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Abstract

This paper introduces a design of a 5G multi-sector antenna to work at 3.5 GHz, which is the most important band in 5G.
The CST studio suite is used to simulate the design and extract the results. The main benefit of using this antenna structure
is to get a 360-degree azimuth coverage suitable for macro-cell 5G base station deployment. The antenna operates inside
the frequency band (n78 band: 3.3-3.8 GHz), which is used for 5G communications. The design technique involves para-
metric evaluation of patch dimensions, substrate selection, feed network optimization, and array configuration to reap the
highest quality impedance matching and radiation overall performance. Simulation consequences display that the proposed
antenna achieves an S11 of better than -18 dB, a gain of 9 dB, and a bandwidth of about 160 MHz, assembling the require-
ments for 5G base station packages. The multi-quarter configuration permits 360-degree coverage with beam steering abili-
ties, making it a high-quality candidate for macro mobile deployment in 5G networks.
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1. Introduction

The fifth era of wireless conversation generation (5G) represents a paradigm shift in the telecommunications industry,
promising unheard of facts quotes, extremely-low latency, and huge tool connectivity [1]. With top statistics costs concen-
trated on 20 Gbps for downlink and 10 Gbps for uplink, at the side of latency as little as 1 millisecond, 5G networks are
expected to allow a wide range of rising packages consisting of self-reliant automobiles, smart cities, business automation,
and immersive digital reality reviews [2].

For providing high speed services, and large data transfer in 5G and 6G, MIMO systems were developed to contain a large
number of antenna elements [3].

The successful deployment of 5G networks relies closely at the improvement of superior antenna systems capable of run-
ning throughout more than one frequency band. The 3rd era Partnership undertaking (3GPP) has defined primary frequency
degrees for 5G New Radio (NR): Frequency range 1 (FR1) covering 450 MHz to 6 GHz (Sub-6 GHz), and Frequency
range 2 (FR2) overlaying 24.25 GHz to fifty two.6 GHz (millimeter-wave) [4].

The 3.5 GHz band is the most widely used in 5G network deployments globally, offering a good stability between efficien-
cy and coverage [5].

This is an open access article under the terms of the Creative Commons Attribution License, which permits use,
BY distribution and reproduction in any medium, provided the original work is properly cited. © 2025 The Authors
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A microstrip patch arrays antenna, have received a great deal of research due to the great interest in 5G applications, as
they have multiple advantages including easy profile, easy of fabrication, light-weight, and compatibility with printed cir-
cuit board (PCB) generation [6].

Using an antenna array by combining multiple sectors of the array allows base stations to cover a 360° area and customize
the sector to optimize beam radiation patterns, which is essential for 5G base station antennas [7].

The importance of design array antenna for 5G was showed in many article like, design printed array antenna for 5G at
band 23-30 GHz by Ahmed and Mahdi [8] and at 60 GHz by Alsawali [9], with a good reflection coefficients less than -
10dB over the desired band.

The evolution of antenna era for cell communications has been appreciably documented in the literature. Conventional base
station antennas have evolved from easy dipole arrays to state-of-the-art multi-detail phased arrays capable of beamforming
and beam steering [10]. Li et al. [11] presented a comprehensive evaluate of mmWave communications for 5G, highlight-
ing the implementation demanding situations and advances in antenna design for excessive-frequency operation.

Many researchers have centered on patch antenna designs for 5G programs. Mounika and Jaya [12] designed a 4x4 mi-
crostrip patch array antenna for 5G mmWave programs at 28 GHz, achieving antenna gain of 9.54 dB with high efficiency.
Rana and Rahman [13] supplied a micro-strip patch antenna layout for 5G Wi-Fi communique systems at 28 GHz with a go
back lack of -38.348 dB and gain of 8.198 dB.

For Sub 6 GHz programs, numerous antenna configurations had been proposed. A compact live-ly planar patch antenna
array for sub 6 GHz 5G programs changed into provided with the aid of [14], accomplishing a high advantage of about
17.5 dB at 3.5 GHz. the mixing of energy amplifiers with antenna arrays has proven promising effects for reinforcing
transmission electricity and overall machine performance [15].

Multi-sector antenna configurations had been investigated for enhancing base station insurance. A twin band high ad-
vantage beam guidance antenna array for 5G sub 6 GHz base station packages was proposed by way of [16], demonstrat-
ing the feasibility of attaining dual quarter cover-age from a single panel. Using multi sector antennas reduces the range
of required base stations while preserving comprehensive coverage [17].

This paper will present a complete design and simulation study of a multi-sector patch array antenna working at 3.5 GHz
for 5G base station programs. The importance of this study is using five sectors microstrip patch arrays to achieve 360-
degree multi-sector coverage with high gain per sector (= 9 dBi), combined with full MIMO diversity characterization in-
cluding ECC, diversity gain, TARC, and channel capacity loss. Circular polarization is achieved and verified through axial
ratio analysis

This paper simulated the design using CST Microwave Studio , which is used in many articles like[18]. The layout is opti-
mized the usage of CST Microwave Studio, and the overall performance characteristics together with go back loss, benefit,
radiation pattern, and bandwidth are very well analyzed. The proposed antenna gives a cost-powerful answer for 5G macro
cellular deployment with more advantageous insurance and ability.

2. Antenna structure

The operation of the desired antenna will be explained using patch antenna theory, combined with some general ar-
ray. Many references define the single patch as a resonant cavity with radiating slots at each line of the patch.

A simple array theory does not take mutual coupling effects into account; it may be used to obtain a first-order approxima-
tion of the resulting array pattern of each sector (group of microstrip antennas). The total field of each sector is calculated
by the vector addition of the fields radiated by the individual antenna elements. The fields of the different sectors may be
combined to form a more omnidirectional radiation pattern.

2.1. Microstrip patch antenna fundamentals

A microstrip patch antenna consists of three layers: ground plane on bottom side, dielectric substrate in the middle, and the
radiating patch on top side as shown in Fig. 1 [19].

patch

ground

Fig. 1: Microstrip patch antenna structure [19]
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The ground plane in microstrip patch antenna is typically made of conducting material such as copper or gold and can take
various shapes including rectangular, circular, triangular, or more complex configurations [20]. Using rectangular form in
patch is widely used because of its simple design and ease of analysis.

The resonant frequency of a rectangular microstrip patch antenna is determined by the patch dimensions and the substrate
properties. The dimensions of patch antenna length (L) and width (W) can be calculated approximated using the following
equations [21]:
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Where: f, is the resonant frequency, c is the speed of light, er is the relative permittivity of the substrate, and eeff is the ef-
fective dielectric constant

2.2. Antenna array theory

Antenna arrays merge many radiating elements to generate desired radiation characteristics that cannot be generate from a
single element. The total field of an array is the vector sum of fields from all elements, and by controlling the amplitude
and phase of excitation to each element, so the radiation pattern can be shaped and steered [22]. The array factor (AF) for
an N-element linear array with uniform spacing d is given by:

AF :sin(NT\P)/sin(%) 3)

Where: W=k.d.cos(0)+p , k is the wave number, and B is the progressive phase shift between elements [23].

2.3. Multi-sector patch array antenna structure

The proposed multi-sector patch array antenna is designed to operate at 3.5 GHz, Fig. 2 shows the 3D view of multi-sector
patch array antenna. This antenna consists of five array antennas (five sectors) each arranged symmetrically at 72° intervals
around the azimuth (0°, 72°, 144°, 216°, 288°), every sector has four microstrip antenna, as shown in Fig. 3.

P =%

Fig. 2: Multi-sector patéh array antenna structure
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Fig. 3: Antenna sector structure
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Single elements of the microstrip pin-fed patch array are fed by vias, connected through holes in the ground plane to a feed
network on the underside of the structure, Fig. 4. By varying the pin-inset distance from the edge of the patch along with
relevant changes in the corporate feed network, the input impedance can be controlled, without using additional impedance

matching circuitry.
1 L I

/

\i« Sf —>]

Df

—| Lt |

Fig. 4: Microstrip antenna feeding

The four by one microstrip array may be fed using a number of techniques. In this design, the four co-polarized patches of
this antenna are fed from a single feed point as shown in Fig. 5.
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Fig. 5: Antenna array feeding structure

There are many technics to get circular polarization like using various feed arrangements or slight modifications made to
the elements, with two orthogonal modes excited with equal amplitudes and 90° time-phase difference.

In this design we use trimming the ends of two opposite corners in a square patch antenna, to get the circular polarization
and to achieve quadrature phase coupling between the orthogonal TMO01 and TM10 cavity modes.

The patch operates as two half-wave resonators which technicians' position at a 90-degree angle to each other. The process
of corner trimming resembles the tuning procedure which changes one resonator to a higher frequency and the other to a
lower frequency. At the geometric mean frequency, one is "early" and the other is "late" by a quarter cycle. The combina-
tion of these two elements rotates in space because their directional vectors point at 90-degree angles to each other, which
produces a movement pattern that resembles two sinusoids separated by a quarter period. The single-feed corner-truncated
design achieves circular polarization through its internal design which eliminates the need for external quadrature hybrids
and dual feeds, which results in a design that is both compact and easy to manufacture.

3. Antenna design

The choice of substrate material significantly affects the antenna performance. For this design, the substrate with er =2 and
thickness 1.74mm is selected. We determine the following specifications: Operating Frequency: 3.5 GHz (n78 band: 3.3-
3.8 GHz) with target Gain 9 dB, input impedance 50 Q, polarization: circular and number of Sectors 5 sectors.

3.1. Single patch design

The initial step involves designing a single rectangular patch element resonating at 3.5 GHz. using the transmission line
model equations, the patch dimensions are as follows:

Patch Width (W) = 28.37 mm. Patch Length (L) = 28.37 mm. Feed Point Position = 6.48 mm from edge. We changed the
dimension of antenna by using the optimization properties in CST to get best result in reflection loss coefficient S11.

3.2. Array Configuration

The multi-sector configuration consists of five identical 4 patch arrays arranged at 72-degree intervals to provide 360-
degree coverage, with 6=0. Each sector array is designed to produce a sectoral radiation pattern with a half-power beam
width (HPBW) of approximately 65 degrees in the azimuth plane. The design parameters are as the follows:

Array dimension: Wg=53.3mm, Lg=266.5mm. Other dimensions: S=66.6mm, Sf=6.48mm, Df=0.3mm.
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3.3. Feeding design
In this design, the four co-polarized patches of this antenna are fed from a single feed point where the parameters are as the

follows:
Wm1=5.78mm, Wm2=3.34mm, Wn1=1.71mm, Wn2=1.71mm. Lm1=15.82mm, Lm2=16.04mm.

4. Results and analysis

This part presents the simulation results calculated by using CST program. The results include return loss (S11), gain, and
radiation patterns.

4.1. S-Parameter result
There are five ports for this antenna for five sectors, every sector is similar to other. The reflection coefficient Sii (i is the

port number) indicates impedance matching of every sector in the antenna. The Sij (i#) indicates the isolation between
sectors. Fig. 6 shows the simulated S-Parameters plot for the desired antenna.
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Fig. 6: S-Parameters

The Sii-reflection coefficients are the same for all ports because they have the same design. The bandwidth where Sii less
than -10dB is 160Mhz over the band 3.41-3.57 GHz.

The isolation parameters can be divided into two group, one group for two sectors in front of desired sector, and the other
group for two sectors near the desired sector. The value depends on the geometry of every sector compared with other sec-
tors. Fig. 7 shows the position of sectors.

The sector 1 has two sectors in front of it (sector 4 and sector 3) so the S31 and S41 almost the same and different from S51
and S21 because the sectors 2 and 5 are near sectorl.
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Fig. 7: The position of sectors

4.2. Gain and radiation pattern

The gain and radiation pattern shows the directional characteristics of the antenna. Fig. 8 presents the 2D radiation patterns
in the E-plane (elevation) and H-plane (azimuth) at 3.5 GHz. The antenna exhibits a directional pattern with a main lobe
directed at theta 90 degrees and reduced side lobes.

Each sector produces a directional radiation pattern with approximately 9 dBi gain and 72° half-power beamwidth (HPBW)
in the azimuth plane, which provides a natural 5-sector 360-degree coverage geometry.

The maximum gain is about 9dB which is better than the gain in articles [9], [13], and [18]. When all five sectors are simul-
taneously active, the combined pattern maintains a gain level exceeding 6 dBi in all azimuth directions (360°).

Directivity Thetag0

0 0 Theta / deg vs. dBi  Phi=90
20 340

180 190
Fig. 8: 2D Radiation Pattern (Polar Plot E-H plane)

The 3D radiation pattern of the desired antenna is showed in Fig. 9. The pattern displays the antenna’s ability to focus ener-
gy in the 360- direction while suppressing radiation in other directions which is suitable to use in 5G stations.

Fig. 10 shows the total efficiency, which measure of how effectively an antenna converts input power into radiated radio
waves, the higher efficiency the less power needed for the same signal strength. This figure shows a good design because
the worst case over the desired band is -0.5dB, which mean the efficiency is over 90%.

The maximum gain over the band of frequencies is shown in Fig. 11, where the gain over the desired band is changing from
8.3dBi to 9.3dBi. The change in the gain value is small, which means a good design.
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Fig. 9: 3D Radiation Pattern
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Fig. 10: The total efficiency of the antenna
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Fig. 11: The maximum gain over the band of frequencies

Through the axial ratio (AR) analysis, the circular polarization can be verified. Fig. 12 shows the simulated AR versus fre-
quency from 3.3 to 3.9 GHz.

the AR radiation pattern at 3.5 GHz is less than 3 dB, confirming circularly polarized radiation in the intended coverage
direction.
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Fig. 12: Axial Ratio vs. Frequency

4.3. The Distribution of Surface Current

The benefit of the surface current distribution is to show the power flowing from antenna and provides insight into the radi-
ation mechanism and helps identify potential areas to improve the design. For the desired antenna the main power flow is
from the patch antenna and feeding line as showed in Fig. 13 at frequency 3.5 GHz. Uniform current distribution across all
patches indicates phase synchronization and a good feed network design.
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-40
-46
-52

-60.9
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Fig. 13: Surface Current Distribution
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4.4. The MIMO Performance Analysis

To fully analysis the multi-port (MIMO) performance of the five-sector antenna, the following key MIMO metrics are

computed over the frequency range 3.3-3.9 GHz.

Fig. 14 shows the envelope Correlation Coefficient (ECC), where ECC quantifies the degree of correlation between anten-
na ports. The ECC remains good below 0.01 for all port pairs across the entire 3.3-3.9 GHz band (limit: ECC < 0.5 for
MIMO, ECC < 0.01 for high-performance systems). This confirms excellent port decorrelation enabled by the 72° angular

separation between sectors.

Envelope Correlation Coefficient (ECC) — All Port Pairs
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The second parameter is Diversity Gain (DG), Fig. 15 shows DG exceeds 9.99 dB for all port pairs across the band, con-
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Fig. 14: Envelope Correlation Coefficient (ECC)

firming that the multi-sector design effectively exploits spatial diversity.
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The third parameter is channel capacity Loss (CCL). The CCL measures the degradation in channel capacity due to antenna
correlation. Fig 16 shows CCL remains below 0.4 bps/Hz/s for all port pairs across the 3.42-3.51Ghz band, well within the
acceptable limit of 0.4 bps/Hz/s. This CCL confirms that the proposed multi-sector configuration is significantly suitable

for the channel capacity of a 5G MIMO system.

Channel Capacity Loss (CCL)
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Fig. 15: Channel Capacity Loss (CCL)

The fourth parameter is total active reflection Coefficient (TARC), which is accounts for the combined effect of all S-
parameters and is a more comprehensive measure of multi-port matching than individual Sii values. Fig. 16 shows TARC <
—10 dB for all five ports, confirming excellent active impedance matching in the multi-port configuration.
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Fig. 16: Total Active Reflection Coefficient (TARC)
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5. Conclusion

All results presented in this paper are obtained from full-wave electromagnetic simulation using CST Microwave Studio.
Fabrication and measurement validation are planned as future work to validate the simulation results.

The desired antenna, which is presented in this study by using the CST studio program, showed an excellent performance
characteristic suitable for a 5G base station antenna, especially in a good gain with an 360° radiation pattern. Using five.
All results were simulated at a frequency of 3.5 GHz, which is in (n78) band that is used in 5G.

Table 1 shows a comparison between the desired antenna and three articles at the same frequency. The main specification
for our antenna is the circular polarization and radiation pattern because it covers 360° and suitable for 5G stations.

The antenna showed excellent impedance matching (S11) and a bandwidth of 160 MHz Every sector in antenna array pro-
vides a gain of 9 dB is higher than single-patch designs, illustrating the effectiveness of every sector in the array design in
achieving directional radiation.

Using five sectors in antenna design enables 360-degree coverage, making it suitable for macro cell deployment. The radia-
tion pattern for every sector with a 72-degree HPBW in the azimuth plane provides a coverage overlap between adjacent
sectors while minimizing interference.

Table 1: The comparison between the desired antenna and other antennas

Parameter This work Al-Bawri SS et al[24] Ghaoual FE et Alwareth H et al[25]
al[14]

Antenna structure 5sectorsx 4 8 subarrays x 2 64elements 1 x 4 array

Antenna size(mm?) ~266x53 ~300%x200 ~200x100 ~150x80

Antenna type Microstrip patch array mMIMO with MTM Active planar patch  microstrip array antenna

BW(MHz) 160 300 500 60

Gain 9dBi 19.5 dBi 17.5 dBi 11.4dBi @ 3.5 GHz

Eff (%) >90 ~88 ~90 ~77

Polar Circular Linear Linear Linear

Isolation(dB) >20 >20 N/A N/A

Radiation coverage 360° directive directive directive
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