚      (1) 

Where, c=3 × 10଼m/s,  

𝑓=resonance frequency=31GHz  

ε=Dielectric constant of the subsrate=4.4 

To determine the length of the radiating element, it is necessary 
to compute the effective permittivity ൫ε൯ of the substrate, which 
is determined through the following relationship: 

𝜀 =
ఌೝାଵ

ଶ
+

ఌೝିଵ

ଶටଵାଵଶ


ೢ

=
ସ.ସାଵ

ଶ
+

ସ.ସିଵ

ଶටଵାଵଶ
భ

మ.వమభ

=
ହ.ସ

ଶ
+

ଷ.ସ

ଶ√ଵା.ଷସଶଷ
= 2.7 +

1.2664 = 3.9664                                                                       (2) 

For a given resonance frequency 𝑓 , the length is given by, 

𝐿 =


ଶ
ೝට

=
ଷ×ଵఴ

ଶ×ଷଵ×ଵవ√య.వలలర
=

ଷ

ଶ×ଵ.ଽଽଵହ
= 0.002429𝑚 =

2.429𝑚𝑚                                                                              (3) 
          
         Table 2: Derived dimension of Antenna using Equation  
 

Parameter Value 
Frequency 31GHz 
Height of the dielectric substrate, ℎ 1mm 

Dielectric Constant, 𝜀 4.4 

Length of the Patch, 𝐿 2.429mm 

Width of the patch, 𝑤 2.921mm 

 

However, when the antenna is designed and simulated in HFSS 
simulation software using the above dimensions, the results 
obtained were not satisfactory. Hence, the design is modified and 
optimized to achieve the desired results. The geometrical structure 
of the proposed slotted patch design is shown in fig. 2 and 

Country 24-30GHz 37-50GHz 
64-

71GHz 
>95GHz 

United 
States 

24.25-
24.45GHz, 
24.75-
25.25GHz, 
27.5-
28.35GHz 

37-
37.6GHz, 
37.6-
40GHz, 
47.2-
48.2GHz, 
57-64GHz 

  >95GHz 

Canada 
24.25-
27.5GHz 

37-
37.6GHz, 
37.6-
40GHz 

    

United 
Kingdom 

26GHz       

Germany 26GHz       
Italy 26GHz       
France 26GHz       

China 
24.75-
27.5GHz 

40-
43.5GHz 

    

South 
Korea 

25.7-
28.9GHz 

37-
38.7GHz 

    

Japan 
26.6GHz, 27-
29.5GHz 

39-
43.5GHz 

    

India 
24.25-
27.5GHz 

37-
43.5GHz 
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dimensions are outlined in Table 3. 

 

                     (a)                                              (b) 

Fig. 2 (a) Geometrical structure of the patch and the slots 
of the antenna design 1 (b) Top view of the antenna design 1 

Table-2: Dimensions of the patch antenna design #1 

Dimension Value (in mm) 
L₁ 0.5 
L₂ 2.9 
L₃ 2 
L₄ 2.75 
L₅ 1.2 
L₆ 0.41 
D₁ 0.2 
W₁ 0.1 
W₂ 0.1 
W₃ 0.1 
W₄ 4 
W₅ 0.5 

 
3. RESULTS AND DISCUSSION 

 
This section delves into the analysis of both the proposed patch 
antenna's performance, presenting and discussing numerical 
findings. The focus lies on scrutinizing return loss and 
radiation patterns of the antenna. This evaluation is carried out 
using the Ansys HFSS software, a commercially accessible 
tool. 

3.1 Result analysis of the proposed Antenna Design #1 

3.1.1 Reflection Coefficient 

The initial reflection coefficient value is considered as 10 dB, 
indicating 10% power reflection while 90% powers the antenna, 
ideal for mobile communication. The proposed antenna resonates 
at 31 GHz, showing a reflection loss of 31.12 dB as shown in fig. 
3. S11 parameter is obtained via edge port power. The antenna 
operates within a 4.29 GHz bandwidth, equating to a relative 
bandwidth of 13.83%. The utilization of an inset feed power 
supply leads to enhanced impedance matching, resulting in a 
reduced reflection factor precisely at the resonance frequency. 

 

Fig. 3 Reflection Coefficient of the proposed antenna  

3.1.2 Voltage Standing Wave Ratio 

For a patch antenna, maintaining a voltage standing wave ratio 
(VSWR) below 2 across the frequency band is crucial. Ideally, the 
VSWR should be 1 [32]. Figure 4 depicts the VSWR across 
frequencies. At the 31.00 GHz resonance, VSWR is 1.0571, while 
it's 2 at 29.69GHz and 34.13GHz. These results confirm the 
antenna's operation within the frequency range (29.69 to 34.13 GHz, 
which falls within the LMDS frequency band). 

  

Fig. 4 VSWR vs. Frequency Chart for the Proposed 5G Antenna 
Design #1. 

3.1.3 Input Impedance  

The antenna is designed with a targeted power line impedance of 
50Ω. While deviations might call for a matching system, this 
introduces extra losses and costs. At the resonance frequency (31.00 
GHz), the feed line's complex input impedance is 47.31+ j0.29Ω. At 
29.75 GHz, it's 26.16+j0.83Ω, and at 34.04 GHz, it's 27.84+j10.20 
Ω. Figure 5 offers detailed input impedance values across 
frequencies for the proposed antenna design. 

 

Fig. 5 Complex Input Impedance vs. Frequency for the Proposed 
5G Antenna Design (Real Part in Blue, Imaginary Part in 

31GHz, Z=47.31+j0.29Ω 
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Orange) 

3.1.4 Current Distribution 

In a microstrip antenna, minimal current exists at the radiating 
element's end, causing a phase shift between voltage and current. 
Consequently, the patch's edge experiences peak voltage and near-
zero current values. This phenomenon is mirrored in the middle of 
the wave, specifically at the patch's beginning. These phase-shifted 
voltage and current distributions lead to distinctive field patterns at 
the antenna edges. Figure 6 illustrates the current distribution for 
frequencies 29.79 GHz (a), 34.04 GHz (b), and 31 GHz (c) 

 

(a) 

 

(b) 

 

(c) 

Fig. 6 Surface current distribution: (a) 29.79 GHz, (b) 34.04 
GHz, (c) 31 GHz. 
 
3.1.5 Radiation Characteristics 
The radiation characteristics illustrate how the antenna emits energy 
in different directions, represented by standardized electric field or 
surface power density distributions. These traits are defined in E and 
H planes. The desired antenna design seeks directional radiation 
behaviour. Figure 7 presents the normalized radiation traits for E and 
H polarization, denoting the resonant frequency (31GHz) with 
corresponding-coloured lines. 

 
 

(a) 
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(b) 

Fig. 7 (a) Normalized Radiation pattern at 31 GHz-E-plane 
and H-Plane. (b) 3D Radiation pattern 
 
3.1.6 Effect of Patch length and Width 

The impact of varying patch length and width on antenna 
performance and resonance across different frequencies was 
investigated. In fig. 8, which illustrates S11 plots for various patch 
dimensions, it's observed that the dimensions previously discussed 
in the paper are optimal for achieving resonance at 31GHz. 
Interestingly, with slight dimension adjustments, the proposed 
design can also facilitate dual-band operation. For instance, by 
setting the patch length and width to 4.25mm and 2.75mm, 
respectively, the antenna can effectively function at frequencies of 
28.94GHz and 41.5GHz. 

 

Fig. 8 Impact of patch length and width on reflection coefficient. 
 
3.2 Modified and Optimized Design for Dual Band Patch 
Antenna Design #2 
      
     Upon a comprehensive evaluation of the antenna design 
proposed and elucidated in Section 2, a meticulous examination of 
the influence of patch length and width is carried out, as explained 
in Section 3.1.6. The outcome of this rigorous analysis reveals that 
marginal modifications to the patch dimensions and design bestow 
upon the proposed antenna the capability to operate proficiently 
within dual bands. The optimized dimensions for the dual-band 
antenna are listed in Table 4 and modified antenna design is 
illustrated in fig. 9. Comparing the antenna design shown in fig. 1 
and the modified dual band antenna shown in fig. 9 it is seen that 
two slots of length (𝐿௦) 0.8mm and width (𝑊௦) 0.2mm are 

introduced in the patch, the length of the patch (𝐿) is increased to 
4.25mm and instead of using inset feeding a simple line feeding is 
utilized of length (𝐿) 1.15mm and width (𝑊) of 0.5mm. 
 

Table 4. Dimensions of the dual band patch antenna 
 

Dimension Value (in mm) 

L₁ 0.5 

L₂ 2.9 

L₃ 2 

Lₚ 4.25 

Lf 1.15 

Ls 0.8 

D₁ 0.2 

W₁ 0.1 

W₂ 2 

W₃ 0.41 

Wₚ 2.75 

Wf 0.5 

Ws 0.2 
 

 

               (a)                                                  (b) 
Fig. 9 (a) Geometrical structure of the patch and the slots of the 
dual band antenna (b) Top view of the dual band antenna design 
#2 

3.2.1 Reflection Coefficient 

The initial reflection coefficient value is considered as 10 dB, 
indicating 10% power reflection while 90% powers the antenna, ideal 
for mobile communication. The modified antenna design resonates at 
28.94 GHz and 41.50GHz, showing a reflection loss of 22.00 dB and 
25.53dB respectively as shown in fig. 10. S11 parameter is obtained 
via edge port power. The antenna operates within a 1.07 GHz and 
2.34GHz bandwidth for the respective bands, equating to a relative 
bandwidth of 3.69% and 5.6% respectively. 
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Fig. 10 Reflection Coefficient vs. Frequency for the Dual band 
Antenna Design 

3.2.2 Voltage Standing Wave Ratio 

For a patch antenna, maintaining a voltage standing wave ratio 
(VSWR) below 2 across the frequency band is crucial. Ideally, the 
VSWR should be. Figure 11 depicts the VSWR across frequencies. 
At the 28.94 GHz resonance, VSWR is 1.662, while it's 2 at 
28.37GHz and 29.41GHz. Similarly, at the resonant frequency 
41.5GHz, VSWR is 1.068, while it’s 2 at 40.38GHz and 42.94GHz 
respectively. These results confirm the antenna's operation within 
the frequency range (28.37 GHz to 29.41 GHz, which falls within 
the n257 band commonly known as LMDS frequency band and 
40.38GHz to 42.94GHz, which falls within n259 band commonly 
known as V frequency band). 

 
Fig. 11 VSWR vs. Frequency Chart for the Dual band Patch 
Antenna Design 
 
3.2.3 Input Impedance 
 
  The antenna is designed with a targeted power line impedance of 
50Ω. While deviations might call for a matching system, this 
introduces extra losses and costs. At the resonance frequency (28.94 
GHz and 41.50GHz), the feed line's complex input impedance is 
56.79+ j4.59Ω and 45.19-j0.39 Ω respectively. Figure 12 offers 
detailed input impedance values across frequencies for the proposed 
antenna design. 
 

 

Fig. 12 Complex Input Impedance vs. Frequency for the Dual 
band Patch Antenna (Real Part in Orange, Imaginary Part in 
Blue) 

3.2.5 Current Distribution 

In a microstrip antenna, there is a unique current distribution along 
the radiating element. At the very end of the radiating element, the 
current is minimal, resulting in a noticeable phase difference 
between the voltage and current. As a consequence, the edge of the 
antenna patch experiences the highest voltage levels while having 
nearly negligible current. This phase-shifted voltage and current 
distribution phenomenon is also observed towards the centre of the 
wave, particularly at the beginning of the patch. These distinctive 
phase relationships between voltage and current give rise to specific 
field patterns at the edges of the antenna. Figure 13 illustrates this 
current distribution for two different frequencies: 28.94 GHz (a) and 
41.5 GHz (b). 

 

Fig. 13 Surface current distribution:(a) 28.94 GHz,(b) 41.5GHz. 

3.2.6 Radiation Characteristics 

Radiation characteristics show how an antenna emits energy in 
various directions, using standardized electric field or surface power 
density distributions, typically described in E and H planes. Antenna 
designers often aim for directional radiation. Figure 14 displays 
these normalized radiation traits for E and H polarization, 
highlighting resonant frequencies (28.94 GHz and 41.5 GHz). This 
visual representation helps understand antenna performance at the 
specific frequencies.    

 

(a)                                                  (b) 
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                       (c)                                                (d) 

Fig. 14 Radiation characteristics (E-plane and H-plane) at (a) 
28.94 GHz (b) 41.5 GHz 

3.2.7 Comparative Analysis 

Table 5 presents a comprehensive comparison between the newly 
proposed antenna designs labelled as 1 and 2 and prior studies 
predominantly focused on operating within the mmWave frequency 
range, specifically spanning from 26GHz to 50GHz. The table 
highlights that the newly proposed antenna designs exhibit 
remarkable compactness while maintaining a bandwidth of 
operation that is comparable to few existing designs and better than 
few designs. Furthermore, our current design demonstrates 
outstanding performance in metrics such as return loss and peak 
gain, consistently outperforming most previous studies. 
 
Table 5 Comparison of proposed works with previous works 
 

Ref. Antenna 
Size  

Mode Operating 
Frequency 

(GHz) 

Return 
Loss 
(dB) 

Peak 
Gain 
(dBi) 

33 24𝑚𝑚 ×
24𝑚𝑚 ×
0.203𝑚𝑚  

Multi-
Band 

26.9GHz, 
29.6GHz, 
31GHz, 
43GHz 

-22.5, -
24, -

20.5, -
41 

7.2, 6.6, 
10.1, 
7.1  

34 6.2𝑚𝑚 ×
8.4𝑚𝑚 ×
1.57𝑚𝑚  

Single 
Band 

28GHz -22.51 3.6 

35 12𝑚𝑚 ×
12𝑚𝑚 ×
0.237𝑚𝑚  

Dual 
Band 

28.4, 37.9 -28.1, -
43.8 

4.5, 4.2 

36 14𝑚𝑚 ×
12𝑚𝑚  

Dual 
Band 

28, 38 -22, -15 1.27, 
1.83 

37 3.054𝑚𝑚 ×
4.235𝑚𝑚 ×

0.8𝑚𝑚  

Dual 
Band 

32, 38 -23.6 6.27, 
4.73 

Proposed 
Design #1 

4𝑚𝑚 ×
2.75𝑚𝑚 ×
0.035𝑚𝑚  

Single 
Band 

31 -31.12 5.12 

Proposed 
Design #2 

4.25𝑚𝑚 ×
2.75𝑚𝑚 ×
0.035𝑚𝑚  

Dual 
Band 

28.94, 41.5 -22, -
25.53 

5.29, 
7.31 

4. Conclusion 
In this paper two distinct antenna designs, labelled as Antenna 
Design #1 and Antenna Design #2, each with its own set of 
characteristics and capabilities are proposed. Antenna Design #1 
was conceived with a compact design, tailored for efficient 
operation at 31 GHz, within a bandwidth spanning 4.29 GHz (29.69-
34.13 GHz). Employing circular and rectangular slots, and 
incorporating inset feeding for precise input impedance matching, 
this antenna design delivered remarkable results. It exhibited a low 
return loss of 31.13 dB at its resonant frequency, VSWR of 1.0571, 

and achieved a peak gain of 5.13 dBi. Notably, the broad bandwidth 
of Antenna Design #1 positions it as a viable choice for 5G 
applications requiring connectivity in the 32 GHz band, particularly 
in backhaul scenarios. Expanding on the foundation laid by Antenna 
Design #1, we further modified it to introduce Antenna Design #2. 
This modified iteration was engineered to operate in dual bands, 
namely 28.94 GHz and 41.5 GHz. Simulations demonstrated that 
Antenna Design #2 delivered a bandwidth of approximately 1.27 
GHz at 28.94 GHz and 2.34 GHz at 41.5 GHz, underscoring its 
versatility. The return loss values were optimized, measuring at 22 
dB and 25.53 dB for 28.94 GHz and 41.5 GHz, respectively. 
Furthermore, Antenna Design #2 exhibited maximum gains of 5.29 
dBi at 28.94 GHz and an impressive 7.31 dBi at 41.5 GHz. Thus, this 
work has yielded two antenna designs that hold significant promise 
in meeting the demands of various frequency bands. Antenna Design 
#1, with its generous bandwidth, is well-suited for the LMDS 
frequency spectrum and 32GHz backhaul connectivity band, while 
Antenna Design #2, capable of dual-band operation, offers flexibility 
for deployment in the 28-28.9 GHz and/or 37-43.5 GHz frequency 
bands. The frequency band 37-43.5 GHz are already auctioned in 
countries like Japan, China and will be auctioned in India soon. These 
findings underscore the potential for these antenna designs to 
contribute significantly to the wireless communication and 
connectivity specifically for the 5G applications. 

. 
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