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Executive Summary

This document constitutes the first issue of Deliverable D2.1 “Technologies for Alternative
Bearers” according to Shift2Rail Joint Undertaking programme of the project titled “Alternative
Bearer for Rail” (Project Acronym: AB4Rail, Grant Agreement No 101014517 — IP/ITD/CCA —
IP2).

The main objective of this deliverable relays in an overview of the prior state-of-art in the areas of
selected alternative communication bearers (ABs), which are expected to be of interest for
improving capabilities of the Adaptable Communication System (ACS). A set of candidate
communication technologies are investigated as potential ones for railway applications. The
methodology is based on the most important communication features not only from a technological
perspective (i.e., standard, protocol, security, and performance) but also considering (but not limited
to) others factors as maturity, ease of development and deployment costs, together with economic
and business implications.

The review provides the state-of-the-art of ABs, both based on radio frequency (RF) and optical
wireless technologies. The RF wireless technologies offer capabilities depending on intrinsic
characteristics. In fact, the wireless short-range bearers are suitable for connections in proximity
(from one to a few tens meters) with low data rate (a few tens of kbps) and a reduced power
consumption. In ten meters, UWB provides high data rate (over 100 Mbps), while Bluetooth 5.2
enhances both the coverage range (around 200 m) and the data rate (up to 2 Mbps) although a
considerable power consumption. The wireless long-range bearers, as LPWA (LoRaWAN) and NB-
loT, offer more coverage range (up to 15 km), a data rate up to 100 kbps and a network capacity of
thousands of nodes. The aerial communication platforms increase both the coverage area (from 50-
90 radius km to 1 million km2) and the data rate (up to 33 Gbps).

The optical wireless technologies, specifically in the visible and infrared ranges, show unique
features that distinguish them from well-known RF technologies. More in details, we have
investigated the use of optical wireless links from a LED device to a photodetector (i.e., VLC LoS
links), providing high data rates, security and directivity of the light beam. VLC represents a green
technology, guaranteeing high performance from short (<10 m) to medium (<300 m) ranges, both
in indoor and outdoor scenarios. Furthermore, the use of FSO technology can achieve direct
communication links in outdoor, reaching very long distances, in the order of kilometers (>20 km).
The most important limitations to mention about the wireless ABs refer to the reduced data rate for
low latency or bandwidth-consuming applications. Some wireless short-range technologies are
affected by a non-massive diffusion in the market, and usually are not backward compatible (as for
Bluetooth 5.2). The energy autonomy and considerable costs for deployment are important
limitations as well as the security issues especially for safety and security applications, and railway
applications. On the other side, the optical wireless technologies present other limitations, such as
(1) the mobility issues, which can affect the directivity of LoS links, (ii) weather conditions (i.e.,
fog, sunlight, rain, etc.) that can increase the attenuation of the optical signal, (iii) occlusions that
cause connectivity outage, and (iv) energy source required.

Leveraging on different pros and cons of selected ABs, and according to the technology evolution,
different ABs can be suitable for specific railway scenarios or inter-connection schemes, which
make ABs possible candidates for ACS. Possible ABs have to be analysed for ACS and rail
applications suitability, together with the benefit-cost analysis and the return of investment
calculation. The next step will address a complete assessment of candidate ABs for railway
applications. This task represents the focus of next deliverable D2.2, dealing with the assessment of
ABs benefits, challenges and impact on infrastructure with Radio Access Technology tool and
Communication Traffic Analysis.
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DC Direct Current
DCNs Data Centre Networks
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HAPS High Altitude Platform Station
HD High Definition
HDR High Data Rate
HPC High Performance Computing platforms
IC Integrated Circuit
IEEE Institute of Electrical and Electronics Engineers
IM/DD Intensity Modulation /Direct Detection
loT Internet of Things
IP Internet Protocol
IPSP Internet protocol support profile
IR Infrared
ISL Inter-satellite link
ITU International Telecommunication Union
LDR Low Data Rate
LED Light Emitting Diode
LEO Low-Earth Orbit
Li-Fi Light-Fidelity
LoS Line-Of-Sight
M2M Machine-To-Machine
NB Narrow band
NWK ZigBee network layer
OAM Orbital Angular Momentum
OCC Optical Camera Communications
OLEDs Organic LEDs
OOK On-Off keying
ovLC Organic VLC
owcC Optical Wireless Communications
PAM Pulse Amplitude Modulation
PAT Pointing, Acquisition and Tracking
PCB Printed Circuit Board
PDs Photodectors
PIS Passenger Information Systems
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PLC Power Line Communications systems
PLMN Public Land Mobile Networks

PPM Pulse Position Modulation

PSTN Public Switched Telephone Network
PtP Point-to-Point

QKD Quantum Key Distribution

QsSDC Quantum Secure Direct Communication
RF Radio Frequency

RLL Run Length Limited

RS Reed Solman

Rx Receiver

SF Spreading Factor

SR Short-Range

LR Long-Range

T2T Train-to-Train

B Traditional Bearer

ToF Time of Flight

Tx Transmitters

UNB Ultra-narrow band

uv Ultraviolet

uw underwater

UuwB Ultra-wideband

V2li Vehicle-to-Infrastructure

V2V Vehicle-to-Vehicle

VCSEL Vertical Cavity Surface Emitting Laser
VL Visible

VLC Visible Light Communication

WA Wireless Access

WDM Wavelength Division Multiplexing
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1. Introduction

This document constitutes the Deliverable D2.1 “Technologies for ABs” according to Shift2Rail
Joint Undertaking programme of the project titled “Alternative Bearer for Rail” (Project Acronym:
AB4Rail, Grant Agreement No 101014517 — IP/ITD/CCA — IP2). On 22nd July 2020, the
European Commission awarded a grant to the AB4Rail consortium of the Shift2Rail / Horizon 2020
call (S2R-OC-1P2-02-2020). AB4Rail is a project connected to the development of a new
Communication System planned within the Technical Demonstrator TD2.1 of the 2nd Innovation
Programme (IP2) of Shift2Rail JU: Advanced Traffic Management & Control Systems.

The IP2 “Advanced Traffic Management & Control Systems” is one of the five asset-specific
Innovation Programmes (IPs), covering all the different structural (technical) and functional
(process) sub-systems related to control, command, and communication of railway systems.

1.1 Purpose and scope of the document

The aim of this document is to provide a detailed overview of the technologies that can be
considered as potentials Alternative Bearers (AB) to be integrated into the Adaptable
Communication System (ACS). These technologies include: optical communication system,
innovative LEO/MEO satellite constellations, High Altitude Platform Station (HAPS) and Power
Line-based wired technologies. Internet of Things (IoT) radio technologies are also analyzed for
their possible integration into the ACS.

Looking at the future, the deliverable also includes a short presentation of the main innovative and
promising features of the quantum and THz communication technologies.

1.2 Document organization

The document is organized according to AB4Rail Grant Agreement Number 101014517 (RD-1) and
AB4Rail Consortium Agreement (RD-2). The document structure is the following. Section 3
presents the list of novel technologies that will be investigated for railway applications. Section 4
and 5 are dedicated to optical wireless communications, while Section 6 illustrates main features of
power line communications. It follows Section 7, 8 and 9 with IoT technologies for short-range
applications 1.e., Bluetooth, Zigbee and Ultra-wide Band, respectively. On the other side, Section
10 is dedicated to Low Power Area Networks (LPWAN) long-range wireless technologies i.e., LoRa
and Narrow-Band IoT (NB-IoT), respectively. Section 11 and 12 present aerial based technologies,
such as HAPS and novel LEO satellites, respectively. Finally, Section 13 describes selected future
technologies, such as quantum and THz communications. Conclusions are then drawn in Section
14.

1.3 Reference Documents

Table 1: Reference Documents.

Document Number | Document Description

RD-1 AB4Rail Grant Agreement Number 101014517 - IP/ITD/CCA - IP2
RD-2 AB4Rail Consortium Agreement
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2. The technological context

Nowadays, the last trends in telecommunications for rail are envisioning the need of innovative
technologies that can guarantee a consistent increase of required throughput and low latency in
communications. Such technologies should be integrated with previous Third Generation
Partnership Project (3GPP)-based ones, and should take into account both the obsolescence of
Global System for Mobile Communications — Railway (GSM-R) and the need of additional Radio
Spectrum, which is limited in case of GSM-R.

In fact, GSM-R has been introduced as radio communication technology for the European Rail
Traffic Management System (ERTMS) since 1990. Although the end of life for GSM-R is expected
to be around 2030, GSM-R is still used and rollout in Europe. But the GSM-R obsolescence is the
biggest challenge for the railway sector, and a complete digitalization of the railway sector is just
started, since IP-based systems are going to replace those based on circuit-switched technologies.
In the post-GSM R era, the connectivity in railway applications is provided by Public Land Mobile
Networks (PLMNSs), in order to guarantee interoperability, inter-connection with other IP-based
networks, network availability, service reliability, and compliance with service requirements (i.e.,
performance, QoS and security). Currently, railway applications can rely on Traditional Bearers
(TBs) (i.e., Wi-Fi, GSM-R, LTE, LTE-A, 5G and satellites). According to a proof-of-view vision of
railway sector evolution, novel technologies should be investigated to be placed as alternative and
integrated solutions w.r.t. TBs. The coexistence with TBs should be also guaranteed, as well as the
backward compatibility.

Notice that the same approach adopted for the investigation of PLMNs should be applied to ABs to
identify common and different features w.r.t. TBs.

In this rapidly evolving context, the ACS platform plays a crucial role for railway application
delivery based on both TBs and Abs. In fact, the ACS is an open platform that can be enriched by
adding additional bearers with mature technologies, to complement the traditional communication
bearers.

As known, ACS is designed in accordance with the bearer independent principle (BIP). This means
that the ACS can interface with several and different communication bearers (wired/wireless) to
provide end-to-end connectivity for railway applications. Interfacing of ACS with the bearers is
made at [P level to fully implement the BIP concept. Communication of applications over the ACS
can be provided over one or more IP-based bearer both alternative and/or traditional, commercial
or private, without assuming that the bearer provides any capability beyond data transmission using
the Internet Protocol (IP).

Several joint initiatives, carried out by academies and industrial companies, are already ongoing
and are mainly or