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1. Introduction

For the last few decades, the millimeter wave (mmWave) frequency band (30-300 GHz) has
been seen as a serious candidate to host very high data rate communications. First used for high
capacity radio links, then for broadband indoor wireless networks, the interest in this frequency
band has boosted, as it is proposed to accommodate future 5G mobile communication systems.
The large bandwidth available in this frequency band will enable a number of new use cases for 5G.
In addition, due to the large propagation attenuation, this frequency band may present some additional
advantages regarding frequency reuse and communication security. On the other hand, however,
a number of issues have to be addressed to make 5G mmWave communications viable: radio channel
measurement, modeling, and estimation; antenna design and antenna measurement; beamforming
and energy efficiency; commercial hardware design and development; multiple-input multiple-output
(MIMO) and massive MIMO (m-MIMO) techniques; multi-cell cooperation; network planning and
interference; system performance assessment and optimization; and finally, the study of new case uses
and applications.

2. Contributions in This Special Issue

Each of the twelve papers collected in this Special Issue contributes to a solution to one or more
of the challenges described in the introduction. Regarding radio wave propagation, Rubio et al. [1]
provide an experimental characterization of the path loss and time-dispersion of an in office radio
channel at 26 GHz, while in a study by Riob6 and colleagues [2], wideband results at 40 GHz and
60 GHz frequency bands are also provided for indoor environments.

Two other papers [3,4] deal with the design and assessment of different kinds of antennas
manufactured using three-dimensional (3D) printing. In one case, a 60 GHz segmented parabolic
reflective curved antenna, with a gain of 20 dBi at 64 GHz, is presented by Cai, Sun, and Lei [3],
while Massaccesi, Dassano, and Pirinoli [4] design a perforated dielectric transmitarray and analyze its
beam scanning capabilities. Also related to beam steering antennas, Salem Hesari and Bornemann [5]
describe the design, fabrication, and assessment of a substrate integrated waveguide variable phase
shifter that may steer the radiation pattern of the antenna by +25°.

Another challenge for mmWave communication system is the design of amplifiers. Two different
kinds of mmWave amplifiers are presented in two contributions. The design of a high-efficiency
K-band MMIC linear amplifier using diode compensation is presented by Zhu and co-workers [6]
together with its measured performance, while in a study by Doo and colleagues [7] a broadband
mmWave waveguide package, which covers the entire W-band (75-110 GHz), is presented and applied
to build a low noise amplifier module. This module measures gains greater than 14.9 dB from 75 GHz
to 105 GHz (12.9 dB at the entire W-band) and noise figures less than 4.4 dB from 93.5 GHz to 94.5 GHz.

For a proper design of the electronic systems at mmWave frequencies a good empirical
characterization of the dielectric properties of the substrate material is of capital importance. In a
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study by Yang et al. [8] a description of the dielectric measurement of undoped silicon in the E-band
(60-90 GHz) using a free-space quasi-optical system is provided.

Precoding is other key technology that will enable 5G mmWave communications. Castanheira and
co-workers [9] present a sub-connected hybrid analog/digital multi-user linear equalizer combined
with an analog precoder to efficiently remove the multi-user interference.

As propagation environment imposes several restrictions to radio wave propagation at mmWave
frequencies and strong link blockage may occur, any technique to facilitate link recovery constitutes a
significant contribution. A multibeam technique to speed up link recovery is presented by Aldalbahi [10].
Hriba and Valenti [11] discuss another way to mitigate link blocking by using macrodiversity techniques,
however the performance of macrodiversity can be reduced if correlated blocking occurs in links to
different base stations.

Finally, Duarte and colleagues [12] present a complete end-to-end 5G mmWave testbed fully
reconfigurable based on a FPGA architecture.

3. Future Trends

The development of millimeter-wave communication systems has just started. Despite the recent
developments to cope with the multiple challenges that researchers should solve, there is still a lot of
work to be done. During the next years, we hope to assist in the exponential growth of contributions to
this field: mm-Wave communications will lead us to full development of 5G case studies and beyond.
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