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Abstract—An eight-port wide-band multiple-input multiple-
output (MIMO) antenna is presented for base stations appli-
cations. The antenna is composed by four unit cells (2×2)
separated by a cross-shaped isolating block with a total size
of 220×220×28 mm3 (2.42λ×2.42λ×0.3λ, at central frequency
f=fc=3.3 GHz). The unit cell is defined by a square cavity-backed
antenna fed with two I-shaped crossed dipoles. The antenna
provides 8 independent ports with 21.5 dB of minimum isolation
and an impedance bandwidth (S11 < −10 dB) of 97% ranging
at 1.8-5 GHz. Results show an efficiency higher than 87%,
unidirectional radiation patterns and low envelope correlation
coefficient. The geometry of the antenna is suitable for scaling
this design to a massive MIMO system with the replication of
the proposed antenna.

I. INTRODUCTION

The 5th generation of wireless communication systems (5G)
is currently being deployed to provide higher data rates to the
growing number of connections [1]. The early deployment of
the 5G has been settled in the so-called sub-6 GHz bands due
to their rapid installation due to the retro-compatibility with
the previous communication systems which are working in
contiguous bands.

Multiple antenna solutions are being proposed to be in-
stalled in 5G base stations. One of the most common solution
is the use of dual polarization antennas. The main advantage
of this solution is the isolation between ports provided by
orthogonal polarizations. Dual-polarized base station antennas
are divided in wideband solutions and multiple-band (multi-
resonant) solutions. Some features which are also appreciated
are in a base station antenna are, unidirectional radiation
pattern, multiple independent ports, high efficiency and if
possible low-profile and low-cost. A feature which is getting
more attention is the compatibility with the massive MIMO
technology which will provide higher capacities.

Regarding multiple-band solutions, a crossed-dipoles design
is presented in [2], an antenna with filtering structures is
studied in [3] and in [4] a solution with a frequency-selective
surface is proposed.

Wideband solution are commonly used due to their ver-
satility in the current scenario where some bands are still
in process to be licensed and also due to their world-wide
compatibility. In [5] a solution with a pair of opened-loop
dipoles is presented for 1.8-4 GHz band, a design with four
diferentially fed monopoles is proposed in [6] covering the
1.66-2.8 GHz band.

In this paper we propose a cavity-backed dual-polarization
wideband antenna fed with two I-shaped crossed dipoles based

Fig. 1. Geometry of the proposed antenna.

on previous author’s designs [7]-[8]. It provides two orthogo-
nal unidirectional radiation patterns with low correlation, high
efficiency and a wideband impedance bandwidth (S11 < −10
dB) ranging at 1.8-5 GHz.

II. PROPOSED ANTENNA

The proposed design is an eight-port wideband MIMO
antenna composed by an aggregation of 4 unit cells as shown
in Fig. 1 with L=220 mm, H028 mm, l1=55 mm, l2=16.5 mm,
l3=10 mm, w=25 mm, w1=19 mm and w2=15 mm. The unit
cell has been designed with two orthogonal I-shaped wideband
dipoles providing two orthogonal polarizations. For feeding
the two dipoles, two coaxial cables come through the center
of the bottom of the cavity and are connected to the dipoles.
The two dipoles are separated 1.5 mm for properly feed
them (Fig. 1). The 2×2 disposition provides 8 independent
radiation patterns for MIMO applications but the geometry of
this design supports an easy escalation to a massive MIMO
system with an N×N replication of the unit cell. For increasing
the isolation between unit cells, a cross-shaped block has been
added.

Fig. 2(a) show the S-parameters of the antenna. Due to the
symmetry only the S-parameters of P1 and P2 are shown.
Results show an impedance bandwidth (Snn <-10 dB, for
n=1,2...8) of 97% ranging from 1.8 to 5 GHz. The isolation
is always higher than 21.5 dB thanks to the orthogonal
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Fig. 2. a) S-Parameters of Port P1 (S22 also added) and, b) left axis:
Radiation Efficiency of Ports P1 and P2, right axis: ECC between P1-P2,
P1-P3 and P1-P5.

polarization and the isolating block between unit cells.
Fig. 3 depicts the simulated radiation patterns in XZ plane

(φ=0◦) and YZ plane (φ=90◦) at 1.8 GHz (Fig. 3(a)), 3 GHz
(Fig. 3(b)), 4 GHz (Fig. 3(c)) and 5 GHz (Fig. 3(d)). As
observed, the antenna has unidirectional pattern at the whole
operating band.

In Fig. 2(b) the envelope correlation coefficient (ECC) is
represented for P1-P2, P1-P3 and P1-P5 (most problematic
ones), confirming the MIMO performance. The ECC describes
the independence between radiation patterns, and results show
an ECC always lower than 0.01. In the same figure, the
radiation and total efficiency are also represented for P1 and
P2 exhibiting values higher than 87%.

III. CONCLUSION

An eight-port MIMO antenna is proposed for its installation
in a 5G sub-6 GHz base station. The antenna is compose by an
2×2 aggregation defining as unit cell a cavity-backed antenna
with crossed dipoles. The geometry of the unit cell permits to
scale the design to a N×N aggregation for a massive MIMO
system application.

Results confirms a wideband behaviour between 1.8-5 GHz,
an isolation higher than 21.5 dB, unidirectional radiation
patterns, low ECC (confirming MIMO performance) and high
efficiency (higher than 87%). The analysis confirms that this
antenna is a good candidate to be installed in 5G base stations.
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Fig. 3. Simulated radiation pattern when Port P1 is excited. Plane φ = 0◦

(blue) and φ = 90◦ (red) at: a) f=1.8 GHz, b) 3 GHz, c) 4 GHz and d) 5
GHz.

under project PID2019-107885GB-C32.

REFERENCES

[1] M. Agiwal, A. Roy, and N. Saxena, “Next generation 5G wireless
networks: A comprehensive survey,” IEEE Communications Surveys &
Tutorials, vol. 18, no. 3, pp. 1617–1655, 2016.

[2] 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.

[3] Y. Liu, S. Wang, N. Li, J.-B. Wang, and J. Zhao, “A compact dual-band
dual-polarized antenna with filtering structures for sub-6 ghz base station
applications,” IEEE Antennas and Wireless Propagation Letters, vol. 17,
no. 10, pp. 1764–1768, 2018.

[4] W. Luo, Z. Ni, Y. Yang, B. Yin, Y. Ren, and W. Huang, “A low-
profile dual-band base station antenna with antenna on antenna structure,”
Progress In Electromagnetics Research C, vol. 109, pp. 77–94, 2021.

[5] H. Jin, L. Zhu, H. Zou, Y. Luo, S. Xu, and G. Yang, “A wideband dual-
polarized antenna and its array with electrically downtilt function for 5G
sub-6 GHz communication applications,” IEEE Access, vol. 8, pp. 7672–
7681, 2019.

[6] Z. Tang, J. Liu, R. Lian, Y. Li, and Y. Yin, “Wideband differentially
fed dual-polarized planar antenna and its array with high common-mode
suppression,” IEEE Transactions on Antennas and Propagation, vol. 67,
no. 1, pp. 131–139, 2018.

[7] 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,” in 2019 IEEE International Symposium on Antennas and
Propagation and USNC-URSI Radio Science Meeting. IEEE, 2019, pp.
151–152.

[8] J. Molins-Benlliure, E. Antonino-Daviu, M. Cabedo-Fabrés, and
M. Ferrando-Bataller, “Design procedure for 5g/iot multiple-port cavity-
backed antennas,” in 2021 15th European Conference on Antennas and
Propagation (EuCAP). IEEE, 2021, pp. 1–5.


