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Executive Summary

Inthi s Deliverable D2.4 fAExpeommenhgl ABséesbtmeh
Bearer for Rai |weantaprdvidaihe pejfornmmmcassesstment of the eligible

ABs, as defined in D2.3 i.e., FSO, HAPS, and LEO. We provide the main outcomes in case of static
and dynamic railway scenas, where different ABs take pladéhe document details the setup and
results obtained frorsimulation and emulatioaf theeligible ABs using the tools in our labs.

For each of the eligible technology we considered its maturity and its availability of the market.
FSO is mature for statienvironment,but many advances are required for dynamic scenarios.
Concerning LEO, some devices are available but the subscription to a connectivity is required for
performing tests on the field and operators do not guarantee the coverage in Europe or the service
itsdf. Finally, HAPSdeployments limited to preliminary experimental settings and no one of them
has been used to realize devices that could be used by one or more HAPS operators to start a
commercial servicelhen someimulations in lalhave been conduatdo their assessment. To this

aim, we considered a realistic environment (also used in the D2.3) related to the mainline Rome
Florence with a real speed profile of the tr&pecifically, FSO technology is the sole one that well

fits into the static scemios (i.e.the trainstation) due to its technical features and the impact on the
railway sector. As main outcome, we can observe that shorter FSO links allow for achieving lower
BER, as well as a degradation of link performancesases in case of atldnal attenuation losses
Finally, in case of dynamic scenarios i.e., mainline, regional, and freight, we will consider a fixed
FSO source and a receiver moving following a path, so that variable FSO link lengths are achieved.
A more realistic dynamic soario has been investigated, comprised of a single and double beam
model, where multiple FSO transmitters are accordingly deployed along the railway track. With
theseschemeswe can demonstrate more stable connectivity links that do not overcome fixed
lengths, thus guaranteeing stable link performamegarding the LEO constellations, Starlink
SpaceXand OneWeb constellatiorsse consideredWhen the LEO satellite is visible from the
ground stationa quite constant satellite service level is evidencedllirsituations. It is fully
compliant with the NetwoHasaService (NaaS), already discussed in the previo@s3 D
deliverable. For each LEO satellite beam aggregated traffic capacitf around 1 Gbps can be
provided.This considerable amount of cafigds very important to managehuge amount of data,

as foreseen in specific ACS traffitassesespecially it 0 mo r sitoatiod &.g.for video data
application in uplink). This makes the LEO technology as a very interesting and competitive AB
with the terrestrial communication technologies (5). Another important implication regards

the possibility ofassuring greater reliability of the connectipmsanaging the corresponding
QoS/QoElevels, andreducing the réransmissions in case of faikg especially in the case of
missioncritical applicationsThe HAPS is currently used as a physical asset hosting the LTE eNB,
and in the future the 5G gNB. HAPS has a reduced altitude from the ground (at 19 km), and it can
be assumed almost a statictsys (affected by a few oscillations). In the three different frequency
bands (identified by the ITAR P.528 propagation model), the traditional UE gives a poor
performance in B1 (69460 MHz) in terms of MCS adoption and the corresponding available
spectraefficiency. From simulations, it emerges the opportunity to use a dedicated enhanced User
Equipment (UE) with higher antenna gain and transmission power, able to use more efficient
Modulation and Coding Schemes (MCS).

The results evidence thapplicability of FSO, LEO, and HAPS to be used as ABs for ACS
applications in railway scenarios. Their technical feasibility allows having a huge capacity for data
transmission. This is very important, especially for the bandwadtisuming ACS applicatienn
tomorrowbs rail way scenari os.
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List of abbreviations, acronyms,and definitions

Acronym Definition

AB Alternative Bearers

ACS Adaptable Communication System

ATPC Automatic Transmit Power Control

AWGN additive white Gaussian noise

BER Bit-Error-Rate

CCDF Complementary Cumulative Distribution
CDF Cumulative Density Function

DL Downlink

DVB-S2 Digital Video Broadcasting Satellite- Second Generation
EIRP Effective Isotropic RadiateBower

eNB Evolved Node B

FSO Free Space Optics

FSPL Free Space Path Loss

GG GammaGamma

GS Ground Station

GSMA Global System for Mobile Communications
GUI Graphical User Interface

HAPS High Altitude Platform System

HDTV High-Definition TV

ITU International Telecommunication Union
KPI Key Performance Indicator

LEO Low Earth Orbit

LN Log-Normal

LoS Line of Sight

MCS Modulation and Coding Scheme

NORAD North American Aerospace Defense Command
OOK On Off Keying
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QAM Quadrature Amplitude Modulation
QoE Quality of Experience
QoS Quality of Service
RBC Radio Block Center
RP Reference Point
SINR Signal to Interference & Noise Ratio
SNR signatto-noiseratio
SNR signalto-noise ratio
TB Traditional Bearer
TLE Two Line Element
TRL Technical Readiness Level
UE User Equipment
UL Uplink
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1. Introduction
Thi s document constitutes the Deliverable D2.
ABsacccording to Shift2Rail Joint Undertaking p
for Railo (Project Acronym: AB4IRIAD/CCAO E2ant Ag
On 22nd July 2020, the European Commission awarded a grant to the ABaigaittmim of the
Shift2Rail / Horizon 2020 call (S2RC-IP2-02-2020). 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 JUvaated Traffic Management & Control
Systems.
The |1 P2 AAdvanced Traffic Management-speifcContr
Innovation Programmes (IPs), covering all the different structural (technical) and functional
(process) sulsystems relatd to control, command, and communication of railway systems.

1.1 Purpose and scope of the document

This document aims to provide an experimental assessment of the eligible ABs, as defined in D2.3
i.e., FSO, HAPS, and LEO. We provide the main outcomes inafagatic and dynamic railway
scenarios, where different ABs take platiee document details the setup and results obtained from
lab/experimental assessment of the most promising ABs.

1.2 Document organization
The document is orgaGiaed Agreememtg Nwwlmh &rmRIA D

AB4Rai l Consort i2um Alghree ednoecnutme(nRD i s structur ec
Section 2 describes the methodol ogy adopted t
ABs, whil e Semmewoani &8l tehwai |l abil ity of sel ect
technol ogical scouting. I n Section 4 how the
rail way scenarios. Section 5 detail s),t hien stiamur
of system architectur e, model ing and results.
is focused on Low Earth Orbit Satellites (LEC
(HAPS) . Finally, Secti oms 8awnwd aWws ndihegsmai Ap pce

information about the radio propagation model

1.3 Reference Documents

Tablel: Reference Documents.

Document Number | Document Description
RD-1 AB4Rail Grant Agreement Number 10101451P/ITD/CCA - IP2
RD-2 AB4Rail Consortium Agreement
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2. Adopted Methodology

The approach defined in AB4Rail regarding the simulation/emulation and experimental acsivities
shown inF i g 1[t].e

Figur AB4Rai |l metd@xpel omgnt @ar A8sessment

AB Technology
|

B ZEnE NO Emulation/Simulation in
are available .
e Lab or Theoretical
on the
e assessment

Lab tests (TRL 4) |

i YES

YES |

Lab tests
validation OK

& End of AB
AB’s devices experimental
suitable for assessment
the test on

field

YES

v

Tests on field (TRL 5)

If the AB device is available in the market, the tests can be carried out in lab in order to assess them
with aTechnology Readiness Leva@lRL) 4. After a successful validation in lab and the AB devices

are ready for the fieltrials, the test activities on field will be arranged in order to assess the AB
devices with a TRL 5.

If the AB device is not available in timearket, thesimulation/emulation activities withtheoretical
assessment can be only performed in lab.

In particular, after the AB eligibility analysigerformed in the deliverable D32.the results show
the most promising AB arexrée Space Optics §0), Low Earth Orbit (IEO) and Hgh Altitude
Platform Systems (APS) technologies.
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For this reason, the adopted methodology is desciibéd g 21 r e

Figar AB4Rai |l si mmeabhodo/l emyl ati on

w Technology scouting: (i) scouting of available devices
for the selected ABs, (ii) feasibility study for D2.4

N
w Simulation

J

)
wResult analysis

J

)
wOutcomes and findings

J
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3. Commercial availability of selected ABs ¢chnologes

3.1Free Space Optics

The manufactory world related to Free Space Optics (F&Bhologiess huge and comprised of
several companies dealing with Optical Wireless Communicatiens.g @ collects the main
manufactories of FSO devices avhllon thevorldwide market. In order to identify commercial
devices to be used for experimental purposehaxeeselected and contactedveralc o mpani es 6
leaders in FSO manufactory, such as CableFree, EC System, SA Photonics, and SONABEAM. As
a result othis scouting activity, the FSO devices available on the markepargfically designed

for applications irstatic scenarios only.€., to create higikcapacityfixed pointto-point links), and

are notsuitable for mobildransmissionsindeed, even if the autoacking system is available on

the most of FSO devices and compensatey slow movements of the structure on which the
transmission unit is fixed, this is not capable to compensate high frequency vibrations, as occurring
in case of mobile scenariaspecially in railways

Fi gBreSchematic of main manufacture$l|l eRepPptnt
(I'R) /le¥i ghbl Communicatiaon (VLC); [ Ri ght] FSO
IR/VLC FSO
%Fraunhofl’i: ﬁ CVLC tmrssersusmunan "-':QE:':_‘ |nte|> @fsnzy CASIO B onrrointe (' -
/777\\ | S
€D . SIEMENS Qs raivovupen vicud | MPmoton  gpume
: PHILIPS CableFree
INFSOFT IEEE 802.15.7 (€D Bicakions VAR G T
U Cosonkes LasemeiT “Anolinke  LJ
w Nakagawa Laboratories, Inc. l pure . EC SYSTEM
THORVAES i@ Trimble
Nec corporation % VLCC ~ [J system IBSENtelccom ACPTIX  sqBhotanics
i TOYO ELECTRIC CORPORATION  QRENESAS @Slec-f‘le:dAgich Panasonic | A{OM ORPTICS m
- - . [
Y VICA i (@ nextLifi FIRE 8@ @sroapcom @ JE’IE'BS -
| e | OO ifriyTechmalogy Light | [Sonaseam ortLink

ol TAIYO YUDEN

‘edgom’

For instance, CableFree uses directional beams of Infrared light for communication. It exploits the
Automatic Transmit Power Control (ATPC), which is an advanced product feature allowing the
transmitted optical power to be automatically adjusted to enkatd¢he optimum power level is
received at the remote terminal. Sophisticated software within each FSO unit continuously monitors
remote power levels using the unique CableFreeobband telemetrgystem ancdjusts power

by up to 120B (16x). Receivedignal Strength Indicator (RSSI) variations can be caused by
weather effects such as fog, heavy rain, snow or dust stamohalso thermal effects, bracket
movement and lorterm drift. Low RSSI means degraded sigmmahoiseratio (SNR) at the
optical reeiver, resulting in degraded Hirror-Rate (BER), in severe cases causing packet loss
and reduced throughput in data networks.
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ATPC enabled in identical conditions shows almost no variation in the received power. The
controller automatically adjusts thansmitted power levels to ensure optimum signal received at
both ends of the link.

Notice that even in case of full availability of FSO devices tailored for static scenarios, they are
very expensived.g, around 1XEuro for the EC System ELG model,which provides Gbps
full-duplex for distances up to4km, as depicted iir i g 4) [2]e Furthermore, in order to adapt

the FSO available devices to a mobile scenario, significant engineering development and testing
would be needed. The cost to finalize developnmastbeen estiated(with actual technologies)

in the millions of euros, which artearlynot affordable in the AB4Rail project.

From this preliminary scouting activity related to FSO technologyhawederived the following

considerations:

FSO is a mature technolpdor static scenarios, such as fixed pdmpoint connectivity links in

Line of Sight (LoS) mainly used in outdoor scenarios to connect buildings at distance of a few
kilometers, and more in general for Gigabit Ethernet AN segments, lastile netwak
connections, Storage Area Networks, and HDTV Outside Broadirsst.

Due to the lack ofeliable and efficienautotracking system in mobility scenarios, FSO as AB is
suitable for station and yard railway scenarios only, where mobility is very limitgosent.

FSO AB is still in itsinfancy for rail dynamic scenarios, such as mainline, regional, and freight,
and available devices cannot be adopted in such scenarios with a guaranteed connectivity.

Leveraging on the above consideratiomsthe momenof this writing, we can conclude that an
extended simulation campaign modeling FSO links, both in static and mobility scenarios, can be
useful for our purpose of assegsthe performance ¢SO ABin realistic railway scenarios

Fi gar é&at a

EC SYSTEM INTERNATIONAL a.s.

Na Vysluni 201/13
Telefon: +420 277 270 152
ICO 28612744

DIC CZ28612744
www.ecsystem.cz

u

EC SYSTEM

s-h &et BSOfd&Li ce by

EC System.

EL-1GL <« up to 4400m distance —

v Throughput 1 Gbps

¥ Double channel technology with
backup power supply voltage 48V
DC (optionally)

¥ Built-in service channel

¥ Autotracking system (targeting and
aiming)

v IP monitoring

Aecrodynamic protective cover

3.2Low Earth Orbit (LEO) Satellites

The scouting of LEO devices mainly focused orthe available LEOconstellations such as
Starlink SpaceX and Onewelhese LEO satellite operators are already providing the LEO service,
but from a railtrial point of viewseveral issueareto be managedtarlink SpaceX and Oneweb

Bandwidth, Mbit/s

Wavelength, nm

Basic interfaces

Fade margin at a distance of 1 km,dB
Latency time of optical channel, ms
Links distance, m for availability 0,999
Method of keep link direction

Laser safety IEC 80625

Power supply
Category temperature range of outdoor units, C
Dimensions, mm

1250 Full Duplex
1550
Ix 1GSFP
40
< 0,005
4400
Autotracking system

outdoor unit

IM

DC 48+- 12V
-40...450

480x285x300

Weight, kg
outdoor unit

Management, monitoring
OU indication

Service connection
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MIB file

Power, link signals, link direction

10/100 Base-TX, RJ45

15|92


http://www.inaf.it/it/sedi/sede-centrale-nuova/direzione-scientifica/relazioni-internazionali/nuovo-logo-horizon-2020/view

PR Horizon 2020 4§
" PR Furopean Union Funding " — S
s for Research & Innovation S

=urope’s

constellations are going to be expanded in ternt®wérageBoth LEO satellie providers offer a
completemodem kit includinghie satelliteterminal and the anteni§d][4], as shown i1 g & r e
These external deviceshould be installed on board of the train with a direct impact on the
certification procedures.

FigbhrdEO satellite kit: SpaceX (a), OneWeb (Db
(a) (b)

A commercial LEO service subscription is also needédhe moment of this writing the Starlink
service has not started e t . It is envisaged it wildl start
Europe will be covered due toetffiact that European satellite gateways at the ground are still under
construction (see after).

Finally, LEO technologies are navailablein some situations, such as when the train is inside the
galleries or even in some railway scenaiimduding stabns and very large stations with roofs
covering the rail tracks.

For thesereasos the assessment of LEO HTI8igh Throughput Satellitefechnologies will be
carried out using a simulated approach using well tested satelliteatodétailed in the following
of this documentWe would like to suggest to E2Rail to launch a new-ywais (20232024)
experimentaproject to evaluatenthe field the feasibility of using the SpaceX constellati@sed
LEO satellites for railway communications.
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3.3High Altitude Platform Systems (HAPS)

In order to conduct experiments on HAR® involvement of a third pariacting asthe HAPS
operatoris required The HAPS are systems hosting the telco network nodes to offer backhauling
links between satellite and terrestrial netwasksl several and differeRtAPS technologiebave

been studied and proposed umbw, as shown irr i g G[5].e

FigareiffenexthnbAPRPSi es

RAVEN AEROSTAR WILDFIRE SUPPORT Spacetayer  Sles R o

High Altitude Balloons Airships

- a
1 . Stratospheric ~— ((‘ -“,
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* Long Dwell Targeted Flight over Wildfire Events SolacuAvs (
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Sensing and Communications

* Persistence Coverage via Teamed Assets

e High Altitude Balloons (HABs) Offer:
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* Responsive Deployment
* HighTechnical Readiness

L
1 ®aummuoe
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SOLAR SYSTEM
CHARGING
(]
| e

()
THUNDERHEAD PAYLOAD suwoku ONBOARD
INTERFACE FLIGHT
BALLOON

COMPUTER

However, their deployment has been limited to preliminary experimental settings and no one of
them has been used to realize devices that could be used by one or more HAPS operators to start a
commercial service. To thieest of our knowledge, at the moment, no HAPS operator and no
commercial transmission services based on HAPS is available worldwidge, even in the HAPS

case only simulation and theoretical analysis can be performed for assessing their effectiveness in
railway scenarios.

According to the HAPS Alliancis] and to GSMA with papdi7], the HAPS systems seem to be a
very promising technology offering several opportunities to the terrestrial telco operators and to
unmanned aircraft use.
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4. SelectedABs technologiesand railway scenario

In this section, we will introduce the simulation tools, developed for the assessment of performance
of eligible ABs, in case of different railway scenarios and configuration

i Station for railway applications in static conditions

1 Mainline: for railway applications in static conditions. We identified the Rdiloeence
railway line as the reference c48¢

According to the mairieatures ofthe eligible ABs (FSO, LEO and HAPS)we considered two

main railway scenarios, where eligible ABs can be used, and we distinguish the case of presence
and absence of mobility. Specifically, we considéra( static scenario, such as statiafiway
scenario, andi() rail dynamic scenarios, such as mainline, regional and freight.

The three eligible ABs can be applied in differeontexts FSOtechnologyis suitable for both of
stationandmainline.lnstead LEO and HAPS are onlgligible for dynamic railway scenarios (g.g.
mainline). In the static railway scenarios, both LEO and HA&8d be notapplicablebecause of
possible obstructions of the corresponding radio lthesto the shelters in the rail platforms

In the following we illustrate several simulation results concerningor®rmancef FSOin both

static and dynamic scenarid®r HAPS and LEO performance have been carried out only in case
of dynamic scenario3.able? collects the different simulated scenarios and the corresponding ABs
that have been analyzddue to the eligibility analysis carried out in D2.3, notice that in the static
scenario, we limited owimulation assessment to FSO.

Table2: Applicability of ABs into different simulated scenarios.

Scenario FSO | HAPS LEO
Static (station) P N/A N/A
Dynamic (mainline, regional, and freight) | P P P

In the static scenario, we assume no mobility occurs and connectivity links are static, with a
transmitter and a receiver placatgiven known positions; in rail dynamic scenarios, we assume
mobility is present and can affect link performanioce, (link variability andmaintenanck In the

latter case, we consider dynamacliolinks, with transmittesreceiver distances thatrcaary with

time and so thepath loss.
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5. Free Space Optics

5.1Considered scenaris

TheF | g nand~ i g &depict the system architectures of the considered scenarios that will be
simulated sections. Specifically, in the station railway scenario, we assume both the FSO
transmitterand the photodector are mounted on the top of the train and are held in fixed positions.
For this scenario, we assume the FSO connectivity link is stable and does not suffer for mobility
issues and no vibrations and significant thermal changes. This situation vegltgéfie realistic
scenario of FSO connectivity links, which work efficiently for static scenarios. In case of dynamic
scenariof- i g 8deseribes ardin moving along the railway track while it is connected to a fixed
FSO transmitter. We observe thifathe train is approaching the FSO transmitter, the connectivity
link will show different distances and then we can expect different attenuation Ibvksesin

detail, in the next sections, the dynamic scenario will be also enhanced through a variable
depl oyment of multiple FSO trdnxmidtdot €rosi,neicn i 6
along the railway track.

Figlure&ystem architecture for the static scena
are Iin fixed positions.

Onboard
Photodetector

Qi

m FSO LoS link

FSO transmitter

Fi g8reSystem architecture for the dynamic scetl
mobi beodbkBtector mounted-bdnvartablmre, comea®ct aws

Onboard
Photodetector

<>‘ Onboard
L - FSO LoS link Photodetector
)+ FSOLoS link

~

Moving train (@)

~
Moving train
FSO transmitter FSO transmitter

(a) ®)

In order to render the railway scenarios more realistic we also considered the train-sphsdy
profile as previously introduced in AB4Rail D3.3 Deliveralfpecifically, we assume different
lengths of railway segment, and for each of them we have the corresponding maximum allowed
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train speed, together with the acceleration and deceleration valges. e depicts the considered
train speed profile versus time along different railway segments, considering a time window of
o0 uminutes; specifically, we can obtain the travelled distance versus time profile as stowrginu r e
10

FgubBe Si mulated trai Raspway pegmehesvareti thent

FigubeDi dtraarved | ed by a train vs. a gi wes it
speed profile in Figure 9.

5.2 Overall System architecture

In this section, we introduce the design of our MatLab simulatahéperformance evaluation of
FSO connectivity link. It is comprised of different component blocks, each of them developing a
task in the overall entb-end FSO connectivity link. Specifically, we assume a laser source sending
a data flow toward a photodetector receiver, at a fixed distance. The damission occurs along
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