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Executive Summary  

In this Deliverable D2.4 ñExperimental assessment of the most promising ABsò of the ñAlternative 

Bearer for Railò (AB4Rail) project, we aim to provide the performance assessment 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 scenarios, where different ABs take place. The document details the setup and 

results obtained from simulation and emulation of the eligible 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 static environment, 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 

itself. Finally, HAPS deployment is 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. Then some simulations in lab have been conducted to 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 train. Specifically, FSO technology is the sole one that well 

fits into the static scenarios (i.e., the train station) 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 performance increases in case of additional 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 scenario has been investigated, comprised of a single and double beam 

model, where multiple FSO transmitters are accordingly deployed along the railway track. With 

these schemes, we can demonstrate more stable connectivity links that do not overcome fixed 

lengths, thus guaranteeing stable link performance. Regarding the LEO constellations, Starlink 

SpaceX and OneWeb constellations are considered. When the LEO satellite is visible from the 

ground station, a quite constant satellite service level is evidenced in all situations. It is fully 

compliant with the Network-as-a-Service (NaaS), already discussed in the previous D2.3 

deliverable. For each LEO satellite beam, an aggregated traffic capacity of around 1 Gbps can be 

provided. This considerable amount of capacity is very important to manage a huge amount of data, 

as foreseen in specific ACS traffic classes, especially in tomorrowôs situation (e.g., for video data 

application in uplink). This makes the LEO technology as a very interesting and competitive AB 

with the terrestrial communication technologies (e.g., 5G). Another important implication regards 

the possibility of assuring greater reliability of the connections, managing the corresponding 

QoS/QoE levels, and reducing the re-transmissions in case of failures, especially in the case of 

mission-critical applications. The 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 static system (affected by a few oscillations). In the three different frequency 

bands (identified by the ITU-R P.528 propagation model), the traditional UE gives a poor 

performance in B1 (694ï960 MHz) in terms of MCS adoption and the corresponding available 

spectral efficiency. 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 the applicability 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 bandwidth-consuming ACS applications in 

tomorrowôs railway scenarios. 
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1. Introduction  

This document constitutes the Deliverable D2.4 ñExperimental assessment of the most promising 

ABsò according to Shift2Rail Joint Undertaking programme of the project titled ñAlternative Bearer 

for Railò (Project Acronym: AB4Rail, Grant Agreement No 101014517 ð IP/ITD/CCA ð IP2). 

On 22nd July 2020, the European Commission awarded a grant to the AB4Rail consortium of the 

Shift2Rail / Horizon 2020 call (S2R-OC-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 JU: Advanced Traffic Management & Control 

Systems. 

The IP2 ñAdvanced Traffic Management & Control Systemsò 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 

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 in case of static and dynamic railway 

scenarios, where different ABs take place. The document details the setup and results obtained from 

lab/experimental assessment of the most promising ABs.  

 

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 is structured as follows. 

Section 2 describes the methodology adopted to assess an experimental assessment of the eligible 

ABs, while Section 3 the commercial availability of selected ABs technologies through deep 

technological scouting. In Section 4 how the selected ABs technologies are applied to the considered 

railway scenarios. Section 5 details the simulations regarding the Free Space Optics (FSO), in terms 

of system architecture, modeling and results. Following the same structure of Section 5, Section 6 

is focused on Low Earth Orbit Satellites (LEO) and Section 7 on High Altitude Platform Systems 

(HAPS). Finally, Section 8 draws the main conclusions and findings. Appendix A provides 

information about the radio propagation models used during the simulation activities. 

 

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. Adopted Methodology 

 

The approach defined in AB4Rail regarding the simulation/emulation and experimental activities is 

shown in Figure 1 [1].  

 

Figure 1. AB4Rail methodology for AB experimental assessment 

 

 
 

 

If the AB device is available in the market, the tests can be carried out in lab in order to assess them 

with a Technology Readiness Level (TRL) 4. After a successful validation in lab and the AB devices 

are ready for the field trials, 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 the market, the simulation/emulation activities with a theoretical 

assessment can be only performed in lab.   

 

In particular, after the AB eligibility analysis performed in the deliverable D2.2, the results show 

the most promising AB are: Free Space Optics (FSO), Low Earth Orbit (LEO) and High Altitude 

Platform Systems (HAPS) technologies. 
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For this reason, the adopted methodology is described in Figure 2. 

 

Figure 2. AB4Rail simulation/emulation methodology.  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1
ωTechnology scouting: (i) scouting of available devices 

for the selected ABs, (ii) feasibility study for D2.4

2
ωSimulation 

3
ωResult analysis 

4
ωOutcomes and findings 
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3. Commercial availability of selected ABs technologies  

3.1 Free Space Optics 

 

The manufactory world related to Free Space Optics (FSO) technologies is huge and comprised of 

several companies dealing with Optical Wireless Communications. Figure 3 collects the main 

manufactories of FSO devices available on the worldwide market. In order to identify commercial 

devices to be used for experimental purpose, we have selected and contacted several companiesô 

leaders in FSO manufactory, such as CableFree, EC System, SA Photonics, and SONABEAM. As 

a result of this scouting activity, the FSO devices available on the market are specifically designed 

for applications in static scenarios only (i.e., to create high-capacity fixed point-to-point links), and 

are not suitable for mobile transmissions. Indeed, even if the auto-tracking system is available on 

the most of FSO devices and compensates very 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 scenarios especially in railways.  

 

Figure 3. Schematic of main manufactures of Optical Wireless Communications: [left] Infra-Red 

(IR)/Visible Light Communication (VLC); [Right] FSO.   

 

 

 

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 ensure that the optimum power level is 

received at the remote terminal. Sophisticated software within each FSO unit continuously monitors 

remote power levels using the unique CableFree out-of-band telemetry system and adjusts power 

by up to 12 dB (16x). Received Signal Strength Indicator (RSSI) variations can be caused by 

weather effects such as fog, heavy rain, snow or dust storms and also thermal effects, bracket 

movement and long-term drift. Low RSSI means degraded signal-to-noise-ratio (SNR) at the 

optical receiver, resulting in degraded Bit-Error-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 the transmitted 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 expensive (e.g., around 12 kEuro for the EC System EL-1G model, which provides 1 Gbps 

full -duplex for distances up to 4.4 km, as depicted in Figure 4) [2]. 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 development has been estimated (with actual technologies) 

in the millions of euros, which are clearly not affordable in the AB4Rail project.  

From this preliminary scouting activity related to FSO technology, we have derived the following 

considerations:  

FSO is a mature technology for static scenarios, such as fixed point-to-point 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 LAN-LAN segments, last-mile network 

connections, Storage Area Networks, and HDTV Outside Broadcast Links. 

Due to the lack of reliable and efficient auto-tracking system in mobility scenarios, FSO as AB is 

suitable for station and yard railway scenarios only, where mobility is very limited or absent.  

FSO AB is still in its infancy 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 considerations, at the moment of 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 assessing the performance of FSO AB in realistic railway scenarios.  

 

Figure 4. Data sheets of EL-1GL FSO device by EC System.   

 

   

3.2 Low Earth Orbit (LEO) Satellites   

The scouting of LEO devices is mainly focused on the available LEO constellations, such as 

Starlink SpaceX and Oneweb. These LEO satellite operators are already providing the LEO service, 

but from a rail trial point of view several issues are to be managed. Starlink SpaceX and Oneweb 
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constellations are going to be expanded in terms of coverage. Both LEO satellite providers offer a 

complete modem kit including the satellite terminal and the antenna [3][4], as shown in Figure 5. 

These external devices should be installed on board of the train with a direct impact on the 

certification procedures.  

Figure 5. LEO satellite kit: SpaceX (a), OneWeb (b).   

(a)        (b) 

       

 

A commercial LEO service subscription is also needed. At the moment of this writing the Starlink 

service has not started, yet. It is envisaged it will start at the start of 2023 and we donôt know if 

Europe will be covered due to the fact that European satellite gateways at the ground are still under 

construction (see after).  

Finally, LEO technologies are not available in some situations, such as when the train is inside the 

galleries or even in some railway scenarios including stations and very large stations with roofs 

covering the rail tracks. 

For these reasons the assessment of LEO HTS (High Throughput Satellite) technologies will be 

carried out using a simulated approach using well tested satellite tools as detailed in the following 

of this document. We would like to suggest to E2Rail to launch a new two-years (2023-2024) 

experimental project to evaluate on the field the feasibility of using the SpaceX constellation-based 

LEO satellites for railway communications. 
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3.3 High Altitude  Platform Systems (HAPS) 

 

In order to conduct experiments on HAPS the involvement of a third party acting as the HAPS 

operator is required. The HAPS are systems hosting the telco network nodes to offer backhauling 

links between satellite and terrestrial networks and several and different HAPS technologies have 

been studied and proposed up to now, as shown in Figure 6 [5]. 

Figure 6. Different HAPS technologies.   

 

 

 

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 the best of our knowledge, at the moment, no HAPS operator and no 

commercial transmission services based on HAPS is available worldwide. Thus, even in the HAPS 

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

railway scenarios.  

According to the HAPS Alliance [6] and to GSMA with paper [7], 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. Selected ABs technologies and 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: 

¶ Station: for railway applications in static conditions 

¶ Mainline: for railway applications in static conditions. We identified the Rome-Florence 

railway line as the reference case [8]. 

 

According to the main features of the 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 consider (i) a static scenario, such as station railway 

scenario, and (ii ) rail dynamic scenarios, such as mainline, regional and freight.  

The three eligible ABs can be applied in different contexts. FSO technology is suitable for both of 

station and mainline. Instead, LEO and HAPS are only eligible for dynamic railway scenarios (e.g., 

mainline). In the static railway scenarios, both LEO and HAPS could be not applicable because of 

possible obstructions of the corresponding radio links due to the shelters in the rail platforms. 

In the following we illustrate several simulation results concerning the performance of FSO in both 

static and dynamic scenarios. For HAPS and LEO performance have been carried out only in case 

of dynamic scenarios. Table 2 collects the different simulated scenarios and the corresponding ABs 

that have been analyzed. Due to the eligibility analysis carried out in D2.3, notice that in the static 

scenario, we limited our simulation assessment to FSO. 

Table 2: 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 placed at given known positions; in rail dynamic scenarios, we assume 

mobility is present and can affect link performance (i.e., link variability and maintenance). In the 

latter case, we consider dynamic radio links, with transmitter-receiver distances that can vary with 

time and so the path loss.  
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5. Free Space Optics  

5.1 Considered scenarios 

The Figure 7 and Figure 8 depict the system architectures of the considered scenarios that will be 

simulated sections. Specifically, in the station railway scenario, we assume both the FSO 

transmitter, and the photodetector 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 well reflects the realistic 

scenario of FSO connectivity links, which work efficiently for static scenarios. In case of dynamic 

scenario, Figure 8 describes a train moving along the railway track while it is connected to a fixed 

FSO transmitter. We observe that if  the train is approaching the FSO transmitter, the connectivity 

link will show different distances and then we can expect different attenuation losses. More in 

detail, in the next sections, the dynamic scenario will be also enhanced through a variable 

deployment of multiple FSO transmitters, in order to guarantee ñalmost-fixedò connectivity links 

along the railway track. 

Figure 7. System architecture for the static scenario. Both the FSO transmitter and the photodetector 

are in fixed positions.   

 

 

 

Figure 8. System architecture for the dynamic scenario. A fixed FSO transmitter is connected to a 

mobile photodetector mounted on a train, then causing (a-b) variable connectivity link lengths.   

 

    

 

In order to render the railway scenarios more realistic we also considered the train railway-speed 

profile as previously introduced in AB4Rail D3.3 Deliverable. Specifically, 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 values. Figure 9 depicts the considered 

train speed profile versus time along different railway segments, considering a time window of 

συ minutes; specifically, we can obtain the travelled distance versus time profile as shown in Figure 

10. 

 

Figure 9. Simulated train speed profile vs. time. Railway segments are identified by markers. 

 

 

Figure 10. Distance travelled by a train vs. a given time window in accordance with the time-vs-

speed profile in Figure 9.  

 

 

5.2 Overall System architecture  

In this section, we introduce the design of our MatLab simulator for the performance evaluation of 

FSO connectivity links. It is comprised of different component blocks, each of them developing a 

task in the overall end-to-end FSO connectivity link. Specifically, we assume a laser source sending 

a data flow toward a photodetector receiver, at a fixed distance. The data transmission occurs along 

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















































































































































