
International Journal of Wireless Communication and Simulation 

ISSN 2231-1254 Volume 8, Number 1 (2016), pp. 1-10 

© Research India Publications 

http://www.ripublication.com 

 

 

 

Performance Evaluation ofan MIMO Array for 

Wireless Communications Systems 
 

 

Eduardo Rodríguez
1
, Roberto G. Rojas

2
 and Roberto Bustamante

1
 

 

1
University of Los Andes, Department of Electrical and Electronics Engineering, 

Carrrera 1 #18A-12, Bogotá, Colombia, +57-13394949. 
2
Ohio State University/ElectroScience Laboratory, 1330 Kinnear Road, Columbus, 

OH 43212, United State of America, +1-6142927298. 
e. rodriguez83@uniandes. edu. co, rojas. teran@osu. edu, rbustam@uniandes. edu. co 

 

 

Abstract 

 

Wepresent in this papera MIMO array to operate at the frequency of 2. 6GHz 

Long Term Evolution (LTE) band for wireless communication systems. The 

array consists of four miniaturized patch antennas on a dielectric substrate 

with total dimensions of 125 mm x62. 5 mm x1. 27mm. Modifications on the 

ground plane along with systematic placement and orientation (rotation) of 

each antenna on top of the substrate plays a key role to reduce the mutual 

coupling which normally degrades the MIMO arrays performance. The 

performance of this proposed MIMO array has been evaluated through 

simulations and measurements of the scattering parameters, radiation patterns, 

and correlation coefficients. The isolation obtained is over 25dB between all 

the antennas, and the maximum achieved gain of a single antenna is 3. 14dBi 

with other antennas terminated with appropriate loads (50-ohms). 

 

Keywords— Antenna array, characteristic modes, correlation, multiple-input-

multiple-output (MIMO) systems, mutual coupling, radiation pattern. 

 

 

I. INTRODUCTION 

The antenna arrays with MIMO system are techniques that allows to increase the data 

transmission rate and link reliability when operating in environments with high 

scattering. The MIMO array technique normally generates low-correlation and 

parallel sub-channels between elements of the array, thus achieving increment in the 

system capacity (bit/s/Hz) by several orders of magnitude [1]. 

A factor that affects drastically the MIMO array performance is the mutual coupling 

between antennas of the array. A high level of the mutual coupling can cause 
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increment in spatial correlation between the received signals by each antenna, which 

in return, reduces the number of independent parallel sub-channels [2]. Therefore, the 

high performance that MIMO system can offer is basically depends on: 1) the 

multipath characteristic of the propagation channel, and 2) the mutual coupling 

between antennas of the array. Modifying the propagation channel might not be easy 

to achieve; however reduction is the mutual coupling is still feasible. 

There exist different techniques to reduce the mutual coupling between the elements 

of an array; one way is to increase the spacing between antenna elements of the array. 

This technique is feasible when the antenna array is located on base stations where the 

spacing can be increased; however, if the antenna array is built within small mobile 

phones, expanding the spacing is very difficult and requires complex work. This 

introduces new challenges for antenna designers, as spacing between antennas in the 

array becomes a strong constraint. 

Several antenna designs have been proposed to reduce the mutual coupling of MIMO 

arrays in small mobile phones. In [3], and [4], several slot techniques was presented to 

achieve high isolation. These techniques work as a low wave structure, which can 

decrease the wavelength of the signal in the vicinity of the antennas and thus increase 

the electrical separation between antennas of the array [3]. Other methods uses T-

shaped ground slot has been used to reduce the mutual coupling between antennas in 

[5]. In [6], T-shaped and dual inverted-L-shaped ground branches were inserted to 

reduce the mutual coupling. Additionally, Neutralization techniques have also been 

shown to increase the port-to-port isolation between two closely placed antennas 

through a transmission line connected between the antennas of the array. This 

technique has been used on PIFA antennas [7], on printed monopole antennas [8]. 

There have been some efforts using electromagnetic band gap (EBG) structures, 

which can suppress surface waves and thus reduce the mutual coupling between 

antennas [10]. The use of defected wall structure (WAS) was proposed in [11] along 

with slits in the ground plane, which separate two microstrip patch antennas and can 

provide isolation of 56dB. All these techniques and others [12], and [13] have been 

used to meet the required specifications for MIMO systems. 

Although these techniques allow high level of isolation and thus very low level of 

spatial correlation, it is evident in many instances that considering the characteristic 

and influence of the printed circuit board (PCB/dielectric substrate) or mobile chassis 

becomes a critical factor in MIMO array performance. It seems that this type of 

consideration has not been rigorously analyzed in literature. In addition, the 

complexity of the design and fabrication deserve more attention and consideration. 

An interesting and appealing technique to understand the role of the mobile chassis is 

through physical-based analysis modal, namely, Characteristic Mode (CM) analysis. 

This model analysis provides physical insight into the potential resonant characteristic 

of a structure by finding and rigorously examining the natural modes of the structure. 

The theory of CM was introduced by Garbacz in [14], and later redefined by 

Harrington and Mautz in [15]. Basically, CM’s are real currents modes that must be 

computed numerically for structures of arbitrary shape. These CM’s form a complete 

set of orthogonal currents on the structure, as well as a set of orthogonal radiation 

patterns. This property allows us to use the theory of CM to design a MIMO antenna 
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array. As result of this model analysis, it is possible to choose a specific set of 

characteristic currents on the PCB/dielectric substrate to minimize the mutual 

coupling between array elements and, if possible, reduce the envelope correlation. 

The CM-based approach considers the chassis as a fundamental structure, and by 

examining the set of characteristic currents in the dielectric substrate, allows the 

designer to define the position of each antenna of the MIMO array. Another version 

of this theory is called, Network Characteristic Modes (NCM), where the modes are 

only considered at set of ports on the structure under study. 

In this work, we propose a novel MIMO array designed to operate at the 2. 6GHz 

(4G-LTE). The antenna array consists of four compact patch antennas on a PCB. 

Modification of the ground plane with slots along with a systematic placement and 

orientation of each antenna on top of the dielectric substrate plays a key role to 

increase the isolation and thus reduces the correlation between antennas. The 

modifications of the ground plane, placement, and orientation of each antenna on the 

array was done based on the insights provided by the theory of CM. 

 

 

II. DESIGNED MIMO ARRAY 

The goal in this work is to build an array with a substantial number of antennas within 

a compact mobile chassis and, in return, have a high isolation between the antennas. 

Initial design of single antenna was done such that the antenna operates at 2. 6GHz 

(AWS frequency band of LTE), thanks to the miniaturization techniques, which 

allowed us to design such antenna in small size using some slot insertion ideas, as can 

be seen in Fig. 1. 

The next step is to place four antennas similar to the one in Fig. 1 on the substrate and 

try to achieve low mutual coupling between them. To do so, a systematic procedure of 

modifying the ground plane and antenna locations is performed. Each step of this 

procedure is explained clearly in the following sections. 

 

 
 

Figure 1. Design of the miniaturized Patch antenna using slots to operate at 2. 6GHz. 
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A. Ground Plane Modifications 

We start with a baseline structure; the four antennas have the same orientations and 

spacing as shows in the Fig. 2. Yet, no-modified is performed on the ground plane of 

the substrate. By starting modifying the structure aiming to reduce the mutual 

coupling, a slot design is introduced on the ground plane. These slots helped to reduce 

the effect from surface waves excited in the substrate. This systematic insertion of the 

slots on the ground plane allows us to select the final ground plane structure taking 

into considering the position of each slot as well as the spacing between antennas. 

To compares the total current distribution at 2. 6GHz for the baseline structure (Fig. 

3a), and the ground plane with straight slots (no corrugated). It observes how the total 

current distribution decreases substantially when the slots are introduced. This means 

that there is less interaction between the antennas and a reduction in mutual coupling 

between them. Further modification is performed by introducing of some corrugations 

(small rectangles of 5mm x2. 5mm) in the slots to achieve greater reduction of the 

mutual coupling between antennas of the array how we can see in the Fig. 3c. 

 

 
 

Figure 2: The Baseline structure of the 4-element antennas at 2. 6GHz. 
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Figure 3: Total current distribution at 2. 6GHz of (a) baseline ground plane, (b) 

modified ground plane with straight slots, and (c) modified ground plane with small 

rectangles (corrugations). 

 

 

B. The Placement and Orientation of the Antennnas 

Additional modifications are necessary to obtain a better performance, i. e. more 

reduction in the correlation. The first modification is to modify the location of each 

antenna on top of the substrate. Initially, each antenna is centered in the 

corresponding ground plane, then; further modification related to the antenna 

orientation is performed. It was observed that specific rotation helps improving 

polarization diversity so that the correlation between the signals reaching to each 

antenna of the array is reduced. 

One way to obtain the optimum orientation of each antenna on the array by using the 

analysis that CM provides. The NCM eigenvalue spectrum for the four antennas of 

the array with corrugated slots in the ground plane and each antenna located in the 

center of the corresponding ground plane can be seen in Fig. 4a. The spectrum shows 

the dominant mode corresponding to each antenna. It can be seen the behavior of 

corresponding. 

The modes to the antennas #1 and #2 show a good resonance near 2. 6 GHz. The 

results of these modifications can be seen in Fig. 4b and 4d. The latter shows that all 

antennas are well matched at 2. 6GHz. Note that a more detailed CM analysis was 

performed to obtain these results. 
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Fig. 5 shows the final arrangement of each antenna on top of the dielectric, and the 

geometry of the ground plane. Four miniaturized patch antennas are printed on top of 

substrate ( r=4. 5 and tan =0. 002) with total dimensions of 125 mm 62. 5 mm 1. 

27mm. The ground plane structure, modified with slots along the large dimensions of 

the ground plane and two perpendicular corrugated slots dividing the ground plane. 

 

 
Figure 4: NCM eigenvalue spectrum of the dominant mode for each antenna at 2. 

6GHz. (a) Eigenvalue before, and (b) after using rotations, (c) simulated return loss of 

each antenna before, and (d) after rotations (see Fig. 5). 

 

 
 

Figure 5: The designed four-antenna array for LTE-MIMO. (a) The antennas on top 

of the dielectric substrate, and (b) the modified ground plane. 
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III.  RESULTS 

The results from simulations and measurements to evaluate the performance of the 

proposed MIMO array arepresented for Scattering parameters, mutual coupling, 

radiation patterns, and enveloped correlation at a frequency of 2. 6 GHz. 

 

A.  Scattering Parameters and Mutual Coupling. 

Fig. 6 shows the results of the simulated and measured S-parameters with respect to 

50-ohm reference for all antennas on the substrate. Note that the S-parameters are 

measured while all other antennas are terminated to 50-ohm loads. The return loss 

values (Sii) show a good agreement between simulated and measured. The measured 

mutual coupling (Sij, i j) between antennas remain below -28dB as shown in Fig. 6b. 

 

 
Figure 6: The S-parameters of the proposed MIMO antenna array. (a) Simulated, and 

(b) measured. 

 

 

B.  Radiation Pattern and Pattern Diversity 

The simulated and measured radiation patterns at 2. 6GHz of each antenna of the 

array are plotted in the Fig. 7. It can be noticed that each antenna shows a different 

radiation pattern (pattern diversity); this favorable property helps reduce the envelope 

correlation because the received multipath distribution in each antenna will be 

different. Furthermore, the simulated and measured radiation patterns show a good 

agreement, and with a maximum achieved gain of 3. 14dBi. The measurement was 

performed by exciting one antenna while the others antennas were terminated by 50-

ohm load. 
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Figure 7: Measured (black line) and simulated (red line) radiation patterns of each 

antenna of the MIMO array. (a) Antenna #1. (b) Antenna #2. (c) Antenna #3. (d) 

Antenna #4. 

 

 

C. Enveloped Correlation Evaluation. 

One metric that provides very important information about the performance of the 

array for MIMO systems is the correlation. This enveloped correlation coefficient 

between signals received by the antennas of the array can be computed through the S-

parameters with the assumption that the incoming signals are uniformly distributed, i. 

e. the direction of arrival of each multipath component has equal probability, and for a 

lossless MIMO Antenna [15]. 

The correlation coefficient between any two elements of the array is given as: 
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For an array of N-antennas, the correlation coefficients can be calculated as [16]: 
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The results of the correlation coefficients calculated through the measured S-

parameters are plotted in the Fig. 8. The results are much less than 0. 000015 at 2. 6 

GHz; these very low values can potentially enable the generation of more independent 

and parallel sub-channels producing high performance wireless communication 

systems with MIMO arrays. 
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Figure 8: Enveloped Correlation coefficients calculated through the measured S-

parameters with base at (2), and for losslees MIMO antenna. 

 

 

III. CONCLUSION 

The designed array with miniaturized antennas was shown to be suitable for use in 

wireless communication with MIMO systems at 2. 6 GHz (AWS band of LTE/4G). 

The modification of the ground plane with corrugated slots (with small rectangles) 

along with a systematic location and orientation/rotation (space and polarization 

diversity) of the antennas elements using the insight provided by the theory of 

Characteristic Modes (CMs), it was possible to build an MIMO antenna array with 

very high isolation and very low correlation coefficients. This allowed us to achieve a 

MIMO system with high performance. Furthermore, the radiation characteristics 

observed in the proposed array havethe ability to overcome channel problems as 

multipath fading because these patterns provide diversity in shape. 
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