
  

 

M-Port Rotationally Symmetric Antennas 
for Advanced MIMO Applications 

 
R. Aldana(1), J. Molins-Benlliure(2), Y. Akazzim(1), A. Llanga(2), M. Jofre(3) , M. Cabedo-Fabres(2), E. 

Antonino-Daviu(2), J. Romeu(1) , M. Ferrando-Bataller(2), and L. Jofre-Roca(1)* 

ruben.aldana@estudiantat.upc.edu, jaimoben@iteam.upv.es, youness.akazzim@upc.edu, anllavar@doctor.upv.es, marc.jofre@upc.edu, 

marcafab@dcom.upv.es, evanda@upvnet.upv.es, jordi.romeu-robert@upc.edu, mferrand@dcom.upv.es, luis.jofre@upc.edu 

 

(1) Dept. Signal Theory and Communications, Universitat Politecnica de Catalunya (UPC), Barcelona 
08034, Spain 

(2) Antennas and Propagation Lab, iTEAM, Universitat Politecnica de Valencia (UPV), 46022, Valencia, 
Spain 

(3) Dept. Network Engineering, Universitat Politecnica de Catalunya (UPC), Barcelona 08034, Spain 

. 
 

Abstract- Multiple-input multiple-output (MIMO) technology has 
emerged as a highly promising solution for wireless 
communication, offering an opportunity to overcome the 
limitations of traffic capacity in high-speed broadband wireless 
network access. By utilizing multiple antennas at both the 
transmitting and receiving Sub-6GHz ends, the MIMO system 
enhances the efficiency and performance of wireless 
communication systems [1]. This work presents a comparison of 
the performance of two families of M-Rotationally Symmetrical 
MIMO antenna design approaches one based on the Magneto 
Electric (ME) dipole antenna and a second one based on the 
Circular Cavity principle intended for their use into advanced 
MIMO applications like Orthogonal Angular Momentum (OAM) 
and high capacity channels. A comparison of the relevant 
performance parameters in terms of frequency bandwidth (both 
input impedance 𝑺𝑺𝒊𝒊𝒊𝒊 and inter-port isolation 𝑺𝑺𝒊𝒊𝒊𝒊) and radiation 
pattern are presented for the two Sub-6GHz prototypes. 

I. INTRODUCTION 

The 5th generation (5G) first and now the 6G wireless system 
is being developed to satisfy the new requirements in terms of 
data rate, latency, efficiency, and reliability [2], [3] due to the 
enormous growth data traffic in the current all-connected era. 
The 5G NR frequency bands are composed of the frequency 
range one (FR1) working at the so-called sub-6 GHz bands and 
the frequency range two (FR2), which cover the millimeter 
wave bands. The early deployment of the 5G is currently 
supported by the sub-6 GHz bands (FR1) due to the 
compatibility with the 2G/3G/4G infrastructure. The frequency 
bands which have received the most attention worldwide are 
the n77 (3.3-4.2 GHz), the n78 (3.3-3.8 GHz), and the n79 (4.4-
5 GHz) bands. This new scenario has raised the interest in 
multiple antennas solutions for 5G sub-6 GHz applications.  

In this context, one of the most relevant features for providing 
high data rates is the multiple-input multiple-output (MIMO) 
technology. When studying advanced MIMO channels, we 
may consider different multiplexing option like the 
conventional MIMO communication channel or the more 

recent circular travelling-wave Orbital Angular Momentum 
(OAM) Antennas that with a larger element spacing may 
further increase channel capacity for long enough 
communication distances [4]. For the frequency management 
two different approaches may be considered. On the one side 
multiple-band solutions such as a triple band design [5] with a 
dual-polarized antenna working both at 2G/3G/4G bands and 
at 5G band are adaptable but limited, especially when looking 
ahead on the new coding strategies. Instead wide-band 
solutions while more demandant in terms of design they are 
increasingly used for their flexibility and world-wide 
compatibility. 

In this paper we present two wide-band MIMO compact 
antenna design one based on the Magneto Electric (ME) dipole 
principle and the other one into the Circular Cavity (CC) 
principle both able to support both conventional and OAM 
modes. 

II. 4-PORT ROTATIONALLY SYMMETRIC ANTENNA DESIGN 
 
In this section we are presenting the 4-Port ME and CC 
geometry designs, with their main circuital and radiation 
parameters for the frequency band approximately covering 
from 2 to 5 GHz. 

A.  The 4-Port Magnetoelectric (ME) Antenna Geometry 

The Magnetoelectric dipole design comprises an electric dipole 
and a magnetic dipole positioned orthogonally [6]. These 
dipoles can either be co-located or separated by a small 
distance. In the scenario where the electric dipole and the 
magnetic dipole are co-located and excited with equal power 
and phase, the resulting radiation pattern manifests a cardioid 
shape with identical patterns in both the E-plane and the H-
plane. In this way, the magnetoelectric dipole antenna exhibits 
broadband operational frequency and significantly suppresses 

mailto:ruben.aldana@estudiantat.upc.edu
mailto:jaimoben@iteam.upv.es
mailto:youness.akazzim@upc.edu
mailto:anllavar@doctor.upv.es
mailto:marc.jofre@upc.edu
mailto:marcafab@dcom.upv.es
mailto:evanda@upvnet.upv.es
mailto:jordi.romeu-robert@upc.edu
mailto:mferrand@dcom.upv.es
mailto:luis.jofre@upc.edu


  

 

back radiation, making it highly desirable for communications 
[7]. Also, the combination of the two (magnetic and electric) 
dipoles results in a more stable unidirectional radiation due to 
equal E and H planes. Moreover, unidirectional antennas with 
radiating elements on the same plane often experience lower 
mutual coupling, providing a significant advantage in the 
context of miniaturized MIMO array antenna systems. Fig 1, 
represents its basic geometry in which an horizontal planar 
electrical dipole limits an open-ended waveguide behaving as 
a magnetic dipole, both fed by a Γ-shape probe. 
 

 
Fig. 1. Basic scheme of a ME dipole 

 

Based on this principle a 4-element antenna was designed as 
represented in Fig. 2 [8]. This antenna configuration comprises 
angularly equally spaced electric λ/2-dipoles positioned on the 
xy-plane and with λ/4 feeding lines along z-axis (Fig. 2.a) 
Consequently, together with the ground plane, the combination 
generates xy-plane magnetic dipoles. Then, all these electric  
and magnetic dipoles constructively interfere in the +z 
direction, while destructively interfere in the −z direction, and 
results in achieving an effective emission mostly on the 
positive z hemisphere. In Fig. 2.b the fabricated antenna 
located into a Mini Anechoic Chamber is shown for the 
measurement of its broadside radiated field distribution 

 

 

                           (a)                                         (b) 
Fig. 2. Scheme of the 4-port ME antenna (a) and picture of the fabricated 

prototype, (b) 

 

The S-parameters of the antenna were numerically simulated 
with Ansys HFSS and experimentally measured from 1 GHz 
to 6 GHz using a Network Analyzer. The results obtained from 
the antenna testing exhibit adequate performance, particularly 
in terms of its S parameters. The antenna resonates at a 
frequency of 3.5 GHz, showcasing a bandwidth close to 2GHz, 
shown in Fig. 3a. This bandwidth, coupled with matching and 

minimal cross-coupling between ports, Fig. 3.b, underscores 
the antenna’s efficiency in transmitting and receiving signals. 
Additionally, the radiation pattern of the antenna, Fig. 3.c, was 
analyzed within the controlled environment of an anechoic 
chamber for the conventional and OAM MIMO solutions and 
results show a good behavior. 

 
 

 

 

   
   

 

 
Fig. 3. Comparison of simulated and measured results for the 4-port ME 

antenna: a) 𝑆𝑆11, b) 𝑆𝑆𝐼𝐼𝐼𝐼, c) E-plane radiation pattern 

B.  The 4-Port Coaxial Cavity Antenna Geometry 

In this section, the analysis of a coaxial cavity is addressed. It 
may be an open or closed geometry, the last having a top cover 
enclosing the structure. Closed cavities are described in the 
electromagnetic literature using cavity modes, and the electric 
and magnetic fields are derived for canonical geometries of the 
coaxial cavity, which is analytically described in [9]. Instead, 
open cavities are not analytically described, so we propose the 
use of characteristic mode analysis to analyze open cavities and 
sectors.  

In order to reduce the mutual coupling between the close 
radiating elements, a solution based on a coaxial cavity 
structure is proposed, with the objective of increasing the 
decoupling. Open coaxial cavity modes have been studied 
which have a very similar behavior to closed cylindrical 
cavities, especially in the resonances that depend on the radius 
and the 𝜙𝜙 variable  



  

 

In order to achieve good performance, higher order modes with 
azimuthal symmetry have been studied. Resonances of semi-
cylindrical or sectorial structures have also been studied [10] 
These modes can be fed with resonant structures such as planar 
monopoles or quarter-wavelength wire resonators.  
 
 

Fig. 4. Basic scheme for the coaxial cavity:  a) Geometry, b) Modal currents 
distribution 

  A structure, Fig. 4, with a rotational symmetry of order 4 has 
been developed, which allows a large bandwidth, with filtering 
capabilities in the 3 to 5 GHz band, and which also has an 
isolation between 13 and 15 dB in the band of interest. 
 
Figure 5 shows the basic schematic of the antenna, previously 
presented in [11] and a photograph of the developed prototype 
of which new measurement results are presented. Figure 6 
shows the measured values of the S-parameters and radiation 
pattern.  
 
 

Fig. 5. 4-port Coaxial Cavity geometry. a) basic scheme, b) fabricated 
antenna 

 
Regarding the radiation patterns, they have linear polarization 
for each of the ports and are decoupled between them, with 
very low values of the envelope correlation coefficient (ECC). 
With this type of structure, four orthogonal modes can be 
achieved with four degrees of freedom.  
The best known is to achieve 2 orthogonal linear polarizations 
(vertical, horizontal) or two circular polarizations CW and 
CCW. With this type of antenna, it is also possible to obtain 
vertical or horizontal monopulse modes with linear 
polarization, or equivalently the 2 higher order OAM modes 
with nulls in the broadside direction.  

 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Measured results for the 4-port coaxial antenna. a) 𝑆𝑆11, b) 𝑆𝑆𝑖𝑖𝑖𝑖, c) 
radiation pattern 

C.  Comparison of the parameters for the ME and CC  4-Port  
Antenna Geometries 

The two proposed antennas have similar bandwidth and 
matching characteristics, with 4 independent and decoupled  
ports.  Both can achieve up to 4 independent radiation modes, 
which can be expressed as OAM modes, or more 
conventionally as sum and difference modes for two 
polarizations.  
 
Table I shows the most relevant frequency, matching and 
isolation parameters.  
 

Antenna f min f max S11 Sij 

Mag-Elec 2.5 GHz 4.2 GHz -10 dB -10 dB 
Coaxial Cavity 3.0 GHz 4.8 GHz -10 dB -13 dB 

 
TABLE I 

 



  

 

III. Towards the M-Port Rotationally Symmetric  Antenna Design. 
The 6-port initial geometry 

When looking into the mentioned applications for both 
conventional MIMO and OAM-MIMO, the main objective 
may be to increase the capacity based on increasing the number 
of modes. In order to extend the number of modes a higher order 
rotationally symmetric structures with a large number of ports have 
been studied.  Two examples of order 6 are shown in Fig. 7. Results 
of circular clusters of up to 10 ports have also been previously 
presented [12].    

 
 

 
 
 

 
Fig. 7. 6-port ME and CC prototypes  

 

IV. CONCLUSIONS 

Two 4-port Rotationally Symmetric planar antennas have been 
presented and their parameter compared in terms of frequency 
bandwidth, inter-port isolation and radiation patterns. While 
their principle of design the magnetoelectric for the first case 
and the coaxial cavity for the second are different, final results 
are quite close.  

The magnetoelectric principle proposes a clear physical 
principle to understand the radiation parameters while the 

modal technique gives a clear way to optimize the parameters 
of the antenna. 

The combination of the two techniques results on a good 
methodology to afford the design of the kind of m-port 
antennas. 

ACKNOWLEDGEMENTS 

This work was financially supported by PDR-2014-
2022/56-30157-2021-2A grant of the Generalitat de Catalunya 
and by CICYT PID2019-107885GB-C31, PID2019-
107885GB-C32, PID2022-136869NB-C31, PID2022-
136869NB-C33,  and Prueba de Concepto PDC2022 

 
 

REFERENCES 
[1]. T. Raj, R. Mishra, P. Kumar, A.Kapoor, “Advances in MIMO Antenna 

Design for 5G: A Comprehensive Review”, Sensors 2023, 23(14), 
6329; https://doi.org/10.3390/s23146329 

 
[2]. N. Zhang, P. Yang, J. Ren, D. Chen, Y. Li, and X. Shen, ‘‘Synergy 656 

of big data and 5G wireless networks: Opportunities, approaches, and 
657 challenges,’’ IEEE Wireless Commun., vol. 25, no. 1, pp. 12–18, 
Feb. 2018. 

[3]. E. Björnson, et al. “Towards 6G MIMO: Massive Spatial Multiplexing, 
Dense Arrays, and Interplay Between Electromagnetics and Processing”, 
Proceedings IEEE, 2024 

[4]. Z. Zhang,, et al. “The Capacity Gain of Orbital Angular Momentum 
Based Multiple-Input-Multiple-Output System”, Scientific Reporta 6, 
article number 25418 (2016) 

[5]. A. Alieldin, Y. Huang, S. J. Boyes, M. Stanley, S. D. Joseph, Q. Hua, 
and D. Lei, “A triple-band dual-polarized indoor base station antenna for 
2g, 3g, 4g and sub-6 ghz 5g applications,” IEEE Access, vol. 6, pp. 49 
209–49 216, 2018. 

[6]. [29] K.-M. Luk and B. Wu, “The Magnetoelectric Dipole—A 
Wideband Antenna for Base Stations in Mobile Communications,” 
Proceedings of the IEEE, vol. 100, no. 7, pp. 2297–2307, Jul. 2012. 
[Online]. Available: https://ieeexplore.ieee.org/document/6176188 

[7]. S. Wu and F. Shang, “Broadband Dual-Polarized Magnetoelectric Dipole 
Antenna With Compact Structure for 5G Base Station,” IEEE Access, 
vol. 11, pp. 20 806–20 813, 2023. [Online]. Available: 
https://ieeexplore.ieee.org/document/10050023 

[8]. M. Jofre, et al., “Magnetoelectric Dipole Antenna Framework 
Supporting Orbital Angular Momentum Modes”, IEEE Trans, on 
Antennas and Propagation, February 2024, 10.1109/TAP.2024.3363448 

[9]. M. K. Joshi, S. K. Vyas, T. Tiwari, and R. Bhattacharjee, ‘‘Optimal 
design of a coaxial cavity based on quality-factor maximization for high-
power coaxial magnetron in X-band,’’ IEEE Trans. Plasma Sci., vol. 46, 
no. 3, 760 pp. 503–510, Mar. 2018 

[10]. J. Molins-Benlliure, M. Cabedo-Fabrés, E. Antonino-Daviu and M. 
Ferrando-Bataller, "Sector Unit-Cell Methodology for the Design of 
Sub-6 GHz 5G MIMO Antennas," in IEEE Access, vol. 10, pp. 100824-
100836, 2022, doi: 10.1109/ACCESS.2022.3207163 

[11]. J. Molins-Benlliure, A. Llanga-Vargas, D. K. Park, M. Ferrando-Bataller 
and M. Cabedo-Fabrés, "MIMO Antenna for Indoor Low-Band 5G Base 
Stations," 2019 IEEE International Symp. on Antennas and Propagation 
and USNC-URSI, Atlanta, GA, USA,2019,pp.151-152, doi: 
10.1109/APUSNCURSINRSM.2019.8889058. 

[12]. J. Molins-Benlliure, E. Antonino-Daviu, M. Cabedo-Fabrés and M. 
Ferrando-Bataller, "Design of a 10-Port MIMO Antenna for 5G/WiFi 
Indoor Base Station Applications," 2022 IEEE International Symposium 
on Antennas and Propagation and USNC-URSI Radio Science Meeting 
(AP-S/URSI), Denver, CO, USA, 2022, pp. 713-714, doi: 10.1109/AP-
S/USNC-URSI47032.2022.9886908 

 

https://doi.org/10.3390/s23146329
https://ieeexplore.ieee.org/document/6176188
https://ieeexplore.ieee.org/document/10050023

	Abstract- Multiple-input multiple-output (MIMO) technology has emerged as a highly promising solution for wireless communication, offering an opportunity to overcome the limitations of traffic capacity in high-speed broadband wireless network access. ...
	I. Introduction
	The 5th generation (5G) first and now the 6G wireless system is being developed to satisfy the new requirements in terms of data rate, latency, efficiency, and reliability [2], [3] due to the enormous growth data traffic in the current all-connected e...
	In this context, one of the most relevant features for providing high data rates is the multiple-input multiple-output (MIMO) technology. When studying advanced MIMO channels, we may consider different multiplexing option like the conventional MIMO co...

	In this paper we present two wide-band MIMO compact antenna design one based on the Magneto Electric (ME) dipole principle and the other one into the Circular Cavity (CC) principle both able to support both conventional and OAM modes.
	II. 4-Port Rotationally Symmetric Antenna Design
	A.  The 4-Port Magnetoelectric (ME) Antenna Geometry
	B.  The 4-Port Coaxial Cavity Antenna Geometry

	In this section, the analysis of a coaxial cavity is addressed. It may be an open or closed geometry, the last having a top cover enclosing the structure. Closed cavities are described in the electromagnetic literature using cavity modes, and the elec...
	C.  Comparison of the parameters for the ME and CC  4-Port  Antenna Geometries

	III. Towards the M-Port Rotationally Symmetric  Antenna Design. The 6-port initial geometry
	When looking into the mentioned applications for both conventional MIMO and OAM-MIMO, the main objective may be to increase the capacity based on increasing the number of modes. In order to extend the number of modes a higher order rotationally symmet...
	IV. Conclusions
	Two 4-port Rotationally Symmetric planar antennas have been presented and their parameter compared in terms of frequency bandwidth, inter-port isolation and radiation patterns. While their principle of design the magnetoelectric for the first case and...
	The magnetoelectric principle proposes a clear physical principle to understand the radiation parameters while the modal technique gives a clear way to optimize the parameters of the antenna.
	The combination of the two techniques results on a good methodology to afford the design of the kind of m-port antennas.
	Acknowledgements
	References

