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Abstract
This paper presents a novel dual-band, dual-polarized base
station antenna design for mobile communication systems
operating across GSM/DCS/PCS/UMTS and LTE frequency
bands. The antenna achieves wide input impedance matching
bandwidth through an innovative trident-shaped feeding
technique. The design consists of two printed dipoles positioned
perpendicular to each other and fed by stepped-microstrip lines.
A low-profile cavity-backed structure serves as a metal reflector
beneath the antenna, effectively converting the dipoles'
bidirectional radiation patterns into unidirectional patterns
while simultaneously increasing antenna gain. The proposed
antenna demonstrates effective operation at 900, 1800, 1900,
and 2300 MHz frequency bands, making it suitable for base
station applications. Measurement results show peak gains of
11.47 dBi at port-1 and 10.40 dBi at port-2. The antenna element
itself measures 168x168mm? and is mounted on a 222x222mm?
cavity-backed structure with a depth of 42 mm. These features
combine to create a compact yet high-performance solution for
modern multi-standard cellular systems, with the dual-polarized
and broadband

advantageous

configuration characteristics ~ proving

particularly for current communication

infrastructure requirements.
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Highlights
Simple antenna structure compared to previous designs.
New dual-band antenna design with dual polarization for simultaneous operation in 900GSM and LTE

frequency bands.

Good and high gain compared to previous designs.

Citation: M. Mohammadifar, P. Mohammadi, and Y. Zehforoosh, “A New BTS Antenna for Simultaneous Operation in 900 GSM Frequency
Bands and LTE,” Journal of Southern Communication Engineering, vol. 14, no. 56, pp. 75-88, 2025, doi:10.30495/jce.2025.1993480.1337
[in Persian].

COPYRIGHTS

©2025 by the authors. Published by the Islamic Azad University Bushehr Branch. This article is an open-access article
distributed under the terms and conditions of the Creative Commons Attribution 4.0 International (CC BY 4.0)

ht

tps://creativecommons.org/licenses /by /4.0

O



https://creativecommons.org/licenses/by/4.0
https://doi.org/10.30495/jce.2025.1993480.1337
https://doi.org/10.30495/jce.2025.1993480.1337
https://doi.org/10.30495/jce.2025.1993480.1337
https://doi.org/10.30495/jce.2025.1993480.1337
https://doi.org/10.30495/jce.2025.1993480.1337
https://orcid.org/0009-0009-9461-791X
https://orcid.org/0000-0001-6423-7910
https://orcid.org/0000-0001-6953-835X

76 Journal of Southern Communication Engineering, Vol. 14/ No.56/ 2025

1. Introduction

Signal fading in mobile communications remains a critical challenge for antenna designers, primarily caused by
wave scattering from surrounding objects like buildings, vehicles, and trees. This phenomenon necessitates the
use of multiple antennas to enhance channel capacity and mitigate fading effects. However, implementing multiple
antennas introduces mutual coupling issues, traditionally addressed through space diversity solutions that require
larger physical dimensions. Recent advancements in wireless communication systems demand more compact
designs with reduced installation space, lower costs, and support for multiple frequency bands, driving the need
for dual-polarized, dual-band antennas.

Designing antennas with both dual-polarization and dual-band capabilities presents significant challenges.
Conventional single-band dual-polarized antennas typically employ two orthogonal dipoles to achieve vertical
and horizontal linear polarizations [1], but these cannot meet the comprehensive requirements of modern
communication systems. Recent developments have focused on dual-band dual-polarized antennas for base station
applications [2]-[3]. For instance, Deillon et al. [2] presented a design covering GSM, DCS, and UMTS bands
using four microstrip-fed slots with corresponding cavities, achieving bandwidths of 5.6% (0.941-0.995 GHz) and
34.9% (1.710-2.434 GHz) for port-1, and 6.2% (0.932-0.992 GHz) and 19.8% (1.702-2.077 GHz) for port-2.
Similarly, Ro and Huan [3] implemented a dual-band dual-polarized WLAN antenna using stacked microstrip
structures. Additional innovations include novel designs for dual-polarized BTS antennas [4]-[7], small-cell BTS
solutions [8], next-generation mobile systems [9]-[10], and microcell base stations [11].

This paper introduces a new base station antenna design featuring two printed orthogonal microstrip dipoles and
a low-profile cavity-backed structure. The innovative trident-shaped microstrip feeding technique [12]-[13]
enables measured impedance bandwidths of 30.17% (0.729-0.988 GHz) and 60.95% (1.289-2.419 GHz) for port-
1, and 26.30% (0.743-0.968 GHz) and 32.11% (1.746-2.414 GHz) for port-2. Meeting contemporary BTS system
requirements for compact, low-profile multifunctional antennas [14], the proposed design occupies a minimal
volume of 222 x 222 x 42 mm? while delivering dual-band operation and dual-polarization capabilities.

2. Innovation and contributions
The key innovations of this work include:
e A simplified antenna structure offering improved manufacturability compared to previous complex
designs
e Anovel dual-band, dual-polarized configuration enabling simultaneous operation in both 900MHz GSM
and LTE frequency bands
e Enhanced gain performance surpassing existing antenna designs in this class

The proposed antenna maintains a compact size while improving key performance metrics.

3. Materials and Methods
The antenna structures were simulated using HFSS Microwave Studio software.

4. Results and Discussion

Figure I presents the simulated results of the proposed antenna obtained using ANSYS HFSS software. When
both ports are driven, they demonstrate identical impedance bandwidths, covering 852-986 MHz and 1760-2463
MHz frequency ranges. The simulated isolation between ports exceeds 19dB.

The triple microstrip feeding technique significantly enhances the antenna's impedance bandwidth through several
mechanisms. First, it increases the electrical length of the feeding structure, enabling multi-frequency resonance.
Second, it introduces additional resonant modes that collectively expand the operational bandwidth. Third, the
geometry incorporates both inductive and capacitive components that can be optimized for impedance matching
across multiple frequencies.

This feeding configuration also modifies the current distribution on the radiating patch, promoting more uniform
current flow over a broader frequency range. As shown in Figure II, the triple feed structure provides substantially
wider bandwidth compared to a single feed, particularly in higher frequencies. This design approach effectively
covers all essential BTS operating bands (800/900/1800/1900/2300 MHz) while maintaining excellent impedance
matching characteristics.

5. Conclusion
This paper presents a novel base station antenna design featuring orthogonal dipoles with triple-feed series and a
cavity reflector structure. The antenna achieves dual-polarization operation across two frequency bands while
covering multiple mobile communication bands. Key design features include:

1. Atriple-feed technique that significantly enhances impedance bandwidth

2. A cavity reflector structure that converts the radiation pattern to unidirectional

3. Stable radiation characteristics with less than 2dB gain variation at both ports
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The antenna is fabricated on a 168x168mm? Rogers RO4003 substrate, complemented by a 222x222x42mm?
cavity reflector. Simulation results demonstrate:

e Port isolation exceeding 19dB

e  Maximum gains of 11.40dBi (Port 1) and 10.47dBi (Port 2)

o Consistent performance across all operational bands

This compact design successfully addresses key requirements for modern base station antennas, including wide
bandwidth, high isolation, and stable radiation patterns.
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Figure 1. Simulated S parameters of the proposed antenna
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Figure II. Return loss of the proposed antenna with a single feed
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Figure 1. Suggested antenna configuration: (a) 3D view, (b) Top view, (c) Side view
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Table 1. Comparison of proposed antenna with similar antennas
Ref. Feed Gain Peak [dB] Bandwidth [GHz] Size [mm’] Structure
Double oval
[12] . 7/56 & 7/42 3/3-3/8 & 4/8 —5/0 60 x 60 x 18 Complex
feeding shape
9/4 13/31% (0/8- 0/91)
[14] I'-shape 79 19/76% (1/7-2/08) 1/03 A x1/03 A x0/21 A Complex
. 40% (0/7-1/05)
[15] Strip 6/7 60.87% (1/6-3) 220%220x100 Complex
32.73% (0/69— 0/96)
[16] I'-shape 10/2 45.45% (1/7-2/7) 360x360x31.5 Complex
. (0/852 —0/986)
This . . 10/47 { .
work Microstrip 11/40 (1/76-2/46) 222x222%42 Simple
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