
he growth of intelligent transportation systems (ITS)
has recently accelerated as governments and regula-

tors seek to use ITS to achieve important economic and
policy goals. ITS must be efficient, environmentally friend-
ly (“green”), and, of course, safe. The scope of ITS is
broad, and all transportation modes will require communi-
cations, including future vehicular (automotive) systems
and vehicle-to-vehicle/vehicle-to-infrastructure (V2V/V2I)
communications, aeronautical communications, maritime
communications, satellite communications, railway com-
munications, and possibly others. 

The growing use of railway communications for both
passenger and freight transportation has yet to attract suf-
ficient attention in the literature. With numerous high-
speed rail systems being used and planned in China and
Europe in particular, as well as the development of sub-
ways and tramway lines, reliable communications for both
railway control/safety and passenger applications are of
great current interest.

This Feature Topic on future railway communications
should have broad appeal to this magazine’s readership, as
rail systems are used worldwide by millions of people daily.
We have accepted eight papers for this Feature Topic, cov-
ering topics from channels and antennas to railway cellular
and security.

“A Survey on Future Railway Radio Communications
Services: Challenges and Opportunities” presents the main
requirements and trends for the use of wireless systems in
the high-speed rail, subway, and tramway contexts. The
main operational services are described, and important key
performance indicators (KPI) as well as safety require-
ments are given. 

Of all the studies conducted in support of future railway
communication systems, none are more fundamental than
channel measurement. “Channel Sounding for High-Speed
Railway Communication Systems” reviews the state of the
art in radio channel sounding techniques for high-speed
rail (HSR) and proposes a novel LTE-based HSR channel
sounding scheme.

In the article “Future Railway Services Oriented Mobile
Communications Network,” the authors introduce the con-
cept of the fifth generation (5G) for railways (5G-R),
addressing 5G networks and key technical implementations
in future railway development. Heterogeneous network
architecture with Global System for Mobile Communica-
tions for Railway (GSM-R), Long Term Evolution for
Railway (LTE-R), 5G-R, and integrated transportation are
proposed.

In “WDM RoF-MMW and Linearly Located Distribut-
ed Antenna System for Future High-Speed Railway Com-
munications,” the authors propose a dual-hop architecture
capable of providing high-speed communications for high-
speed rail. Based on a fiber optic backhaul and millimeter-
wave radio access network, the system uses conventional
WLAN to provide service to users.

In “Providing Current and Future Cellular Services to
High-Speed Trains,” the authors provide an interesting
comparison between using direct links from railway
remote units to subscribers inside trains and using an
intermediate relay unit located outside the train. Despite
the high penetration losses incurred via propagation
through train windows, the direct links provide a simpler
and less expensive solution, albeit achieving lower system
throughput. Other issues, both technical and operational,
are also discussed, indicating directions for future work
in this area.

In “Automatic Train Control over LTE: Design and
Performance Evaluation,” the authors propose a quality of
service (QoS) management scheme for train control traffic
based on methodologies used in conventional LTE and
demonstrate how a QoS policy can be devised based on
analysis of that traffic.

Reliable and secure transmission of train control data is
of the utmost importance, as it allows safe operation of the
train. In “Cybersecurity Analysis on Next Generation
Train Control Systems,” the authors present a detailed
security analysis of the train operation control system
under current and future scenarios. Based on their analy-

IEEE Communications Magazine • October 201560

GUEST EDITORIAL

FUTURE RAILWAY COMMUNICATIONS

T

David W. Matolak Marion Berbineau David G. Michelson Chen Chen

COMMAG_GUEST_EDITORIAL-Matolak.qxp_Guest Editorial  10/1/15  5:27 PM  Page 60



IEEE Communications Magazine • May 2015 61

GUEST EDITORIAL

sis, a more robust cryptographic mechanism, a new key
distribution, and a key storage scheme are proposed for
railway systems.

Wireless systems are used for sensor applications, too.
In “Ultra-Wide-Bandwidth Systems for the Surveillance of
Railway Crossing Areas,” the authors raise the possibility
of using UWB wireless systems to detect, localize, and dis-
criminate vehicles or obstacles that might be entrapped in
a level crossing area so that an appropriate alarm can be
raised or appropriate action taken.
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