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ABSTRACT

In this research, the design and simulation of an eight element Multiple Input Multiple Output
(MIMO) antenna system for 5G network and millimeter-wave wireless communication was
presented. The MIMO antenna was designed to overcome the challenges of signal fading,
multipath fading, path loss, interference issues and limited spectrum. A single element Microstrip
antenna was first designed, this was followed by the design of the eight element MIMO antenna.
Rogers RT Duroid 5880 material was used as the substrate with relative permittivity (£-) of 2.2
and loss tangent (tan §) of 0.019. The MIMO antenna was designed to operate at different
frequencies of 26GHz-38GHz which falls within the frequency band for 5G and millimeter-wave
communication. Computer Simulation Technology (CST) software was used in the design and
simulation of the antenna. The simulation results showed that the MIMO antenna showed a better
performance with efficiencies of 85.3%, 81.4% and 79.9% at 30GHz, 38GHz and 37GHz
respectively with acceptable values of VVoltage Standing Wave Ratios (VSWR), Thus making the
MIMO antenna very suitable for 5G and millimeter-wave applications.
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. INTRODUCTION

Multiple Input Multiple Output (MIMO) antenna is an antenna technology for wireless
communication systems in which multiple antennas are used at both the transmitter and the
receiver. The antennas at each end of the communication circuits are combined to minimize errors,
optimize data speed and improve the capacity of radio transmissions by enabling data to travel
over many signal paths at the same time. Multiple-input and multiple-output (MIMO) technology
is therefore identified as the key technology for 5G communication, as it enables systems to
achieve peak data rates and higher spectral efficiency [1]. In addition, it also offers a significant
capacity gain over conventional single-input-single-output (SISO) systems [2].

Most wireless communication systems use Single Input Single Output (SISO) systems where a
single transmit (Tx) antenna is used for transmission to a single receive (Rx) antenna. Additional
transmitting antennas and receiving antennas can be used to provide better result at the receiver.
In today’s communication, this scenario has change with the advent of Multiple Input Multiple
Output (MIMO) communication systems. MIMO wireless systems employ multiple transmitter
and receiver antennas and increase system capacity by means of spatial multiplexing, making use
of the same frequency resources that would be utilized by a SISO system. As opposed to
conventional SISO systems, MIMO systems benefit from multipath propagation and multiply
transfer rates by taking advantage of random fading and multipath delay spread. In addition,
MIMO provides spatial diversity both at the transmitter and the receiver, thus improving the
transmission quality in terms of the bit-error rate (BER) [3].

According to Arun etal, (2016), MIMO techniques can be classified into three categories; the first
category uses the increased of spatial diversity to enhance the power efficiency. While, the other
category aims to increase the capacity by using layered method. Lastly, by knowledge the
properties of the transmission channel; the third class analyses the coefficient matrix of the channel
and uses these analyzing unitary matrices as filter in transmitter and receiver to improve the

capacity.

The predicted increase in mobile network utilization requires a high data rate capacity to transfer
information through the network. Currently, the limited capacity of the fourth generation (4G)
mobile network cannot satisfy the present high data demand.
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To meet this expected requirement, a new fifth generation (5G) mobile network has been
proposed. In this paper, an eight element MIMO antenna system is presented. The MIMO
antenna is to operate at frequency of 28GHz which covers the 5G wireless communication. This
design will drastically improve the data throughput, enhanced the capacity of radio transmission,
enabling data to travel through several paths at the same and will thereby improve the overall

performance of the system.

1. LITERATURE REVIEW

The fifth generation (5G) of wireless communication networks is expected to drastically improve

overall system performance, such as data throughput and energy efficiency [4].

On the other hand, in upcoming 5G wireless technology, improvement of the data throughput is
guaranteed mainly by massive multiple-input and multiple-output (MIMO) technology which is
capable of serving multiple users simultaneously within the same time and frequency resource,
through a multibeam radiation pattern with a consequent increase in the spectral efficiency (SE)
of the system [5]. For this reason, the limited available spectrum below 6GHz no longer satisfies
the system’s needs consequently, the millimeter-wave(mm-wave) band has recently drawn great
attention for the next 5G wireless communications systems (Francesco etal, 2021). One of the
biggest challenges for 5G at mm-Wave is the high propagation loss incurred. According to the
Friis transmission equation, mm-Wave produces high path loss compared with lower frequency
band [6].

c
4nR

pr=pt+G,+Gr+zolog( ) 1)

Where; Pr s the power received, P: is the transmitted power, G: is the transmitter antenna

gain, G- is receiver antenna gain, ¢ is velocity of light and R is the distance between the

transmitter and the receiver.

In MIMO, mutual coupling between multiple antenna elements is a key problem and is a potential
area under research. Different techniques have been proposed in related literature by authors across
the globe. One such technique is presented in [7], in which a meta-material polarization rotator
(MPR) wall is used to improve the decoupling between the two dielectric resonator antennas
(DRAS). The isolation achieved at 60 GHz is 22 dB. The proposed design, however, is composed
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of metamaterials and dielectric resonators, which are quite costly, making it not suitable for future

portable terminals.

Several studies and analysis have been proposed for different MIMO designs as potential 5G
candidates for mobile terminals [1]. [8] presented a 28 GHz phased array composed of 64 elements
(8x8) antenna. Massive MIMO systems with 64 elements operating around 28 GHz and 40 GHz
were designed with fully digital beamforming. Dual polarized phased array transceivers able to
provide two concurrent independent beams, and hence double the channel capacity, have also been
proposed. However, some obstacles prevented the achievement of both seamless and ubiquitous
wireless connectivity if only the terrestrial infrastructure is considered. In fact, terrestrial ground
stations cannot be deployed in off-grid or inaccessible areas, such as rural zones, oceans, deserts
and generally harsh and remote environments. To this end, aerial wireless communication based
on the employment of high-altitude platform stations (HAPSs) will play a paramount role in

providing everywhere with access to the global network.

An inverted L-shaped monopole eight elements Multiple Input Multiple Output (MIMO) antenna
system was presented by [9]. The multi-antenna system was designed on a low cost 0.8 mm thick
FR4 substrate having dimensions of 136 x 68 mm? resonating at 3.5GHz with a 6dB measured
bandwidth of 450MHz and with inter element isolation greater than 15.dB and gain of 4 dBi. The
proposed design consists of eight inverted L-shaped elements and parasitic L-shaped stripes
extending from the ground plane. These shorted stripes acted as tuning stubs for the four inverted
L-shaped monopole elements on the side of chassis. This was done to achieve the desired
frequency range by increasing the electrical length of the antennas. A prototype was fabricated and
the experimental results show good impedance matching with reasonable measured isolation
within the desired frequency range. The MIMO performances, such as envelope correlation
coefficient (ECC) and mean effective gain (MEG) were also calculated along with the channel

capacity of 38.1bps/Hz approximately 2.6 times that of 4 x 4 MIMO system.
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Figure 1: Proposed MIMO Antenna [9].

A MIMO antenna system for modern 5G handheld devices was proposed. The system which
consists of health care and high delivery rate was based on an H-shaped monopole antenna system
that offers 200MHz bandwidth ranges between 3.4-3.6 GHz and the isolation between any two
elements is well below -12 dB without using any decoupling structure. The proposed system is
designed on a commercially available 0.8mm-thick FR4substrate. It was found that ECC is 0.2 for
any two radiating elements which is consistent with the desirable standards and channel capacity
is 38bps/Hz which is 2.9 times higher than 4x4 MIMO configuration [1]. [10] presented a MIMO
antenna for future 5G communication with a proposed operating frequency of 37GHz. In this
design, a single element patch antenna was used to design a seven element MIMO antenna. The
substrate material used for the design was Rogers RT 5880 with dimensions 64x 32mm? and

thickness 0.508mm. The overall dimension of the antenna was 14 x 16 mm?.
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Figure 2.11: The Single element antenna design [10](Muhammad et al, 2020

The MIMO antenna with seven elements was simulated in Microwave wave Studio CST software
and the results showed that the antenna resonates at a frequency of 37.02GHz with a single element
antenna gain of 7.7dBi and a bandwidth of 1.107GHz. The antenna was bulky in size which does
not really match with the compact size requirements for 5G mm-wave communication. Thus, the
antennas need to be reconfigured using the right techniques. This will further cause a reduction in

the size of the antenna, thereby making it suitable for 5G mm-wave communication.

[11] presented a dual-band 8x8 MIMO antenna that operates in the sub-6 GHz spectrum for future
5G multiple-input multiple-output (MIMO) smartphone applications. The antenna was designed
to operate at 3100-3850 MHz and 4800-6000 MHz bands. Isolation between the orthogonal
antennas were improved due to the addition of a short neutral line. The fabricated antenna
prototype was tested and the result shows that it offers good performance in terms of Envelope
Correlation Coefficient (ECC), Mean Effective Gain (MEQG), total efficiency and channel capacity.
MIMO offers spatial multiplexing gain by enhancing the channel capacity [12].
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Figure 2.3: Block diagram of MIMO antenna [12]

[13] proposed a four-element MIMO dual band, dual diversity, dipole antenna for 5G-enabled
handsets. The proposed antenna design relied on space diversity as well as pattern diversity to
provide an acceptable MIMO performance. It simultaneously operates at 3.6 and 4.7 sub-6 GHz
bands. Rogers 5880 was used as the substrate material to support the radiating antenna elements.
The dimensions of the substrate were given as: 138mm, 67mm and 1.6mm representing the length,
width and thickness respectively. The dielectric constant of the substrate material was er = 2.2 with
a dissipation factor tan § = 0.0005. The measured SAR values averaged over 10 g tissue volume
was 1.8 W/kg at 3.6 GHz and 1.7 W/kg at 4.7 GHz, respectively, which satisfy the requirements

set by the International Commission on Non-lonizing Radiation Protection (ICNIRP).

The authors [14] proposed al0 element sub-6 GHz Multi-Band double-T Based MIMO Antenna
System for 5G Smartphones. The projected T-shaped slot antenna fed with a T-shaped microstrip
line (hence named Double-T) was designed for LTE band 42 (3.4-3.6 GHz), LTE band 43 (3.6-
3.8 GHz) and LTE band 46 (5.15-5.925 GHz). The dimensions of the PCB was 15080 mm which
is the standard size of 5.7-inch mobile handset [15]. The design was fabricated using flame
Retardant 4(FR4) substrate with relative permittivity of 4.4 and loss tangent of 0.002. The
individual antenna elements were fed with 50Q T-shaped microstrip feed-line that is linked to a
ground plane through a Sub-Miniature Version A (SMA) connector. The results showed that all
three bands have the return loss values (<-6 dB), has a good isolation of more than 20 dB, an

Envelope correlation coefficient (ECC) value of less than 0.06 and efficiency of greater than 83%.
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The ergodic channel capacity of the proposed antenna was 41 bps/Hz at 20 dB SNR. The antenna

was not reconfigurable; it could only operate within the stated frequencies of the sub 6GHz.

I11. RESEARCH METHODOLOGY

In this design, an eight-element reconfigurable MIMO antenna was deigned. The design started
with the design of a single element antenna. Microstrip patch antenna was used. The design process
started with the consideration of the parameters used for the design of a single element antenna,
from which the eight element MIMO antenna was designed. The MIMO antenna was designed
and simulated using Computer Simulate Technology (CST) Microwave studio software. Thus, it
involves the design of the antenna patch, the ground plane, the substrate and the field line
dimensions. The computation of the antenna dimensions were achieved using microstrip design
equations. The antenna has a basic rectangular patch shape, Rogers RT/Duroid 5880 was used as
the substrate with dielectric constant (g,.) = 2.2, loss tangent (tand) = 0.019 and resonant frequency
(f.) = 28 GHz, respectively. According to [16] and [17]. The height (h) of the substrate is

determined as given in Equation (1)

Ao

h < 0.3x P—— (¢D)
The free wavelength(2,) is obtained using Equation (2) 2, :fi 2
The width of the microstrip patch antenna (Wp) computed from Equation (3) is given by:
c
w,= ©

Where; c is the velocity of light (¢ =3 x 108m/s ), fr is the resonance frequency and &, is the
dielectric constant.

The actual length of the patch (Lp) isgivenby Lp = Lgg - 2AL 4

C

But the effective length is given by Leg = P (5)
The extension length AL is deducted from the calculated length Lp of the patch
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as given in Equation (6).

[erers+0.3][5 +0.264|

AL = 0'412h[sreff—o.zss][%+o.813] ©)
The effective dielectric constant (€,.¢) IS given by Equation (7):
& +1 & —1 1
geff = 2 + 2 12h (7)
1+ W,

Where; ¢, is the dielectric constant, h is height of the substrate and W, is width of the
patch.

The ground plane dimensions are calculated thus:

Lg = Lp +6h 8
Wg = Wp + 6h ©)

According to Pozar (2012), the width of the transmission line is calculated thus;

For% > 2;
Wr 2 Er=l 0.61
T_;[B—1—111(219—1)+E{1n(3—1)+0-39—S—T}] (10)
3771
where B = i

The minimum length of the feedline (L) is approximated from the expression in equation

Ly=2" (11)

The resonant input resistance Rin is given by Equation (12) as;

_ _ 1 2 [Wo
Rin(¥ = o) = 5155 <05 (22) (12)

Where; vy, is the inset fed distance, G, is the conductance of the single slot, G;, is the mutual

conductance and L, is the length of the patch.
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The single element radiating structure with detailed dimensions is shown in Figure 1, while the

schematic diagram is shown in Figure 2.
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Figure 1: Single antenna element Figure 2: Schematic diagram of the Eight MIMO Antenna

The simulation process was carried out on Computer Simulation Technology (CST) Microwave
studio using the dimensions. Figure 3 shows the 3D view of the reconfigurable MIMO antenna

modelled in CST software.

(@) Perspective 3D View (b) Back View
Figure 3: Eight element reconfigurable MIMO antenna in CST

1V. RESULT AND DISCUSSION

The eight element MIMO antenna was simulated on CST Microwave studio software and the

simulated results showing the return loss, VSWR, radiation pattern, gain and efficiency.
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Figure 5:Voltage Standing Wave Ratio of the
Eight element MIMO antenna.

Figure 5 shows the Voltage Standing Wave Ratio (VSWR) of the eight element MIMO antenna.
From Figure 5, VSWR has values of 1.04 and 1.4 at 30GHz and 1.4 and 1.6 at 36GHz. These

values lies within the acceptable values of VSWR.

The results of the realized gain and efficiencies of the eight-element reconfigurable MIMO

antenna are summarized in Table 4.1. From the results obtained, at 30GHz, the MIMO antenna

exhibit a maximum gain and efficiency of 6.65dBi and 85.3% respectively. Similarly, at a
frequency of 36GHz, we have a gain of 6.36dBi and efficiency of 77.4%. This implies that the

MIMO antenna will perform optimally at these frequencies.

Table 4.1: Gain and efficiencies of the eight-element reconfigurable MIMO antenna

Frequency (GHz).  Gain (dBi) Efficiency (%)
26 5.40 79.2
28 5.93 66.7
30 6.65 85.3
36 6.36 77.4
37 5.64 79.9
38 5.24 814

The directivity plots for the eight element MIMO antenna for phi

= 0 are shown in Figure 6 and

7 below. From figure 6 and 7, it is observed that the antenna shows an omnidirectional radiation

pattern at frequencies 30GHz and 36GHz respectively.
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Farfield Directivty Abs (Phi=90)
— farfield (f=30) [1] Farfield Directivity Abs (Phi=90)

farfield (f=36) [1]

phi=90 30 30 phi=270

120 t 120Frequeﬂcy =30GHz

Frequency = 36 GHz
Main lobe magntude = 7.21 dBi 120

Main lobe magnitude =  5.28 dBi

180 Man lobe drection =  48.0 deg. 150 180 150 Main lobe direction = 26.0 deg.
Angular width (3 dB) = 85.5 deg. Angular width (3 dB) = 51.0 deg.
Theta / Degree vs. dBi ~ Side lobe level = 3.1 dB Theta / Degree vs. dBi  Side lobe level = 4.9 dB
Figure 6: Directivity plot at 30GHz (phi=90) Figure 7: Directivity plot at 36 GHz (phi=90)

At phi =0, the directivity plots shows a unidirectional radiation pattern as shown in Figure 8 and
9.

Farfield Directivity Abs (Phi=0) Farfield Directivity Abs (Phi=0)

farfield (f=38) [1]

farfield (f=37) [1]

0
Phi= 0 30 30 Phi=180 Phi= 0 30 30 Pphi=180
60 ‘/‘- 60 4&‘ ., 60

¥ ”x s

120 “y 1pgFTequency = 37 GHz 120 10 Frequency = 38 GHz
Main lobe magntude =  5.95 dBi 150 150 Main lobe magnitude = 5.4 dBi

150 180 150 Main lobe direction = 42.0 deg. 180 Main lobe direction = 40.0 deg.
Angular width (3 dB) = 42.9 deg. Angular width (3 dB) = 44.0 deg.
Theta / Degree vs. dBi  Side lobe level = -1.2 dB Theta / Degree vs. dBi  Side lobe level = -1.8 dB
Figure 8: Directivity plot at 37GHz (phi=0) Figure 9: Directivity plot at 36GHz (phi=0)

The results of the directivity plots obtained both for phi=90 and phi=0 shows that the MIMO
antenna radiates in different directions. This shows radiation pattern reconfiguration was

realized.
V. CONCLUSION

In this research, the design and simulation of an eight element reconfigurable Multiple-input
Multiple output (MIMO) antenna for 5G wireless communication was carried out. A single
element microstrip patch antenna was first designed using microstrip design equations. Rogers RT
5880 was used as the substrate with relative permittivity of 2.2 and loss tangent of 0.009. The
single element antenna was made reconfigurable and modelled using Computer Simulation
Technology (CST) software from which an eight element MIMO antenna was designed. The
simulated results on CST software showed that frequency and radiation pattern reconfiguration
was achieved. Similarly, the performance of the MIMO antenna shows reasonable gain and
efficiency at various frequencies with acceptable Voltage Standing Wave Ratios (VSWR) making
it very suitable for wireless communication operating at 5G and millimeter wave.
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