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Abstract. A MIMO antenna array with suitable features for 5G mobile phone 

applications is presented in this study. With 75×150×0.8 mm3 FR-4 dielectric, two rows 

of tiny monopole antenna arrays are mounted on the right and left sides of the mainboard. 

A modified T-shaped resonator with discontinuous feeding and a protruded L-shaped 

strip make up the monopole element's schematic. The design parts have all been etched 

into the same layer of the ground. The proposed array is extremely compact and takes up 

very little space on the PCB plane. The presented MIMO smartphone antenna is designed 

to support the sub 6 GHz 5G network and provides a 3.4-4.2 GHz operation band. Also, 

due to the arrangement of the elements, it could operate as two sets of 1×4 phased arrays 

with high-gain and beam steerable radiation patterns. The MIMO performance, user-hand 

effect, and critical properties of the introduced monopole antenna array design are 

studied. 

Keywords: 5G, MIMO system, mobile-phone antenna, a monopole antenna, wireless 

communications. 

1   Introduction 

Multiple-input-multiple-output (MIMO) with multiple radiation elements has been gaining a 

lot of interest for next-generation (5G) communication networks to meet the rising demand for 

transmission rate and throughput for various applications [1-5]. The 5G communication 

system also requires an array antenna with an enhanced number of antenna elements and dual-

polarization capability in the case of massive MIMO [6-10]. MIMO antennas have been seen 

in a variety of smart and portable devices, including smartphones, laptops, and tablets. Many 

problems must be overcome in order to achieve an efficient MIMO operation for user 

equipment [11-18]. 

Monopole resonators, among the numerous forms of MIMO antennas, are more ideal due to 

their appealing properties. Recently, various MIMO antennas with narrow bandwidth and 

large sizes are represented for sub 6 GHz mobile-phone applications [19-25]. We introduce 

here a MIMO monopole antenna array with eight elements and a wide operation band of 3.4-

4.2 GHz. The employed monopole antenna elements have low profiles, and their configuration 
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contains a modified T-shaped resonator with discrete feeding and a protruded L-shaped strip. 

The experiment was conducted using the EM simulation CST programme [26]. 

The scattering parameters, patterns, efficiency, and gain of the planned array have all been 

evaluated and achieved for best performance. Furthermore, the suggested 5G antenna 

performs well in the proximity of the user-hand phantom. Based on the research work 

discussed in the following, sufficient characteristics are achieved with straightforward 

structure and novel. Section 2 presents the schematic and design details. Its fundamental 

characteristics and the MIMO antenna performance are illustrated in section 3. Section 4 

investigates the antenna radiation behaviour with a double-hand phantom. The last section of 

the paper will conclude this research study. 

2     Configuration and Geometrical Details 

The introduced phased array is depicted schematically in Fig 1. It includes eight 

monopole antennas that are arrayed in two sets of 14 linear array on both sides of the PCB 

plane, as seen. The antenna was mounted on the same layer of the ground. Table 1 lists the 

antenna parameters and their values. 

   

Fig 1. Antenna elements handset.  

Table 1. Dimension of the antenna structure all in mm.  

 

 W  L  W1  L1  W2  L2  W3  L3  

150  75  5  65  0.5  2  0.5  1  

W4  L4  W5  L5  W6  L6  W7  W8  

7  1  0.5  2  12  1  35  22  



 

 

 

 

3    Characteristics of the MIMO Array 

Figs 2 (a) and (b) illustrate Snn (scattering parameters) and Smn (transmission 

coefficient) properties of the designed MIMO monopole array, respectively. As seen from 

Fig 2 (a), a wide operating frequency band of 800 MHz for Snn ≤- 10 and 1400 MHz for Snn 

≤ -6 dB is obtained. In addition, sufficient mutual couplings have been obtained as 

illustrated in Fig 2 (b).  

 

 
(a) 

 
(b) 

Fig 2. Scattering parameters, (a) Snn and (b) Smn.  



 

 

 

 

Figures 3 (a) and 3 (b) illustrate the efficiencies of the proposed antenna elements. At 3.4-

4.2 GHz, it has been observed that sufficient and high-efficiency results have been 

produced. A higher than 80% radiation efficiency characteristic is attained for 3.4 4 GHz, as 

illustrated in Fig 3 (a). Furthermore, as shown in Figure 3 (b), more than 65 percent of total 

efficiencies have been achieved [27-30].   

 

 
(a) 

 
(b) 

Fig 3.  (a) Radiation efficiency and (b) total efficiency results. 
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(b) 

Fig 4.  a) ECC, b) TARC properties. 

 

ECC and TARC requirements are critical in MIMO systems and should be kept as small as 

possible [31-32]. The variations of these parameters for a closely spaced element are shown in 

Figures 4 (a) and (b). Within the operation band, these values are quite low. At the 

intermediate frequency (3.8 GHz), the 3D fluctuation of the radiated field for the antenna 

elements is investigated and depicted in Fig. 5. This diagram illustrates the field shape and 

how the elements of the MIMO antenna may support different sides of the handset while also 

improving the design's performance [33-36]. In addition, good gain values are achieved for 

each antenna resonator. As mentioned earlier, the set of antennas could operate as two sets of 

1×4 phased arrays with high-gain and beam-steerable radiation patterns. Fig 6 investigates the 

radiation performance of the sub-arrays at the resonance frequency (3.8 GHz) and different 



 

 

 

 

scanning angles. According to obtained results, it is found that each set of 1×4 sub-array could 

provide high gain radiation beams with a wide beam-steering. Figure 7 plots and compares the 

main characteristics of the element and the main sub-array antenna over 3.4 to 4.2 GHz. As 

see, the element can provide 2-4.5 dBi maximum gain while the sub-array exhibits a high 

maximum gain characteristic (6-8.5 dBi) over the antenna operation band [37-42].  

 

 

Fig. 5.  3D Radiations of each antenna element at 3.8 GHz. 

 
                            (a)                                                (b)                                                 (c) 

Fig 6. Beam patterns of the sub-arrays (1×4 linear array) at (a) 0, (b) 30, and (c) 60 degrees. 



 

 

 

 

 

Fig 7. Max gains of a single element and the sub-array antennas. 

4   User-Hands Impact 

It is possible to lower the antenna performance with the user hand. This is also 

dependent on the antenna component's distance and positioning [43-45]. The features of the 

inserted antenna elements in the presence of the double-hands model are illustrated in the 

following section.. The placement and Snn results in the double-hand scenario are depicted in 

Figs. 8 and 9, respectively. As depicted, the introduced mobile antenna design exhibits 

sufficient Snn results supporting the target frequency band.  

 

 

Fig 8.  In double-hand mode, the antenna is positioned. 



 

 

 

 

 

Fig 9.  The variations of Snn with user's hand. 

Furthermore, the suggested mobile-phone antenna has high efficiency (30 percent -60 

percent). The antennas' efficiency levels are reduced, but not dramatically, as seen in Fig. 10. 

This could be owing to the used element's tiny and compact sizes, which are not covered by 

the user's hand. It's worth mentioning that the resonators partially encompassed by the 

phantom show the greatest decreases in performance [46].   
 

 

Fig. 10.  Antenna total efficiencies with user's hand. 



 

 

 

 

5     Conclusion 

For 5G mobile phone applications, an antenna array with compact resonators and large 

impedance bandwidth has been introduced. At both sides of mobile phone mainboard, eight 

small monopole antenna arrays are designed to function in the 3.4-4.2 GHz sub-6 GHz 5G 

band. A modified T-shaped resonator with discrete feeding and a protruded L-shaped strip are 

included in each monopole antenna element. It also takes up a minimal amount of space on 

the PCB plane and has sufficient properties. The most important parameters of the designed 

handset were explored.   
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