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1. Introduction

We are going to see the first decade since the fundamental concept of massive multiple-input
multiple-output (MIMO) (also called large-scale MIMO) has emerged [1]. Massive MIMO is expected
to be one of the most promising technologies towards the fifth generation mobile communications (5G)
and beyond. Implementation [2,3] and trials [4,5] are actively proceeded. Especially, massive array
beamforming has a good match to millimeter wave communication [6] which suffers from link budget
shortfall due to its high frequency. Further, thanks to its excessive degree of freedom (DoF), massive
MIMO has unlimited potentiality to further enhance system capabilities [7] and still expands various
research topics with depth. It should be further discussed and believed to break limitations in wireless
communications such as spectral and energy efficiencies for better support of continuously increasing
mobile data traffic, as well as terminals driven by Internet of things (IoT). The key contribution of this
special issue is to provide readers with new insights and facilitate plentiful discussions in this field.

2. The Present Issue

This special issue consists of nineteen papers covering wide and important topics in the field
of massive MIMO systems, including both fundamental regions such as computation complexity,
energy efficiency, pilot contamination, channel estimation, antenna design, non-orthogonal multiple
access (NOMA) and millimeter-wave beamforming, as well as emerging topic such as machine learning
incorporation. From the system model aspect, variety of scenario have also been covered such as
single/multi-cell, distributed antennas, heterogeneous network, IEEE802.11ac and long term evolution
(LTE) standards.

Distributed antenna systems (DAS) or base station (BS) cooperation have actively investigated
since it can provide array diversity or multiplexing gain due to low spatial correlation of distributed
antennas. Its extension to massive MIMO was analyzed in terms of spectral and energy efficiencies
with considering hardware impairment such as phase noise [8] and analog-to-digital converter (ADC)
resolution [9]. In the distributed massive MIMO structure, sounding reference signal (SRS) design and
channel estimation scheme were proposed in order to mitigate the pilot contamination impact [10].

Work in [11] proposed a path loss based pilot allocation strategy and pseudo-random code pilot
design. In [12], a modified heuristic pilot assignment algorithm was proposed. Its optimization criteria
is to maximize the minimum uplink signal-to-interference plus noise power ratio (SINR). Efficient
channel state information (CSI) estimation scheme was proposed in [13]. It exploits prior CSI of
the previous timeslot having temporal correlation in the angular domain. Differential modulation
unnecessitates channel estimation and is preferable especially in massive MIMO systems. In [14],
incoherent detection for differential modulation was expanded to multiple symbols in the single cell
scenario. For further capacity enhancement, multiplexing in the power domain, i.e., NOMA enabled
by successive interference cancellation (SIC), was introduced [15].
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In millimeter-wave communication, almost line-of-sight (LoS) channel or Ricean fading channel
is expected. Exploiting CSI of the LoS component, spectral efficiency of equal gain transmission
and combining (EGT/EGC) was analyzed in Ricean fading frequency selective fading channel with
cooperative relaying scenarios [16]. Such relaying approach is also effective in heterogeneous network
where small cell BSs play a role of relay the macro cell BS and user terminals. Reference [17] proposed
eigenvector decomposition based hybrid beamforming in the above scenario.

In the practical viewpoint, limited statistical CSI feedback constraint was considered and machine
learning based user grouping aided hybrid beamforming was proposed [18]. Further, CSI estimation
elimination approach, which applies a blind adaptive array signal processing, has been proposed
and its practical performance was evaluated with considering medium access control (MAC) layer
overhead of IEEE802.11ac and frequency division duplex (FDD) based LTE standards [19].

Computation complexity for pre/post coding is also significant problem on massive MIMO
systems. Suppose uplink transmission, iteration-based new detection algorithms were proposed.
One is the extension of linear minimum mean squared error (MMSE) post coding and log-likelihood
ratio (LLR) calculation [20] and another is based on the maximum likelihood (ML) detection and
iterative discrete estimation approaches [21].

Focusing on energy efficiency, reference [22] proposed simplified beamforming as well as power
allocation strategies for the scenario wherein unicast and multicast users are non-orthogonally
multiplexed. Discontinuous reception can also contribute to improve the energy efficiency.
Authors in [23] introduced an artificial intelligence (AI) approach, i.e., recurrent neural network
(RNN), to adapt sleep cycles of user terminals.

In realization of large-scale antenna arrays, we should pay attention to antenna manufacturing.
Reference [24] developed Bayesian compressive sensing based planar array diagnostic tool for efficient
and reliable testing. New antenna structures were designed; dual-polarized diamond-ring slot antenna
array exhibiting wide bandwidth [25], and leaky-wave antenna array incorporating metamaterial
shield [26] which can suppress the mutual coupling.

3. Future

Now discussions towards 6G has started. Massive MIMO is still expected as a promising
contributor for 6G [27–29], e.g., referred as ‘ultra massive MIMO’. Its potentiality will be truly realized
through relentless effort on R&D including the advance of hardware performance. Variety of massive
MIMO technologies, which were widely addressed in this special issue, could be one of the most
important solutions to bring a breakthrough towards beyond 5G or 6G.
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Abbreviations

The following abbreviations are used in this manuscript:

MIMO Multiple-Input Multiple-Output
5G Fifth generation mobile communications
DoF Degree of freedom
IoT Internet of things
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NOMA Non-orthogonal multiple access
LTE Long term evolution
DAS Distributed antenna systems
BS Base station
ADC Analog-to-digital converter
SRS Sounding reference signal
SINR Signal-to-interference plus noise power ratio
CSI Channel state information
SIC Successive interference cancellation
LoS Line-of-sight
EGT Equal gain transmission
EGC Equal gain combining
MAC Medium access control
FDD Frequency division duplex
MMSE Minimum mean squared error
LLR Log-likelihood ratio
ML Maximum likelihood
AI Artificial intelligence
RNN Recurrent neural network
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Edfors, O. The World’s First Real-Time Testbed for Massive MIMO: Design, Implementation, and Validation.
IEEE Access 2017, 5, 9073–9088. doi:10.1109/ACCESS.2017.2705561.

3. Wirth, T.; Mehlhose, M.; Thiele, L.; Haustein, T. Proof-of-concept of flexible massive MIMO beamforming
at 2.4 GHz. In Proceedings of the 2017 51st Asilomar Conference on Signals, Systems, and Computers,
Pacific Grove, CA, USA, 29 October–1 November 2017; pp. 1061–1065. doi:10.1109/ACSSC.2017.8335512.

4. Obara, T.; Okuyama, T.; Inoue, Y.; Aoki, Y.; Suyama, S.; Lee, J.; Okumura, Y. Experimental Trial of 5G Super
Wideband Wireless Systems Using Massive MIMO Beamforming and Beam Tracking Control in 28GHz
Band. IEICE Trans. Commun. 2017, 100, 1256–1268. doi:10.1587/transcom.2016FGP0020.

5. Sakai, M.; Kamohara, K.; Iura, H.; Nishimoto, H.; Ishioka, K.; Murata, Y.; Yamamoto, M.; Okazaki, A.;
Nonaka, N.; Suyama, S.; et al. Experimental Field Trials on MU-MIMO Transmission for High SHF
Wide-band Massive MIMO in 5G. IEEE Trans. Wirel. Commun. 2020, doi:10.1109/TWC.2019.2962766.

6. Wu, W.; Liu, D. Hybrid BD-GMD Precoding for Multiuser Millimeter-Wave Massive MIMO Systems.
IEICE Trans. Commun. 2018, doi:10.1587/transcom.2018EBP3001.

7. Maruta, K.; Ahn, C.J. Uplink Interference Suppression by Semi-Blind Adaptive Array With Decision Feedback
Channel Estimation on Multicell Massive MIMO Systems. IEEE Trans. Commun. 2018, 66, 6123–6134.
doi:10.1109/TCOMM.2018.2863679.

8. Lv, Q.; Li, J.; Zhu, P.; Wang, D.; You, X. Downlink Spectral Efficiency Analysis in Distributed Massive MIMO
with Phase Noise. Electronics 2018, 7, 317. doi:10.3390/electronics7110317.

9. Li, J.; Lv, Q.; Yang, J.; Zhu, P.; You, X. Spectral and Energy Efficiency of Distributed Massive MIMO with
Low-Resolution ADC. Electronics 2018, 7, 391. doi:10.3390/electronics7120391.

10. Yu, S.; Lee, J.W. Channel Sounding for Multi-User Massive MIMO in Distributed Antenna System
Environment. Electronics 2019, 8, 36. doi:10.3390/electronics8010036.

11. Saraereh, O.A.; Khan, I.; Lee, B.M.; Tahat, A. Efficient Pilot Decontamination Schemes in 5G Massive MIMO
Systems. Electronics 2019, 8, 55. doi:10.3390/electronics8010055.

12. hubaishi Ahmed, A.; Noordin, N.; Sali, A.; Subramaniam, S.; Mohammed Mansoor, A. An Efficient Pilot
Assignment Scheme for Addressing Pilot Contamination in Multicell Massive MIMO Systems. Electronics
2019, 8, 372. doi:10.3390/electronics8040372.



Electronics 2020, 9, 385 4 of 4

13. Lu, W.; Wang, Y.; Wen, X.; Peng, S.; Zhong, L. Downlink Channel Estimation in Massive Multiple-Input
Multiple-Output with Correlated Sparsity by Overcomplete Dictionary and Bayesian Inference. Electronics
2019, 8, 473. doi:10.3390/electronics8050473.

14. Dao, H.T.; Kim, S. Multiple-Symbol Non-Coherent Detection for Differential QAM Modulation in Uplink
Massive MIMO Systems. Electronics 2019, 8, 693. doi:10.3390/electronics8060693.

15. Ha, J.G.; Ro, J.H.; Song, H.K. Throughput Enhancement in Downlink MU-MIMO Using Multiple Dimensions.
Electronics 2019, 8, 758. doi:10.3390/electronics8070758.

16. Yan, Q.; Sun, Y.; Yue, D.W. LOS-Based Equal Gain Transmission and Combining in General
Frequency-Selective Ricean Massive MIMO Channels. Electronics 2019, 8, 79. doi:10.3390/electronics8010079.

17. Hefnawi, M. Hybrid Beamforming for Millimeter-Wave Heterogeneous Networks. Electronics 2019, 8, 133.
doi:10.3390/electronics8020133.

18. Khammari, H.; Ahmed, I.; Bhatti, G.; Alajmi, M. Spatio-Radio Resource Management and
Hybrid Beamforming for Limited Feedback Massive MIMO Systems. Electronics 2019, 8, 1061.
doi:10.3390/electronics8101061.

19. Muramatsu, F.; Nishimori, K.; Taniguchi, R.; Hiraguri, T.; Mitsui, T. Evaluation of Multi-Beam
Massive MIMO Considering MAC Layer Using IEEE802.11ac and FDD-LTE. Electronics 2019, 8, 225.
doi:10.3390/electronics8020225.

20. Khan, I.; Zafar, M.; Ashraf, M.; Kim, S. Computationally Efficient Channel Estimation in 5G Massive
Multiple-Input Multiple-Output Systems. Electronics 2018, 7, 382. doi:10.3390/electronics7120382.

21. Feng, H.; Zhao, X.; Li, Z.; Xing, S. A Novel Iterative Discrete Estimation Algorithm for Low-Complexity
Signal Detection in Uplink Massive MIMO Systems. Electronics 2019, 8, 980. doi:10.3390/electronics8090980.

22. Wang.; Huang.; You.; Xiong.; Li.; Gao. Energy Efficiency Optimization for Massive MIMO
Non-Orthogonal Unicast and Multicast Transmission with Statistical CSI. Electronics 2019, 8, 857.
doi:10.3390/electronics8080857.

23. Memon, M.L.; Maheshwari, M.K.; Saxena, N.; Roy, A.; Shin, D.R. Artificial Intelligence-Based Discontinuous
Reception for Energy Saving in 5G Networks. Electronics 2019, 8, 778. doi:10.3390/electronics8070778.

24. Famoriji, O.; Zhang, Z.; Fadamiro, A.; Zakariyya, R.; Lin, F. Planar Array Diagnostic Tool for Millimeter-Wave
Wireless Communication Systems. Electronics 2018, 7, 383. doi:10.3390/electronics7120383.

25. Ojaroudi Parchin, N.; Jahanbakhsh Basherlou, H.; Alibakhshikenari, M.; Ojaroudi Parchin, Y.; Al-Yasir, Y.I.A.;
Abd-Alhameed, R.A.; Limiti, E. Mobile-Phone Antenna Array with Diamond-Ring Slot Elements for 5G
Massive MIMO Systems. Electronics 2019, 8, 521. doi:10.3390/electronics8050521.

26. Alibakhshikenari, M.; Virdee, B.S.; See, C.H.; Abd-Alhameed, R.A.; Falcone, F.; Limiti, E. High-Isolation
Leaky-Wave Array Antenna Based on CRLH-Metamaterial Implemented on SIW with ±30◦ Frequency
Beam-Scanning Capability at Millimetre-Waves. Electronics 2019, 8, 642. doi:10.3390/electronics8060642.

27. Yang, P.; Xiao, Y.; Xiao, M.; Li, S. 6G Wireless Communications: Vision and Potential Techniques. IEEE Netw.
2019, 33, 70–75. doi:10.1109/MNET.2019.1800418.

28. Bi, Q. Ten Trends in the Cellular Industry and an Outlook on 6G. IEEE Commun. Mag. 2019, 57, 31–36.
doi:10.1109/MCOM.001.1900315.

29. Zhang, Z.; Xiao, Y.; Ma, Z.; Xiao, M.; Ding, Z.; Lei, X.; Karagiannidis, G.K.; Fan, P. 6G Wireless Networks:
Vision, Requirements, Architecture, and Key Technologies. IEEE Veh. Technol. Mag. 2019, 14, 28–41.
doi:10.1109/MVT.2019.2921208.

c© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction
	The Present Issue
	Future
	References

