
 

 

 

D2.4 – Advanced Wireless Technologies and 
Applications for Wireless TCMS 

 

Project number: 826073 

Project acronym: Safe4RAIL-2 

Project title: 
SAFE architecture for Robust distributed 

Application Integration in roLling stock 2 

Start date of the project: 1st October 2018 

Duration:  34 months 

Programme:  H2020-S2RJU-OC-2018 
  

Deliverable type: Report 

Deliverable reference number: ICT-826073 / D2.4 / 1.1  

Work package  WP 2 

Due date:  April 2021 – M31 

Actual submission date: 29th July 2021 
 

Responsible organisation: IKL 

Editor: Aitor Arriola 

Dissemination level: Public 

Revision: 1.1 
 

Abstract: 

This deliverable summarizes the activities done in 
WP2 on advanced wireless technologies for 
wireless TCMS, such as 5G, wireless TSN and 
Virtual Coupling applications. 

 

Keywords: 
T2G, ACS, DbD, TSN, 5G, URLLC, VCTS, T2T, 

WLTB, WLCN 

 
 
 

  
This project has received funding from the European Union’s 
Horizon 2020 research and innovation programme under grant 
agreement No. 826073. The information and views set out in this 
document are those of the author(s) and do not necessarily reflect 
the official opinion of Shift2Rail Joint Undertaking. The JU does 
not guarantee the accuracy of the data included in this article. 
Neither the JU nor any person acting on the JU’s behalf may be 
held responsible for the use which may be made of the 
information contained therein. 

 

Ref. Ares(2021)4851378 - 29/07/2021



D2.4 - Advanced Wireless Technologies and Applications for WTCMS           

Safe4RAIL-2 D2.4  Page II 

 

Editor 

Aitor Arriola (IKERLAN) 

 

 

Contributors 

Aitor Arriola (IKERLAN) 

Pedro Aljama (IKERLAN) 

Mohammed Abuteir (TTTECH) 

Héctor Hernández (MOXA) 

Jérôme Härri (EURECOM) 

Julio Manco (EURECOM) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Disclaimer 

The information in this document is provided “as is”, and no guarantee or warranty is given that 
the information is fit for any particular purpose. The content of this document reflects only the 
author’s view – the Joint Undertaking is not responsible for any use that may be made of the 
information it contains. The users use the information at their sole risk and liability. 



D2.4 - Advanced Wireless Technologies and Applications for WTCMS           

Safe4RAIL-2 D2.4  Page III 

Executive Summary 

This deliverable summarizes the activities done in several tasks of Safe4RAIL-2 WP2 on 
advanced wireless technologies for wireless TCMS, including: integration of wireless links of 
different railway domains (T2.5), extension of Drive-by-Data technology to the Wireless Train 
Backbone (T2.6), applicability of 5G technology for Wireless Train Backbone and Wireless 
Consist Network (T2.7), and applicability of Wireless Train Backbone for Virtual Coupling 
applications (T2.8). The following conclusions have been obtained from these analyses: 

1. WLTB and Train-to-Ground (T2G) links can be integrated in the Adaptable 
Communication System (ACS) device using OpenAirInterface (OAI) technology. Two 
technical approaches have been presented for this integration. 

2. Different options exist for the integration of Time Sensitive Networking (TSN) 
technology in 5G links, as an enabler for the extension of the Drive-by-Data concept to 
the WLTB. 

3. 5G is a feasible technology for carrying TCMS traffic in the WLTB and the WLCN, while 
some limitations exist for OMTS traffic. Further analyses should be carried out using 
worst-case scenarios which are more tailored to realistic wireless TCMS applications.  

4. WLTB can be applied for Virtual Coupling applications with a maximum communication 
distance of 500-1000m. In order to cover longer T2T links for Virtual Coupling a different 
wireless technology with higher communication range would be needed. 
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Chapter 1 Introduction 

This deliverable summarizes the activities done in Safe4RAIL-2 on advanced wireless 
technologies for wireless TCMS, such as DbD or 5G technologies, including results from 
different tasks in WP2. 

The deliverable is structured as follows. Chapter 2 summarizes the analysis done in task T2.5 
towards the integration of the Wireless Train Backbone (WLTB) with the Train-to-Ground (T2G) 
link, providing two different technical approaches for this integration. Chapter 3 includes the 
study done in task T2.6 for the integration of Drive-by-Data technology in the WLTB, therefore 
detailing the content of the different Time-Sensitive Network (TSN) standards, as well as the 
possibilities for the integration of this technology in 5G networks. Chapter 4 presents the 
applicability of 4G and 5G technology for WLTB and Wireless Consist Network (WLCN), which 
stems out of Task T2.7. In this chapter both infrastructure-based and V2X versions of 4G and 
5G are analyzed against the traffic requirements of the WLTB and WLCN. 3GPP use cases 
with similar features to those of railways are analyzed first, and custom resource-grid designs 
are made afterwards. Chapter 5, which is related to Task T2.8, analyses the applicability of 
WLTB for Virtual Coupling applications. Finally, Chapter 6 presents the conclusions obtained 
from the works presented in this deliverable. 

In summary, this deliverable provides a detailed overview about the future potential that 
different advanced wireless technologies could bring to the performance of the WLTB and the 
WLCN. 
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Chapter 2 Integration of on-board and 
signalling wireless systems 

In this chapter the integration of WLTB with T2G link is analyzed, so that both networks can 
be covered with the same cellular 4G/5G technology. First the requirements of the T2G link 
will be obtained, and afterwards two architectural approaches will be presented which allow 
the simultaneous operation of WLTB and T2G links based on the same technology. Figure 1 
illustrates this combined architecture. 

 

Figure 1. Combination of T2G and WLTB links 

 

2.1 T2G Bit-Rate Requirements 

In order to obtain the bit rate requirements of T2G communications, the tables listed in 
Appendix 5 of D3.1 from X2RAIL-1 have been used, where a set of requirements are detailed 
for each application used in theT2G link. In this Appendix four tables are listed, according to 
the type of railway transport sector: Main Line, Regional, Urban/Metro and Freight. Each table 
contains a set of system requirements and attributes (see example in Figure 2). 

 

Figure 2 Snapshot from X2RAIL-1 D3.1 Appendix 5 

 

In order to get the requirements of T2G, out of all attributes, data rate and latency have been 
selected. Data rate values have been scaled according to their frequency of use (low, medium, 
or high), which is defined in the glossary of the appendix (see Table 1). 
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Table 1. Frequency of use 

 

In order to obtain the total data rate for an application classified with a “low” frequency of use, 
the following process has been applied: 

1. To sum up all the data rates which have a frequency of use qualified as “low”. 
2. To multiply the outcome by 1/60 (1 active minute per hour). 

Similarly, in the case of “medium” frequency: 

1. To sum up all the data rates which have a frequency of use qualified as “medium”. 
2. To multiply the outcome by 5/60 for voice and 15/60 for data. 

The same reasoning has been followed for “high” frequency of use. 

It must be noted that this procedure represents a worst case, because it is being assumed that 
all applications are transmitting at the same time and at its maximum rate.  

Obtained results for T2G data rate and latency are summarized in Table 2, and graphically for 
data rate in Figure 3. These values have been obtained for different railway sectors (Main Line, 
Regional, Urban and Freight), different operation locations (Station, Yard or Line), and different 
operation modes (Normal, Degraded and Emergency). It can be observed that the highest data 
rate requirements for the T2G link are for Urban trains in Station and Line in Normal mode, 
mainly for real time video (non-critical) applications and internet for passengers. 

 

Figure 3 T2G Requirements (graphical outcomes)  
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  DATA RATE  
(Mbps) 

LATENCY min 
(msec) 

LATENCY max 

(msec) 

Main Line 

Normal 

Station 2.8 

10 500 

Yard 2.8 

Line 2.7 

Degraded 

Station 2.9 

Yard 2.8 

Line 2.9 

Emergency 

Station 2.9 

Yard 2.8 

Line 2.9 

Regional 

Normal 

Station 9.4 

10 3500 

Yard 5.9 

Line 9.2 

Degraded 

Station 12.2 

Yard 7.2 

Line 11.2 

Emergency 

Station 12.2 

Yard 7.2 

Line 11.2 

Urban 

Normal 

Station 36.3 

10 2000 

Yard 2.7 

Line 35.3 

Degraded 

Station 5.2 

Yard 3.0 

Line 4.2 

Emergency 

Station 8.0 

Yard 3.3 

Line 6.9 

Freight 

Normal 

Station 2.0 

10 500000 

Yard 2.0 

Line 2.0 

Degraded 

Station 2.0 

Yard 2.0 

Line 2.1 

Emergency 

Station 2.1 

Yard 2.0 

Line 2.1 

Table 2 T2G Requirements 

 

2.2 Integration Architecture Proposals 

Figure 4 shows an integration proposal from CONNECTA-2 project in order to integrate WLTB 
and T2G communications, via the Adaptable Communication System (ACS). In the following 
sections, two proposals will be presented in order to combine WLTB and T2G traffic using the 
same radio technology in the ACS. 
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Figure 4 WLTB and T2G communications proposal 

 

2.2.1 LTE/5G dongle connected to OAI 

One approach for WLTB/T2G integration is to equip with a commercial LTE dongle the WLTB 
Radio Device (RD) from Safe4RAIL-2. A bridge will split the traffic between Uplink/Downlink 
(UL/DL) and Sidelink (SL) either to the WLTB or to the T2G wireless link. Traffic separation 
between critical signalling (TCMS) and other on-board traffic (OMTS) is done with a bridge 
inside the embedded computer. Considering that LTE V2X (rel.14) does not support strict 
traffic prioritization, two wireless links are used between critical signalling and on-board traffic. 
Critical signalling is sent by the bridge to the LTE V2X interface, whereas on-board traffic is 
sent to the WiFi interface. This approach is depicted in Figure 5. 

 

Figure 5 WLTB split radio architecture 

The cellular ground infrastructure could either be a commercial operator or an OAI eNodeB. 
Although LTE dongle can connect to OAI, one issue is the available frequency on which OAI 
could operate. In a laboratory, OAI has leeway to operate on cellular spectrum, but on open-
field, spectrum would need to be reserved. An additional advantage of this split architecture is 
that the dongle could also be 5G, therefore enabling 5G communication on the T2G wireless 
link. 
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