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Abstract—While enabling energy efficiency and spectral 

efficiency, MIMO systems tends to be associated to an 

exponential increase of complexity and of signal processing, with 

the increase of the number of transmit and receive antennas. As 

described in this article, a reduction of complexity can be 

obtained with the use of the two proposed algorithms: Maximum 

Ratio Combining (MRC), and Equal Gain Combining (EGC). 

These algorithms are compared with the Zero Forcing (ZF). 

While ZF requires the computation of the pseudo-inverse of the 

channel matrix for each frequency component, such processing is 

not required for MRC/EGC, keeping the complexity 

requirements at low level, but generating a certain level of 

interference. In this article, we consider an iterative receiver that 

mitigates the interference associated to MRC/EGC, leading to a 

performance very close to that obtained with conventional pilots, 

but without the corresponding loss in the spectral efficiency. 5G 

Communications will support millimeter waves (mm-Wave), 

alongside with the conventional centimeter waves, which will 

enable much higher throughputs and facilitate the employment of 

hundreds or thousands of antenna elements, commonly referred 

to as Massive Multiple Input Multiple Output (MIMO) systems. 

Keywords—Energy Efficiency, MIMO Systems, post-

processing, SC-FDE, mm-Wave, 5G. 

REFERENCES 

[1] M. Marques da Silva, F. A. Monteiro, "MIMO Processing for 4G and 

Beyond: Fundamentals and Evolution", CRC Press Auerbach Publications: 
ISBN: 9781466598072, FL, USA, June 2014 

(http://www.crcpress.com/product/isbn/9781466598072). 

[2] F. Rusek, D. Persson, B. K. Lau et al., ‘Scaling up MIMO: opportunities 
and challenges with very large arrays’, IEEE Signal Process Mag., 2013, 30, 

(1), pp. 40–60. 

[3] F. Boccardi, R. Heath, A. Lozano, T. Marzetta, P. Popovski., ‘Five 
disruptive technology directions for 5G’, IEEE Communications Magazine, 

2014, 52, (2), pp. 74–80. 

[4] T. S. Rappaport et. al “Millimeter Wave Mobile Communications for 5G 

Cellular: It Will Work!,” IEEE Access, vol.1, no., pp.335,349, 2013. 

[5] IEEE 802.11 Task Group AD, PHY/MAC Complete Proposal 

Specification, IEEE 802.11-10/0433r2, May 2010. 
[6] S. Nie, G. MacCartney, S. sun, T. Rappaport, ”28 GHz and 73 GHz Signal 

Outage Study for Millimeter Wave Cellular and Backhaul Communications”, 

IEEE ICC’2014, Sydney, Australia, Jun. 2014. 
[7] M. Marques da Silva, R. Dinis, “Iterative Frequency-Domain Detection 

and Channel Estimation for Space-Time Block Codes” European Transactions 

on Telecommunications, John Wiley & Sons, Ltd., DOI: 10.1002/ett.1484, 
http://dx.doi.org/10.1002/ett.1484, Vol. 22, Issue 7, November 2011, pp. 339-

351. 

[8] M. Marques da Silva, A. Correia, R. Dinis, N. Souto, J. C. Silva, 
“Transmission Techniques for 4G Systems”, CRC Press Auerbach 

Publications, ISBN: 9781466512337, FL, USA, 2012 

(http://www.crcpress.com/product/isbn/ 9781466512337). 

[9] Y. Li, K. Han, C. Dong, “A Multi-Band Low-Noise Transmitter with 

Digital Carrier Leakage Suppression and Linearity Enhancement”, IEEE 

Transactions on Circuits and Systems I, Vol. 60, Issue 5, May 2013. 
[10] A. Gusmão, R. Dinis, J. Conceição and N. Esteves, “Comparison of 

Two Modulation Choices for Broadband Wireless Communications”, IEEE 

VTC’2000 (Spring), Tokyo, Japan, May 2000. 
[11] R. Dinis, R. Kalbasi, D. Falconer and A. Banihashemi, “Iterative Layered 

Space-Time Receivers for Single-Carrier Transmission over Severe Time-

Dispersive Channels”, IEEE Comm. Letters, Vol. 8, No. 9, pp. 579–581, Sep. 
2004. 

[12] M. Marques da Silva, A. Correia, R. Dinis, N. Souto, J. Silva – 

“Transmission Techniques for Emergent Multicast and Broadcast Systems” –
CRC Press Auerbach Publications, 1st edition, June 2010, New York - USA, 

ISBN: 9781439815939; 

[13] M. Marques da Silva, R. Dinis, J. Guerreiro “Implicit Pilots for an 
Efficient Channel Estimation in Simplified Massive MIMO Schemes with 

Precoding”, International Journal of Antennas and Propagation, Volume 2019, 

https://www.hindawi.com/journals/ijap/2019/5051963/. 
[14] ITU-R Recommendation M.2083-0, “IMT Vision – Framework and 

overall objectives of the future development of IMT for 2020 and beyond”, 

Nov. 2015. 
[15] J. Andrews et al., “What Will 5G Be?,” IEEE  J. Sel. Areas Commun., 

vol. 32, no. 6, pp. 1065-1082, June 2014. 

[16] J. Gozalvez, “Tentative 3GPP Timeline for 5G [Mobile Radio],”, IEEE 

Veh. Tech. Mag., vol. 10, no. 3, pp. 12-18, Sept. 2015. 

[17] S. Han et al., "Large-Scale Antenna Systems with Hybrid Analog and 

Digital Beamforming for Millimeter Wave 5G", IEEE Commun. Mag., vol. 
53, no. 1, pp. 186-93, Jan. 2015. 

[18] E. Larsson, O. Edfors, F. Tufvesson and T. Marzetta, “Massive MIMO 

for next generation wireless systems,” IEEE Commun. Mag., vol. 52, no. 2, 
pp. 186-195, Feb. 2014. 

[19] G. Akpakwu et al., “A Survey on 5G Networks for the Internet of Things: 

Communication Technologies and Challenges, IEEE Access, vol. 6, pp. 3619-
3647, Dec. 2017. 

[20] J. Sachs et al., “5G Radio Network Design for Ultra-Reliable Low-

Latency Communication,” IEEE Network, vol. 32, no. 2, pp. 24-31, Mar. 
2018. 

[21] A. Zaidi et al., “Waveform and Numerology to Support 5G Services and 

Requirements,” IEEE Commun. Mag., vol. 54, no. 11, pp. 90-98, Nov. 2016. 
[22] S. M. Alamouti, “A Simple Transmitter Diversity Scheme for Wireless 

Communications”, IEEE JSAC, vol. 16, nº8, pp. 1451-1458, Oct. 1998. 

[23] G. J. Foschini, “Layered Space-Time Architecture for Wireless 

Communication in a Fading Environment When Using Multiple Antennas”, 

Bell Laboratories Technical Journal, Vol. 1, No. 2, Autumn, 1996, pp. 41-59. 
[24] N. Benvenuto, R. Dinis, D. Falconer and S. Tomasin, "Single 

Carrier Modulation with Non-Linear Frequency Domain Equalization: An 

Idea Whose Time Has Come – Again", IEEE Proceedings, Vol. 98, No. 1, 
page 69-96, Jan. 2010. 

[25] M. Marques da Silva, R. Dinis, “A Simplified Massive MIMO 

Implemented with Pre or Post-Processing”, Physical Communications, 
Elsevier, Physical Communication-Elsevier Vol. 1, Nº 1, pp. 1-12, September, 

2017, http://dx.doi.org/10.1016/j.phycom.2017.06.002. 

 
 

 

 
 

 

 

http://www.crcpress.com/product/isbn/9781466598072
https://www.hindawi.com/journals/ijap/2019/5051963/
http://dx.doi.org/10.1016/j.phycom.2017.06.002

