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generation mobile communication networks application. A large tendency towards
the new generation is what drives this research. The antenna is designed and
simulated in Sonnet Suites software. The overall dimensions of the antenna are
10.7x22.5 mm?. The antenna design is fed via a probe. The simulation is done in
the range from 0 to 6GHz. The results achieved are compatible with 5" generation
standards. The magnitude of input matching is -14.35dB and the maximum gain, at
the radiating frequency of 4.82GHz, is found to be 5.045dB. The cross-polarization
level is as low as -30dB. The goal of the research is achieved and presented in this

paper
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1. Introduction

Since the first generation of mobile communications, there was a need for faster and more reliable data transfer
between devices [1]. The capabilities of the first generation were quite limited, with speeds not exceeding 2.4
Kbps [2]. The communication protocol was based on FDMA, frequency division multiple access, which simply
meant that each user occupied its own radio channel for communication not to mention that it was all analogue
[3]. The basic applications that 1G supported included voice calls and simple data messaging [4]. With the
second generation, which appeared in 1991, the speeds increased up to 64 Kbps along with the improvement of
voice quality [5]. The communication protocol in use was CDMA, Code Division Multiple Access, which means
that multiple users are occupying the same radio transmission channel, which meant that fewer bandwidths were
used [6]. Also, CDMA employed analog-to-digital conversion as well and could support low-rate data transfer,
SMS messages and calls [7]. In 2001 the third generation appeared with a somewhat enhanced version of CDMA
protocol capable of supporting high speed packet access enabling rich data content [8]. With the deployment of
fourth generation in 2010, the speeds of data transfer peaked at around 100 Mbps with the capability of video
transfer and streaming [9]. The communication protocol of 4G is LTE, Long-Term Evolution [10]. This protocol
brings much higher data transfer speeds, increased download speeds and higher coverage [11]. It works on a
different frequency spectrum compared to 2G and 3G and consequently requires different infrastructure [12].
One of the most prominent characteristics of mobile communication networks is latency [13]. Latency,
sometimes known as lag, is described as the time required for a signal or information in general, to be sent,
transformed, manipulated by devices and finally given to the receiver at the end of the communication chain
[14]. From the perspective of latency, the advancements are seen from 1G to 4G as well [15]. The first generation
had extremely high latency, the 2G had around 300-1000ms latency, 3G around 100-500ms latency and finally
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4G managed to narrow latency down to as little as under 100ms [16]. Nowadays, it is of utmost importance to
have reliable, fast and high coverage mobile communication networks which is especially pushed by mobile
video streaming and 10T, Internet of Things [17]. The increase in demand of such a mobile communication
network is expected to grow at an annual rate of around 45% from 2016 to 2022 with even more industry
applications and 10T connected devices [16]. A new era of mobile communications, the fifth generation, is
expected to fulfill the needs of this growth [18]. The protocol used in 5G networks is MQTT, which stands for
Messaging Queuing Telemetry Transport, although there is no message queuing in 5G [19]. MQTT works in a
different manner compared to standard client-server architecture, where the sender of a message is decoupled
from the receiver, and the communication in between is handled by third parties known as brokers [17]. MQTT
is very common in 10T applications, which are increasingly becoming very widely used and the advantages of
MQTT include: quick to implement, efficient data transfer, low network usage and uses less power [17].

The design of the antenna, for 5G applications and under 6GHz operation range, proposed by the author is
inspired by paper [20]. In the paper, a patch antenna which resembles a triangular shape is presented, with
overall dimensions of 10.7x22.5 mm?, Its structure is made up of a patch on the upper side and a ground plane
below. The patch consists of a 1.6 mm thick dielectric with the value of relative permeability of 4.3 and the
value of loss tangency of 0.02 [20]. The antenna is fed by a microstrip line which is 3.1 mm wide and 10.5 mm
long, with an added strip line, 1.55x2.7 mm? in dimensions, added in between the microstrip and a periodic
patch to increase the input matching [20]. The maximum gain of the antenna obtained by the simulation and
measurement results is 2.3 dB at 3.8 GHz. Both the simulation and measurements satisfy the bandwidth of -10
dB, ideal for 5G communications [20]. Maximum gains of the antenna presented in [20] are seen in E and H
radiation planes, and it can be concluded that the antenna radiates almost in all directions at the value of
frequency of 3.5GHz

The authors™ goal for the purpose of the paper is the presentation of an antenna design for fifth-generation
mobile systems that are currently slowly but certainly gaining an advantage in the market. The paper is
structured as follows: Introduction, where the history of mobile networks is briefly discussed, Research Method,
where the design proposed by the author is presented along with simulation results, Results and Discussions,
where the variations on the dimensions of the antenna are presented along with the values obtained with those
variations, Conclusion and References.

2. Research method

The authors™ design is shown in Figure 1. It can be observed that the antenna, designed by the authors’, is
different from the design presented in [20]. The main difference is that the design in Figure 1. is not triangular
in shape and does not contain a ground plane under the antenna. The overall dimensions of the antenna are
10.7x22.5 mm?. There are three significant parts of the design. The first part is the strip on which the port is
located, the second strip is the vertical strip on top of the port strip and the third part are the horizontal strips
which intersect the vertical one. The port strip is 3.25 mm in width and the separation between the horizontal
strips is 1.5 mm. Figure 2. shows the 3D representation of the antenna design.
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Figure 1. Proposed design Figure 2. 3D representation of the design
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The antenna design is fed via a probe. The box around the antenna is ten times larger than the overall dimensions
of the antenna and filled with air. The FR4 substrate is 1.55mm in thickness with relative permeability of 4.4.
The probe diameter is Imm. The cell size used in the simulation is 0.25mm in width. The goal of the simulations
is to achieve a value of input matching less than -10dB which is the bandwidth used in 5G applications. The
results are presented in the Results and Discussions section.

3. Results and discussions

The simulation is done in the range from 0 to 6GHz in Sonnet Suites software. The S11 parameters are shown
in Figure 3. below. A few information that can be seen on the S11 graph in Figure 3. Firstly, the antenna has a
very narrow bandwidth and the resonant frequency is observed to be 4.82GHz where the maximum value of the
input matching is found to be -14.35dB. The radiation pattern is graphed for this resonant frequency and it is
shown in Figure 4. The maximum gain is found to be 5.045dB in the H plane, which is significant but not
necessarily very applicable. The cross-polarization level is as low as -30dB. It is very interesting to look into
the current distribution graph which can provide significant insights into the parts of the antenna that radiate the
most. Current distribution is given in Figure 5. The distribution of current through the antenna is given at a
radiating frequency of 4.82GHz. Figure 5. is mostly what leads the author through the process of parametric
studying the antenna results which is presented in the tables below.
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Figure 3. S11 parameters

Figure 4. Radiation pattern graphs
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Figure 5. Current distribution of the antenna design

To validate the results obtained from the simulation it is important to use a parametric approach that alters the
dimensions of the antenna and its most significant strips to check if the results will change in a dramatic manner
[21]. To avoid misunderstandings with the descriptive names of the strips, Figure 6. shows the strips marked in
colors that are used as the reference for the parametric study.

Parametric study results are presented in tables. Table 1. presents the changes in the width of the “central boxes”
that are colored in orange in Figure 6. Table 2. presents the changes in the height of the two central boxes
colored in blue in Figure 6. Table 3. presents the changes in the height of the horizontal boxes colored in red in
Figure 6. Table 4. presents the changes in the width of the horizontal boxes colored in red in Figure 6. and Table
5. presents the changes in the width of the lower box colored in green in Figure 6.
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Figure 6. Strips of the design marked with colors
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Table 1. Width of central boxes

Width (mm) S11 (dB) Frequency (GHz) Eq E,
3.8 -14.34 4.82 -34.7 5.04
4 -6.1 4.86 -38.2 5.04
4.25 -8.7 4.88 -34.84 5.22
4.5 -1.75 4.92 -38.4 5.17
4,75 -9.97 4,94 -35.52 5.27
Table 2. Height of two central boxes
Height (mm) S11 (dB) Frequency (GHz) Eg E,
15 -9.97 4,94 -35.52 5.27
1.75 -5.9 4.8 -35.7 5.31
2 -9.58 4.68 -36.7 5.23
2.25 -8.8 4.56 -37.2 5.197
2.5 -8.05 4.44 -25.6 5.2
Table 3. Height of horizontal boxes
Height (mm) S11 (dB) Frequency (GHz) Eq E,
1.25 -9.97 4,94 -35.52 5.27
1.5 -9.33 4.76 -36.15 5.26
1.75 -4.9 4.6 -900 5.19
2 -5.96 1.18 -40 -3.4
1 -6.6 5.14 -28.98 5.18
Table 4. Width of horizontal boxes
Width (mm) S11 (dB) Frequency (GHz) Eq E,
10.7 -9.97 4,94 -35.52 5.27
11 -10.6 4.92 -26.7 5.26
11.25 -8.25 4.9 -31.6 5.3
115 -9.05 4.88 -26.05 5.28
10.5 -8.7 4.96 -27.2 5.2
Table 5. Width of the lower box
Width (mm) S11 (dB) Frequency (GHz) Eg E,
3.25(with central boxes width 3.8) -11.17 4.8 -965 5.03
3.25 (with central boxes width of
4.75) -8.65 4.92 -900 5.29
35 -12.1 4.9 -29.3 5.22
3.75 -7 4.88 -900 5.15
4 -12.33 4.84 -28.26 5.24

4, Conclusion

This research outlines the design of a patch antenna suitable for 5G mobile communication networks. The
antenna is designed with an FR4 substrate 1.55mm in thickness and the value of relative permeability of 4.4.
The overall dimensions of the antenna are 10.7 x 22.5mm?, It is differentiated from [20] by the fact that it is not
triangular in shape and the dimensions are somewhat different, especially the length of the antenna. The design
presented in [20] has a ground plate below the antenna which is also one significant difference to the design
presented in this paper. The antenna has a narrow bandwidth. The main characteristics of the results are the
input matching value of -14.35dB in magnitude and the gain, which is obtained to be 5.045dB at the resonant
frequency of 4.82GHz. By investigating the results parametrically, it is concluded that by changing the
parameters of the dimensions, no significant changes to results occur.

Declaration of competing interests

The authors declare that they have no known financial or non-financial competing interests in any material
discussed in this paper.

312



HSD Vol. 5, No. 2, October 2023, pp.308- 314

Funding information

No funding was received from any financial organization to conduct this research.

References

[1] M. Agiwal, A. Roy, and N. Saxena, “Next generation 5G wireless networks: A
comprehensive survey,” IEEE Communications Surveys and Tutorials, vol. 18, no. 3, pp.
1617-1655, Jul. 2016, doi: 10.1109/COMST.2016.2532458.

[2] “ToT and 5G: History evolution and its architecture their compatibility and future. | Metropolian
kirjaston kokoelmat | Finna.fi.” https://www.finna.fi/Record/theseus_metropolia.10024_143210
(accessed Apr. 30, 2022).

[3] P.Jha, S. Singh, R. Yadava, and R. L. Yadava, “EasyChair Preprint Wideband Sub-6 GHz Micro
strip Antenna: Design & Fabrication Wideband Sub-6 GHz Micro strip Antenna: Design &
Fabrication,” 2020.

[4] Y.Li, C.Y.D.Sim, Y. Luo, and G. Yang, “Multiband 10-Antenna Array for Sub-6 GHz MIMO
Applications in 5-G Smartphones,” IEEE Access, vol. 6, pp. 28041-28053, May 2018, doi:
10.1109/ACCESS.2018.2838337.

[5] T. Aathmanesan, “Novel slotted hexagonal patch antenna for sub-6 GHz 5G wireless applications”,
doi: 10.21917/ijme.2021.0176.

[6] “Sub6Ghz MIMO_ antenna array”.
[7] T.S.Rappaport et al., “Millimeter wave mobile communications for 5G cellular: It will work!,” IEEE
Access, vol. 1, pp. 335-349, 2013, doi: 10.1109/ACCESS.2013.2260813.

[8] A. Kapoor, R. Mishra, and P. Kumar, “Wideband Miniaturized Patch Radiator For Sub-6 Ghz 5g
Devices,” Heliyon, vol. 7, no. 9, Sep. 2021, doi: 10.1016/j.heliyon.2021.e07931.

[91 W. Zhang, Z. Weng, and L. Wang, “Design of a dual-band MIMO antenna for 5G smartphone
application,” 2018 IEEE International Workshop on Antenna Technology, iWAT2018 - Proceedings,
pp. 1-3, Jun. 2018, doi: 10.1109/IWAT.2018.8379211.

[10] “5G Spectrum - Huawei Corporate Information.” https://www.huawei.com/en/public-policy/5g-
spectrum (accessed May 07, 2022).

[11] M. J. Marcus, “5G and «iMT for 2020 and beyond» [Spectrum Policy and Regulatory Issues],” IEEE
Wireless Communications, vol. 22, no. 4, pp. 2-3, Aug. 2015, doi: 10.1109/MWC.2015.7224717.

[12] W. An, Y. Li, H. Fu, J. Ma, W. Chen, and B. Feng, “Low-Profile and Wideband Microstrip Antenna
with Stable Gain for 5G Wireless Applications,” IEEE Antennas and Wireless Propagation Letters,
vol. 17, no. 4, pp. 621-624, Apr. 2018, doi: 10.1109/LAWP.2018.2806369.

[13] C. A. Balanis and T. Wiley, “Antenna theory analysis and design third edition”.

[14] “Network Latency - Common Causes and Best Solutions | IR.” https://www.ir.com/guides/what-is-
network-latency (accessed Apr. 30, 2022).

[15] “Cross Dipole Antenna for 4G and Sub-6 GHz 5G Base Station Applications | The Applied
Computational Electromagnetics Society Journal (ACES).”
https://journals.riverpublishers.com/index.php/ACES/article/view/8019 (accessed May 30, 2022).

[16] “5G Spectrum Bands - GSA.” https://gsacom.com/5g-spectrum-bands/ (accessed Apr. 30, 2022).

[17] “What is MQTT and How Does it Work?” https://www.techtarget.com/iotagenda/definition/MQTT-
MQ-Telemetry-Transport (accessed Apr. 30, 2022).

[18] H. T. Chattha, “4-Port 2-Element MIMO Antenna for 5G Portable Applications,” IEEE Access, vol.
7, pp. 96516-96520, 2019, doi: 10.1109/ACCESS.2019.2925351.

[19] Y.L.Ban, C.Li, C. Y. D. Sim, G. Wu, and K. L. Wong, “4G/5G Multiple Antennas for Future Multi-
Mode Smartphone Applications,” IEEE Access, vol. 4, pp. 2981-2988, 2016, doi:
10.1109/ACCESS.2016.2582786.

[20] M. YERLIKAYA, S. S. GULTEKIN, and D. UZER, “A novel design of a compact wideband patch
antenna for sub-6 GHz fifth-generation mobile systems,” International Advanced Researches and
Engineering Journal, pp. 129-133, Aug. 2020, doi: 10.35860/iarej.688973.

313



HSD Vol. 5, No. 2, October 2023, pp.308- 314

[21] H. T. Chattha, Y. Huang, M. K. Ishfaq, and S. J. Boyes, “A Comprehensive Parametric Study of
Planar Inverted-F Antenna,” Wireless Engineering and Technology, vol. 03, no. 01, pp. 1-11, 2012,
doi: 10.4236/WET.2012.31001.

314



