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Guest editorial

The next generation (5G) of communication systems 
will face a complete set of significant challenges, such 
as ultra-high system capacity due to the traffic demand, 

massive device connectivity, ultra-low latency, reduction in 
energy consumption, and high quality of experience. In that 
context, 5G is called to produce a complete revolution in 
the way users can access content and services in their gen-
eral activity across daily life. The evolution of communication 
systems has a direct and key role, offering major capacity 
and communication possibilities through the smart use of 
the available bandwidth and the propagation channel, and 
the deployment of higher frequencies at millimeter-wave 
(mmWave) frequency bands. 

At the physical layer, the technical challenges are related 
to the development of RF devices and radiating elements, 
their proper characterization through appropriate measuring 
systems, the refinement of communication techniques, and 
the accurate wireless channel characterization for its smart 
usage.

The main objective of this Feature Topic is to present 
recent advances, technical aspects, and challenges surround-
ing mmWave 5G systems at the physical level so that the 
professionals involved in 5G definition and development 
can be aware of the technical challenges that arise in such 
systems. We present nine articles that have been accepted 
after a rigorous peer review process. These articles, devot-
ed to mmWave 5G, are grouped into the following topics: 
manufacturing technology, antennas and RF devices, MIMO 
systems, channel measurements, and applications.

The first contribution, “Gap Waveguide Technology for 
Millimeter-Wave Antenna Systems” by E. Rajo-Iglesias et al., 

is focused on manufacturing technology and presents an 
overview of a new type of family of low-loss antennas and 
components based on the recently developed gap wave-
guide technology, suitable for future mmWave 5G devices 
and antennas. 

The next three articles are related to 5G mmWave anten-
na design and manufacturing. The article “Diffusion Bonding 
Manufacturing of High Gain W-band Antennas for 5G Appli-
cations” by E. Garcia-Marin et al. is devoted to illustrating the 
possibilities of the diffusion bonding technique applied to 
waveguide antennas operating in the W-band of 5G systems, 
including a circularly polarized cavity array prototype as a 
real example. The next article, “Low-Cost Millimeter-Wave 
Antenna with Simultaneous Sum and Difference Patterns for 
5G Point-to-Point Communications” by A. Tamayo-Domin-
guez et al., presents a low-cost solution for developing track-
ing antennas at mmWave bands. They provide the design 
of a radial line slot array (RLSA) antenna at W-band for 5G 
point-to-point communications, with 3D-printable gap wave-
guide technology for the feeding network. The third article 
related to 5G mmWave antennas, “Lens Antennas for 5G 
Communications Systems” by O. Quevedo-Teruel et al., pres-
ents the principles of the operation of lens antennas and 
their potential application for 5G, highlighting the poten-
tial of two innovative techniques: transformation optics and 
metasurfaces. 

The next two articles are related to mmWave MIMO 
techniques and devices. Y.J. Cho et al., in their article “RF 
Lens-Embedded Antenna Array for mmWave MIMO: Design 
and Performance,” propose the use of lens antennas for 5G 
mmWave beamforming systems as an alternative to beam-
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forming without the heavy network of phase shifters. In the 
other article, “Feasible Transmission Strategies for Downlink 
MIMO in Sparse Millimeter Wave Channels,” A. Vega-Delga-
do et al. discuss the use of reduced-size large antenna arrays 
for massive MIMO at mmWave frequencies, and point out 
the problem of high cost and power consumption required if 
signal mixers and analog-to-digital converters are used. They 
propose a possible cost-effective alternative based on the 
hybrid precoding transceiver architecture. 

Regarding the propagation channel for mmWave 5G, two 
contributions are presented. In the first article, “Feasibility 
of Mobility for Millimeter-Wave Systems Based on Channel 
Measurements,” S. Hur et al. identify and review the techni-
cal challenges that remain in 5G mmWave mobile networks. 
They present sample measurements of outdoor mmWave 
channels, emulate the mobile system operation in them, and 
discuss whether mmWave mobility is feasible. The next arti-
cle, “Over-the-Air Radiated Testing of Millimeter-Wave Beam-
steerable Devices in a Cost-Effective Measurement Setup” 
by W. Fan et al., is devoted to reviewing radiated testing 
methods, with a focus on their principle and applicability for 
beam steerable mmWave devices. They propose a cost-effec-
tive simplified 3D sectored multi-probe anechoic chamber 
(MPAC) system with an OTA antenna selection scheme. 

Finally, regarding applications, M. Garcia-Fernandez et al., 
in their article “On the Use of Unmanned Aerial Vehicles for 
Antenna and Coverage Diagnostics in Mobile Networks,” 
propose an in-situ antenna measurement and diagnostics sys-
tem using compact and low-cost unmanned aerial vehicles, 
discussing the extension of the system to allow measure-
ments at mmWave frequencies.  

We would like to thank all the authors for their excel-
lent contributions and all the reviewers for their valuable 
comments. We also appreciate the strong support from Dr. 
Osman Gebizlioglu and Dr. Tarek El-Bawab, previous and 
current Editors-in-Chief of IEEE Communications Magazine, 
respectively, and the IEEE Communications Society publish-
ing team.
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