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Abstract 
 
A planar dual-element multi-generation compatible MIMO antenna is presented in this paper. The radiating antenna elements 

are designed to resonate over two frequency ranges: 1.41 GHz – 2.11 GHz and 3.6 GHz – 3.8 GHz, with (S11/S22) reference 
considered as -10 dB,covering frequencies allotted for L1 GPS, 2G standards (GSM-1800 and GSM-1900), 3G standard 
(UMTS), LTE (working on TDD and FDD techniques) and 5G New Radio. The designed antenna is optimized using IE3D 
simulation software and fabricated on  FR4 substrate having relative permittivity of 4.4, loss tangent of 0.02 and thickness of 
1.6 mm.  A three step isolation improvement and impedance bandwidth enhancement technique is presented to reduce the 
mutual coupling and cover the desired frequency range. Antenna characteristics in terms of the reflection coefficient, mutual 
coupling, radiation pattern and gain are measured and show good agreement with the simulated results. Diversity performance 
is evaluated in terms of the envelop correlation coefficient. It is found to be less than 0.12 and 0.06 in the first and second 

bands of frequencies, respectively. The planar structure and capability to support several frequencies of multiple generations 
make the proposed MIMO antenna a good candidate for integration with future wireless devices.  

 
Keywords: Envelop correlation, Isolation improvement, Multiband antenna, Multi-generation antenna, Monopole antenna, 
MIMO antenna 
 

1. Introduction 
 
Mobile communication has revolutionized the 

communication industry. Ever since its first introduction 
as1stgeneration analogue mobile communication standard, 
several technologies have been introduced to lead to 
generations such as 2G, 2.5G, 2.75G , 3G, 3.5G, 3.65G and 
likewise to the current Long Term Evolution (LTE). With 

each of these successive generations, the spectrum 
allocation, key technologies, system requirement and 
services provided to the subscribed users varied. The 
1stgeneration standards like Advanced Mobile Phone Service 
(AMPS) and Total Access Communication System (TACS) 
offered only voice call services. The 2ndgeneration standards 
were based on digital techniques and offered voice and text 
messaging services. From 2.5 generation standards to the 

current 4G standards, the main aim was to provide higher rate 
data service, increased capacity and reduced latency [1-2]. 
Currently, subscribers enjoy real-time voice, data, 
multimedia and short messaging services [3]. Most telecom 
operators allow their subscribed users to switch between 
2G,3G and LTE services as per user’s demand and network 
strength. While registered subscibers latch to a 2G network 
during accessing voice service, they prefer to latch to 3G 

network and beyond for accessing high speed data service 

[2,4]. However even deployment of a 4G communication 
system could not meet the increasing demand of data speed. 
Researchers all over the globe are currently working towards 
the development and standardization of 5G communication 
technology [5-6]. 3GPP in release 15 has proposed two wide 
ranges of  frequency spectrum that can be employed for 5G 
services –FR1 and FR2. The FR1 band, also referred to as 
sub-6 GHz band,  ranges between 450 MHz and 6 GHz, 

while the FR2 band, also referred to as the mm-Wave band, 
ranges between 24.25 GHz and 52.6 GHz. FR1 is comprised 
of a total of 27 bands, of which 12 bands are based on 
Frequency Division Duplexing (FDD), 7 bands are based on 
Time Division Duplexing (TDD), 6 bands are based on 
Suplementary UpLink (SUL) and 2 bands are based on 
Suplementary DownLink (SDL) techniques.  [7- 8]. The 
World RadioCommunication Conference (WRC) is 

organised by ITU every three to four years to review the 
allocation of frequency spectrum for various services. 
Allocation of t 3.5 GHz C-band at WRC 2015 for 5G antenna 
structure and beamforming further triggerred research all 
over the globe. With these speedy developments, wireless 
communication networks have formed into a heterogeneous 
networks working on various standards of different 
generations that are allotted a varied portion of the    

frequency spectrum [9].  As  a  result,  designing  a  wireless  
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Table 1 Mobile communication standards supported by the proposed dual-element MIMO antenna 
 

S. No. Mobile Communication 

Standards/ Generations 

Bands 

1 GPS L1-GPS 

2 2G  GSM 1800, GSM 1900 

3 3G UMTS 

4 LTE FDD B2, B3, B9, B11,B21,B24, B25, B32 

5 LTE TDD B33, B34, B35, B36, B37, B39, B43 

6 Partial LTE bands B1, B4, B10 

7 5G New Radio n2, n3, n25, n34, n39,  n51, n70, n74, n75, n76, n80, n84, n86 

8 Partial 5G New Radio n1, n66, n77, n78 
 

 
 

Figure 1 Effect on mutual coupling with increased separation between identical antenna elements 
 

device that can support multiple generations is a pressing 
current need. 

Antenna systems have undergone major enhancements 
to fit to the requirements of various mobile communication 
standards. A multiband antenna should be designed to 

support different generations of mobile communication 
working on various frequencies [3].  In order to enhance the 
data speed, a shift from Single Input Single Output (SISO) to  
Multiple Input Multiple Output (MIMO) antenna system is  
greatly needed. Theoretically, the capacity of an MIMO 
antenna system employing more than one antenna at 
transmitting and receiving end, should linearly increase with 
increase in the number of elements in the antenna 
system.However,in reality,correlation between the antenna 

elements affects the enhancement in system capacity [10-
12]. Hence, in any MIMO antenna design, reduction of 
mutual coupling between the elements is an important 
criterion. In the sub-6 GHz spectrum range, a 10 dB isolation 
level is considered acceptable for a 5G MIMO.However,to 
achieve better performance, a higher isolation level is desired 
[13]. Various techniques have been investigated by 
researchers to improve the isolation between identical 

antennae in multi-element antenna configurations,such as 
introduction of a neutralization line [14-15], introducing a 
ground extension to extend the length of surface current [16], 
designing parasitic elements [17] and using pattern diversity 
[18]. Several researchers have proposed different antennae 
that find use in mobile communications. Both SISO [19-25] 
and MIMO antenna configurations [3-6, 9, 12-14, 18, 26-31] 
have been proposed by researchers.While some researchers 

have adopted the benchmark of  S11/S22  less than -6 dB [4, 
6, 14, 19-21,  23-25, 29, 31], others have not  designed 
antennas to include frequencies of all generations of mobile 
communication [3-6, 9, 12-14, 18-22, 24-33].  
 In this paper, a simple planar dual-element MIMO 

antenna is proposed that can be used over L1 GPS, 2G 

standards such as GSM-1800 and GSM-1900, 3G standard 

UMTS working on 2.1 GHz, several LTE bands working on 

both TDD and FDD techniques and several 5G New Radio 

frequencies. Table 1 lists the standards of the corresponding 

mobile generations over which the proposed antenna can be 

employed. The radiating elements cover these bands with S11 

and S22  less than -10 dB reference. In the following section, 

antennae are designed to develop the unit antenna element. 

Isolation and impedance bandwidth improvement techniques 

incoporated in a dual-element MIMO system to achieve 

isolation better than 10 dB  for all frequencies  under 

consideration is included.Simulated and measured results in 

terms of the reflection coefficient, mutual coupling, gain and 

radiation pattern have been investigated. Diversity 

performance in terms of the Envelop Correlation Coefficient 

(ECC) has been  examined and a comparison with existing 

work has been done. Finally, the conclusionsof the obtained 

results are presented. 

 

2. Antenna configuration 
 
The length of monopole antenna resonating at ‘f’ Hz and 

wavength ‘λ’ is computed using equation (1) below: 
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Figure 2 Effect on mutual coupling by varying the length of a T-shaped ground extension 
 
L= λ/4 = c/4f                (1) 
 

where, 
c = velocity of light = 3 x 108 m/sec 
 

For designing unit antenna elements to work on 
frequencies covered by L1 GPS, 2G, 3G, LTE and 5G New 
Radio, two ranges of frequencies were considered; the first 
band  from 1.4 GHz to 2.7 GHz, while the second  from 3.4 
GHz to 3.8 GHz. The center frequencies for both the bands 
were computed as 2.05 GHz and 3.6 GHz, respectively. 
Using (1), the resonant length of each monopole antenna 
elements corresponding to the centre frequencies were 
obtained as 36.5 mm and 20.8 mm, respectively. These 

different computed lengths of monopole antennae with 
varying widths were superimposed to design a single 
multiband antenna structure. The final unit antenna element 
was a single non-uniform width monopole element. A 
parametric study was conducted to select the ground plane 
dimension. In the final geometry, after optimization, a 
ground plane of dimension 55 mm x 80 mm was considered. 
For designing the MIMO antenna system, two such identical 

unit antenna elements were placed beside each other and the 
input was fed using 50 ohm coaxial probe. It was observed 
that in the designed dual-element MIMO antenna, the two 
superimposed lengths of monopole antenna radiated over 
two bands ranging from 1.47 – 2.12 GHz and 3.7 – 3.87 GHz 
considering S11 and S22 < -10 dB. However, due to the close 
proximity of the unit antennas, there was huge mutual 
coupling (- 4.55 dB in first band and -7.05 dB in second 

band). This in turn rendered the MIMO antenna system 
inefficient. A three step enhancement method was employed 
to enhance the isolation between the antenna elements and 
improve the impedance bandwidth.  
 First, the separation between the elements was increased. 
In an MIMO antenna setup, the multi-paths between the 
transmitter and receiving antenna require to be highly un-
correlated to enhance performance. One of the easiest ways 

to achieve de-correlation is to increase the separation 
between the antennae. The separation was gradually 
increased from 10 mm to 40 mm and its effect on antenna 
performance was recorded. Figure 1 illustrates the basic 
dual-element MIMO antenna setup and the mutual coupling 
obtained on increasing the antenna element separation. From 
the figure, it can be seen that for the second band for 
separation above 15 mm, mutual coupling was less 
than -10 dB. However, for the first band, the mutual coupling 

value was much above desired threshold. Moreover, due to 

size constraints, further separation of antenna elements was 
not possible. 
 A T-shaped ground extension was next introduced 
between the unit antenna elements in the MIMO setup to 
reduce mutual coupling in both the bands. Figure 2 illustrates 

comparative plots of the mutual coupling obtained in three 
scenarios when T-shaped extensions of different lengths 
were introduced. These are test case 1 with L1, W1, L2, W2 as 
10 mm, 2 mm, 2 mm, and 4 mm. Test case 2 with L1, W1, L2, 
W2 as 20 mm, 2 mm, 2 mm, and 4 mm. Test case 3 with L1, 
W1, L2, W2 as 33 mm, 2 mm, 2 mm, and 4 mm, respectively. 
The introduction of a ground extension aided in increasing 
the length of the surface current, which in turn reduced the 
mutual coupling between the identical elements in both 

bands, keeping the separation fixed at 20 mm. In the third 
test case, in both the desired bands, mutual coupling lower 
than -10 dB was obtained. However, the impedance 
bandwidth still required improvement to cover the 
frequencies of mobile communication standards under 
consideration without degrading the isolation between 
elements. So, decoupling line and ground slot were 
introduced to improve the impedance bandwidth. The 

dimension of the slot and the length of the decoupling line 
were optimized in IE3D software. Figure 3 illustrates the 
effect of introduction of the optimized decoupling line and 
ground slot. Hence, by using the three step isolation and 
impedance bandwidth improvement technique, it was 
possible to design a final dual-element MIMO antenna 
system.  The final version of the dual element MIMO antenna 
radiated over two bands of frequencies ranging between 

1.41 GHz – 2.11 GHz and 3.6 GHz – 3.8 GHz, with a 
(S11/S22) reference of -10 dB and mutual coupling lower than 
the threshold of -10 dB over the entire range. As a validation 
of this statement, Figure 4 illustrates the comparative mutual 
coupling plots. They were first recorded with no isolation 
technique and then they were obtained with the proposed 
hybrid technique. 
 The simulated current distribution was investigated in 

two scenarios to study the performance of the designed 
MIMO structure. The first was without any isolation 
improvement, while the second employed the hybrid 
technique. Owning to the symmetry of the designed dual-
element MIMO antenna for an investigation input port (F2) 
of Ant 2was excited while the input port (F1) of Ant 1 was 
terminated with a matched load. Figure 5 illustrates the 
simulated current distribution output recorded for the           
two sample frequencies, 1.8 GHz and 3.7 GHz, one 

frequency  being  considered  from both the bands over which  
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Figure 3 Effect of introduction of a ground slot and decoupling line 
 

 
 

Figure 4 Mutual coupling comparative plots with and without hybrid isolation and impedance bandwidth enhancement 
technique 
 

the antenna element resonates. It can be observed that for the 

first frequency, 1.8 GHz, the current distribution is dominant 

in the upper section of the monopole, while for the second 

frequency, 3.7 GHz, the current distribution is dominant in 

the lower section of the monopole. Furthermore, it  can be 

observed that in both  the cases, there  is negligible current 

concentration on Ant 1 when port 2  is excited and the hybrid 

technique designed  has been introduced between the dual-

element MIMO representing good isolation improvement. 

 The front and back planes of the final designed MIMO 

antenna prototype are illustrated in Figure 6a, with all 

dimensions mentioned being in ‘mm’. The optimized ground 

plane dimension is (LG x WG) 80 mm x 55 mm, while the 

non-ground area is 37 mm x 55 mm. F1 and F2 in the figure 

indicate the two feeding points, where the 50 ohm input 

probes are connected. The designed antenna was simulated 

and optimized using IE3D software. A double side copper-

clad FR4 substrate with a dielectric constant (εr) of 4.4, 

thickness (h) of 1.6 mm and loss tangent (tan δ) 0.02 was 

used for fabrication. Figure 6b illustrates the front and back 

planes of the final fabricated antenna prototype. 

 

3. Results and discussion 
 

In this section, the antenna’s performance in terms             
of its reflection coefficient, mutual coupling, radiation 
characteristics and gain are discussed. Diversity performance 

of the designed MIMO antenna is discussed in terms of ECC. 
The section further highlights the significance of the 
designed antenna over previous efforts. 

 
3.1 Reflection coefficient and mutual coupling 

 
 For measuring the impedance performance in terms of 
the reflection coeffcient and mutual coupling, the fabricated 

antenna was connected to a Network Analyzer, Agilent 
Technologies N5230A 10MHz-20GHz PNA-L. Figure 7a 
illustrates the setup used for measuring S11, S22, S12, S21 
parameters. Figure 7b illustrates a comparison between the 
simulated and measured reflection coefficient (S11, S22) 
characterictics. Taking the Sxx level as less than -10 dB, this 
proposed antenna resonates over two frequency 
ranges,1.41 GHz to 2.11 GHz with minimum of -27.3 dB at 
1.6 GHz and 3.6 GHz to 3.8 GHz with minimum of -41.7 dB  



Engineering and Applied Science Research January – March 2020;47(1)                                                                                                                                         81                                                                                                                                          

 

 

 

 
 

 
 

Figure 5 Simulated current distributions recorded with and without proposed hybrid isolation and impedance enhancement 
technique with port F2 excited and port F1 terminated with a matched load at (a) 1.8 GHz and (b) 3.7 GHz 
 

 
 

Figure 6 Final MIMO antenna prototype: (a) Front and back plane geometry with dimensions in mm, (b) Fabricated front and 
back plane on a FR4 substrate 

(a) 

(b) 

(a) (b) 
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Figure 7 Reflection Coefficient.(a) Experimental setup for measurement, (b) Simulated and measured S11/S22 characteristics 
 
at 3.7 GHz, covering the spectrum allotted for L1 GPS, 

GSM-1800, GSM-1900, 3G UMTS, LTE TDD/FDD and 5G 
NR applications. The measured S11/S22value validated well 
with the simulated output with slight variations occuring due 
to  minor fabrication errors. 

Mutual coupling between identical antenna elements was 
measured next using the same experimental setup as 
illustrated in Figure 7a.  Figure 8 illustrates a comparitive 
plot of simulated and measured mutual coupling.It indicates 

that the measured result validates the simulated results well. 
Isolation of better than 14.6 dB with maximum isolation of 
24.19 dB and isolation better than 15.7 dB with maximum 
isolation of 29.2 dB was obtained in first and second range 
of frequencies, respectively, covering multiple generations 
of wireless mobile communication.  

 
3.2 Radiation performance 

 
 The radiation characteristics of the designed antenna 
over the azimuth and elevation plane were obtained from the 
IE3D simulator’s output. For measuring the radiation 
characteristics of the MIMO antenna, the fabricated 
prototypes were placed inside the non-reflective, echo-free 
anechoic chamber shown in Figure 9a. Radiation 
characteristics were recorded in the far field for four 

frequencies, 1.575 GHz, 1.96 GHz, 2.1 GHz and 3.7 GHz 
(one sample frequency was taken into consideration from 

each range of frequencies allotted for various mobile 

communication generation standards). Figure 9b illustrates 
the simulated and measured radiation pattern in the azimuth 
and elevation planes. The antenna exhibits a dumbbell-
shaped radiation pattern with almost symmetrical schematics 
in the elevation plane and almost equal radiation in all 
direction in the azimuth plane, leading to an omni-directional 
radiation pattern which is similar to the output obtained from 
simulated result that is suitable for wireless applications. 

 Figure 10 illustrates the antenna gain obtained from the 
simulated and measurement setup. In order to measure the 
gain, the antennas were placed inside the anechoic chamber. 
The gain pattern indicates that the designed prototype shows 
a positive gain value for all the frequencies under 
consideration with a peak gain of 3.14 dBi obtained at 
1.85 GHz. For the range of frequencies under consideration, 
the obtained gain value is comparable to the peak gain 

reported for a dual-element MIMO antenna in range of 1.8 to 
4.5 dBi [5, 29, 32-33]. 
 Another two-part experiment was conducted to study the 
effect of coherence between the antennas.  In the first 
scenario, only one port of the transmitting antenna was fed 
with an input signal that was provided using a Rohde & 
Schwarz signal generator. The other port was terminated 
using a 50 ohm matched load. At the receiver end, similar to 

transmitter side, one antenna port was connected to a Rohde 
&  Schwarz  FSP  Spectrum  analyzer  [9  KHz  to  30  GHz],   

 

(a) 

(b) 
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Figure 8 Simulated and measured mutual coupling characteristics 
 

                                                                                      
                                                                                                                                             (b) 
 
Figure 9 (a) MIMO antenna setup inside an anechoic chamber, and (b) Normalized simulated and measured radiation 
characteristics in elevation and azimuth planes at 1.575 GHz, 1.96 GHz, 2.1 GHz and 3.7 GHz 

 
while the other port was terminated by a matched load of 50 
ohms. In the second scenario at the transmitting end, both 
ports of the MIMO antenna were fed using two signal 
generators and the receiver end both ports of the antenna 
were connected to a spectrum analyzer to record the received 
signal strengths. Figure 11 is a linear plot of the measured 
signal strength from a spectrum analyzer in both scenarios at 

1.96 GHz. It can be observed that the received signal strength 
measured by the spectrum analyzer when both ports of 
transmitting antenna were fed with input is higher compared 
to single input scenario, clearly indicating the presence of 
constructive coherence. 
 

3.3 Diversity performance 
 
 One of the most important benchmarks to evaluate the 
performance of MIMO antennas is the ECC (ρ) value. This 
is because it reflects the antenna’s diversity performance. 
ECC measures the correlation between the radiation patterns 
of identical antenna elements in a MIMO structure.  In order 

to have an optimum performance low correlation is desired. 
Any value of ECC less than 0.5 is considered adequate in the 
3GPP industrial standard specifications [10, 34]. 
 The value of correlation coefficients for an antenna     
with  two  elements  can  be  calculated   using  the    scattering  
 

(a) 
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Figure 10 Simulated and measured antenna gains for the designed dual-element MIMO antenna 
 

 
 
Figure 11 Comparative plots of received signal strength measured through spectrum analyzer 
 

 
 
Figure 12 ECC value of the proposed antenna over the two frequency ranges 
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Table 2 Comparison of proposed antenna with published data  
 

Reference Year Antenna 

Configuration 
Supported 

Generation 

S-para 

reference 
Substrate 

details 

ECC value  

less than 

Proposed 2019 MIMO GPS, 2G, 3G, 
LTE and 5G 

-10 dB FR4 substrate, 
 εr -4.4, h -1.6mm,  

tan δ-0.02 

0.12 in first band,  
0.06 in second band 

[3] 2017 MIMO 2G,3G, LTE -10 dB FR4 substrate, 
εr - 4.4, h -1.6mm,  

tan δ-0.02 

0.05 

[5] 2018 MIMO LTE, 5G -10 dB FR4 substrate, 
εr - 4.6, h -0.25 mm,  

tan δ-0.0025 

0.05 

[6] 2018 MIMO LTE, 5G -6 dB FR4 substrate, 
εr - 4.4, h -0.8  mm,  

tan δ-0.02 

0.02 

[14] 2019 MIMO LTE, 5G -6 dB FR4 substrate, 
εr - 4.4, h -0.8  mm,  

tan δ-0.02 

0.15 

[23] 2018 SISO GPS, 2G, 3G, 
LTE and 5G 

-6 dB FR4 substrate, 
εr - 4.3, h -0.5  mm,  

tan δ-0.02 

Not applicable 

[24] 2018 SISO LTE -6 dB PCB εr - 4.4,  
h -0.8  mm,  
tan δ-0.02 

Not applicable 

[29] 2017 MIMO GPS, 2G, 3G, LTE -6 dB FR4 substrate, 
εr - 4.4, h -0.8  mm,  

tan δ-0.02 

0.318 

[30] 2018 MIMO LTE,5G -10 dB Nickel silver of 
conductivity 4 x106 

S/m, h- 0.3mm 

Not mentioned 

 
parameters method employing equation (2) below: 
 

ρ =
|S11

∗S12 + S21
∗S22|2

(1 − |S11|2 − |S21|2)(1 − |S22|2 − |S12|2)
               (2) 

    
 Figure 12 illustrates the computed ECC value at the 
respective frequencies for designed antenna. It can be 
observed that the peak value of ECC for the designed antenna 
is less than 0.12 for all frequencies under consideration in the 

first band. In the second band, the value of ECC is less than 
0.06. Both are much below the acceptable industrial standard 
value of 0.5. 
 
3.4 Comparison with published work 
 
 Table 2 compares the proposed multiband multi-
generation compatible MIMO antenna with previously 

published values. This clearly indicates that the proposed 
work, owing to its MIMO functionality, good diversity 
performance and capability to work in multiple mobile 
communication generations, stands out from other research 
in this field. 
 

4. Conclusions 
 

The dual-element planar monopole MIMO antenna 
system presented in this paper can be used to cover multiple 
mobile communication standards including L1 GPS 
(1.575 GHz), 2G standards like GSM-1800 (DCS) and GSM-
1900 (PCS), 3G standard like UMTS (2.1 GHz), several 4G 
LTE bands (working on both TDD and FDD technology) and 
multiple 5G New Radio frequencies. Non-uniform width 
monopole strips are used as the radiating elements. A hybrid  

technique  comprising  of  three  steps  is  

employed to reduce the mutual coupling below the threshold 

value of -10 dB and enhance impedance bandwidth to cover 

the frequencies under consideration. In the desired bands, the 

Envelop Correlation Coefficient is much lower than the 

industrial standard of 0.5. The omni-directional radiation 

pattern and positive gain in the operational bands enables the 

antenna to be successfully integrated within multi-generation 

compatible wireless devices. 
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