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Executive summary
MISTRAL is a H2020 project that falls within the scope of the topic S2R-OC-IP2-03-2015 – Technical
specification for a new Adaptable Communication system for all Railways. This project is part of the
Shift2Rail Joint Undertaking Multi-Annual Action Plan (MAAP), which has also the goal to provide an
adaptable train-to-wayside IP communication system with enhanced throughput, safety and security
functionalities to take advantage of new technologies, to support the current and future needs of
signalling systems and voice services, and to reduce costs (i.e. CapEx and OpEx).
The current communication system between train and wayside is built up on the legacy 2G GSM-R
system. This technology is quickly becoming obsolete and industrial manufacturers are committed to
support it only until 2030. A possible migration of railway communication services to more modern,
non-exclusive Wireless Voice and Data Communication is currently being studied in numerous working
groups. However, a coherent business scenario model has not yet been presented mainly due to
several missing complex technical and economic issues that need to be analysed. The MISTRAL project
aims to contribute to this debate by analysing the techno-economic implications of a transition from a
Network as an Asset (NaaA) approach based on GSM-R technology owned and managed by
Infrastructure Manager (IM) to a Network as a Service (NaaS) approach adopting more modern
wireless communications systems deployed, owned and managed by Mobile Network Operator (MNO).
Obsolescence of GSM-R is a major issue, and it will become increasingly difficult and expensive for
IMs to maintain the current Quality of Service (QoS). If this is a major commercial motivation,
additional technical and economic reasons exist that raise the necessity to progress towards an
enhanced and adaptable train to wayside communication system.
The goal of the project is to define and validate a techno-economic proposition indicating the
conditions for the migration to the next generation communication systems for railways, which will be
eventually validated also by the stakeholders of the telecommunication and railway communities.
MISTRAL aims to many technical and socio-economic objectives:


The conditions for implementing in the railways sector the new technological trends in public
communications, such as the 4G-Advanced/Advanced Pro and 5G communication candidates,
are analysed in terms of technical and economic feasibility



Future communications scenarios in railways are identified, considering the shift from the
current “Network as an Asset” to the future “Network as a Service” model as specified in the
S2R Open Call.

According to NaaS model, the communication infrastructure will no longer be a property of the railway
IMs, but will be owned and operated by a telecommunication MNO that will provide services to railway
operators. The NaaS model will offer a “future-proof” approach in adopting the new emerging
technologies over time, as it will be in the mission of MNOs to maintain the technological pace of
change.
An objective of the project is to investigate the impact of the NaaS model on the CapEx and OpEx
costs of railway communication network for the IMs and MNOs. Moreover, a secondary but not less
important goal is to analyse the business opportunities and the value propositions with the introduction
of new advanced and improved services coming from the new technologies deployed along the railway
route. The baseline of the new communication system is represented by the mission critical railway
requirements as provided today by the GSM-R. In addition, the NaaS model will ease the
implementation of Innovative Services (IS) provided by the telecommunication operator or by other
third parties, with the potential for emerging markets and actors. Therefore, MISTRAL aims to identify
possible Innovative Services that can enhance the railway signalling, improve the railway management
and the travel experience of passengers and bring additional revenues supporting economically the
migration.
In the present deliverable we have built and validated a techno-economic proposition, where the
Innovative Services, introduced in the previous deliverable D2.1, and the Total Cost of Ownership
(TCO) for the main involved stakeholders (IM and MNO), are analysed in function of the three
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scenarios considered more promising in the future implementation of the railway communication
network:


the NaaA scenario, where IM builds and develops a new 4G*-MC network and substitutes the
old GSM-R for Mission Critical (MC) services (identified as Scenario 1);



the upgraded NaaA scenario, where IM builds and develops a new 4G*-MC network and
substitutes the old GSM-R, as in the previous scenario, and MNO deploys a pervasive
commercial 4G network along the line, where it could also offer Innovative Services for
railways (identified as Scenario 1bis);



the NaaS scenario, where MNO builds and develops a 4G*-MC network, other than its 4G
commercial network, and becomes the new owner of the overall railway communication
network (identified as Scenario 2a). The intervention of governments is considered in the
present deliverable as incentives and subsidies to MNO to implement the scenario 2a.

The three above-mentioned scenarios are compared with the current NaaA scenario based on the
GSM-R technology (identified as Scenario 0).
The NaaS scenario, where MNOs build and develop a new 5G network and become the new owner of
the railway communication network, has not been considered, because of shortage of available
economic data on it. Also, from a technical point of view, as described in the deliverable D4.2 and
summarized in section 4.1.2 of the present deliverable, although an enormous increase in performance
is expected with 5G, the technical specifications and actual performance data are not yet fully defined.
Innovative Services and costs for each scenario are investigated in three different case studies, built
on three different routes:


urban-urban (Case Study 1, shortened CS-1),



urban-rural (Case Study 2, shortened CS-2) and



urban-mountain (Case Study 3, shortened CS-3).

We built and used a model, called Virtual Route Model (VRM), in order to compute the TCO, both for
IM and MNO. The VRM is a tool, totally deployed by MISTRAL Consortium, where the technical inputs
to build the infrastructure have been put together with the economic variables. The model generated
a final functional form used to empirically compute the final TCO for each scenario, by using real data
coming from several sources.
As a result of this model, the NaaS scenario seems to be the preferred scenario in all the routes, even
after a sensitivity analysis, where we changed the values of some variables to make the model more
robust. Indeed, in our sensitivity analysis we used the total coverage of GSM-R, the total coverage of
4G, the percentage of revamping of GSM-R and of 4G sites to 4G*-MC sites, as the main variables to
be changed in order to compute several final outcomes to be compared among them.
The route with the best results is the urban-rural one, where lower costs are foreseen to upgrade a
GSM-R network, owned by the IM, and a commercial 4G network, owned by the MNO, to a unique
railway and commercial 4G-based network owned by the MNO. This demonstrates that where there is
a lower presence of GSM-R sites it could be worth to take advantages from cooperation with the MNO
to guarantee better railway services. Moreover, possible incentives and subsdies provided by
governments to MNOs could mitigate the potentially low Return on Investments (ROI) in areas
apparently less appealing from a business perspective. In the routes where MNO is interested in
investing for commercial reasons, since there are business opportunities, the NaaS paradigm appears
convenient even without incentives from the government, since it is possible to exploit the capability
to increase the number of passengers thanks to the Innovative Services (less delays, more trains,…).
Innovative Services, although being the drivers for the technological change from GSM-R to a
successive technology and bringing advantages to the railway and also to passenger services in all the
scenarios under study, cannot be considered drivers for the migration from NaaA to NaaS. In order to
maximise impact, gain knowledge from and align with activities taking place outside the Consortium
borders, MISTRAL collaborated with the S2R Call for Members project X2Rail-1 – “Start-up activities
for Advanced Signalling and Automation Systems” and established an External Stakeholder Committee
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(ESC), that is, a group of external, independent experts of recognized knowledge in different areas of
expertise including market, technological trends and standards.
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Introduction
Purpose, context and scope of this deliverable
The present deliverable is the final output of the project: the report describes the final technoeconomic proposition that has been validated in view of the findings generated by WP3 (Business
Viability Analysis) and WP4 (Technical Viability Analysis).
The procedural approach of the MISTRAL project adopted the following work strategy:
1. A portfolio of the possible scenarios of new adaptable systems for train to wayside IP
communication has been generated (see Section 5 in D2.1)
2. A techno-economic proposition consistent with the adopted scenarios has been generated,
including the design of Innovative Services enabled by new technologies and enhanced data
transmission capacity, and compliant to new user requirements of safety, security, QoS (see
deliverables D2.1 for the techno-economic proposition, D3.1 for the market forces, and D4.1
for the technological forces)
3. The techno-economic proposition has been subject to a business viability analysis to determine
and optimize the total-cost-of-ownership (TCO) of the new railway network communication
system (see deliverable 3.2)
4. The techno-economic proposition has also been subject to a technical viability analysis to
determine the compliance with new requirements, including security and QoS (see deliverable
4.2)
5. The results of the business viability analysis and technical viability analysis have been used to
refine, finalize and validate the final techno-economic proposition with optimized life-cycle cost
(LCC) and including a portfolio of Innovative Services (in the present deliverable).
A distinctive trait of the MISTRAL approach is to create mutual reinforcement between the technical
side and the business side. Along these lines, the analysis conducted sustained two specific stages of
the MISTRAL project, which have been of paramount importance for the development of the sound
techno-economic specification requested in the call for proposal:


Scenario building stage, resulting in the design of foreseeable next-generation railway
scenarios



Decision making stage, consisting in the formulation of actionable insights stemming from the
validation of the techno-economic proposition.

Along these lines, it has been possible to meaningfully combine into a unique ‘big picture’ four key
pillars of the resulting value architecture:


Service (i.e. value proposition and market segment at which the offering is aimed)



Technology (i.e. technical functionality required to realize the service offering)



Organization (i.e. structure of the multi-actor value network required to create and distribute
the service offering and to describe the focal firm’s position within the value network)



Finance (i.e. core logic that the value network should adopt to generate revenues from a
particular service offering, accompanied by the way risks, investments and revenues are
divided among the various actors in a value network).

Then a TCO analysis has been performed to compare alternative options on the basis of costs of
acquisition and set-up, operating costs as well as the costs related to replacement or upgrades at the
end of the life cycle. Such an analysis considered a reasonable time horizon (e.g., 15 years), a given
geographical scale (3 case studies based on 3 different route typologies have been used in the
comparison: urban-urban, i.e. Case Study 1, or CS-1; urban-rural, i.e. Case Study 2, or CS-2; and
urban-mountain, i.e. Case Study 3, or CS-3) and manifold cost items incurred by railway owner (i.e.
CAPEX, OPEX, direct costs, indirect costs) with the purpose to offer a juxtaposition of different options
by means of comparable metrics. More specifically, MISTRAL used a counterfactual scenario (i.e. the
Document version: 1.0
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current GSM-R network) in order to evaluate the soundness of the investments needed to put in place
an adaptable communication system based on advanced radio technologies. To appropriately cope
with the inherent uncertainty characterizing such investment, the tuning of parameters within the
scope of a sensitivity analysis will bring to the fore a set of favorable conditions in which the use of
public radio communication network instead of dedicated networks could be possible and beneficial
for an ample cohort of stakeholders. Finally, a qualitative analysis contributed to refine the portfolio
of added-value services, identifying the viability of each of them, circumstances in which crosssubsidization is recommended, opportunities for price discrimination and potential terrain for additional
unbundling.
2.2

Scope
The present deliverable has the objective to summarize all the steps performed from the beginning of
the project and to describe and validate the final techno-economic proposition, which is the main topic
of the last part of the project. We started from the definition of the AS-IS and TO-BE scenarios, and
consequently Network as an Asset (NaaA) and Network as a Service (NaaS) paradigms, and from the
definition of Innovative Services (IS), described in the deliverable D2.1; then we focused on the studies
on the business and technological aspects impacting telecommunications in railway environment,
reported in deliverables D3.1 and D3.2 the former ones and in deliverables D4.1 and D4.2 the latter
ones. Finally, in this deliverable we report the validation of the final techno-economic proposition, also
distilling additional lessons learnt drawing on results yielded by all WPs.
The document is structured as follows:


Section 3 describes the methodology used to define and validate the techno-economic
proposition, as done in the following chapters



Section 4 summarizes the outcomes from the first part of the project which constitute the
baseline for validating the MISTRAL techno-economic proposition



Section 5 provides a detailed analysis of the Innovative Services introduced by MISTRAL
Consortium, also mapping them on the Shift2Rail Innovation Programmes



Section 6 focuses on the Virtual Route Model (VRM), describing the analytical model,
calculating the TCO of each scenario, and also making a sensitivity analysis on it varying some
parameters



Section 7 merges the outputs from the previous sections, defining an economic evaluation
across Innovative Services for each of the analyzed routes and finally making a ranking of
them



Section 8 contains conclusive remarks.
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Methodological approach for the validation of the techno-

economic proposition
The goal of this deliverable is to perform a validation of the overall techno-economic proposition
emerged from D3.2 and D4.2, highligthing possible differences between NaaA and NaaS scenarios. In
order to do so, we combine and validate all the results of the previous deliverables following a bottomup logic, where we analyse Innovative Services in combination with the technical, economical and
stakeholders’ point of view (see Figure 1).
The final goal of this analysis is to generate one case study for each of the 3 routes1. Each case study
comprises the following qualitative and quantitative elements:


A more accurate stakeholders’ analysis (SA), preliminarily performed in the deliverables D3.1
and D3.2



A more accurate analysis of the Innovative Services (IS), initially performed in the deliverables
D2.1 and D3.2



A value proposition (VP) of each Innovative Service



A more accurate evaluation of the Total Cost of Ownership (TCO) for each of the 3 scenarios,
Scenario 1, 1bis and 2a, described in the section 4.2, with an associated sensitivity analysis
on the parameters defined the Virtual Route Model.

Finally, we will rank among all the case studies in order to define the main differences among them
with respect to the different stakeholders’ point of view.

Figure 1 Goal of the current deliverable

The steps done to reach the final goal of the deliverable are described in the following sections.
3.1

Step 1: Selection of the Innovative Services
From the list of Innovative Services preliminarily studied in deliverables D2.1 and D3.2, a subset of
more significant Innovative Services has been selected according to the information collected among
the partners and from the External Stakeholders cooperating with MISTRAL Consortium (see section
4.5).
In section 5 all the Innovative Services identified by MISTRAL Consortium are firstly mapped on the
Shift2Rail objectives (section 5.1), then grouped in bundles of services with similar scopes and

1

Route 1 = from urban to urban area; Route 2 = from urban to rural area; Route 3 = from urban to mountain area.
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implementations, and finally, from the totality, the most meaningful have been selected and analyzed.
An explanation of the choice is given in section 5.2. In section 5.3 the selected services are described,
analyzing advantages and disadvantages for the involved stakeholders, and highlighting differences
between NaaA and NaaS scenarios, if any.
3.2

Step 2: Stakeholder analysis (SA)
The objective of this step is to identify the stakeholders involved and the impacts on them of each
analyzed Innovative Service, each scenario (NaaA or NaaS) and each route.
Starting from the preliminary stakeholder’s analysis already done in D3.2, the goal of this step is to
identify:


Who produces the selected service (the producer/supplier of the components of the service,
e.g. the physical equipment, the infrastructure, the algorithm, etc.)



Who manages and offers the selected service (the provider of the service that manages the
activity generated by the service itself)



To whom the selected service is offered (i.e., the final end-users of the service)



The system of payment or the way of exchange of value (e.g. canon or rent, pay for use, flat
fee, etc.).

The most relevant added value to be generated from this step is to identify which are (if any) the main
differences between NaaA and NaaS among all the actors involved in the exchange of value. Moreover,
this analysis has been done to evaluate if NaaS can change the actors involved in some services and
if the costs of transaction can change.
This analysis has been done for each service and it is described in section 5.3.
3.3

Step 3: Evaluate the Techno-Economic Benefits (TEB) of Innovative Services
The goal is to define the most important economic and technical characteristics of each service and
how these characteristics can affect a given scenario and a given route.
It is important to define the characteristics that can have some possible economic impact (positive or
negative) and which stakeholders can get the benefits/costs (direct and indirect).
This analysis has been done for each service and it is described in section 5.3.

3.4

Step 4: Evaluation of the Value Proposition (VP) of Innovative Services
Based on the information obtained in the previous steps 2 and 3 a Value Proposition is built for each
Innovative Service.
The ultimate aim of the value proposition design is to ascertain that the commercial offering solves
problems and satisfies needs expressed by target customers. As part of the problem-solution fit
analysis, the Value Proposition Canvas ([12]) allows observing and codifying a set of customers’
characteristics for designing a value proposition that meets needs and wants of target segments.
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Figure 2 Value Proposition Canvas (Source: [12])

This process can require identifying and rank pains (i.e., risks and bad outcomes), gains (i.e., benefits
and good outcomes) and jobs (i.e., needs and problems to be solved) of the potential end users and
to put a set of preferences and priorities for final users.
A value proposition has been done for each service and it is described in section 5.3.
3.5

Step 5: Elaboration and validation of the Virtual Route Model (VRM) through an
improved evaluation of the TCO of Case Studies
At this stage, thanks to the insights gained through the previous steps, an improved and updated
evaluation of TCO already elaborated in the deliverable D3.2 is performed for each scenario and each
route (it should be noted that the TCO is independent on the Innovative Services).
Here the goal is to capture additional options available to stakeholders (e.g. IMs and MNOs) when
they will consider the combination between, for instance, adoption of a NaaA vs NaaS model,
exploitation of subsidies or incentives from government, investment costs in radio frequencies, sharing
of existing infrastructures, etc.
This step is described in section 6.

3.6

Step 6: Final Economic Evaluation (EE) of Innovative Services and Case Studies
In this step the Value Proposition built for each Innovative Service (step 4) is combined with the
improved evaluation of the TCO (step 5), to get the final Economic Evaluation (EE). The concept is
summarized in Figure 3.
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Figure 3 Final Economic Evaluation

Based on the Economic Evaluations, a single case study (CS) is defined for each route. Finally, a
ranking of the case study is done.
This step is described in section 7.
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Assumptions and insights at the basis of the techno-

economic proposition validation
This section summarizes assumptions and insights at the basis of the techno-economic validation,
which comprise the initial outcomes of the MISTRAL project, further enriched through the continuous
refinement process implemented by MISTRAL and engaging both MISTRAL Partners and members of
the MISTRAL External Stakeholders Committee.
In section 4.1 there is a recap of the technical aspects studied in the project. In particular an analysis
on the possible technologies to replace the GSM-R has been carried out, identifying the 4G LTE and
5G network standards as the most promising candidates. On the basis of these preliminary technical
analyses, the definition of a generic QoS vector for railway communication applications was examined
in MISTRAL D4.2. This vector describes qualitatively and quantitatively the characteristics and
performance indicators of the transmission channel that meets the specific requirements of future
railway communication. The new introduced QoS methods, guaranteed call setup times, proper service
prioritisation and IP security capabilities, offer advantages over the previous GSM-R system. The QoS
mechanisms of the next generation network technologies were identified and assessed.
In section 4.2 a list of seven possible scenarios with different corporate governance typologies has
been described starting from the current one (i.e. GSM-R) to the latest release of radio communication
network (i.e. 5G). Each scenario has been analysed according to four characteristics: network
technology, type of services, ownership and shared hardware. For the purpose of our techno-economic
analysis we decided to focus only on four scenarios, as described in section 4.2:


the current NaaA GSM-R scenario (i.e. scenario 0);



the future NaaA scenario, where the 4G technology, exploited for Mission Critical (MC)
services, is owned by the IM and the commercial services continue to be managed by the
Mobile Network Operator (MNO), in the two cases where the commercial network partially or
totally covers the railway route (i.e. scenario 1 or 1 bis, respectively);



the future NaaS scenario, where 4G technology is exploited for MC and commercial services
and the whole network is deployed, managed and owned by the MNO (i.e. scenario 2a).

In section 4.3 an exploration phase of the main drivers affecting the migration towards NaaS has been
done based on the D3.1 and D3.2 insights. The first step was to select and define all the stakeholders
involved in each scenario and the relationships among them. From the nine types of actors analysed
we decided to focus on the three ones really influencing the migration: IMs, MNOs, and passengers.
The second step was to highlight the exogenous and endogenous forces pushing towards the NaaS
paradigm through a Gap, STOF and PESTEL analysis.
In section 4.4 there is an overview of the regulations the radio communication is subject to, in order
to identify if the entry in the market of railway radio communication systems of the MNOs is prevented
or limited by normative issues with particular reference to the aspects related to the frequency
management, to the degree of market openness and Service Level Agreement (SLA) management.
Finally, section 4.5 mentions the contribution given to the project by the External Stakeholder
Committee (ESC), through on-field information useful to build the techno-economic model.
4.1

Technologies and QoS
A future migration of present railway communication technologies to more modern, non-exclusive
wireless voice and data communication is currently being studied in numerous working groups in the
Telecom Industry, Railway Supply Industry and normative Organisations. However, a coherent
technical feasibility study has not been presented yet. Within the MISTRAL project we tried to
overcome these difficulties and to find a techno-economic approach to address them. Within D4.1,
analyses were carried out as to which technology successors for GSM-R would come into question
with regard to their functional and technical feasibility. D4.2 focuses on the technical prerequisites,
which are necessary for the implementation of new paradigms for railway communication networks,
especially the Network as a Service (NaaS) approach.

Document version: 1.0

Page 18 of 160

Submission date: 2018-11-27

MISTRAL

D2.2 Validated Techno-economic proposition

Today, the European Train Control System (ETCS) is the worldwide spread signalling system for train
control functionality. The communication between the trains and the wayside infrastructure is currently
carried out using a second-generation mobile communications standard. This technology will be
discontinued and must be replaced in the coming years. Thus, in the future, ETCS will be provided
over next generation (4G/5G) mobile networks. It is necessary to analyse whether the specific railway
safety requirements can be met by the performance of the new network technologies. This deliverable
considers various approaches to perform a quality of service analysis. These analyses are intended to
clarify whether ETCS data integrity and the functionality of other railway-specific services can be
achieved even under difficult conditions using the appropriate 4G/5G network Quality of Service
mechanisms.
4.1.1

Conclusions of technological forces and railway performances conditions

Various commercial 4th generation communication solutions are already available on the market, as
shown in the Table below. These IP-based broadband-based mobile services have been partially
available to private end-users for years. At the same time, the development of these technologies is
becoming increasingly faster. While communication in the railway sector for safety applications is today
being carried out with systems of the 2 nd generation, the introduction of the 5th generation of mobile
radio technology, with enhanced network performance and functionality, is already on the horizon.

Table 1 4G/5G mobile network standards, 3GPP releases of LTE technology [1]

The future communication technology for railways will be an IP-based off-the-shelf system, with
railway specific added functions and a technological division of the application and the physical
transmission layers.
Since 4G LTE technology is a versatile and proven – yet sufficiently generalized – representative
solution of future IP based Data Packet Switched wireless transmission network, it is well suited to be
further analysed for its adequacy as a GSM-R successor. However, the possibilities offered by the
network core architecture concepts (e.g. SDN, VNF) and Mission Critical functionalities presented with
5G are interesting aspects, which have to be considered in specific railway communication networks.
In addition, an enormous increase in performance is expected with 5G networks. However, the
technical specifications and actual performance data are not yet fully defined.
4.1.2

Conclusions of Technical and QoS viability

Since innovation cycles of railway subsystems are considerably long, it makes necessary to define a
Quality of Service (QoS) requirements to the communication layer as independent of the actual mobile
radio standard as possible. Although the change from circuit-switched transmission to packetswitched-transmission necessitates a new conception of the QoS, it does not seem sensible to
determine a new QoS vector for each new telecommunications standard.
QoS within railway radio systems is particularly important for the continuous transmission of critical
low-latency data and also of high-bandwidth data in future, as this content is difficult to transmit
especially in public networks using common best-effort protocols. Quality of service can be improved
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with various techniques such as packet prioritisation, application classification and queue
management. The definition of a generic QoS vector for railway communication applications was
examined in MISTRAL D4.2. This vector describes qualitatively and quantitatively the characteristics
and performance indicators of the transmission channel that meets the specific requirements of future
railway communication.
The approach used for the D4.2 analyses to recommend a future QoS and performance vector were
the following: the functional and technical requirements of the existing GSM-R train radio system were
analysed. The system specifications of ERTMS and existing standardisations in the railway domain
were used as a foundation. Furthermore, the network transmission functionalities provided by future
communication standards were evaluated. Modern mobile radio networks offer comprehensive QoS
functionalities that can be used in the future railway radio system. The results of both analyses are
compared and a new QoS vector was derived and specified, which can be applied for future railway
communication. The Table 2 shows an example of the derived QoS requirements for different types
of data transmission in the railway sector.

Table 2 Derived QoS vector for railway data transmission [2]

The convergence to an all IP based network will provide an efficient use of the network capabilities.
The new introduced QoS methods, guaranteed call setup times, proper service prioritisation and IP
security capabilities, offer advantages over the previous GSM-R system. The 4G and 5G QoS
mechanisms were identified and assessed. These comprehensive QoS methods for the future
communication networks meet the requirements of stringent QoS parameters of railway functions.
The definition of a QoS vector for railway communication applications for voice and data applications
according to recent 3GPP standardisations has successfully been drawn and the conclusions were used
in further steps of the project.
4.2

Scenarios
In the deliverable D2.1 an initial selection of future railway communication scenarios has been
performed in view of technical and economic results. Then, the deliverable D3.2 examined all the
scenarios coming from D2.1, prioritised some of them, and described the rationale of this choice. For
simplicity in calculations, we mainly focused on the corner solutions, i.e. the extreme scenarios,
neglecting the hybrid scenarios (scenario 0.5) and those where third parties entry (scenario 2b). The
intervention of governments is considered in the present deliverable as incentives and subsidies to
MNO to implement the scenario 2a. Finally, the scenario 3, involving 5G technology, has not been
included in calculations, because of shortage of available economic data on it. Also, from a technical
point of view, as described in the deliverable D4.2 and summarized in section 4.1.2 of the present
deliverable, although an enormous increase in performance is expected with 5G, the technical
specifications and actual performance data are not yet fully defined.
On the other hand, in the last phase of the project, during the analysis of the Innovative Services, we
considered an additional scenario, called scenario 1bis, since it is an enhancement of scenario 1, useful
for a better deployment of the services reserved to railway operators and passengers. It is described
in the following section 4.2.2.1.
Here below, a summary of all the initial scenarios and a deeper description of the ones selected for
the MISTRAL analysis can be found.
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The Table 3 shows 6 initial scenarios defined by our project, plus the new scenario 1bis described
above.
Scenarios

Name

Ownership

Description

0

NaaA with
GSM-R (status
quo)

IM

AS-IS (current GSM-R deployment)

0.5

Partial NaaA

Mixed IMMNO

MNOs could start to develop some
Innovative Services (type 2 and 3)a by
using their own 4G network and make
some agreement with IMs to provide these
services. The network for Mission Critical
(MC) services (type 1) is still owned by
IMs.

1

NaaA with
4G*-MC

IM

NaaA where IMs build and develop a new
4G*-MC network and substitute the old
one (GSM-R)

1bis

Partial NaaA

Mixed IMMNO

IMs build and develop a new 4G*-MC
network and substitute the old one (GSMR), as in Scenario 1, and MNOs deploy a
pervasive commercial 4G network along
the line (for services type 4)a, where it
could also offer Innovative Services (type
2 and 3)a

2a

NaaS with
4G*-MC

MNO

NaaS where MNOs build and develop a
new 4G*-MC network and become the
new owner of the overall railway
communication network

2b

NaaS with
4G*-MC

Other third
parties

NaaS where other third parties (new or
existing actors) can enter in the railway
communication network and the
government provides some financing for
the deployment of the network

3

NaaS with 5G

MNO

NaaS where MNOs build and develop a
new 5G network and become the new
owner of the railway communication
network

(a) Innovative Services are divided in 4 groups: Type 1 (mission critical, safety and control
services), Type 2 (services for railway operators), Type 3 (services for passengers) and
Type 4 (mobile commercial services). See Figure 4
Table 3 Scenarios from MISTRAL Consortium

The Figure 4 gives an example of network that will enable to clarify the business cases based on four
main variables:
1. Network technology: it is the type of wireless communication technology (i.e. the antenna)
that it is identified with different brackets. We refer to the deliverable D4.1 for a deep analysis
about these technologies.
2. Services: it represents (in pink colour) the types of existing and Innovative Services offered
by the current and the new technology. Innovative Services have been divided in four groups:
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Type 2 – Services for railway operators



Type 3 – Services for passengers



Type 4 – Commercial services.

When the number of the service is in bracket, e.g. (2) in the Figure 4, it means the service is
optional and it is not mandatory: in other words, the network permits to deploy this service,
but the owner of the network can decide to deploy or not this service in its network based on
other commercial or economic reasons. In deliverable D2.1 there is a deep description of
services according to the QoS, providers of services, capacity, availability, real time and other
parameters. Refer to the chapter 5 of the current deliverable for an advanced description of
these services from technical and business points of view.
3. Ownership: it represents (in green colour) the owner of the network (i.e. MNO, IMs, other
operators). The ownership permits to define if we are in a NaaA or in a NaaS paradigm.
4. Shared hardware: it is the blue box under the access interface and represents the case of
shared hardware between two different networks of different operators. The pyramid
represents the access interface of the network.

Figure 4 Example of network for one hypothetical scenario (Source: MISTRAL Consortium elaboration)

In the example at the right of Figure 4 we have an infrastructure owned by MNO with a 5G wireless
technology that provides mainly services for mission critical and safety (1) and could offer optional
services for operators (2).
In the following subsections a deeper description of the scenarios selected for the techno-economic
analysis.
4.2.1

Scenario 0 - GSM-R NaaA owned by IM

This scenario represents the status quo, that is, the current communication system where the network
technology is GSM-R. This is the case of NaaA where the owner of the network is the IM. In this case
we consider the services 20 and 30, which are the existing services currently developed and deployed
in the railway sector. Services 2 and 3 could be an improvement of the old 2 0 and 30 or additional
services. IMs offer services 1, 20 and 30 while the mobile commercial services for passengers, 4, are
provided by MNO to the railway passengers, through contract agreements with railway undertakings
(RUs) and IMs. The Wi-Fi connection is provided to the RUs that pay MNOs for these services.
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Figure 5 Scenario 0 – NaaA (GSM-R) (Source: MISTRAL Consortium elaboration)

4.2.2

Scenario 1 - 4G*-MC NaaA owned by IM

In this scenario the technology is upgraded from the current GSM-R to a new broadband packet-based
technology (i.e. 4G*-MC) that can satisfy operative and QoS requirements of the railways
communications. The network is implemented using purpose-specific hardware. The infrastructure is
dedicated to railway communications and it is used to provide both mission critical and non mission
critical services; it is still owned and managed by the IM (i.e. NaaA scenario), while traditional public
commercial services are provided by an external MNO.

Figure 6 Scenario 1 – NaaA (4G) (Source: MISTRAL Consortium elaboration)

4.2.2.1 Scenario 1bis - 4G*-MC NaaA owned by IM and full coverage 4G commercial network
owned by MNO
This scenario has not been analysed in the deliverable D3.2, but we think it is important to be
considered in our economic analysis.
This is a NaaA network. IM owns a network for Mission Critical Services, upgraded to a new broadband
packet-based technology able to satisfy operative and QoS requirements of the railways
communications, as in scenario 1. Additionally, MNO decides to invest in a more pervasive deployment
of 4G for commercial reasons along the railway line. In this way MNO can offer very good services for
passengers; moreover, since the whole line is covered with the commerical network, MNO could also
provide services for railway operators, that IMs and RUs would have, but not on the same network as
Mission Critical services. Therefore, the network is partially NaaS, since IM owns a dedicated network
for Mission Critical services, but it uses a commercial network, in the paradigm of NaaS, for nonmission critical services.
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Scenario 2a - 4G*-MC NaaS owned by MNO

This is the case in which there is a NaaS network. As in the scenario 1, a new technology is used to
build the railway communication infrastructure using purpose-specific hardware, but, in this scenario,
the MNO is in charge of building and managing the physical infrastructure. The access part of the
network is dedicated to the railway in order to ensure appropriate safety and QoS levels to railway
operations, whereas some not critical network components may be in common with the MNO
commercial network. The main scope of the site represents the main goal to which the sites was
dedicated before the migration. For instance, in case of NaaS, the sites owned by MNOs have sites
and equipment more dedicated to commercial services with 4G, while the sites owned by IMs have
sites dedicated to mission critical services with their infrastructure and equipment. An added value for
this scenario can be to re-use part of these equipment for the new communication network system.
This scenario represents an ‘incremental’ innovation with respect to the status quo (Figure 7).

Figure 7 Scenario 2a – NaaS (4G) (Source: MISTRAL Consortium elaboration)

4.3

Economic insights
The final techno-economic model has been built after a set of several stages that have involved all the
partners of the Consortium according to their own experience and knowledge in the field of railway
communication system. The final result of the model comes from the two-steps analysis: first, we
made what we called the exploration phase, second, and finally, we did the exploitation methodology
coming from the results of the exploration activity.
In the first stage of the project, we investigated all the stakeholders involved in the current and future
network communication system, trying to highlight some features and drivers that could affect them
to consider or not the opportunity to exploit the NaaS scenario and which benefits can arise from
technical, economic and welfare point of view.
In the second stage, we realized the opportunity to go in depth in the description of each scenario
with the aim to generalize them as much as possible. We proposed a methodological approach to
define and build all the possible scenarios for NaaS, based on some so called ‘scenario variables’ that
have been well described in the D2.1. From this stage, we defined seven main archetypes of scenarios,
which have been described in the chapter 4.2. For the techno-economic model we decided to focus
only in four of them: Scenario 0, Scenario 1, Scenario 1bis and Scenario 2a.
During the first stage of the project we collected many information on the field, mainly about the
railway sector together with few inputs from the commercial mobile network sector. We decided that
it could be feasible to create a set of case studies to be developed with a techno-economic model to
evaluate the economic viability of the three selected scenarios. Our goal was not only to provide a set
of numbers and economic results for each scenario, since the final numbers should be required to be
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more precise for the final consideration, but also to generate a ‘methodological approach’ to be used
to analyze the characteristics of NaaS paradigm both from IM and MNO point of view, trying to describe
all the possible advantages and disadvantages. In the techno-economic model we focus on technical
consideration and on the TCO analysis, however, also consideration about business opportunities have
been done in the deliverable D3.1, D3.2 and in the current D2.2.
In deliverable D3.1, we have done a stakeholder analysis where we identified at least eight categories
of actors for the NaaA and NaaS paradigm: IMs, RUs, MNOs, Public Authority (i.e. EU community,
country government, railway authorities), end-users (i.e. passengers), providers of technologies (i.e.
manufacturers), providers of external services (i.e. third parties as small medium or large enterprises
focused on IoT solution, on data management, etc.) and standardization authority (e.g. 3GPP). For
each of them we defined which are the main benefit and costs to develop NaaS paradigm, what are
the main dominant positions and the future perspectives. Other actors have been considered in the
following D3.2 deliverable, as small medium enterprises (SMEs) and large enterprises (LEs) specialized
in railway manufacturing and Innovative Services that are described in D2.1 and also in the section
5.3 of the current deliverable, where the stakeholders are identified for each Innovative Services. A
synthesis of the stakeholder analysis is provided as follows:


IMs are State Owned Enterprises (SOEs) characterized by a natural monopoly in the providing
both the railway infrastructure and communication network for mission critical services. They
provide services to RUs in a Business-to-Business (B2B) or Business-to-Government (B2G)
relationship among them.
 RUs are also usually SOEs characterized by oligopoly market, even if after a recent
liberalization process, some private enterprises are entering in the market to compete with
the incumbent RUs. They generate a Business-to-Consumer (B2C) commercial relationship
with the end-users (i.e. passengers) and B2B with MNOs.
 Manufacturers are characterized by a perfect competitive market, even if the main players are
LEs with high barrier to entry. Manufacturers are in a situation of monopsony in supplying
communication technologies and equipment to IMs (also in this case B2B relationship). Hence,
incumbents have a crucial role in the development of the technologies and in the pricing.
Manufacturers also have an important role to provide devices and technology to RUs (B2B).
 Third Parties entities are all the commercial suppliers of a set of Innovative Services described
in the following chapters, which can provide to RUs (B2B), IMs (B2G and Monopsony) and
passengers (B2C). We can describe a perfect competitive market since the number of actors
(e.g. SMEs, enterprises specialized in entertainment, Big Data, IoT, etc.).
 Public Authorities and Government have the key role in the deployment of the NaaS paradigm.
Indeed, regulation activities, liberalization process of communication network, financing
source, etc. are all inputs that can affect and favour NaaS scenario in the case no any
convenient business opportunity can arise from MNOs.
 Finally, MNOs have the central role in all the NaaS migration since they can provide Innovative
Services and, at the same time, provide the communication and exploit possible business
opportunities from the management of a route, if there are. Moreover, investment
opportunities can come from economies of scale and economies of scope in the deployment
of both commercial and mission critical network along a rail route.
 Passengers are the end users of some of Innovative Services dedicated to the travel. Today
the dominant business model underpinning the network communication system for railway
implies that IMs and RUs own all the network communication infrastructure on top of which
mission critical services are delivered. On the flipside, services for passengers (i.e. on-board
Wi-Fi connection and other web-based services) are provided by external MNOs in view of
specific contractual agreement and through a physical access point (AP), external antenna
and other components that RUs purchase and install on wagons. It may happen that MNOs
provide also roaming services to IMs and RUs. The price of these services usually is not paid
directly by the passengers but it can be seen as an indirect cost (non-quantifiable) covered
by the total ticket revenues.
In the following figures, we synthetize how the NaaS scenario could change the relationship among
actors with respect to NaaA, starting from a manufacturer centric to a MNO centric market (Figure 8
and Figure 9) and what the degree of influence and interest of each actor in the migration towards
NaaS are (Table 4).
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Figure 8 NaaA: actors and their roles (Source: MISTRAL Consortium elaboration)

Figure 9 NaaS: actors and their roles (Source: MISTRAL Consortium elaboration)
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Latent
 Railway Authorities
High

Power of Influence
Low

Apathetics
 Consumers
 RUs
Low

Promoters
 Standardisation
Authorities
 EU
 Government
 IMs
Defenders
 MNOs
 Manufacturers
High

Interest
Table 4 Migration towards NaaS: stakeholders with respect to the Innovative Services

In the following Figure 10, we make also a brief market overview about some current relationships
among the actors in order to highlight what could be the drivers and barriers to entry for each actor
involved in the migration towards NaaS.

Figure 10 Relationship among stakeholders

A consequent step was to describe the exogenous and endogenous forces, that push towards NaaS
paradigm, through a Gap analysis, a STOF and PESTEL analysis, and an explanation of what can be
the possible market trends. Some of the main results affecting the TO-BE NaaS scenario are the
following:
 Product end of life, end of support for equipment assets
 Prohibitive CAPEX and OPEX costs due to an ageing and soon life-expired technology
 Public-private investments for modernizing rail transport infrastructure, but at the same time,
ensuring optimal railway safety
 Policy goal of drastically reducing life-cycle cost of railway transport for years to come
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Expectation for a user-friendly railway system ensuring an enhanced passenger experience
Remarkable R&D investments incurred by private players in advanced ICT developments for
railway
 Creation of new market opportunities for actors entering or reinforcing their position in the
railway realm (e.g., mobile telco operators, service providers, technological suppliers,
Innovative Services Suppliers)
 Remarkable shift from CAPEX to OPEX; lower CAPEX and/or OPEX for IMs and Shift in the
burden of maintaining the communication infrastructure and dealing with its inevitable
obsolescence
 Attainment of economies of scope with the usage of a unique communication infrastructure
for several purposes (mainly with 5G).
The main conclusions coming from D3.1 and D3.2 are the following.
The market analysis showed that the prevalent network in EU is GSM-R (several official sources provide
the number of km of line covered by GSM-R and ETCS) where some developing countries have started
now to deploy the GSM-R infrastructure and other countries will deploy the GSM-R lines in next years.
This network is expected to remain the same – apart from few technology improvements – until 2030,
year after which the technology will be considered obsolete and the cost of maintenance will be too
onerous for railway operators. Many IMs and RUs have already planned how and when to shift to a
new technology – predominantly 4G*-MC – after 2030. That said, to the best of our knowledge, no
railway companies have yet considered to outsource network communication services. This has
occurred even if, in case of outsourcing, CapEx can be reduced close to zero. It has to be said that
the railway realm is a legacy sector in which safety has a role of paramount importance. As a
consequence, outsourcing mission critical services to external operators can be risky if appropriate
SLAs are not guaranteed. Due to this reason, changes in the management of network can be
considered much difficult because of the safety constraint required by network systems and also
because of the high investments that can discourage the entry of new actors into the building and
ownership of a new infrastructure. In this overview, it is intuitive that railway ‘state owned’ companies
can have an economic advantage, as a natural monopoly, as they can reap the benefits of a different
management system less dependent on competitive market issues. However, some countries, such as
UK and Australia, show interest for hybrid management of the network communication system: should
it be the case, a model in this vein would imply to outsource part(s) of the communication network to
external operators in order to reach specific areas. But currently, it seems that a real intent by
commercial MNO to enter in railway communication market has not yet been made. However, in this
project we should at least define what the possible opportunities for MNO to enter in the market are
and how much the regulation or the state intervention could be in order to stimulate this new
paradigm.

Ceteris paribus, considering the same current legal and economic framework, an uneven intention to

migrate towards a new NaaS-based management system comes to light for IMs/RUs and MNOs. IMs
can be reluctant to remove a strategic asset with high mission critical requirements. The safety risk
has to be considered an important barrier to entry for other external operators as MNOs. On the other
side, the cost of implementation of a new network with new technological standard (CapEx) can be a
relevant entry barrier for MNOs while for IMs it seems to be not so relevant if we consider the SOEs
can have different policies in terms of balance budget (even if today they can be joint stock companies
with a traditional financial statement). After discussion inside the MISTRAL Consortium, partners agree
that all the Innovative Services shall be provided with NaaS scenario, in case of using a commercial
network, but, at the same time, Innovative Services can be also provided on top of a dedicated 4G*MC network, for instance. Hence, a relevant milestone consists in identifying and quantifying the
conditions under which MNOs can have more incentives to invest in railway communication system
and the so called transversal variables identified in the present work will be an input to deep this issue.
However, in light of recent economic trends concerning the risk of decreasing profit in the future for
MNOs, a strong pressure for new business models arises in the telco realm. This can be a driver to
investigate which opportunity can materialize from a total or, more realistically, a partial ownership of
MNOs in the railway communication network system. New business models can come from
implementation of Innovative Services applied to different scenarios selected by our work where the
state intervention (e.g. state incentive) can put the foundation for the field where new actors can
enter in the market of railway communication system.
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On the whole, a selection of market trends affecting the uptake of the NaaS paradigm are the following
ones:






4.4

Increasing of competitiveness of railway market (e.g., new passengers, new jobs, lower
environmental impact);
Investment in railway network communication for MNOs, in case of NaaS, is a differential cost,
in other words, it requires a huge technological improvement of the current commercial
infrastructure in order to satisfy the future needs (i.e. services) of railway sector, as a
consequence, a huge amount of investment costs difficult to support without some incentives;
Opportunity for MNOs to invest in a new and unexplored sector (i.e. railway) with new
products and/or new business lines, new players entering the market fray (e.g., for external
Innovative Services)
Investment cost for IMs/RUs will decrease in case of handing over the ownership of
infrastructure to commercial operators, hence, it means the goal to minimise costs for IMs/RUs
can be reached with NaaS paradigm. However, reducing CapEx can be not the only variable
that can affect the choice from IMs/RUs point of view to migrate towards a NaaS paradigm.
Indeed, other relevant issues are safety risks management, policy implications, default risk of
existential dependence on a given supplier, etc.

Impacts of normatives and regulations

4.4.1

General considerations

Radio communication is subject to a set of normative provisions, addressing the different aspects of
its management. The main objectives of these provisions are:
1. Promoting efficient use of scarce resources (like electromagnetic frequency spectrum),
ensuring their availability for critical services (safety and security, protection of environment,
etc.). In this area a very important role is played by international regulations and standards
about the management of the frequency spectrum and the way it is used by networks and
terminals.
2. Assuring that the use of telecommunication for both critical and non-critical applications is
such that fair competition between operators is guaranteed, avoiding discriminations and
contributing to overall competitiveness in the interest of society. In this area it is necessary to
take into consideration the free market for radio equipment, the rules and procedures for
licensing the network operators, and the practices for Service Level Agreements (SLAs)
between provider of communication services and subscribers.
The following sections analyse the possible impacts of the above-mentioned normative framework
(rules and bodies in charge of them) on the evolution of railway communication according to the
scenarios listed in section 4.2 of this deliverable.
The analysis takes into account the current state of the art, with the aim of identifying its interaction
with the planned evolution and also indicating possible extensions of existing regulations and practices,
in the interest of the efficient management of railway transport and of the protection of open market
of products and services.
After an overview on regulations about use of frequency bands (section 4.4.2) and regulations about
free market for products and services (section 4.4.3), in section 4.4.4 the possible impacts of such
regulations on the steps required to place into service and operate communication networks for
railways are summarised, distinguishing between the case of NaaA and NaaS.
4.4.2

Efficient use of resources

4.4.2.1 Frequency management
In the area of radio communication, “frequency management” means the apportionment of the full
range of electromagnetic frequencies that can be used to carry information into bands, and the
agreements related to the allocation of each of these bands to a specific use (e.g. broadcasting,
radionavigation, aereonautical radionavigation, fixed-satellite, mobile-satellite, mobile, etc).
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In the EU the responsibility of management of radio frequency bands lies mainly at the level of Member
States. This means that Member States are responsible to implement the international agreements
and manage the “authorisations” (i.e. licences) for the effective use, on their territory, of a band (or
part of it) by a network operator.
This section addresses the way frequency bands are allocated to a specific use; licences are discussed
below in section 4.4.3.2.
In the field of radio frequencies, the role and competencies of Member States are harmonised through
a Directive2, and a Radio Spectrum Decision3, establishing a policy and legal framework to ensure
harmonised conditions with regard to the availability and efficient use of the radio spectrum (i.e. which
band must be dedicated to a given use, which technical characteristics, like modulation, must be
applied, etc). However, spectrum management is still largely a national competence.
An important instrument for the coordination between EU Member States is the Radio Spectrum
Committee (RSC), aiming at common EU solutions for the different problems that can be encountered.
The RSC has been established in 2002 under the Radio Spectrum Decision and is composed of Member
States’ experts and chaired by the Commission.
It must be noted that EU policy on frequency management is built on the basis of global coordination
performed by the “International Telecommunication Union” (ITU), which is the United Nations
specialized agency for information and communication technologies (ICT) 4.
ITU, among others, manages “Radio Regulations” which form the international treaty governing the
use of the radio frequency spectrum.
ITU operates through:
1. “World Radiocommunication Conferences” (WRC5), which take place approximately every four
years to review and, when necessary, revise the Radio Regulations6.
2. “Regional Radiocommunication Conferences” (RRC7). These are conferences of either an ITU
Region or a group of countries with a mandate to develop an agreement concerning a
particular radiocommunication service or frequency band. RRCs cannot modify the Radio
Regulations, and the decisions of an RRC are only binding on those countries that are party
to the agreement.
The coordination at EU level is also supported by the technical input coming from the “European
Conference of Postal and Telecommunication Administrations” (CEPT) 8. CEPT has been established in
1959 by 19 countries, which expanded to 26 during its first ten years. Original members were the
monopoly-holding postal and telecommunications administrations. CEPT's activities includes cooperation on commercial, operational, regulatory and technical standardisation issues. Today 48
countries are members of CEPT.
For example, CEPT, through its “Electronic Communication Committee” (ECC) maintains the “European
Table of Frequency Allocations” (ECA Table), that can be used for the development of Decisions,
Recommendations, Reports and European Common Proposals (ECPs) for future Radiocommunication
Conferences of the ITU and as a reference document when developing national frequency allocation
tables and national frequency usage plans.

2

Directive 2002/21/EC on a common regulatory framework for electronic communications networks and services
Decision 676/2002/EC on a regulatory framework for radio spectrum policy in the European Community
4
https://www.itu.int/en/about/Pages/default.aspx
5
https://www.itu.int/en/ITU-R/conferences/wrc/Pages/default.aspx
6
http://www.itu.int/pub/R-REG-RR/en
7
https://www.itu.int/net/ITU-R/index.asp?category=conferences&rlink=rrc&lang=en
8
https://www.cept.org/
3
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As recognised by several stakeholders (see for example the briefing or European Parliament of March
20159) this situation is not yet fully satisfactory, and a better coordination is advisable, to make the
EU internal market more efficient.
An example of problems is the protection of a network against interferences from other networks, as
happened for GSM-R when deployment of UMTS started. The protection of GSM-R band is the
responsibility of Member States, as indicated in the “Directive on the frequency bands to be reserved
for the coordinated introduction of public pan-European cellular digital land-based mobile
communications in the Community”10, but coordination within RSC was necessary, and not all Member
States adopted the same measures.
For this reason, in 2015 the European Council endorsed a “Digital Single Market (DSM) Strategy for
the Union”, that has been reviewed in 2017 11.
This strategy includes, together with important issues like cybersecurity and data protection, also
improved coordination in the use of frequency bands, especially the high-quality 700 MHz.
As it was already clear with the introduction of GSM-R, efficient and cost-effective implementation of
railway interoperability implies the specification of on-board radio terminals able to operate
uninterrupted in all EU countries. This implies an unambiguous definition of the frequency band(s)
where the terminals will be requested to operate, i.e. a coordinated decision of all EU Member States
about bands allocated to railway communication and related characteristics (including protection
against interferences) to permit the implementation of a communication network offering the QoS
adequate for the rail transport demands.
At the moment, the exchange for information between RSC and the committee established according
to the rail interoperability Directive (RISC) seems the best way to maintain continuously the alignment
between railway and telecommunication needs.
4.4.3

Competition and open market

4.4.3.1 Products
The single EU market for radio equipment is implemented by the so-called “RED Directive”12.
This Directive permits the placing on the market of radio terminals, according to the principles of
“global” and “new approach”. This means that the Directive specifies the “essential requirements” that
must be respected by equipment. The essential requirements for radio equipment are:
1. Safety and health, ensuring that equipment does not generate physical damages to users,
does not not contain noxious materials, etc.
2. Electromagnetic compatibility, ensuring that equipment is immune to disturbances and does
not generate interferences with other electronic equipment.
3. Efficient use of the radio spectrum, i.e. that equipment operates in the band allocated by the
frequency management, respecting the relevant conditions (like modulation, etc).
Harmonised standards, giving presumption of conformity to these essential requirements permit the
certification of products, which is a condition necessary and sufficient for their placing on the EU
market.
The “European Telecommunication Standard Institute” (ETSI) 13 is recognised as “European Standard
Organisation” (ESO) in charge of drafting harmonised standards, taking into account technological

9

http://www.europarl.europa.eu/EPRS/EPRS-Briefing-554170-Radio-Spectrum-FINAL.pdf
Directive 2009/114/EC amending Council Directive 87/372/EEC on the frequency bands to be reserved for the
coordinated introduction of public pan-European cellular digital land-based mobile communications in the Community
10

11
12
13

https://ec.europa.eu/digital-single-market/en/policies/shaping-digital-single-market
https://ec.europa.eu/growth/sectors/electrical-engineering/red-directive_en
https://www.etsi.org/
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development and introduction of new communication systems, ensuring that corresponding equipment
can be marketed and used without restrictions in all EU.
The updated list of harmonised standards is published in the Official Journal of the EU, and can be
found in the European Commission web site 14.
In addition to the rules established by RED Directive, additional rules for communication equipment
used in railway systems exist, to ensure that communication services support openness of railway
system and do not hinder the free and uninterrupted movement of train, i.e. the Railway
Interoperability, according to the provisions of relevant Directives 15.
The railway interoperability Directive, like the RED Directive, applies the principles of global and new
approach, i.e. it specifies essential requirements, while technical standards are used to certify
compliance of equipment and systems.
In the case of interoperability, some standards are mandatory, and are listed in documents supporting
the Directive, i.e. the Technical Specifications for Interoperability (TSI). Of course, TSIs are only
binding for EU Member States, however:
1. Switzerland and Norway voluntarily apply the TSIs.
2. The “Intergovernmental Organisation for International Carriage by Rail” (OTIF)16 including 50
countries in Europe, Asia and North Africa, has established since 2013 a close cooperation
with European Commission and with the European Union Agency for Railways to harmonise
the technical rules to achieve interoperability beyond the EU.
3. Cooperation is in place between the European Union Agency for Railways and the Organisation
for Co-operation between Railways (OSJD)17 including 29 countries in Europe and Asia (e.g.
Russia and China).
Mandatory standards for radio equipment for railway applications are listed in the TSI for Controlcommand and Signalling (CCS) Subsystems18. For the moment, they refer to GSM-R, covering
connection oriented (voice and data) and GPRS communication.
The evolution of TSIs and standards listed therein, to take account of technological development and
introduction of new communication systems, is the responsibility of the European Union Agency for
Railways19.
It is important to note that the essential requirements (and corresponding standards) specified by the
interoperability Directive in addition to the ones specified by RED Directive only refer to requirements
for communication related to railway service, i.e. communication that has been judged strictly
necessary for traffic management and safety during a train mission and that occurs between
equipment installed on-board (belonging to the RU) and ground equipment belonging to the IM. Being
compliance with these requirements compulsory for the movement of trains, the solutions specified in
the standards include also detailed provisions for interfaces between ground and on-board equipment,
to ensure that every train will be able to establish communications in all parts of the European rail
network.
Conversely, mandatory interoperability standards do not cover other kinds of train to ground
communication, as, for example:
1. Communication of data on possible maintenance needs of rolling stock to ground facilities of
the RU.

14

https://ec.europa.eu/growth/single-market/european-standards/harmonised-standards/red_en
https://ec.europa.eu/transport/modes/rail/interoperability/interoperability_en
16
https://otif.org/en/
17
http://en.osjd.org/
18
https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX:32016R0919
19
https://www.era.europa.eu/
15
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2. Communication of ground organisations to passengers, like timetable information from the
IM, advertisement, etc.
In these cases, in fact, while compliance of equipment with RED Directive needs obviously still be
proven, full harmonisation of functions and interfaces is not strictly necessary for the uninterrupted
running of a train. This has the significant consequence that, for communications like the ones listed
above, networks and interfaces different from the ones specified in the TSIs may be used.
It must be noted, however, that the free movement of a train may not be hindered by regulations
enforcing the presence on-board of communication interfaces and functions other than the ones
required on the basis of interoperability Directive and related TSIs.
These concepts need to be taken into account while planning new communication services and
evaluating their impact on rail operation. Introduction of new functions can improve the “travel
experience” of customer, and make therefore railways more attractive, and, of course, RUs offering
better transport quality have the right of advantages on their less efficient competitors. However, it
has to be ensured that introduction of new services is not misused to create unjustified discriminations
for the access to rail infrastructure, especially in the respect of small RUs, that could find technical
and financial obstacles for the upgrade of their fleet.
The appropriate balance will have to be found, between promoting innovation and saving access
rights. In any case, if the new proposed interfaces and functions are agreed as necessary for achieving
the quality and performance of railway service requested by EU legislation, it will be necessary to
address the European Union Agency for Railways for the upgrade of the TSIs with the introduction of
the corresponding new standards, making them mandatory for all; otherwise, they will remain
voluntary and it will not be possible to use them to prevent a train from accessing the rail network.
4.4.3.2 Services
This section discusses the relationship between the management of communication services and the
management of rail transport services, in the perspective of open market. Here communication is
considered mainly as a support for the performing of railway transport service, with a special attention
to the objective of interoperability, i.e. the capability of a train to run uninterrupted in its whole area
of use, without the need of “technical stops” due to missing compatibility of on-board and ground
equipment or due to organisation issues.
As anticipated above, the implementation of frequency management is made individually by each EU
Member State issuing licences to the network operators.
Currently, licences for the band dedicated to railway communication (the so-called “R band” of GSMR) are managed separately from licences for public communication. Even if in some cases (e.g. Ireland)
the national law allows also other operators to apply for a licence in the “R band”, today all licences
for this band are granted to IMs.
The licences for “R band” do not allow its use for public communication services.
An important aspect, to be taken into account when planning the evolution of radio communication
for railways according to the scenarios of section 4.2 of this deliverable, is the possibility of including
prescriptions in the licences.
In fact, while rail interoperability regulations mandate which equipment has to be installed on vehicles,
uninterrupted movement of trains is possible if also all the ground installation are consistently
equipped: in particular, it is necessary that in all parts of the rail system a vehicle can establish the
necessary radio communication links. This implies not only the installation of ground equipment, but
also that appropriate “roaming agreements” are in place to support seamless transitions between
areas covered by different communication operators (both IMs or MNOs).
It will probably be necessary, therefore, to evaluate the opportunity of including in licences
prescriptions about areas to be covered, QoS offered, and roaming agreements to establish. Such
prescriptions should also be coordinated at EU level, exploiting, for example the RSC and the RISC,
according to the provisions specified in the relevant Directives.
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Regarding QoS it must be noted that, while minimum acceptable levels for radio communication
supporting critical railway functions can probably be enforced through legislative acts (e.g. TSIs
already contains, in the referenced standards, minimum levels for GSM-R coverage), for other kinds
of communication QoS should be negotiated at contractual level between provider of communication
services and railway operator (subscriber).
In this area, railway operators can be supported by existing documentation, like templates for
establishing Service Level Agreements (SLA) prepared by ETSI 20. Other useful guidelines can be found
in the outcomes of EU funded projects like SLA@SOI 21 and VISION Cloud22.
SLAs between railway operators (e.g. IM regarding communication for signalling and traffic
management, RU or ECM regarding maintenance information from train to ground repair facilities) are
potentially critical, due possible link with safety aspects. In fact, while the railway operators will
probably remain fully responsible for safety of operation, it is possible that also the SLAs with
communication service providers will be in some way affected:
1. The SLA can be annexed, as part of the procedures to manage subcontractors, to the
documentation supporting the risk analysis made by the railway operator to prove its ability
to mitigate the identified hazards and obtain a safety certificate 23 (for example the existence
of a reliable radio link can be a mitigation of the consequences of train failures in isolated rural
areas);
2. The SLA should address economic compensations for the rail operator in case the network
operator does not respect the QoS. Even if the SLA specifies the QoS in a statistical way,
excluding direct responsibility of the communication provider for the consequences of a single
specific event, the rail operator will have to negotiate compensations taking into account that
a communication failure may contribute to the severity of the consequences of an accident,
where costs incurred may be significant (for example, even if the rail system is designed in a
way that loss of messages cannot directly cause accidents, denial of service can contribute to
drivers’ misjudgements leading to accidents or can cause delays in rescue operations after an
accident).
4.4.4

Impacts on placing into service and operations

4.4.4.1 Rail operators and MNOs
This section contains some general considerations that are preliminary to the more specific ones in
the next sections.
In principle both rail operators (IMs in this case) and public operators (MNOs) could be interested in
managing communication for railways.
In NaaA approach, an IM could be interested in exploiting its communication network not only for
communication strictly required for the performance of transport, but also to offer additional services,
for example to passengers. While this could in principle be a way to increase the income of the IM,
compensating the costs incurred to install and maintain the communication network, it must be taken
into account that currently all licences granted to IMs in the GSM-R band prevent the possibility for
the IM to compete with public operators. This is a limitation for the kind of additional services that can
be offered directly by an IM, and it will probably remain, if IMs are allocated special bands at special
economic conditions.
The opposite, i.e. public operators offering services to people while they are travelling on trains, is
already a reality; the possibility of agreements in this area between IMs, RUs and MNOs is a pure
commercial issue. This aspect will not be therefore further investigated in the next sections, which will
consider the two scenarios:

20

https://www.etsi.org/deliver/etsi_eg/202000_202099/20200903/01.01.01_60/eg_20200903v010101p.pdf
https://cordis.europa.eu/project/rcn/87600_en.html
22
https://cordis.europa.eu/project/rcn/95928_en.html
23
https://www.era.europa.eu/activities/safety-management-system_en
21
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1. NaaA, where the IM owns and manage a communication network for rail transport related
aspects (both MC and not MC, but excluding services to customers competing with the ones
offered by public operators).
2. NaaS, where a MNO offers, through a SLA, communication services needed by an IM and/or
RU to perform transport. In this scenario, the MNO remains free to offer other commercial
services to railway customers.
4.4.4.2 Use of frequency bands
At the present state of technology, it is reasonable that communication for railways is allocated to
frequency band(s) dedicated to mobile services.
In this context, two approaches may be followed:
1. A specific (sub)band is allocated exclusively for railways use (continuing the current practice).
This seems the best solution in case of NaaA (band is owned by railways), but could also be
applicable for NaaS, where MNOs can manage communication within this band. For
interoperability reasons, a harmonised decision of all EU Member States is necessary,
regarding the extension of the band, the characteristics for its exploitation (i.e. technical
aspects of the communication system and interfaces between on-board terminals and ground
network) and the way of ensuring its protection.
While the selection of the band may be controversial, due to the different interests and the
strong “appetite” for communication resources from commercial and institutional users, the
procedures to be followed are already well established, being already adopted for the GSM-R
band. In this context, the role played by RSC and RISC are highly relevant to achieve the
results required by railway industry.
2. Rail communication occurs within the public band, managed by MNOs that dedicate part of
their communication capability to railway subscribers (with the guarantee of respecting the
required QoS - see the considerations on SLA in section 4.4.4.5 below). This is a typical NaaS
scenario. Even in this case, however, interoperability requires harmonisation of interfaces
between on-board terminals and ground network.
In some countries (e.g. Italy) winners of frequency tenders are obliged or strongly incentivized to
provide communication network coverage in disadvantageous zones, like rural areas.24 This possible
commitment has been considered in our economic analysis mainly in the case of NaaS scenario, where
MNO can find an opportunity to share the burden of this cost exploiting the same infrastructure for
commercial and railway services.
4.4.4.3 Placing products on the market
The existing legal framework (RED Directive and railway interoperability Directive, together with the
corresponding standards) is already suitable for the evolution of communication for railways, ensuring
free movement of products and therefore no hindrance for rail interoperability. No significant
differences exist, in this respect, between NaaA and NaaS scenarios.
4.4.4.4 Placing subsystems in service
Placing rail vehicles on the market and placing rail infrastructure in service require certificates of
Verification for the corresponding subsystems. These certificates prove the compliance of subsystems
to legal requirements at the moment of their installation; requirements to be respected in their use
during the life cycle are discussed in the next section about “operating trains and rail infrastructure”.
Radio communication is a part of, respectively, on-board Control-command and Signalling (CCS) and
wayside Control-command and Signalling subsystems.
The interoperability Directive in force 25 in its Annex IV provides the possibility to obtain “certificates”
(i.e. Intermediate Statements of Verification - ISV) for parts of a subsystem; such ISVs shall then be
24
25

Italian deliberation about frequency licences, DELIBERA n. 127/11/CONS (2011); delibera n. 282/11/CONS (2011)
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32016L0797
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“collated” to have a certificate covering all aspects specified in the applicable Technical Specification
for Interoperability. In addition, the Technical Specification for Interoperability for CCS subsystems
explicitly permits certificates of verification for the “radio part” of the subsystem.
All conditions are therefore already in place, to guarantee the necessary flexibility in the Verification
of communication parts of subsystems: while in NaaA approach it could be reasonable that a single
entity (that may be the railway operator or its general contractor) applies for a certificate of Verification
of the whole subsystem, including terminals (for on-board CCS) and ground network (for wayside
CCS) in NaaS approach a provider of communication could apply for a “partial certificate” or an ISV
covering (only) the characteristics of communication mandated by the Technical Specifications for
Interoperability (e.g. standards applied for functions and interfaces, coverage, etc) offering in this way
a communication system ready to be integrated into a full “verified” subsystem.
While the concepts in Annex IV of the rail interoperability Directive are already clear and proven, it
could be advantageous, to support in the best way the evolution of communication according to NaaS
principle, to integrate these concepts with further clarifications, like, for example, guidelines for
applicants.
4.4.4.5 Operating trains and rail infrastructure
Operations of rail systems are performed by Railway Undertakings (responsible of vehicles and
traction) and Infrastructure Managers (responsible of ground systems, including traffic management
and signalling).
The EU legislation requires also that each vehicle is under the responsibility of an “Entity in Charge of
Maintenance” (ECM). This is not further taken into consideration here, because the ECM is not directly
involved in traffic operation; it must be noted, however, that in the future an ECM could decide to
exploit radio communication for collecting data on maintenance needs of vehicles and sending them
to its ground facilities, becoming in this way another rail entity potentially subscriber of communication
services, offered by an IM or a MNO.
To be allowed to perform operations, RUs and IMs need “certificates” granted by safety authorities
(national or the European Union Agency for Railways - see the railway safety Directive 26). To obtain
such certificates the operators must prove their ability to manage safely their systems. In this respect,
management of communication (of course MC) may be an issue to be addressed in their “Safety
Management Systems”.
Moreover, also for aspects not relevant for safety (and therefore not part of safety certificates), and
even not MC, a rail operator could have requirements for communication (e.g. reliability and availability
to respect rail service performance targets). These requirements could be purely commercial, but
could also be established in licences or public service contracts between the rail operator and State or
regional authorities.
While in NaaA approach all the above are internal issues for RU and IM organisation, in the NaaS
approach all these aspects need to be addressed in SLAs between rail operator and provider of
communication.
At the moment, no regulation prevents MNOs from offering communication services to railways while,
as said in section 4.4.3.2 above, the possibility exists, to place conditions in the licences; these
conditions could, in principle, be used to ensure appropriate coverage of the railway network in NaaS
scenario.
For the most critical case, i.e. safety relevant aspects, RUs and IMs remain responsible and no
regulation implies safety responsibilities for MNOs; however it can be expected that a RU or IM, using
the services of a MNO, places in the SLA conditions on QoS and on compensations in case it is not
respected.

26

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32016L0798
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Experience about this kind of SLAs is still largely missing, even if some railways (e.g. in Italy) have
already signed roaming agreements between their GSM-R and a public operator for operations in low
traffic lines.
The success of NaaS approach probably depends on the clarifications of the aspects to be addressed
in SLAs, considering the QoS needed by the railways and the obligations to be allocated to the MNO.
It is possible that the solution of these issues is facilitated if SLAs with MNOs are managed jointly by
grouping of railway operators, possibly with other entities that need special QoS (police, civil
protection), and/or through public financial support.
4.5

External Stakeholder Committee contribution
Since the time of the proposal preparation, MISTRAL partners defined that the Project would have
engaged an External Stakeholder Committee (ESC) i.e. a group of external, independent experts of
recognized knowledge in different kinds of background and areas of expertise including market,
technological trends and standards, with the aim of having external points of view and feedback
regarding MISTRAL topics. The ESC has been constructed properly representing all the domains
relevant for the Shif2Rail initiative.
The External Stakeholder Committee members have had access to the project documentation at
different stages of the project, giving their contribution based on their expertise. Moreover, information
and data from External Stakeholders have allowed the MISTRAL Consortium to design and validate
the business models described in the present document, through “lean” methodologies, based on an
iterative approach involving hypotheses testing, experimentation and market feedback.

Document version: 1.0

Page 37 of 160

Submission date: 2018-11-27

MISTRAL

5.

D2.2 Validated Techno-economic proposition

Validation of Innovative Services
The current GSM-R technology has the technical limitations in terms of available bandwidth and
network capacity. The new generation network will be an IP-based system and it will be able to support
new services.
In the deliverable D2.1 a series of Innovative Services, classified by Priority, Typology, and Provider
of the service, has been introduced, and a short description of each of them has been added. Then in
the deliverable D3.2 a value proposition, comprising the Innovative Services, has been defined, taking
into account information collected from MISTRAL partners and from the MNOs interviewed during the
project. From that, a ranking of services that can be more attractive for IMs, MNOs and possible new
third parties has been compiled.
In section 5.1 the Innovative Services (IS) identified by the MISTRAL partners have been mapped
onto the Technology Demonstrators described by Shift2Rail Joint Undertaking in the Multi-Annual
Action Plan [4]; then, in section 5.2 the initial 23 services have been grouped in 8 bundles with similar
objectives, that will be described in depth in section 5.3. In particular, for each bundle of services
there is the explanation, describing its aims and characteristics, the selection of the stakeholders
involved (i.e. providers and end users) and a list of advantages and disadvantages coming from the
deployment and usage of such services. Moreover, a matrix giving an overview of costs and benefits
for each stakeholder in different scenarios has been done. Finally, an economic validation,
summarizing gains and pains of the end users is displayed through a Value Proposition Canvas.

5.1

Mapping of Innovative Services
As stated in the Multi-Annual Action Plan, the work conducted within the Shift2Rail framework is
structured “around five asset-specific Innovation Programmes (IPs), covering all the different
structural (technical) and functional (process) sub-systems of the rail system.” Moreover,
“Demonstration activities are a priority within Shift2Rail, as they will enable the entire rail sector to

visualise and concretely test the transformations that they are able to create. Demonstrations will also
enable a more appropriate quantification of the impact of each new technology.”

To show that the work done in the MISTRAL project is aligned to the Shift2Rail objectives, the following
Table 5 shows connections between the MISTRAL Innovative Services and the Shift2Rail Technology
Demonstrators; in particular:


in the first column, the Service ID;



in the second column, the MISTRAL Innovative Service (a detailed explanation of each service
can be found in Appendix 1 (Section 9.1.1);



in the third column, the reference to the relevant Shift2Rail Technology Demostrators;



in the last column, quotations from the Shift2Rail Multi-Annual Action Plan, where the
Innovation Programmes and the Technology Demonstrators are defined and described.

The colours used in the table refer to the bundles of service identified and explained in Table 6 in
section 5.3.
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1
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MISTRAL Innovative Service

Moving Block (signalling)

Shift2Rail Technology Demonstrator

TD2.3 - Moving Block

TD2.2 - Railway network capacity increase (ATO up to
GoA4 - UTO)
2

Automated Train Operation - ATO
TD5.6 - Autonomous train operation

3

Improved railway emergency calls

TD2.1 - Adaptable communications for all railways
(quality of service, interfaces to signalling)

TD2.2 - Railway network capacity increase (ATO up to
GoA4 - UTO)

4

Precise and certified timing and train position
(signalling)

TD2.4 - Fail-Safe Train Positioning (including satellite
technology)

TD5.6 - Autonomous train operation

5

Seamless connectivity available on board/at the
station
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Shift2Rail TD extracts
"Moving Block (TD 2.3) aims to improve line capacity by decoupling the
signalling from the physical infrastructure, and removing the constraints
imposed by trackside train detection, thereby allowing more trains on a given
main line, especially for high-density passenger services. The system is to be
compatible with existing ERTMS system specifications, and will enable
progression towards CBTC functionalities for urban applications."
"The aim is to develop and validate a standard ATO up to GoA3/4 over ETCS,
where applicable, for all railway market segments (mainline/high speed,
urban/suburban, regional and freight lines)."
"(TD 5.6) aims to actively pursue the objective of Autonomous Train Operation
(ATO), realised progressively until 2030, for mainline freight operation and the
underlying operations, in order to increase the railway’s competitiveness and
to achieve operational efficiency gains and optimised resource utilisation."
"This TD aims to provide an adaptable train-to-ground IP communication
system with enhanced throughput, safety and security functionalities to take
advantage of new technologies, supporting the current and future needs of
signalling systems and voice services. Backward compatibility for ERTMS, easy
migration, and capability to be resilient to radio technology evolution will be
demonstrated. (T2.1.3) A special focus will be made on how to fulfil the Voice
over IP needs as described in the functional requirements of EIRENE standard.
Special attention will be paid to the railway emergency call service (call preemption, group call communication, fast call setup, call acknowledgement)."
"The absolute positioning coordinates needed by the ATO system in relation
with the relative positioning which is used by the ETCS Onboard Unit will be
treated in conjunction with IP2 – TD2.4 and IP2 – TD2.9."
1. "The TD Fail-Safe Train Positioning (including satellite technology) is aimed
to become an absolute positioning system, significantly reducing the number
of the traditional train detection systems."
2. "This TD is focused on interoperable and safe absolute positioning of the
train, mainly obtained applying the GNSS technology to the current
ERTMS/ETCS core, and targeting the significant reduction of all the track side
traditional train detection systems (balises, track circuits, axle counters, ...)"
3. "The TD architecture is based as much as possible on the current
ERTMS/ETCS architecture, with the addition of new functionalities on board
which will be responsible for the train location determination and for the reset
of the train confidence interval. These new functionalities will be
based on the use of the GNSS technology."
4. "The key advantage of TD2.4 is the application of a new and competitive
technology to existing standardized signalling systems; the fail-safe train
positioning system developed inside TD2.4 scope of work is mainly obtained
applying the GNSS technology, eventually complemented with other sensor
technologies to cope with situations where GNSS SIS is temporarily not
adequate, to the current ERTMS/ETCS core."
"The main objective of this TD is to develop a demonstrator of rail freight
automation, building on base technology developed within TD 2.2. The aim is
to actively pursue the objective of Autonomous Train Operation (ATO) realized
progressively until 2030, for mainline freight operation and the underlying
operations in order to increase railway's competitiveness with road freight,
achieve operational efficiency gains and optimised resource utilisation."
"This TD will provide improved data gathering, steering, operation and
coordination of intermodal transport with a terminal design that allows
efficient change of transport modes"
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TD3.7-Railway Integrated Measuring and Monitoring
System (RIMMS)
TD3.5 - Proactive Bridge and Tunnel Assessment, Repair
and Upgrade

6

IoT-enabled maintenance in railways (real time and
smart monitoring TCMS) ==> SMART RAILS (see
also 8)

TD3.7 - Railway Integrated Measuring and Monitoring
System (RIMMS)

TD3.8 - Intelligent Asset Management Strategies (IAMS)

TD2.9 - Traffic management evolution
7

Bidirectional real time monitoring and recovery of
trains information and voice communication

TD3.7 - Railway Integrated Measuring and Monitoring
System (RIMMS)

TD2.10 - Smart radio-connected all-in-all wayside objects

8

Monitoring infrastructure

TD3.5 - Proactive Bridge and Tunnel Assessment, Repair
and Upgrade

TD3.6 Dynamic Railway Information Management System
(DRIMS)

TD3.7 - Railway Integrated Measuring and Monitoring
System (RIMMS)
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"This TD will provide innovative tools and techniques for capturing information
on the current status of assets, in a non-intrusive and fully integrated manner.
To this end, the TD will focus on asset status data collection"
"The main objective of the ‘Proactive Bridge and Tunnel Assessment, Repair
and Upgrade’ (TD 3.5) is to improve inspection methods and repair techniques
to reduce costs, improve quality and extend their service life, if possible.
Moreover, the reduction of noise and vibrations are prioritised objectives."
"The ‘Railway Integrated Measuring and Monitoring System (RIMMS)’ (TD 3.7)
is to provide innovative tools and techniques for capturing information on the
current status of assets, in a non-intrusive and fully integrated manner. To this
end, the TD will focus on asset status data collection in close interaction with
TD3.1 through TD3.5."
"The vision of the ‘Intelligent Asset Management Strategies (IAMS)’ (TD 3.8) is
a holistic, whole-system approach of asset management employing collected
and processed data provided by TD3.6 and TD3.7. This includes putting longterm strategies in the context of day-to-day execution of the maintenance and
other maintenance activities."
"TD2.9 aims at a significant higher Integration of status information of the
wayside infrastructure,
trains, and maintenance services together with management of energy and
other resources."
1. "TD3.7 RIMMS focuses on asset status data collection (measuring and
monitoring) and processing and data aggregation producing data and/or
information on the measured/monitored status of assets"
2. "The TD3.7 is therefore structured to build a common measuring and
monitoring data representation layer suitable to elaborate data coming from all
source segments (onboard, wayside and remote), in order to correlate the
different data and to obtain a holistic view of the railway system conditions."
"Smart radio-connected all-in-all wayside objects (TD 2.10). This TD aims to
develop autonomous, complete, intelligent, self-sufficient smart equipment
(‘boxes’) able to connect not only with control centres (e.g. interlocking) or
other wayside objects and communicating devices in the area (by radio or
satellite), but also, for instance, with on-board units. Such intelligent objects
— knowing and communicating their status conditions — would not only
provide opportunities in terms of cost reduction and asset management
improvement, but also set out new means of railway network information
management and control."
"The main objective of the ‘Proactive Bridge and Tunnel Assessment, Repair
and Upgrade’ (TD 3.5) is to improve inspection methods and repair techniques
to reduce costs, improve quality and extend their service life, if possible.
Moreover, the reduction of noise and vibrations are prioritised objectives."
"The ‘Dynamic Railway Information Management System (DRIMS)’ (TD 3.6)
aims to define an innovative system for the management, processing and
analysis of railway data. The activities in this TD will be strongly linked with
the other two TDs in the area of information capturing and management.
DRIMS is intended to collect information from the Railway Integrated
Measuring and Monitoring System (RIMMS – TD 3.7) and to provide highquality input to the Intelligent Asset Management Strategies (IAMS – TD 3.8)."
"The ‘Railway Integrated Measuring and Monitoring System (RIMMS)’ (TD 3.7)
is to provide innovative tools and techniques for capturing information on the
current status of assets, in a non-intrusive and fully integrated manner. To this
end, the TD will focus on asset status data collection in close interaction with
TD3.1 through TD3.5"

Submission date: 2018-11-27

MISTRAL

D2.2 Validated Techno-economic proposition

TD3.8 - Intelligent Asset Management Strategies (IAMS)

9

Real-time video surveillance (on-board)

TD1.2 Train Control and Monitoring System Demonstrator

TD3.6 - Dynamic Railway Information Management
System (DRIMS)

10

Cost analysis of operational and maintenance (BigData)

TD3.7 - Railway Integrated Measuring and Monitoring
System (RIMMS)

TD3.8 - Intelligent Asset Management Strategies (IAMS)

TD4.6-Business Analytics

TD3.6 - Dynamic Railway Information Management
System (DRIMS)

11

Statistical analysis of safety-related failures of
systems and devices (ALARP principle applying)

TD3.7 - Railway Integrated Measuring and Monitoring
System (RIMMS)

TD3.8 - Intelligent Asset Management Strategies (IAMS)
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"The vision of the ‘Intelligent Asset Management Strategies (IAMS)’ (TD 3.8) is
a holistic, whole-system approach of asset management employing collected
and processed data provided by TD3.6 and TD3.7. This includes putting longterm strategies in the context of day-to-day execution of the maintenance and
other maintenance activities."
"The Train Control and Monitoring System (TCMS) is the brain and the
communications backbone of the train, which has some essential roles on
vehicle performance. Outcome of this TD are new generation TCMS
architectures and components with wireless capabilities, enhanced throughput,
safety and security functionalities, supporting distributed function execution
and mechanisms for easier authorisation will be delivered to the SDPs. The
CCTV (Closed Circuit Tele Vision) systems are more and more deployed in the
trains as security systems."
"The ‘Dynamic Railway Information Management System (DRIMS)’ (TD 3.6)
aims to define an innovative system for the management, processing and
analysis of railway data. The activities in this TD will be strongly linked with
the other two TDs in the area of information capturing and management.
DRIMS is intended to collect information from the Railway Integrated
Measuring and Monitoring System (RIMMS – TD 3.7) and to provide highquality input to the Intelligent Asset Management Strategies (IAMS – TD 3.8)."
"The ‘Railway Integrated Measuring and Monitoring System (RIMMS)’ (TD 3.7)
is to provide innovative tools and techniques for capturing information on the
current status of assets, in a non-intrusive and fully integrated manner. To this
end, the TD will focus on asset status data collection in close interaction with
TD3.1 through TD3.5."
"The vision of the ‘Intelligent Asset Management Strategies (IAMS)’ (TD 3.8) is
a holistic, whole-system approach of asset management employing collected
and processed data provided by TD3.6 and TD3.7. This includes putting longterm strategies in the context of day-to-day execution of the maintenance and
other maintenance activities."
"Novel ‘big data’ technologies such as ‘intentional’ semantic information
(denoting objects by properties rather than by values) will improve the
capabilities to analyse distributed and heterogeneous linked data, creating
numerous possibilities to generate unprecedented insights for all the actors of
the ecosystem, and new intelligence for the benefit of operators and
travellers"
"The ‘Dynamic Railway Information Management System (DRIMS)’ (TD 3.6)
aims to define an innovative system for the management, processing and
analysis of railway data. The activities in this TD will be strongly linked with
the other two TDs in the area of information capturing and management.
DRIMS is intended to collect information from the Railway Integrated
Measuring and Monitoring System (RIMMS – TD 3.7) and to provide highquality input to the Intelligent Asset Management Strategies (IAMS – TD 3.8)."
"The ‘Railway Integrated Measuring and Monitoring System (RIMMS)’ (TD 3.7)
is to provide innovative tools and techniques for capturing information on the
current status of assets, in a non-intrusive and fully integrated manner. To this
end, the TD will focus on asset status data collection in close interaction with
TD3.1 through TD3.5."
"The vision of the ‘Intelligent Asset Management Strategies (IAMS)’ (TD 3.8) is
a holistic, whole-system approach of asset management employing collected
and processed data provided by TD3.6 and TD3.7. This includes putting longterm strategies in the context of day-to-day execution of the maintenance and
other maintenance activities."
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TD2.4 - Fail-Safe Train Positioning (including satellite
technology)

12

Ad-hoc operational data dispatching (provide
infrastructure and timetable data of ad-hoc
alternative routes to freight trains, e.g. for energy
saving or driver assisting systems)

TD2.9 - Traffic management evolution

TD2.10 - Smart radio-connected all-in-all wayside objects

TD3.6 - Dynamic Railway Information Management
System (DRIMS) Demonstrator
TD2.8 - Virtually-Coupled Train Sets (VCTS)

13

Automated Train-to-Train communication
information about track conditions (e.g. obstacles,
weather)

TD2.9 - Traffic management evolution

TD3.6 - Dynamic Railway Information Management
System (DRIMS) Demonstrator
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1. "Based on the Public results of the STARS Project [...], complementary test
campaigns, both in lab and on field, based on a standard process for GNSS SIS
characterisation, aimed at identifying efficient and effective solution for
performing track survey, and for building Digital Maps."
2. "Guidelines for carrying out GNSS Survey along Tracks (Lines/Stations)
Guidelines for Building Digital Track Maps"
1. "The Traffic Management System (TMS) needs to provide status and
forecast information for internal and external clients in order to support
dynamic decision making and alignment of the current travel/transport
demand. This also includes dynamically updated travel/transport schedules."
2. "A base requirement for a future Business Services such as Traffic
Management System or other Asset Management Systems is the design and
development of an interoperable framework and flexible and bearer
independent communication infrastructure to fulfil high performance and high
availability requirements. Plug and play of new functional service applications
will provide flexibility to implement business applications from various sources
to meet future rail traffic demands."
3. "Advanced automated decision support tools and standardized workflows
presented on a standardized operator workstation will optimize the usage off
resources."
4. "External clients and services have access to all relevant information
available in the system via Web- Services. This will enable the generation and
enhanced support of new services and businesses around the Rail
Transportation segment."
5. "TD2.9 aims at a significant higher Integration of status information of the
wayside infrastructure, trains, and maintenance services together with
management of energy and other resources."
"The introduction of network connected object controllers will permit the
possibility of a direct connection between train carried equipment and the
trackside object controllers, for example to report status of the trackside
objects to the train. This would, for example, permit the train to react to
failure of trackside equipment. A further step would enable the train carried
systems to control the trackside object controllers."
"TD3.6 ambition is to study, develop and test innovative approaches for data
management, processing and analysis, to support intelligent asset
management, without the need of developing either a new database or yet
another asset register."
"The current lines must be better exploited by increasing the performance and
functionality of current systems in order to improve headway, optimise the use
of station platforms, optimise timetables and solve traffic conflicting situations
through smarter and more flexible functionality and behaviour."
1. "The Traffic Management System (TMS) needs to provide status and
forecast information for internal and external clients in order to support
dynamic decision making and alignment of the current travel/transport
demand. This also includes dynamically updated travel/transport schedules.
Having performed several implementations of train request/offer/order
interfaces between IMs and RUs."
2. "TD2.9 aims at a significant higher Integration of status information of the
wayside infrastructure, trains, and maintenance services together with
management of energy and other resources."
"TD3.6 ambition is to study, develop and test innovative approaches for data
management, processing and analysis, to support intelligent asset
management, without the need of developing either a new database or yet
another asset register."
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TD4.1 - Interoperability Framework

14

Additional information (multi-modal seamless
experience)

TD4.2 - Travel Shopping

TD4.3 - Booking and Ticketing

TD4.4 - Trip Tracker

TD4.6 – Business Analytics Platform

15

Electronic (wireless) ticketing
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1. "The main ambition of TD4.1 is the provision of the Framework, tools and
technologies that will allow data exchange among different actors of the
transport ecosystem, providing mechanisms to abstract data consumers from
the complexity of varied data formats and non-integrated services, facilitating
interoperability among systems and the creation of added value services for
achieving a seamless multimodal door-to-door experience."
2. "The interoperability framework guarantees technical interoperability of all
multimodal services by insulating consumer applications from the task of
locating, harmonising and understanding an openended world of data, events,
and service resources, which are consequently made available ‘as a service’."
3. "Integrating fragmented platforms and systems will contribute to a more
attractive Rail System as Customers enjoy continuous access to their
personalised journey information systems, passengers treat their journey as a
seamless extension of their working or leisure environment, and all freight is
traced and tracked in real-time through all stages of transit, whatever the
mode."
1. "The prime characteristic of such a marketplace will be the capability of all
travel/transport retail outlets, inside or outside of Europe, to offer door-2-door
(D2D) travel solutions for customers’ (European residents and visitors) mobility
needs and preferences implicating any sort of travel within the SETA."
2. "TD4.2’s technical enablement of this capability will be fundamentally
‘distribution-channel agnostic’, meaning that all retailer operations, whether
belonging to 3rd parties (indirect) or to specific Transport Undertakings
(direct) can choose to avail themselves of the technology. This will provide
Transport Undertakings with the liberty to pursue business strategies
exploiting the benefits of both direct and indirect channels."
"The concept of the “Booking & Ticketing” TD is to allow multi-modality across
Europe and across the modes."
"Door to door in this respect does not mean to use public transport instead of
private transport but any kind of useful combination of it whether using car,
bus, bicycle, flight or train. This will be one the most important steps forward
to convince humans to use public transport instead of private transport. TD4.4
“Trip Tracker” will be the task within Shift2Rail JU that will assist a traveller
throughout his multimodal journey with technologies which accurately and
timely notify travellers of any foreseen difficulties on their individual trip and
offer re-arrangement solutions by providing alternative routes to limit impacts
of delays."
1. "… the general ambition of Business Analytics (TD4.6) is to propose a
general platform and a set of tools allowing a better analysis of the passengers
flow in the network, in order to improve the operations with adapted transport
means, or with adapted offers (tickets less expensive at some hours, coupling
of transport tickets with specific event, etc…)."
2. "The traveller can easily be advised with Travel suggestions by proximity
services (gates, mass transit, rail, buses, …);"
"This TD looks at how to reduce, radically, the risk and effort of travel
shopping, whilst simultaneously facilitating the supply and distribution of
comprehensive and combinable transport services."
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TD4.2 - Travel Shopping

TD4.3 - Booking and Ticketing

TD4.6 – Business Analytics Platform

16

Non stop on board entertainment

TD4.5 – Travel Companion

TD3.11 - Future Stations Demonstrator

17

One-stop shopping gateway application

TD4.2 - Travel Shopping

TD4.5 – Travel Companion
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"Today’s reality of multiple unimodal travel markets means that onus for
constructing multimodal travel solutions falls squarely on the shoulders of the
customers themselves, mixing and matching transport products and services
from a variety of travel retailers, both calculating and risking the feasibility of
their combination. Such products and services may be prepaid, purchased ‘en
route’, or even post-paid (as in a number of urban, regional or national smart
ticketing systems). As such there is no single travel shopping experience for
customers today: each de facto multimodal travel is achieved via multiple
shopping experiences before, during, or, indeed, after the trip has completed."
1. "The concept of the “Booking & Ticketing” TD is to allow multi-modality
across Europe and across the modes."
2. "The extended interoperability between modes, operators and systems
offered by the ‘Ticketing Framework’ setup by the TD4.3 will provide travellers
with the possibility to book and pay in a ‘one-click’ action a complete
multimodal door-to-door travel journeys and to validate the acquired travel
entitlements across heterogeneous transport systems, making optimum use of
cloud computing connecting technologies."
3. "One of the major aims of IP4 being to implement multi-modality (as well as
co-modality), it therefore implies that TD4.3 will be in charge of actually
implementing the multi-modal and co-modal sales, and all associated
processes like post sales, payment and settlement."
"The traveller […] can benefit from joint entitlements (Smart Ticketing across
Public Transport, Parking, bike sharing, car sharing, museums, hotels, etc.);"
"T4.5.4: External Connectivity - This task will specify, design, and develop the
components dedicated to the interaction between the travellers and the Travel
Companion framework using smart devices as well as the smart objects (e.g.
smartwatch, AR glass, public displays, iBeacons…) that populate their
environment all along their journey. It will also deliver the components
enabling the Travel companion to interoperate with external applications (e.g.
social networks, personal calendars, PIMS) used by travellers in their daily
work and leisure life."
"This work-stream will investigate ways to increase station capacity with new
ticketing technology that could potentially remove the need for gates in
stations, encouraging seamless journeys while ensuring that operators do not
lose revenue. This will be done in a way that will not compromise the
security of the station and will consider alternative security measures if
necessary."
"Support comprehensive access to all operators and modes via ‘one-stop’
shopping allowing customer preferences to filter out non-compliant Travel
Solutions and to sort compliant solutions based upon customer selected
attributes."
"T4.5.4: External Connectivity - This task will specify, design, and develop the
components dedicated to the interaction between the travellers and the Travel
Companion framework using smart devices as well as the smart objects (e.g.
smartwatch, AR glass, public displays, iBeacons…) that populate their
environment all along their journey. It will also deliver the components
enabling the Travel companion to interoperate with external applications (e.g.
social networks, personal calendars, PIMS) used by travellers in their daily
work and leisure life."
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TD4.5 – Travel Companion

18-19

Context aware marketing, Context aware shopping
and services

TD4.5 – Travel Companion

TD4.1 - Interoperability Framework

TD4.2 - Travel Shopping

TD4.3 - Booking and Ticketing

20

Assisted decision-making: Optimal choice for the
transport and route (criteria: more comfortable,
faster, cheaper, better connections, etc.)

TD4.4 - Trip Tracker

TD4.5 – Travel Companion
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"T4.5.4: External Connectivity - This task will specify, design, and develop the
components dedicated to the interaction between the travellers and the Travel
Companion framework using smart devices as well as the smart objects (e.g.
smartwatch, AR glass, public displays, iBeacons…) that populate their
environment all along their journey. It will also deliver the components
enabling the Travel companion to interoperate with external applications (e.g.
social networks, personal calendars, PIMS) used by travellers in their daily
work and leisure life."
"T4.5.4: External Connectivity - This task will specify, design, and develop the
components dedicated to the interaction between the travellers and the Travel
Companion framework using smart devices as well as the smart objects (e.g.
smartwatch, AR glass, public displays, iBeacons…) that populate their
environment all along their journey. It will also deliver the components
enabling the Travel companion to interoperate with external applications (e.g.
social networks, personal calendars, PIMS) used by travellers in their daily
work and leisure life."
"The interoperability framework guarantees technical interoperability of all
multimodal services by insulating consumer applications from the task of
locating, harmonising and understanding an openended world of data, events,
and service resources, which are consequently made available ‘as a service’."
"This TD looks at how to reduce, radically, the risk and effort of travel
shopping, whilst simultaneously facilitating the supply and distribution of
comprehensive and combinable transport services."
"The extended interoperability between modes, operators and systems offered
by the ‘Ticketing Framework’ setup by the TD4.3 will provide travellers with
the possibility to book and pay in a ‘one-click’ action a complete multimodal
door-to-door travel journeys and to validate the acquired travel entitlements
across heterogeneous transport systems, making optimum use of cloud
computing connecting technologies."
1. "Door to door in this respect does not mean to use public transport instead
of private transport but any kind of useful combination of it whether using car,
bus, bicycle, flight or train. This will be one the most important steps forward
to convince humans to use public transport instead of private transport. TD4.4
“Trip Tracker” will be the task within Shift2Rail JU that will assist a traveller
throughout his multimodal journey with technologies which accurately and
timely notify travellers of any foreseen difficulties on their individual trip and
offer re-arrangement solutions by providing alternative routes to limit impacts
of delays."
2. "Trip Tracker will analyse and correlate available static data (such as
timetables, topologies), dynamic data (such as traffic updates, operational
feeds, social networks) and passengers’ data (such as preferences, itinerary,
locations)."
1. "The overall objective of TD4.5 is to research, implement and evaluate a
seamless and interoperable platform offering new levels of interaction
between travellers and transportation stakeholders along with an innovative
ubiquitous adaptive front-end to the global transportation service ecosystem."
2. "the Travel Companion needs to be more than a simple technical
orchestrator of travel functions, it must aim at becoming a complete mixed
reality
experience shielding the traveller from the heterogeneity and seams in the
different services and making a journey across Europe more effective,
engaging, hence attractive."
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TD4.6 – Business Analytics Platform

TD4.1 - Interoperability Framework

TD4.2 - Travel Shopping

21

Real-time timetable information (enhanced
connection and routing information)

TD4.4 - Trip Tracker

TD4.5 – Travel Companion

TD4.6 – Business Analytics Platform

22

Provide precise positioning data of trains (e.g. for
maps/guides in emergency cases)
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"Enable decision tools for rail and multi-transport operators (and all S2R ecosystem service providers), with planning, monitoring and reporting capabilities
from data collection, filtering, and analysis to build end-user travel and
transport intelligence."
1. "Integrating fragmented platforms and systems will contribute to a more
attractive Rail System as
Customers enjoy continuous access to their personalised journey information
systems, passengers
treat their journey as a seamless extension of their working or leisure
environment, and all freight is
traced and tracked in real-time through all stages of transit, whatever the
mode."
2. "... to reach the objectives of the Master Plan, specially:
- Travellers and service providers are shielded from fragmentation of services,
modes and geographies. This improves traveller experience as well as improve
providers decision making, allowing the provision of improved services and
customer quality."
"TD4.2’s technical enablement of this capability will be fundamentally
‘distribution-channel agnostic’, meaning that all retailer operations, whether
belonging to 3rd parties (indirect) or to specific Transport Undertakings
(direct) can choose to avail themselves of the technology. This will provide
Transport Undertakings with the liberty to pursue business strategies
exploiting the benefits of both direct and indirect channels.
1. "Departure timetables presenting us real time information on stations and
airports are working but the missing link is the combination of both."
2. "TD4.4 “Trip Tracker” will be the task within Shift2Rail JU that will assist a
traveller throughout his multimodal journey with technologies which accurately
and timely notify travellers of any foreseen difficulties on their individual trip
and offer re-arrangement solutions by providing alternative routes to limit
impacts of delays."
3. "Trip Tracker will analyse and correlate available static data (such as
timetables, topologies), dynamic data (such as traffic updates, operational
feeds, social networks) and passengers’ data (such as preferences, itinerary,
locations)."
4. "Task 4.4.5: Real-time event processing: With this task a number of
software components will be specified and developed to analyse potential
impacts of disruptions (real-time changes and events to published data,
schedules, topologies, etc.) on the traveller’s itinerary and decide on the need
for alternative itinerary construction and alerts to the traveller. Therefore all
accessible information (static, dynamic and passenger data) will be interpreted
in order to identify travel conflicts and their impact on individual transport
connections, based on user’s preferences, and the traveller will be informed
about risks of deviation from the original itinerary and possible alternatives."
"The overall objective of TD4.5 is to research, implement and evaluate a
seamless and interoperable platform offering new levels of interaction
between travellers and transportation stakeholders along with an innovative
ubiquitous adaptive front-end to the global transportation service ecosystem."
"The traveller […] can access with smart devices any mobility information and
service (vehicle localisation, traffic information, alternative routes, booking,
ticketing, e-payment, etc.);"
"Integrating fragmented platforms and systems will contribute to a more
attractive Rail System as Customers enjoy continuous access to their
personalised journey information systems, passengers
treat their journey as a seamless extension of their working or leisure
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environment, and all freight is
traced and tracked in real-time through all stages of transit, whatever the
mode."

TD4.4 - Trip Tracker

TD4.5 – Travel Companion

TD4.6 – Business Analytics Platform

23

Seamless services available on board and at the
station (business)

TD4.5 – Travel Companion

1. "Door to door in this respect does not mean to use public transport instead
of private transport but any kind of useful combination of it whether using car,
bus, bicycle, flight or train. This will be one the most important steps forward
to convince humans to use public transport instead of private transport.
TD4.4 “Trip Tracker” will be the task within Shift2Rail JU that will assist a
traveller throughout his multimodal journey with technologies which accurately
and timely notify travellers of any foreseen difficulties on their individual trip
and offer re-arrangement solutions by providing alternative routes to limit
impacts of delays."
2. "Task 4.4.6 Alternative itinerary building: This task will provide an
implementation of the alternative retrieval functions in charge of interfacing
the Trip Tracker with the Travel Shopping (TD4.2) in order to obtain
suggestions on alternative itineraries once a disruption has been identified."
"Indoor/Outdoor Positioning and Navigation system - This result will include a
navigation app and the underlying positioning infrastructure supporting indoor
and outdoor environments, as well as the seamless transition between both.
Proposed KPIs:
- Effectiveness of the navigation assistance within complex environments such
as the largest railway stations and train interiors.
- Positioning precision in any environment, including crowded ones.
- Size and complexity of the geospatial datasets supported (railway stations,
trains, …)"
1. "The traveller […] can be safely driven over multimodal travels and
pathways (bus, train, ferry, mass transit, …);"
2. "The traveller […] can access with smart devices any mobility information
and service (vehicle localisation, traffic information, alternative routes,
booking, ticketing, e-payment, etc.);"
"T4.5.4: External Connectivity - This task will specify, design, and develop the
components dedicated to the interaction between the travellers and the Travel
Companion framework using smart devices as well as the smart objects (e.g.
smartwatch, AR glass, public displays, iBeacons…) that populate their
environment all along their journey. It will also deliver the components
enabling the Travel companion to interoperate with external applications (e.g.
social networks, personal calendars, PIMS) used by travellers in their daily
work and leisure life."

Table 5 Mapping between MISTRAL Innovative Services and Shift2Rail MAAP
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Summarizing, MISTRAL services related to Safety and Control (Services 1-4) are mostly mapped on
IP2 (Advanced Traffic Management and Control System), while services for Operators (Services 5-13)
are mapped on IP2 and IP3 (Cost Efficient and Reliable Infrastructure). Finally, services for passengers
(Services 14-23) are mapped on IP4 (IT Solutions for Attractive Railway Services).
5.2

Selection of Innovative Services
The Innovative Services have initially been grouped in bundles, joining services with similar objectives;
the bundles identified are:


Safety and Control



Operation and Control



IoT- Maintenance



Monitoring infrastructure



Big Data Enabled Smart Railway Asset Management



Operational data for traffic management



Mobility as a Service/Multimodal Transport



Enhanced Train Experience

In the following Table 6 all the Innovative Services identified in the MISTRAL project, grouped in
bundles.
ID

Mistral Innovative Service

1

Moving Block (signalling)

2

Automated Train Operation - ATO

3

Improved railway emergency calls

4

Precise and certified timing and train position (signalling)

5
6
7
8
9

Seamless connectivity available on board/at the station
IoT-enabled maintenance in railways (real time and smart monitoring TCMS)
Bidirectional real time monitoring and recovery of trains information and voice communication
Monitoring infrastructure
Real-time video surveillance (on-board)

10

Cost analysis of operational and maintenance (Big-Data)

2 - Services for operators

11

Statistical analysis of safety-related failures of systems and devices (ALARP principle applying)

2 - Services for operators

12

Ad-hoc operational data dispatching (provide infrastructure and timetable data of ad-hoc alternative
routes to freight trains, e.g. for energy saving or driver assisting systems)

2 - Services for operators

13

Automated Train-to-Train communication information about track conditions (e.g. obstacles, weather)

2 - Services for operators

14

Additional information (multi-modal seamless experience)

3 - Services for passengers

15

Electronic (wireless) ticketing

3 - Services for passengers

16

Non stop on board entertainment

3 - Services for passengers

17

One-stop shopping gateway application

3 - Services for passengers

Context aware marketing, Context aware shopping and services
Assisted decision-making: Optimal choice for the transport and route (criteria: more comfortable, faster,
cheaper, better connections, etc.)

3 - Services for passengers

21

Real-time timetable information (enhanced connection and routing information)

3 - Services for passengers

22

Provide precise positioning data of trains (e.g. for maps/guides in emergency cases)

3 - Services for passengers

23

Seamless services available on board and at the station (business)

3 - Services for passengers

18-19
20

Type of service
1 - Mission Critical, safety and
control services
1 - Mission Critical, safety and
control services
1 - Mission Critical, safety and
control services
1 - Mission Critical, safety and
control services
2 - Services for operators
2 - Services for operators
2 - Services for operators
2 - Services for operators
2 - Services for operators

3 - Services for passengers

Bundle of services
Safety and Control
Safety and Control
Safety and Control
Safety and Control
Operation and Control
IoT - Maintenance
IoT - Maintenance
Monitoring infrastructure
Operation and Control
Big Data Enabled Smart Railway
Asset Management
Big Data Enabled Smart Railway
Asset Management
Operational data for traffic
management
Operational data for traffic
management
Mobility as a Service/Multimodal
Transport
Mobility as a Service/Multimodal
Transport
Enhanced Train Experience
Mobility as a Service/Multimodal
Transport
Enhanced Train Experience
Enhanced Train Experience
Mobility as a Service/Multimodal
Transport
Mobility as a Service/Multimodal
Transport
Mobility as a Service/Multimodal
Transport
Enhanced Train Experience

Table 6 Innovative Services grouped in bundles of service

Then a subset of services, considered more relevant for MISTRAL objectives, has been created. Here
an explanation why some services have not be taken into account in the following steps:
o

ID3 - Improved railway emergency calls: The extension of the functionality of the Railway
Emergency Calls mainly concerns basic functions in which other services also participate. The
main goals of the enhancement are more precise, track-selective locating of trains, fast call
set-up times and improved quality. However, the resulting operational effects on economic
aspects are difficult to quantify and are therefore not the focus of MISTRAL.
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o

ID4 - Precise and certified timing and train position (signalling): This service is crucial for the
implementation of the moving block, which requires both knowledge of the exact location and
speed of all trains at any given time. An indirect analysis of the impacts, both technical and
economic, of the "Precise and certified timing and train position" is contained in the section
relevant to the "Moving block" [6].

o

ID5 - Seamless connectivity available on board/at the station (for operators): The most of the
devices installed both on-board and on wayside will need to be connected to the radio network
or possibly to the virtual cloud, to assure the communication, control and collecting of relevant
information. E.g., video surveillance cameras, maintenance sensors, drones, on-board unit,
wayside signalling objects, etc. Seamless connectivity is a backbone required for the
implementation of the applications such as IoT based maintenance, which can provide
economic benefits.

o

ID7 - Bidirectional real time monitoring and recovery of trains information and voice
communication: Bidirection real-time monitoring is an essential requirement for the
implementation of IoT-enabled maintenance (see service ID6 - IoT-enabled maintenance in
railways (real time and smart monitoring TCMS)). An indirect analysis of the impacts, both
technical and economic, of the "Bidirectional real-time monitoring and recovery of trains
information" is contained in the section relevant to the "IoT-enabled maintenance in railways".
Voice communication could provide the possibility to broadcast a real-time voice message to
the passengers from the control centre and, in the other direction, real-time communication
from the passenger compartments to the control centre, especially in case the driver is
unavailable. It could provide a consistent support to passengers in case of emergency, without
a direct economic return for RUs.

o

ID12 - Ad-hoc operational data dispatching (provide infrastructure and timetable data of adhoc alternative routes to freight trains, e.g. for energy saving or driver assisting systems):
Providing infrastructure and timetable data of ad-hoc alternative routes to freight trains allows
improving train availability: for instance, it could increase the average punctuality in case of
emergency, by providing indications for alternative routes; it could be also useful to implement
predictive management of traffic circulation conflicts. Rescheduling costs could be extremely
high due to track prices (sold to RUs by IMs), that could be different track by track, and to
the strict constraints on service organization by IMs. Surely higher bandwith is a necessary
parameter for the implementation of such a service, but anyway it could be applicable only in
specific scenarios, under specific conditions, not easy to be evaluated. It is not possible to
identify general criteria of applicability. Therefore, the analysis of this service is omitted.

o

ID13 - Automated Train-to-Train communication information about track conditions (e.g.
obstacles, weather): Automated train-to-train communication for information about track
conditions doesn't bring any economic advantage as mere service without any applied
functionality. Only the control centre is able to make coordinated actions with the necessary
overall view. This service could be useful in case of virtual coupling, but at the moment this
topic is quite futuristic, with no tangible data about technical implementation and costs.

The services considered more relevant are described in depth in the following section 5.3.
5.3

Description of selected Innovative Services
This section provides the following information for each selected service:
 Explanation of the service, with a description of the service, possible interactions with other
services, if any, and deployment in NaaA and NaaS scenarios, highlighting the main
differences.
 Stakeholders’ analysis, with a description of the stakeholders directly or indirectly involved in
the service and which kind of relationship they could have in the NaaA and NaaS scenarios.
 Advantages/Disadvantages (Cost/benefit analysis) , with a list of costs and benefits, the main
insights both in NaaA and NaaS scenarios.
 Overview on Conclusions, with main insights on scenarios 1, 1bis, and 2a from different
stakeholders’ points of view. In particular, for each stakeholder costs and benefits provided in
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5.3.1

the scenario 1 are compared with costs and benefits provided in the scenario 1bis (benefits in
the scenario 1 can be higher, equal or low than benefits provided in the scenario 1bis); then,
costs and benefits provided in the scenario 1bis are compared with costs and benefits provided
in the scenario 2a.
Economic Validation, with a Value Proposition Canvas, which summarizes gains and pains of
the end users and highlights how each service could provide satisfaction to the end users’
needs.
Safety and Control bundle: Moving Block (signalling)



Explanation of the service
In Moving Block Signalling mode track blocks are defined flexible by a computer system –
instead of blocks being defined by fixed points on the track, which is the case with a railway
fixed block signalling system.
The basic prerequisite for this function is an efficient, reliable and safe communication
between the train and the wayside equipment. In order to guarantee these high
communication demands, the communication network has to meet high specific Quality of
Service (QoS) requirements, which are defined in various standards and also in analyses by
MISTRAL [2].
The basic functionality of the Moving Block can be defined as follows. The trains determine
their own locations and transmit their specific location report to the Radio Block Centre (RBC).
The RBC calculates instantaneously the safe movement limit of each train, based on
information that includes the known position of all other trains in the area and track conditions.
Instead of trains being allowed to move (with the transmission of a movement authority
telegram) to a specific signal or stopping point, they can get a permission to move to any
specific position on the track. If the train before clears more of the track and reports its new
position to the RBC, the movement authority for the train behind is permanently expanding.
This effectively ensures a safe "shell" of free tracks around each train moving with that train.
Moving Block allows to be specified to match the braking performance and speed of a specific
train, optimising line capacity in different situations. For example, the same track could be
used to operate with different types of trains: lower-speed commuter trains (short stopping
distances) can run closer together and high-speed trains (long stopping distances) are able
to run further apart.

Existing implementations
ERTMS/ETCS defines three different function levels. The third level abolished wayside signal
system and entirely adopted moving block. Within ETCS Level 3 the system realized real time
moving authorization by GSM-R, train orientation by responder, train integrity check by onboard train equipment and has been tested on specified lines in multiple European countries.
This technical combination should bring two advantages: On the one hand, the current signals
are abolished, which should reduce costs. On the other hand, trains can run closer together,
increasing the capacity of the rail network up to 20 percent more. The technology should also
be more robust and cause fewer disruptions than today.
In addition to an efficient train radio system, a more modern interlocking system is required
as a prerequisite on the infrastructure side to provide the routes for the trains. Interlockings
are to become digital in the future. Until today, interlocking in the European rail network are
still partly based on old technology on a relay or mechanical basis. In the future, train traffic
is to be controlled from significantly fewer "control centres", and interlocking systems on site
are to be increasingly eliminated. The entire reconstruction of the core railway network with
modern interlocking systems is to take about 20 years.
The economic questions are also relevant: So far it is unclear who will bear the costs for the
"digital rail". The railways can hardly finance the high investments from their own resources.
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For instance, current studies27 in Germany show costs of around 1.5 billion euros per year for
the necessary track equipment. According to these recent calculations, the costs for the ETCS
equipment of the five most important infrastructure projects will amount to 1.7 billion euros.
The experts estimate that 28 billion euros would be needed to convert the entire network and
trains to ETCS in the next 20 years. Theoretically, the railway could raise the track prices,
then the passengers and the freight transport companies would pay more.
Basically, the Moving Block functionality allows operation with the smallest possible block
lengths (just long enough to run a train and the braking distance to stop safely). This allows
a maximum number of trains to be operated on a line. Of course, by reducing the distance
between physical signals the track block length can also be reduced in a fixed block signalling
system. This also increases the number of blocks and thus the maximum number of trains
that can run on a line. However, reducing the block length of an existing fixed block system
requires the installation of additional wayside equipment, which is expensive. In addition, the
fixed nature of the signalling system is optimised for trains with a specific defined stopping
distance, other train types may have to run at reduced speed to ensure a safe operation.
The Moving Block increases the capacity of railway lines compared to fixed signalling systems.
In practice, however, there are still limitations. These are mainly based on the different
braking performance of the trains and different restrictions of the timetable. The increase in
capacity due to the Moving Block will therefore vary depending on the route and the nature
of the route. Junctions and stations can also cause different restrictions that Moving Block
implementation cannot improve. In daily operations, trains may have to wait until a hub can
be served during peak time and another train leaves a platform before being allowed to move.


Stakeholders’ analysis
Railway Infrastructure Manager (IM)
The IM operates the railway infrastructure, the core system of railway operations and is
responsible for equipping the track elements (tracks, points, signalling equipment,
communication facilities, operations centres) and also for the safe operation of the assets.
Maintenance of the elements is also coordinated by the IM.
By introducing Moving Block operation, IM can save costs in signaling equipment. The
signalling equipment is no longer necessary for operation and can be dismantled or completely
dispensed with in new buildings.
At the same time, the IM's track capacity is increased. This means that more trains can be
operated on the infrastructure. Revenues from track access prices will thus increase and
benefit the IM.
Due to the savings in the installation of signalling technology, the availability of the system
can be increased, thus achieving a higher reliability of the infrastructure. The probability of
failure of permanently installed signalling technology is significantly higher than in a safety
communication network.
At the same time, maintenance costs are saved as less personnel is required for maintenance.
Society
The higher interval timetable results in a shorter train sequence, which is reflected in a more
attractive offer for urban and long-distance transport. The more often a train connection can
be operated on a certain line, the higher the acceptance for the use of the railway on this
route.
Environment
The increase in traffic density within a railway network is often associated with the
construction of new lines. By using Moving Block functionality, it is possible to increase
capacity by up to 20% on existing lines. This could be sufficient to dispense with new lines

27

https://www.bmvi.de/SharedDocs/DE/Anlage/E/machbarkeitsstudie-zukunft-bahn.pdf
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and thus achieve less interference with nature. From an environmental point of view, this
aspect is an important advantage of this operating procedure.
Passenger/Freight
For the passenger and the freight transported, an increase in transport capacity is coupled
with a higher supply of transport services.
A higher timetable interval increases the train density on a line. At the same time, passenger
comfort increases: travel planning is more varied and flexible.
Due to the more reliable infrastructure (e.g. no signal failures), a higher quality of the overall
system can also be seen as an advantage for the passenger.
Railway Undertaking (RU)
On the one hand, railway undertakings benefit from the possibility to operate lines with more
trains and to enable passengers to plan their journeys more flexibly.
The cost of equipping the on-board equipment is significantly higher for the utilisation of
Moving Block functionality. The trains must be equipped with powerful CBTC/ETCS on-board
systems to be able to use the functionality at all. Additionally, trains have to be equipped with
a train integrity check mechanism. It may be necessary to completely replace the vehicle fleet
on a route network with current vehicles that support the new requirements.
In addition to the technical requirements, it is also necessary to train drivers and employees
on the new operating procedures. Training for drivers and personnel is cost-intensive,
especially for large transport networks.
Producer/Supplier
An impact is also generated for suppliers and producers. On the one hand, less effort is
required for planning, projecting and equipping the wayside elements, since the fixed signal
systems are no longer required. However, the cost of equipping the communication facilities
to implement safe radio communication between the RBC and the train is expected to
increase.
In addition to the wayside equipment, the installation and retrofitting of the on-board
communication and control equipment will also require a great amount of effort on the part
of the on-board suppliers.
Staff
Staff, in particular drivers and operational staff in the control centres, shall be trained in the
new operating procedures. The training effort for the personnel can be considerable,
depending on the size of the transport network.
MNOs
The MNOs are included in different ways. On the commercial level, the focus on the mobile
phone coverage of passengers is interesting. Due to a higher route capacity and increased
attractiveness for passengers, a higher passenger volume can be expected. This can have a
direct impact on higher revenues for the providers.
In a possible NaaS scenario, a possible impact on the MNOs is much higher. The provision of
communication networks for operational rail operations, and thus also for secure
communication, is likely to result in considerable additional costs. On the one hand, the
installation of mobile radio networks in areas that have not yet been served (e.g. rural regions)
represents a high effort and considerable costs.
The implementation of powerful QoS features is also indispensable for the operation of
mission-critical and vital communication. The MNOs must therefore implement the latest
technical standards in order to meet the high demands placed on safe train communication.
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At the same time, however, the MNO can also achieve higher revenues. The transmission of
safety-relevant information with high QoS requirements will be charged with higher
connection costs, which the infrastructure manager will have to pay.
The development of new markets also has a positive effect on the basic orientation and
economic development of providers.


Advantages/Disadvantages (Cost/benefit analysis)
Advantage/Disadvantage

Description

No need for fixed signalling
installations

By avoiding the installation of fixed signal systems, significant
installation costs can be saved. Maintenance and repair are also made
easier.

Line capacity is significantly
increased

The flexible adaptation of the line block length allows an increase in
train density on existing infrastructure. The capacity of the railway
network can thus be increased by approx. 20%.

Higher train frequency in the
timetable, more flexible operation
concepts

The increase in train density will at the same time increase both
flexibility and passenger choice. The transport quality offered to
passengers will increase, as well as the transportation demand.

Fewer infrastructure failures (e.g.
signalling outages), lower
maintenance costs

Since the fixed signal system is no longer required, a subsystem
vulnerable to failures or malfunctions can be omitted, thereby
increasing the availability of the overall system.

Environmentally friendly impact

By increasing the line capacity of existing networks, it is possible to
abandon new construction projects. This will provide an
environmentally friendly way to make rail transport more attractive
while at the same time avoiding any impact on the environment.

Costs for upgrading to modern
interlocking technology

Train Equipment must be available on all trains, which shall be
operated on an upgraded Moving Block infrastructure. The relevant
costs for installation will be remarkably high.

Mixed operation is not economical

The effects for mixed operation (Moving Block and Fixed Block) are
very low, as the costs for the signalling assets cannot be reduced.

Strict QoS requirements of the
transmission is necessary (NaaS)

If MNOs shall provide infrastructure for safe communication networks,
higher requirements for QoS are demanded.

Table 7: List of advantages and disadvantages created by the Moving Block service

In the following Table 8, and in all the advantages/disadvantages tables in the rest of the
section 5.3, the advantages are highlighted in green, the disadvantages in red for each
stakeholder. The degree of impact is indicated in the right column (high, medium or low).
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Stakeholder
Passengers

Advantages/Disadvantages impacting
the stakeholder

Degree of impact (direct or
indirect)

Higher flexibility by higher supply of transport
services by RUs

High

More reliable infrastructure (e.g. fewer signalings
failures) and thus a higher quality of the overall
system

High

Higher ticket fees possible due to higher track
access usage prices for the RUs

Medium

Profit from higher network availability and thus
offer better transportation quality/punctuality

Medium

RUs can operate lines with more trains, due to
higher capacity

High

Payments for track access for IMs can be
increased

Medium

Significant costs for vehicle technology and
equipment (communication & integrity)

High

Costs for staff training of new procedures

Medium

IM can save costs in signaling equipment

High

Lower failure rates, which at the same time
guarantees a higher availability of the nework
and thus increases the quality

High

Higher revenue from track access prices

High

Costs for installation and maintenance of
communication network (Especially in the case of
a NaaA scenario)

Medium

Receives provisioning fee for transmission of
mission-critical data with stringent QoS
requirements (subscriber agreement)

High

Must provide network infrastructure and QoS
capabilities implementation

High

Public Transport
(Bus, Tram,...)

Greater acceptance of public transport, as higher
quality of transport is provided.

High

Environment

Increasing capacity without extensive impact on
environment

High

RUs

IMs

MNO

Others

Table 8: Analysis of advantages/disadvantages impacting the stakeholders involved in the Moving Block service
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Overview on Conclusions



Main insights
for different
stakeholders’
point of view

NaaA – Scenario
1bis

NaaA – Scenario 1

NaaS – Scenario 2a

Passengers:
Benefit

More flexible planning,
Higher travel comfort
Higher ticket prices

=

Benefit

More dense train services
for travellers, more
attractive timetables

Cost

Benefit

Cost

More flexible planning,
Higher travel comfort
Higher ticket prices

=

=

More dense train
services for travellers,
more attractive
timetables

=

More dense train
services for travellers,
more attractive
timetables

Higher vehicle equipment
costs, staff training
requirements, higher
track access charges

=

Higher vehicle
equipment costs, staff
training requirements,
higher track access
charges

=

Higher vehicle
equipment costs, staff
training requirements,
higher track access
charges

More passengers, more
use-dependent revenues,
also due to new
passenger services
-

=

More passengers, more
use-dependent
revenues, also due to
new passenger services
-

>

Significantly higher
revenues due to
provision of operational
train communications
Provision of
comprehensive
communication
infrastructure and
implementation of
powerful QoS
capabilities

No costs for fixed signal
systems, savings in
maintenance, lower
failure rates of the
systems

=

No costs for fixed
signal systems, savings
in maintenance, lower
failure rates of the
systems

=

No costs for fixed signal
systems, savings in
maintenance, lower
failure rates of the
systems

Implementation of an
efficient network covering
the whole area as a
precondition for the
MovingBlock service

=

Implementation of an
efficient network
covering the whole
area as a precondition
for the MovingBlock
service

>

No need of
implementation of an
efficient network
covering the whole area
as a precondition for the
MovingBlock service

Conversion of old
interlocking technology
to a modern system,
higher track access
charges

=

Conversion of old
interlocking technology
to a modern system,
higher track access
charges

Positive environmental
aspects due to savings
on new lines

=

Positive environmental
aspects due to savings
on new lines

=

=

More flexible planning,
Higher travel comfort
Higher ticket prices

RU:

MNO:

Cost

>

IM:
Benefit

Cost

Conversion of old
interlocking technology to
a modern system, higher
track access charges

=

Others:
Benefit

Cost

Positive environmental
aspects due to savings on
new lines

=

-

-

-

Table 9 Table of conclusion for Moving Block service in different NaaA/NaaS scenarios
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Economic Validation

Figure 11 Value Proposition Canvas for the Moving Block service

5.3.2

Safety and Control bundle: Automated Train Operation - ATO


Explanation of the services
ATO is an operational safety enhancement device used to help automated operations of trains,
in different levels of implementation, from GoA 2 (semi-automatic train operation, driver
operates the door, drives the train if needed) to GoA 4 (unattended train operation). High
levels of automation in train operations require big amounts of data to be exchanged with the
control centre (maybe even real-time video monitoring).
For the implementation of ATO a subset of services is needed, such as precise and certified
timing and train position and seamless connectivity available on board/at the station.
ATO will gradually assume the functions of human driver (from GoA2 to GoA4) to allow the
trains being completely autonomous. For this reason, ATO is not supposed to oversee the
safety of circulations, being the signalling system responsible for it (e.g. moving block).
ATO is an automation device for automatic train driving in terms of observing track speed
limits, signal aspects, automatic target braking, optimum movement mode in relation to
observing the train schedule and consumption of traction energy, where on board equipment
will have interfaces to train functions and wayside part will provide the interface to Traffic
Management system and other functions if necessary (e.g. ATO spots).



Stakeholders’ analysis
In NaaA scenario the following relation of the suppliers and providers of service can be
foreseen:


ATO on-board supplied by LE-R and subcontracted SME for electronics and managed
by RU (RU will need to acquire ATO fitted trains and pay a rent to IM for ATO fitted
wayside )



ATO wayside supplied by LE-R and managed by IM (IM will equip infrastructure with
ATO interface between Traffic Management system and trains)

In NaaS scenario the following relation of the suppliers and providers of service can be
foreseen:
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ATO on-board supplied by LE-R and subcontracted SME for electronics and managed
by RU (RU will need to acquire/rent ATO fitted trains and pay a rent to IM for ATO
fitted wayside)



ATO wayside supplied by LE-R/ LE-IT and managed by IM (IM will equip infrastructure
with ATO interface between Traffic Management system and trains)

MNO could be interested to provide support to ATO interface via radio link between wayside
and train in Urban-Urban Line and High-Speed Line.
Also, RU and IM could count on subsidies from the government in Urban to Mountain and
Urban to Rural routes for social benefit.


Advantages/Disadvantages (Cost/benefit analysis)
From the point of view of RU:
RUs are particularly interested in ATO benefits, since ETCS combined with ATO can provide
improved energy efficiency and greater line capacity. ATO shortens headways through timeoptimized driving, plus it enables precise stopping at defined positions, automatic door
opening, definition of exact stopping times for the driver, and precise travel along ETCS
braking curves. Aided by ATO, the train uses line data, schedule data and real-time
information from the infrastructure to constantly drive at an optimized speed profile, thus
making additional energy savings.
So, important benefits can come from energy saving and more efficient use of existing fleet.
From the point of view of IM:
IM can obtain higher fees from RU for ATO fitted infrastructure, and indirectly be benefited
by increased passenger satisfaction and better use of infrastructure.
For the society:
Applying ATO, it is possible to attain conventional train headways comparable to those of
metro systems – enabling an entirely new kind of integration of urban mass transit and
regional transport.
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Advantages/Disadvantages

Description

Compliance with radio
technology

ATO can be deployed with all the technologies, nevertheless GSM-R cannot
assure enough capacity for efficient data transmission.

Higher train frequency
(capacity)

A higher bandwidth ensures lower latency, hence 4G*-MC will provide
better performance than GSM-R, meaning higher network responsiveness.
Consequently, there is higher capacity. ATO can reduce the breaking time
and, therefore, increasing line capacity. This means higher number of
trains per hour and greater number of passengers, hence, more benefit for
RUs and passengers.

Energy Saving

Given the timetable constraint, this represents clear benefits for RU
because of the reduced level of energy consumed breaking and
accelerating the train and optimizing train speed profile.

Decreasing level of CO2

Less energy consumption means also less pollution coming from fossil fuel
energy.

Maintenance cost of brakes

The consumption of brakes could decrease drastically, and this is a clear
gain for RU.

CapEx infrastructure
(wayside) and systems (onboard)

Costs for on-board ATO devices are in charge of RU. No additional costs
for the signalling part for IM (except for GoA4 where specific platform
doors are required).

Saving in Labour cost GoA 4

No more train drivers, door train attendant, etc. are required,
consequently, no salaries.

Safety Improvement

ATO systems offer safer operations by reducing the human-risk factor;
well-designed ATO systems have proven to be more reliable than
conventional ones (from metro's experience)

Flexibility of operation

By taking the human factor out of the driving equation, operators gain
flexibility and can make better use of assets. ATO systems offer a more
tailored service coverage, reducing overcapacity supply at off-peak hours
and enabling operators to inject trains in response to sudden surges in
demand, for example in the case of big events.
Table 10 Advantages and disadvantages of ATO service
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Advantages/Disadvantages impacting the
stakeholder

Stakeholder
Passengers

RU

IM

MNO

Society

More comfortable driving
Better punctuality of circulations
Possibly higher cost of the passage
Higher train frequency (capacity)
Energy Saving
Maintenance cost of brakes
Saving in Labour cost GoA 4
Flexibility of operation
CapEx of on-board ATO systems
Higher fees for ATO fitted infrastructure
Safety Improvement
Higher fees from RUs
Investment in ATO wayside
Potential provider of interface solution for ATO
wayside- ATO onboard. New market opportunity.
Higher fee from IM
Decreasing level of CO2
Safety Improvement
More unemployment

Degree of impact (direct
or indirect)
Medium
Medium
Medium
Medium
High
High
High
High
Medium- High
Medium-Low
High
Medium
Medium
Medium-Low
Medium-Low
Medium
High
Low

Table 11 Analysis of advantages/disadvantages impacting the stakeholders involved of ATO
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Overview on Conclusions

Main insights
for different
stakeholders’
point of view
Passengers:
Benefit
Cost

NaaA – Scenario 1

NaaA – Scenario 1bis

Better quality of service
(comfort, timing)
Higher ticket prices

=

Saving on maintenance,
energy consumption
(15%), personnel (50%
in GoA2)
CapEx of on-board ATO
systems (70 keuro/train)

<

=

NaaS – Scenario 2a

Better quality of service
(comfort, timing)
Higher ticket prices

=

Saving on maintenance,
energy consumption
(20%), personnel (100% in
GoA2)
CapEx of on-board ATO
systems (90 keuro/train)

=

Saving on maintenance,
energy consumption
(20%), personnel
(100% in GoA2)
CapEx of on-board ATO
systems (90 keuro/train)

-

<
>

Higher fee from IM
CapEx interface solution
for ATO wayside- ATO
onboard

Safety improvement and
higher fee from RU
Investment in ATO fitted
infrastructure

=

Safety improvement and
higher fee from RU
Fee for ATO waysideATO onboard interface
ATO on wayside

Safety improvement,
environmental
improvement
-

=

=

Better quality of service
(comfort, timing)
Higher ticket prices

RU:
Benefit

Cost
MNO:
Benefit
Cost

-

Benefit

Safety improvement and
higher fee from RU
Investment in ATO fitted
infrastructure

=

Safety improvement,
environmental
improvement
-

=

IM:

Cost

=

>

Others:
Society:
Benefit
Cost

Safety improvement,
environmental
improvement
-

Table 12 Table of conclusion for ATO service in different NaaA/NaaS scenarios
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Figure 12 Value Proposition Canvas of ATO service
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5.3.3
IoT – Maintenance bundle: IoT-enabled maintenance in railways (real time and
smart monitoring TCMS)


Explanation of the service
The Internet of Things (IoT) is a fast-growing technology area that promises to bring about
a transformation in railway operations and the passenger experience. As IoT continues to
evolve, it will bring greater standardization, openness and scalability to the information
provided to operators. Railway operators will be able to more easily convert the data flowing
from their railway networks into valuable business benefits. Improved fleet management will
be enabled by constantly monitoring vehicles and automated workflow processes, promising
to reduce substantially the initial train delays caused by failure of train or infrastructure
components and subsequent improvement to reliability, availability, maintainability and safety
(RAMS). This will be a significant step towards a consistent and robust rail system.
A backbone services required for the implementation of IoT based maintenance are Seamless
connectivity on board and at the station and Bidirectional real time monitoring and recovery
of trains information.
Most of the devices installed both on-board and on wayside will need to be connected to the
radio network or possibly to the virtual cloud, to assure the communication, control and
collecting of relevant information.
The Internet of Things is the environment where the chosen objects equipped with smart
sensors collect data and exchange it over a network. In case of Railway environments, there
are a lot of objects which performance could and should be monitored, both on board and on
track (locomotive engines, wheels, track infrastructure, sleepers, switch machines, etc.).
Thus, the IoT system operates on three levels:





Hardware (various objects enhanced with firmware/embedded systems and smart
sensors).



Infrastructure (a piece of software that receives, analyzes and stores sensor data; it
runs in the cloud or on a corporate server).



Apps (applications for smartphones, tablets and PCs that connect hardware to the
infrastructure and enable operators to manage smart objects).

Stakeholders’ analysis
The stakeholders’ relation for IoT service has been defined as following:


Suppliers of components: LE-IT and LE-R in NaaA case, and LE-IT, LE-R, SME-IT,
SME-R in NaaS case taking into account the paradigm shift and major market opening
to new actors.



Provider of the service: LE-IT and LE-R in NaaA case, and LE-IT, LE-R, SME-IT, SMER in NaaS.



End-users: ECM, RU and IM in NaaA case and ECM, RU, IM and MNO in NaaS case.

Two major options of ownership are possible for this service:


IoT as an Asset: End users are owners of IoT infrastructure that order and pay the
components to the suppliers.



IoT as a Service: End users pay fixed/flexible fee to providers of the service, according
to the chosen packet.
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Advantages/Disadvantages (Cost/benefit analysis)
From the point of view of RU:
From the point of view of RU, the most interesting IoT-based maintenance features are related
to rolling stock maintenance, where the clear dependency between the number of trains (fleet)
on the operated line and the economic benefit can be found. About 40% of the rolling stock
lifecycle cost are related to the maintenance. Even saving of 5% of these costs can be very
beneficial because of the high costs of rolling stock fleet. RU can directly buy/lease IoT enabled
rolling stock with few overcost through the contracts with suppliers.
Performing some basic calculations, it has been concluded that the most promising scenario
in term of saving correspond to urban-urban one, where the relation cost-benefit shall be
similar in NaaA and NaaS scenarios.
The other three routes also offer benefits which are smaller because of less extensive and
less expensive rolling stock in case of urban-rural, rural- mountain scenarios, and in case of
HSL because of higher effort to implement IoT and smaller benefits, since HSL trains already
provide possibility for cost effective and efficient maintenance.
On the other side, there can be an additional difficulty in case of NaaA urban-rural, ruralmountain scenarios, related to the communication network availability in the rural and
mountain areas, making impossible to fully benefit from the IoT based maintenance solution.
This issue will be overpassed in NaaS scenario.
From the point of view of IM:
From IM point of view, the cost of the implementation depends on the length of the lines, and
the functionalities required. The IoT implementation could be scalable allowing to adapt the
bidding, development, testing and acceptance procedures, as well as assess the benefits.
In this case, urban-rural and rural-mountain scenarios could offer higher margin to obtain
benefits from IoT enabled infrastructure maintenance, since it will offer the possibility to better
control those areas, timely acquiring important information about the state of the routes.
Normally, in such routes, there are very few circulations and the wearing of infrastructure is
low, so predictive maintenance can save the unnecessary renewal of track programmed by
preventive maintenance.

Advantages/Disadvantages

Description

Compliance with radio technology

IoT can be deployed with >=4G network

Saving on maintenance

Constant monitoring and control allow more efficient predictive
maintenance. Identifying of root causes of failures can increase
savings and improve the reliability of the trains. Additionally,
effective insight into IoT enables the railway company to minimize
stock levels of spare parts and materials.

Less delays

Mathematical models predict when parts are likely to fail so that they
can be replaced before they cause unplanned downtime.
Collecting the real-time data from sensors that monitor symptoms of
wear and other failures, engineers can take fast and ad-hoc
decisions to improve the operation.
Major systems, like wheels and bogies, are normally covered by
scheduled maintenance, so these parts are sometimes replaced
when they still had a lot of life left. In case of predictive models and
monitoring it can be avoided saving the costs of unnecessary
replacements.

Savings on replaced components

Table 13 Advantages and disadvantages of IoT service
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Advantages/Disadvantages impacting the
stakeholder

Stakeholder
Passengers
RU

IM

MNO
Society

Degree of impact (direct or
indirect)

Less delays
Less emergency stoppings
Saving on maintenance of rolling stock
Savings on replaced components

Medium
Medium
Medium-High
Medium-High

Initial cost and effort for the implementation and further
maintenance
Saving on maintenance of infrastructure
Savings on replaced components
Initial cost and effort for the implementation and further
maintenance
IoT based maintenance for MNO (e.g. of communication
network deployed in proximities to railways)
More efficient use of installations

Medium
High
High
Medium-High
Medium- low
Medium-low

Table 14 Analysis of advantages/disadvantages impacting the stakeholders involved in IoT-enabled maintenance



Overview on Conclusions

Main insights
for different
stakeholders’
point of view
Passengers:
Benefit
Cost

NaaA – Scenario 1

NaaA – Scenario 1bis

NaaS – Scenario 2a

Less service delays and
interruptions
-

<28

Less service delays and
interruptions
-

=

Less service delays and
interruptions
-

Saving on maintenance
(10-20%)
Cost of HW and SW

<

Saving on maintenance
(20-40%)
Cost of HW and SW

=

Saving on maintenance
(20-40%)
Cost of HW and SW

RU:
Benefit
Cost

=

=

MNO:
Benefit

-

-

<

IoT based maintenance
for MNO (e.g. of
communication network
deployed in proximities
to railways)
HW cost of sensors

Cost

-

Saving on maintenance
(20-40%)
Cost of HW and SW

=

Saving on maintenance
(20-40%)
Cost of HW and SW

More efficient use of
railway installations
-

=

IM:
Benefit
Cost

Saving on maintenance
(10-20%)
Cost of HW and SW

<

More efficient use of
railway installations
-

<

=

=

Others:
Society:
Benefit
Cost

More efficient use of
railway installations
-

Table 15 Table of conclusion for IoT-enabled maintenance in railways service in different NaaA/NaaS scenarios

28

The network deployment for the services Type 2-Services for Operators and Type 3-Services for Passengers will not
assure the total coverage of railway installations in NaaA-Scenario1, for this reason the end-users will not be fully
benefited by the service due to the lack of communications on some track sections.
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Economic Validation

Figure 13 Value Proposition Canvas for IoT-enabled maintenance service

5.3.4

Monitoring infrastructure bundle


Explanation of the service
Railway infrastructure elements and engineering buildings (e.g. bridges, overhead lines, tracks
or signalling) must be subject to regular visual inspections and maintenance. In order to avoid
restrictions in regular operation, these visual inspections are often carried out as weekend
work or night shifts, mostly in connection with line closures. They are therefore labour, timeand cost-intensive.
The continuous condition monitoring of trains and wayside infrastructure systems as well as
the derived preventive maintenance measures have a considerable influence on operating
costs. In addition, they are also relevant for safe operation of the entire railway system.
Due to the great importance of condition monitoring and the great variety of elements to be
monitored - on the train and infrastructure side - there is an almost unmanageable number
of technologies and systems in use within the railway network. The high system diversity and
the required units per requirement increase the effort for this.
The reduction of system diversity as well as new, alternative technologies can contribute to
cost minimisation. Specialized monitoring equipment for train and infrastructure components
can be optimally controlled and triggered with sensor systems. In the future, radio-based
sensor systems will be able to provide efficient and cost-effective solutions for continuously
monitoring many trains and infrastructure-related requirements over the entire network.
A prerequisite for the implementation and use of this system are mobile communication
networks of the latest standard that enable energy-efficient transmission and at the same
time have high availability and low implementation costs.



Stakeholders’ analysis
Infrastructure Manager (IM)
The IM operates the railway infrastructure, the core system of railway operations and is
responsible for equipping the track elements (tracks, points, signalling equipment,
communication facilities, operations centres) and also for the safe operation of the assets.
Maintenance of the elements is also coordinated by the IM.
By constantly monitoring the facilities and infrastructure facilities, it is possible to reliably
determine conditions and make predictions about the state of the system.
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This makes it possible to carry out a more precise analysis of the state of the subsystems.
This leads to lower failure rates, which at the same time guarantees a higher availability of
the line and thus increases the quality of the railway operation.
Through monitoring, targeted maintenance measures can be carried out, thus avoiding
unnecessary expenditure through preventive early renewal. This can reduce maintenance
costs considerably.
However, the equipment of the way-side elements by the IM is cost-intensive and involves
additional investment in the connection of the sensors to the communication networks.
Passenger/Freight
For the passenger and the freight transported, an increase in railway network availability is
coupled with a higher comfort and supply of transport services. This offers passengers higher
punctuality and transport quality.
Railway Undertakings (RUs)
RUs benefit above all from the higher availability and low failure behaviour of the
infrastructure. RUs are able to offer higher punctuality and transport quality of their trains.
MNOs
The MNOs are used as providers of network interfaces between sensor technology and
evaluation databases. This means that the providers offer IP-based data transmission
capacities that transmit the sensor data.
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Advantages/Disadvantages (Cost/benefit analysis)

Advantage/Disadvantage

Description

Provision of monitoring of
individual equipment and
subsystems

Infrastructure monitoring makes it possible to monitor infrastructure equipment
comprehensively and to record and evaluate the status of the system.

Decreasing system failures

Analysing the real-time infrastructure and tracks condition over time can lead
to a prediction of maintenance and track renewal amounts

Increased track operation
availability

Due to lower failure rates (e.g. of the fixed signalling system) an increased
availability of the railway network can be guaranteed.

Lower maintenance costs

Condition-appropriate maintenance measures can be carried out, thus avoiding
unnecessary expenditure through preventive early renewal. This can reduce
maintenance costs considerably for the IM.

Basis for smart
maintenance

The connection to Big-Data systems for the evaluation of the recorded sensor
data can generate system advantages for maintenance. Current evaluation
systems that rely on Big Data analyses to uncover hidden system errors will be
used more in the future. These automatisms can detect errors that were
previously not detected by existing analytical methods.

Higher overall system
quality

Damages and failures can be identified at an early stage and appropriate
countermeasures initiated.

CapEx of the wayside
components

Equipment of the wayside components with additional sensor and
communication modules causes higher costs. Critical state changes must be
processed and detected in real time. Efficient procedures and monitoring
control centers are necessary for this.

Maintenance of additional
sensors and network

The sensors required for monitoring the system must also be checked and
maintained to avoid incorrect measurement data. If many way-side elements
are equipped with sensors, the effort for the maintenance of the monitoring
network cannot be underestimated.

Dependence on the
reliability of the
communication network

Since sensor data is acquired over long periods of time and is constantly sent
in the background, a reliable medium for transmitting the measured values is
a prerequisite.

Table 16 List of advantages and disadvantages created by the Infrastructure Monitoring service

Document version: 1.0

Page 66 of 160

Submission date: 2018-11-27

MISTRAL

D2.2 Validated Techno-economic proposition

Stakeholder
Passengers

Advantages/Disadvantages impacting the
stakeholder

Degree of impact (direct or
indirect)

Fewer network equipment failures improve
passenger travel quality and punctuality

High

Higher ticket rate possible due to higher track
access usage prices for the RUs

Medium

Profit from higher network availability and thus
offer better transportation quality/punctuality

Medium

Payments for track access for IMs can be
increased

Medium

Determine network conditions and make
predictions about the state of the system

High

Lower failure rates, which at the same time
guarantees a higher availability of the nework
and thus increases the quality

High

Maintenance measures can be carried out, thus
avoiding unnecessary expenditure through
preventive early renewal. This can reduce
maintenance costs

High

Costs for installation, maintenance of monitoring
sensors and evaluation processes (Especially in
the case of a NaaA scenario)

Medium

Receives provisioning fee for sensor value
transmission

High

Must provide network infrastructure to cover
railway network-wide elements with monitoring
capablitites

High

Public Transport
(Bus, Tram,...)

Greater acceptance of public transport, as higher
quality of transport is provided.

High

IT Suppliers

Equipping sensors throughout entire railway
networks requires a high number of devices and
installation effort

High

RUs

IMs

MNO

Others

Table 17: Analysis of advantages/disadvantages impacting the stakeholders involved in the Infrastructure Monitoring
service
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Overview on Conclusions

Main insights
for different
stakeholders’
point of view
Passengers:
Benefit

NaaA – Scenario 1

NaaA – Scenario 1bis

Improved travel quality
and punctuality
Higher ticket prices

=

Profit from higher
network availability and
thus offer better
transportation
quality/punctuality
Track access costs IMs
can be increased

Benefit

Cost

Cost

NaaS – Scenario

Improved travel quality and
punctuality
Higher ticket prices

=

=

Profit from higher network
availability and thus offer
better transportation
quality/punctuality

=

Profit from higher network
availability and thus offer
better transportation
quality/punctuality

=

Track access costs IMs can
be increased

=

Track access costs IMs can be
increased

-

<

Receives provisioning fee
for sensor value
transmission

<

Receives provisioning fee for
sensor value transmission

-

<

Must provide network
infrastructure to cover
entire/partly railway
network with high efficient
communication network

<

Must provide network
infrastructure to cover entire
railway network with high
efficient communication
network

Determine network
conditions and make
predictions about the
state of the system,
lower maintenance
Must provide network
infrastructure to cover
railway network-wide
elements with
monitoring capablitites
(sensor within assets)

=

Determine network
conditions and make
predictions about the state
of the system, lower
maintenance
Must provide network
infrastructure to cover
railway network-wide
elements with monitoring
capablitites (sensor within
assets)

=

Determine network conditions
and make predictions about
the state of the system, lower
maintenance

<

Must provide network
infrastructure to cover railway
network-wide elements with
monitoring capablitites
(sensor within assets)

Must provide network
infrastructure to cover
railway network with
high efficient
communication network

<

Additional contracts with
MNOs for the transmission
of sensor data must be
agreed.

<

Additional contracts with
MNOs for the transmission of
sensor data must be agreed

Greater acceptance of
public transport, as
higher quality of
transport is provided.
-

=

Greater acceptance of
public transport, as higher
quality of transport is
provided.
-

=

Greater acceptance of public
transport, as higher quality of
transport is provided.

=

=

Improved travel quality and
punctuality
Higher ticket prices

RU:
Benefit

Cost
MNO:

IM:
Benefit

Cost

<

Others:
Benefit

Cost

-

Table 18: Table of conclusion for Infrastructure Monitoring service in different NaaA/NaaS scenarios

Note: Since infrastructure monitoring is not mission critical, the transmission of these data packets
can also be done via commercial networks.
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Economic Validation

Figure 14 Value Proposition Canvas for the Infrastructure Monitoring service

5.3.5

Operation and Control bundle: Real-time video surveillance (on-board)


Explanation of the service
In reaction to increasing safety and security considerations, automated real-time surveillance
applications have attracted significant attention in research and railway industry.
Modern video surveillance systems for railway infrastructure and on-board trains requires
flexible solutions to meet restrict quality and safety requirements. Widely distributed cameras,
recording and direct live transmission of video signals to control centres or intelligent image
processing are important aspects that require efficient network capabilities.
With video system installations in the railway system with its many stations, workshops and
rolling stock, the need for a high degree of flexibility and integration of video-based
surveillance systems has grown.
The application areas of real-time CCTV can be basically divided into the following requirement
classes:


Support efficient railway operations
It is important to ensure the monitoring of important subsystems (e.g. within stations,
inside vehicles) and to detect anomalies automatically and as early as possible so that
the necessary countermeasures can be initiated. In addition to the classic video
surveillance facilities in control centres, automated procedures will also be used in the
future to evaluate a situation captured in the image. This enables the rapid detection
of hazardous situations in all critical areas.



Protection of passengers and people
The safer the passenger feels, the more attractive the rail system becomes as a means
of transport. The incidents that occur all over the world, sometimes with fatal
consequences, cannot be tolerated. In addition to identifying perpetrators, video
analysis is a major new approach to automatically identifying critical situations. Video
technology also protects personnel in particularly vulnerable locations, such as
marshalling yards.
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Theft, property damage and vandalism cause enormous costs in almost all rail
transport facilities. With high-quality video recordings, it is often possible to identify
those responsible.
In the future, improved CCTV systems will be used in public transport systems so that the
driver can quickly determine whether the automatic door-closing function has been safely
completed and the journey can begin. Accumulations are detected and can be managed very
efficiently by appropriate instructions or the rapid deployment of security personnel.
Computer-aided image processing of the video surveillance in depots, workshops and
marshalling yards are also offering comprehensive solutions for access control of personnel
and staff.
A prerequisite for the transmission of video data is a powerful IP-based communication
network that can also stream large amounts of data over the network on time and provides
special QoS features.


Stakeholders’ analysis
Passenger/Freight
For passengers and freight, there are advantages in monitoring, by increasing security within
vehicles and stations. Vandalism and crime in particular can be greatly reduced by video
surveillance and quickly initiated countermeasures. In addition, in the following of accidents
or incidents, instructions can be given to passengers via the video assistance of the control
centres to assist them.
Railway Undertakings (RUs)
For the RUs there are also advantages for the detection of vandalism or theft of equipment.
The RUs are also responsible for equipping the vehicles with the video systems and operating
the evaluation centres. The time-critical evaluation of the video transmission can take place
automatically, but requires powerful computers which the companies have to maintain.
MNOs
The MNOs are used as providers of network interfaces between video technology and
operational centres in a NaaS scenario. This means that the providers offer IP-based data
transmission capacities that transmit the video data. Video streams in particular require a high
bandwidth during transmission. This can result in a significant data stream in network nodes,
which must be transmitted by the providers. Efficient QoS mechanisms must be integrated
here.
Infrastructure Manager (IM)
The IM acts as a provider of high-performance transmission technology within the entire
railway network. The costs for the implementation of this communication network equipment
are paid by the IM in a NaaA scenario. On the other hand, the IM can increase access charges
by providing enhanced transmission services, e.g. high capacities for video transmission.
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Advantages/Disadvantages (Cost/benefit analysis)

Advantage/Disadvantage

Description

Enhance Passenger and
employee security

Monitoring the internal cabin of the vehicle provides passengers a higher level
of security.

Assistance of driver and
staff in case of incidents

Analysing the real-time infrastructure and tracks condition over time can lead
to a prediction of maintenance and track renewal amounts

Improving enforcement

The possibility of subsequent off-board analysis of the video data is created for
public authorities (e.g. for crime or vandalism).

CapEx of the trainside
components

Equipment of the trainside components (CCTV and data transmission) causes
higher costs. Efficient automatic procedures (image processing algorithms) and
monitoring within control centers are necessary for this.

CapEx of the wayside
components

Equipment of the wayside components (highly efficient data transmission
networks) causes higher costs.

Strict privacy and data
protection regulations

Passenger data protection regulations and personal rights must be complied
with.

CaPex of the wayside
components

Equipment of the wayside components with additional sensor and
communication modules causes higher costs. Critical state changes must be
processed and detected in real time. Efficient procedures and monitoring
control centers are necessary for this.

Table 19: List of advantages and disadvantages created by the Real-time video surveillance service
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Stakeholder
Passengers

Advantages/Disadvantages impacting the
stakeholder

Degree of impact (direct or
indirect)

Enhanced security (lower vandalism and
criminality rate)

High

Increasing safety (instructions from OCs in case
of accidents and incidents)

High

Limitation of privacy, requirement of strict data
protection rules

Medium

Less vandalism and damage in vehicles, thus
cheaper maintenance measures

Medium

Offering greater safety and security for
passengers and thus greater acceptance of
railway usage

High

Costs for installation, maintenance and operation
of video equipment

Medium

Training of personnel

High

Receives provisioning fee for real-time
transmission of video data

High

Must provide network infrastructure to transmit
large number of real-time video streams, impact
on CapEx and OpEx

High

Higher track access charges as a result of
provisioning of more efficient transmission
networks and additional services. (Especially in
NaaA scenarios.)

Medium

Costs of network infrastructure to cover railway
network with high efficient communication
technology. (Especially in NaaA scenarios.)

Medium

Greater acceptance of public transport, as higher
safety and quality of transport is provided.

High

Increase of use of train and public transport

Medium

IT Suppliers

Equipping camera equipment throughout entire
railway networks requires a high number of
devices and installation effort

High

Society

Surveillance is evaluated in a socially
differentiated way and can be very negatively
received.

High

Increasing security perception within railway
transportation system

High

RUs

MNO

IM

Others
Public Transport
(Bus, Tram,...)

Table 20: Analysis of advantages/disadvantages impacting the stakeholders involved in the Real-time surveillance
service
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Overview on Conclusions

Main insights for
different
stakeholders’point
of view
Passengers:
Benefit
Cost

NaaA – Scenario 1

NaaA – Scenario 1bis

Enhanced security
(lower vandalism and
criminality rate)
Higher ticket prices

=

Less vandalism and
damage in vehicles,
thus cheaper
maintenance
measures
Costs for installation,
maintenance and
operation of video
equipment
Higher track access
charges have to be
paid to the IMs.

NaaS – Scenario 2a

Enhanced security (lower
vandalism and criminality
rate)
Higher ticket prices

=

=

Less vandalism and
damage in vehicles, thus
cheaper maintenance
measures

=

Less vandalism and damage
in vehicles, thus cheaper
maintenance measures

=

Costs for installation,
maintenance and operation
of video equipment

=

Costs for installation,
maintenance and operation of
video equipment

<

Additional contracts with
MNOs for the transmission
of video data must be
agreed or higher track
access charges have to be
paid to the IMs.

<

Additional contracts with
MNOs for the transmission of
video data must be agreed.

=

=

Enhanced security (lower
vandalism and criminality
rate)
Higher ticket prices

RU:
Benefit

Cost

MNO:
Benefit

-

<

Receives provisioning fee
for real-time video
transmission

<

Receives provisioning fee for
real-time video transmission

Cost

-

<

Must provide network
infrastructure to cover
entire/partly railway
network with high efficient
network

<

Must provide network
infrastructure to cover entire
railway network with high
efficient network

Higher track access
charges to be paid by
RUs as a result of
provisioning of more
efficient transmission
networks and
additional services.
Must provide
network
infrastructure to
cover railway
network with high
efficient
communication
network

=

Higher track access
charges to be paid by RUs
as a result of provisioning
of more efficient
transmission networks and
additional services.

>

-

>

Must provide network
infrastructure to partly
cover railway network with
high efficient
communication network.

>

-

Greater acceptance
of public transport,
as higher quality of
transport is provided.

=

Greater acceptance of
public transport, as higher
quality of transport is
provided.

=

Greater acceptance of public
transport, as higher quality of
transport is provided.

IM:
Benefit

Cost

Others:
Benefit

Cost

-

-

-

Table 21: Table of conclusion for Real-time video surveillance service in different NaaA/NaaS scenarios
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Note: Since CCTV is not mission critical, the transmission of these data packets can also be done via
commercial networks.



Economic Validation

Figure 15 Value Proposition Canvas for the Real-time video surveillance (on-board) service

5.3.6

Big Data Enabled Smart Railway Asset Management bundle


Explanation of the service
The following services, grouped in the bundle called Big Data Enabled Smart Railway Asset
Management, are analyzed together, since both could be implemented through application of
Big Data services:



Cost analysis of operational and maintenance (Big-Data)
Statistical analysis of safety-related failures of systems and devices (ALARP principle
applying).

Big data services will play a major role for railway operators. Huge data streams generated
by thousands of sensors will further increase operational efficiency. The integration of
intelligent mining platforms to filter data streams and identify the most relevant information
will enable the automatic triggering of action by operational personnel. Rail applications from
the cloud will help to flexibly introduce new operational services with easy installation
processes and zero downtime of critical train control systems. Integration of the databases
across transport modes offers door-to-door freight transport including a rail link with fast and
accurate service pricing – essential for the attractiveness of a service which must be
competitive and reliable.
In order to perform timely maintenance efficiently and effectively, certain prerequisites are
necessary. The acquisition of real-time track data for maintenance purposes can be timelimited, therefore it is very crucial that real-time data analysis methods are implemented in
railway applications.
Big data analyses require the availability of comprehensive, temporally complete status data
of various systems and their components. A direct connection with IoT services can be seen.

Document version: 1.0

Page 74 of 160

Submission date: 2018-11-27

MISTRAL

D2.2 Validated Techno-economic proposition

By processing large amounts of sensor data, Big Data analyses can identify and examine
hidden or previously unseen correlations.
A direct interaction of Big Data analyses with the following Innovative Services can therefore
be expected:




ID6 - IoT-enabled maintenance in railways (real time and smart monitoring TCMS)
ID8 - Monitoring infrastructure
ID11 - Statistical analysis of safety-related failures of systems and devices (ALARP
principle applying).

Cost analysis of operational and maintenance through Big-Data application service includes
the Statistical analysis of safety-related failures of systems and devices subservice as well, in
which case the trustworthiness and reliability of the gathered data shall be assured.
This service needs the following four pillars to be deployed:







Data collection: including data coming from different maintenance sensors and IoT
system, passengers’ flows, tiquets validations and purchase, etc.;
Data storage: own assets like hard discks (few data) or distributed (usually cloudbased) system for large amounts of data;
Data analysis: Software applicartions for cleaning of data, building of data analitycs
model and drawing conclusions;
Data visualisation/output: data visualization platforms.

Stakeholders’ analysis
The stakeholders’ relation for Big Data service has been defined as following:
 Suppliers of components: LE-ICT in NaaA case, and LE-ICT, SME-ICT in NaaS case
taking into account the paradigm shift and major market opening to new actors.
 Provider of the service: LE-DAE in NaaA case, and LE-DAE, SME-DAE in NaaS.
 End-users: RU (ECM) and IM in NaaA case and RU (ECM), IM and MNO in NaaS case.
Two major options of ownership are possible for this service:
 Big Data as an Asset: End users are owners of Big Data infrastructure, and order and
pay the components to the suppliers. Possible in case of reduced data size, since
storage and analytic capabilities needed are not so high.
 Big Data as a Service: End users pay fixed/flexible fee to the providers of the service,
according to the chosen packet. This model allows to rent storage space as well as
analytic capabilities through a cloud service and pay according to usage.



Advantages/Disadvantages (Cost/benefit analysis)
From the point of view of RU (ECM):
Big Data application could be beneficial for RUs in relation with potential savings on rolling
stock maintenance and decrease of energy consumption. Saving on maintenance will come
from enhanced monitoring and analysis of pieces wearing (predictable maintenance instead
of preventive maintenance) and better selection of providers. Also, maintenance plans can be
better analysed in terms of efficiency of subcontracted services, guarantee periods’ duration,
etc.
It should be highlighted that currently a lot of sensors for the diagnostic are already installed
on-board of the trains, nevertheless the data collected from them is not used in efficient way,
since there is no constant wireless connection between train and wayside to retrieve this
information in real time.
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Another possible stream of Big Data application is related to monitoring and control of power
consumption. Locomotives motors performance and consumption can be monitored in detail
to select the best operational modes.
The preliminary estimation of the possible savings against the implementation cost of the
service, shows that even in the first year it could be saved between 8 and 25% of cost related
to rolling stock maintenance and powering. The most promising application would be in case
of conventional urban to urban and regional lines with elevated density (more than 15 trains
per day).
From the point of view of IM:
In case of IM, the deployment of Big Data service will require more effort, basically for two
main reasons: the necessity to deploy hardware network of sensors compatible with railway
installation and connected to a communication network (IoT service), and the potential
amount of data that will need to be collected, stored and analysed, since the price of the
application will hardly depend on this parameter (the larger amount of data the higher is the
price).
Potential saving on maintenance and operational improvements thank to Big Data application
could be important but still the trade-off between the cost of implementation and the benefits
shall be found. Possible game-changing factors could be the scalable applications (step by
step coverage of infrastructure by IoT and Big Data services, starting from the most promising
areas of improvement), the other possibility would be to open the market to the new actors
and obtain more competitive prices thanks to it. This last factor is mostly likely to be favoured
in NaaS scenarios, thanks to the flexibility gain for provider and subcontractors of IMs.
Advantages/Disadvantages

Explanation/Note (comment)

Compliance with radio
technology

Real-time Big Data application that include IoT based maintenance can be
deployed with >4G network.

Better mobility with less
resources

Big Data analytics can help to improve the asset’s performance such as
scheduling the windows when there is less traffic, do maintenance tasks at
bottlenecks, rescheduling the assets with respect amount of traffic by
passengers and enhance overall efficiency that can lead to reduce in
operating costs.
Big Data analytics is indispensable to take advantage from IoT. The huge
amount of data coming from different sensors and other sources can be
efficiently analysed with Big Data.

Smart maintenance

Data-driven decision making

Using statistics and analytics, a range of options can be offered and
assessed (e.g. passenger flows and timetable management, efficient
driving, maintenance, subcontracted services, etc.).

Energy saving

Analytics of train motors performance, as well as analysis of network as a
whole, could help to save energy in everyday operation.

Management of personnel

Smart management of assets also includes personnel management which
can allow to reduce personnel costs

Truly multi modal transport

Timetables of different types of transports can be synchronized

Cost of leasing

At the moment the cost of leasing of Big Data processing and memory
seems to be quite high taking into account the necessities of Railways
Difficulty to find specialist in the area of Big Data applications

Trained personnel

Table 22 Advantages and disadvantages of Big Data Enabled Smart Railway Asset Management service
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Passengers

Advantages/Disadvantages impacting the
stakeholder
Truly multi modal transport

Degree of impact (direct or
indirect)
Medium

RU

Better mobility with less resources

Medium

Smart maintenance

High

Data-driven decision making

High

Energy saving

Medium

Smart management of personnel

Medium

Cost of leasing

Medium-low

Trained personnel

High

Smart maintenance

High

Data-driven decision making

Medium

Smart management of personnel

Medium

Cost of leasing

Medium- high

Trained personnel

High

As a client of service: can be benefit by smart asset
management
As a provider of service: can consider providing HW/SW
support (e.g. for data storage and processing). New
market opportunity
Decrease of CO2 emissions, because of more efficient
energy and other resources usage
Benefits and opportunities for the enterprises offering Big
Data services.
Smart maintenance

Medium

Stakeholder

IM

MNO

Society
ICT and DAE
suppliers
ECM

Medium-High
Medium
High
High

Table 23 Analysis of advantages/disadvantages impacting the stakeholders involved in Big Data Enabled Smart
Railway Asset Management service
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Overview on Conclusions

Main insights for
different
stakeholders’point
of view
Passengers:
Benefit
Cost

NaaA – Scenario 1

NaaA – Scenario 1bis

Truly multi modal
transport
-

<29

Savings on
maintenance and
energy savings

<

Own implementation
or leasing

<

Truly multi modal transport

NaaS – Scenario 2a

=

Truly multi modal
transport
-

Savings on maintenance
(8%) and energy savings
(5%)

=

Savings on maintenance
(8%) and energy
savings (5%)

Own implementation or
leasing

>

Leasing

<

Client or provider of
service
Cost of service
deployment (HW and
SW).

-

RU (ECM):
Benefit

Cost
MNO:
Benefit

-

-

Cost

>

IM:
Benefit

Increase of return on
investment, Savings
on maintenance

<30

Cost

Own implementation
or leasing

<

Decrease of CO2
emissions
-

<

Increase of return on
investment (0.7%),
Savings on maintenance
(8%)
Own implementation or
leasing

=

Decrease of CO2 emissions

=

Decrease of CO2
emissions
-

>

Increase of return on
investment (0.7%),
savings on maintenance
(8%)
Leasing

Others:
Society:
Benefit

Cost
ITC and DA suppliers:
Benefit New market, new
clients
Cost Cost of service
deployment (HW and
SW)

<

New market, new clients

>

New market, new clients

<

Cost of service deployment
(HW and SW)

=

Cost of service
deployment (HW and
SW)

Table 24 Table of conclusion for Big Data Enabled Smart Railway Asset Management service in different NaaA/NaaS
scenarios

29

The network deployment for the services Type 2-Services for Operators and Type 3-Services for Passengers will not
assure the total coverage of railway installations in NaaA-Scenario1, for this reason the end-users will not be fully
benefited by the service due to the lack of communications on some track sections.
30
See note 29
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Economic Validation

Figure 16 Value Proposition Canvas of Big Data Enabled Smart Railway Asset Management service

5.3.7

Mobility as a Service/Multimodal Transport bundle


Explanation of the service
The following services, identified in deliverables D2.1 and D3.2 as passenger services, are in
this analysis grouped in the bundle called Mobility as a Service/Multimodal Transport and
analyzed together, since they are relevant to the travel experience and provide information
or services that are part of a wider service we identify with Mobility As A Service/Multimodal
Transport:


Additional information (multi-modal seamless experience)



Electronic (wireless) ticketing



Assisted decision-making: Optimal choice for the transport and route (criteria: more
comfortable, faster, cheaper, better connections, etc.)



Real-time timetable information (enhanced connection and routing information)



Provide precise positioning data of trains (e.g. for maps/guides in emergency cases)



One-stop shopping gateway application (here only for the possibility to buy tickets
through it).

With the term Mobility as a Service/Multimodal Transport we mean the possibility to have a
door-to-door journey by using different ways of transport in the same journey, by choosing
according to personal preference, like time, comfort, costs.
Journey planning apps, which help users identify and compare different modal options for
getting to their destinations, have become commonplace, with local and global offerings available in every city. The natural next step would be to bring all of these options together on a
common platform. This would enable journey planning across a range of transportation
modes, offering flexible payments and personalization based on user preferences regarding
time, comfort, cost, and/or convenience. Rather than having to locate, book, and pay for each
mode of transportation separately, MaaS platforms let users plan and book door-to-door trips
using a single app. A key component of any MaaS model is ticketless travel. Using a smart
card or smartphone, a user is able to enter and exit all transportation modes required for any
given journey. The provision of rail services within a MaaS system will need operators to
integrate their offering with alternative modes of transport with a requirement to compete on
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multiple measures (time, cost, comfort etc) which would be managed by the MaaS platform
on behalf of each individual passenger. Within a MaaS environment, each passenger will
potentially be using multiple modes of transport and changing the way they travel more often
to get a more appropriate offering for each particular journey. Rail travel needs to reinforce
its position as the best way to cover distances in an easy, efficient and comfortable way. Rail
will always have the major advantage of being a highly effective way of transporting lots of
people over distances quickly and into congested areas far more effectively than with more
individual modes of transport.


Stakeholders’ analysis and Advantages/Disadvantages (Cost/benefit analysis)
Several stakeholders are involved in this service:
 the suppliers of the components: the suppliers of the platform used to provide the
service, like ICT companies and Software Houses
 the providers of the service: the providers of transportation service, like Rus for train,
public transport providers for bus, tram,... and private transport providers for carsharing, bike-sharing,...
 the end users: passengers.
Moreover, there are other stakeholders impacted by the MaaS service, like society, car
manufacturers, other business sectors, analyzed in the following Table 26.
Different ways of payment could be taken into consideration, according to the typology of
the end users: for instance, commuters and students, using the service daily, or anyway
very often, could be prone to have a monthly (or annual) subscription; occasional
passengers, travelling for leisure or business, on the other hand, could prefer a pay-as-yougo solution.
The supplier of the platform, instead, could be paid either through advertisment published
on the platform itself or through a subscription required to the end users to access the
service.
A detailed analysis of advantages/disadvantages and their impact on the involved
stakeholders is reported in the following Table 25 and Table 26.

Advantage/Disadvantage
Mixing and flexibility in
modes of transportation

Description
Anyone with the app that provides Mobility as a Service can enter a destination,
select his or her preferred mode of getting there—or, in cases where no single
mode covers the door-to-door journey, a combination thereof—and go. The
goal is to make it so convenient for users to get around that they opt to give
up their personal vehicles for city commuting, not because they are forced to,
but because the alternative is more appealing.
By offering full mobility as a service, combining multiple modes of
transportation, RUs could act as mobility aggregators at the heart of an intermodal ecosystem, with partners including public transportation, car sharing and
bike sharing providers. They would significantly broaden the scope of data and
how it is used, strengthening their grip on the user interface. Moreover, the
possibility to have real-time info about the status of the journey, could provide
a quick alternative arrangement in case of disruption.

Flexibility in payment

Users can either pre-pay for the service as part of a monthly mobility
subscription, or pay as they go using a payment account linked to the service.
The monthly subscription, for frequent users like commuters and students,
could provide services in bundle, for example unlimited trips on urban trains
and bus and a fixed number of km by taxi.
The Pay-as-you-go model is more suitable for journeys that users make rarely,
like for example tourists or occasional visits in specific destinations.
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Advantage/Disadvantage
Ease of booking and
avoidance of timeconsuming searching

Description
Rather than having to locate, book, and pay for each mode of transportation
separately, MaaS platforms let users plan and book door-to-door trips using a
single app.
Since 2016, Helsinki residents have been able to use an app called Whim to
plan and pay for all modes of public and private transportation within the city—
be it by train, taxi, bus, carshare, or bikeshare.

Offer tailored on the user
preferences (time, costs,
comfort)

An integrated platform could provide users with travel opportunities based on
real-time conditions throughout the network, taking account of all the possible
options: each user could choose based on his own preferences (for example,
time and convenience vs. cost).

More convenient than
travelling by own car

The journey price by using a mobility service (train, bus, car sharing, …) is
generally cheaper than using the own car.

Ticketless

A key component of any MaaS model is ticketless travel. Using a smart card or
smartphone, a user is able to enter and exit all transportation modes required
for any given journey.

Improvement of railway
services thanks to analysis
of real data on passengers

RUs could use the data they collect on consumer movement across the
transportation network to understand travel patterns, optimize the network,
and calibrate demand and supply. Increased connectivity through smartphone
usage and the rising adoption of IoT devices is creating enormous amounts of
data. That data can be harnessed, analysed and applied to improve operations,
efficiency and quality of life in cities, as well as drive further innovation.
Analysis can support much-improved decision-making as well as generating
new market opportunities by creating completely new products and services
not previously available. As an example, mutuated by urban car environment
An operating system for urban mobility has recently been developed in Mexico
City to reduce the crippling congestion. The system uses anonymised data from
vehicles to monitor the movement of traffic around the city, allowing authorities
to more efficiently manage the highway network by assessing congestion,
identifying problems and understanding how traffic moves around the city information is fed back to users via an app to help them plan their journey and
to avoid congestion. Moreover, integrating data such as live weather
information can help provide new services both to customers and to transport
providers to help them predict and manage disruption more effectively.
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Advantage/Disadvantage

Description

Less traffic congestion, less
accidents and less carbon
emissions

Public transport remains critical for supplying significant capacity for large
numbers of people, the positive development is the greater focus on integrating
the journeys at either end to make the experience as easy as possible for the
user without the need to spend time and effort planning and choosing how to
make the whole journey.
Government could encourage investments in programs to encourage cities and
train operators to think creatively about the future and to experiment with new
mobility alternatives. Moreover, the public sector can encourage behavior that
aligns to broader public policy goals, such as reducing congestion or traffic
accidents. A city region may use a MaaS service provision to encourage more
use of public transport modes by incentivising users via price mechanisms away
from cars and onto rail. Additionally, MaaS pricing mechanisms could be
dynamic, focusing on incentivising price-sensitive users to change their time of
travel away from peak hours to try and smooth out demand for travel at rush
hour.
SBB, the federal railway operator in Switzerland, has launched a program that,
for a monthly fee, includes a combination of a car, maintenance, insurance,
tolls, bike sharing, taxi service, unlimited train service, and free parking at train
stations,
depending
on
the
plan.
Called
SBB
Green
(https://www.sbb.ch/en/campaigns/greenclass-pionier.html), the program
provides an electric BMW i3 and the rest of the perks for as little as 910 Swiss
Francs per month.

Increase of use of train and
public transport

City dwellers have shown a propensity to try new travel options that make
traversing the urban environment more bearable.

Access over ownership

MaaS guarantees the possibility to move door-to-door without own means.

Save time to work or fun
during the journey

By using train, public transport and other shared means there is the possibility
to spend time working or having fun instead of driving.

More passengers from/to
rural/mountain areas by
train*

Government entities can use their power to foster equity in transportation
provision, ensuring geographic coverage and accessibility, as well as serving
low-income and underserved populations. An integrated service train-car
sharing could increase the use of train to reach rural and mountain areas,
currently less served by public transport.

* This advantage is expecially significant in rural-urban and mountain-urban lines.
Table 25 List of advantages and disadvantages created by the Mobility as a Service/Multimodal Transport
service

Stakeholder
Passengers
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Advantages/Disadvantages impacting the
stakeholder

Degree of impact (direct or
indirect)

Mixing and flexibility in modes of transportation

High

Flexibility in payment

High

Ease of booking and avoidance of timeconsuming searching

High

Offer tailored on the user preferences (time,
costs, comfort)

High

More convenient than travelling by own car

High
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Stakeholder

RUs
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Advantages/Disadvantages impacting the
stakeholder

Degree of impact (direct or
indirect)

Ticketless

High

Less traffic congestion, less accidents and less
carbon emissions

High

Access over ownership

High (passengers do’t need their
own means)

Save time to work or fun during the journey

High (better quality of life)

More passengers from/to rural/mountain areas
by train

High (a better offer, also from/to
rural/mountain areas, giving
passengers the possibility to have
a door-to-door journey without
need of their own car)

Higher costs (probably the MaaS service is more
expensive than the single services bought one by
one)

Medium

Mixing and flexibility in modes of transportation

Medium (more passengers using
trains if the door-to-door trip is
guaranteed)

Flexibility in payment

Medium (monthly subscriptions
could guarantee stable income to
transport service providers. Such
actors should be encouraged to
join this service)

More convenient than travelling by own car

Medium (more passengers using
trains if the door-to-door trip is
guaranteed)

Improvement of railway services thanks to
analysis of real data on passengers

High (having real data on
passengers can bring a better
understanding of the passenger’s
needs and Rus could optimize
train scheduling, enhancing level
of occupation of vehicles,
foreseeing peaks and minimum
levels of influx related to
repetitive conditions during the
year; moreover knowledge of
data about passengers could give
Rus the possibility to offer
embedded services in
cooperation with partners)

Increase of use of train and public transport

Medium (more passengers using
trains if the door-to-door trip is
guaranteed)

Access over ownership

Medium (more passengers using
trains if the door-to-door trip is
guaranteed)
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Stakeholder

Advantages/Disadvantages impacting the
stakeholder

Degree of impact (direct or
indirect)

More passengers from/to rural/mountain areas
by train*

High (more passengers on lines
usually less crowded)

IMs

Improvement of railway services thanks to
analysis of real data on passengers

High (having real data on
passengers, IMs could identify
influxes at stations and services
required by customers)

MNO

NA

NA

Mixing and flexibility in modes of transportation

High (the door-to-door journey
could increase revenues for all
the transport providers, from the
public to the private ones)

Increase of use of train and public transport

High

Access over ownership

High (increase in use of bus and
tram in lieu of private cars)

Mixing and flexibility in modes of transportation

High (the door-to-door journey
could increase revenues for all
the transport providers, from the
public to the private ones)

Access over ownership

High (use of rented orshared
means of transport is fostered)

MaaS service
Providers (IT
Operators, or
anyone will
become a MaaS
service provider)

Ease of booking and avoidance of timeconsuming searching

High (the MaaS service providers
could increase their revenues
form selling integrated tickets)

Car
manufacturers

More convenient than travelling by own car

Medium (less use of private cars)

Access over ownership

Medium (less use of private cars)

IT Operators

Improvement of railway services thanks to
analysis of real data on passengers

High (having real data on
passengers could allow IT
Operators the possibility to offer
embedded services in
cooperation with RUs; moreover
they could have added value of
services created by digital
business models)

Tourism and
satellite
companies

More passengers from/to rural/mountain areas
by train*

Medium (tourism could be
fostered by better connections
between cities and
rural/mountain areas)

Others
Public Transport
(Bus, Tram,...)

Private Transport
(car-sharing,
bike-sharing,...)
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Stakeholder
Other business
sectors

Society

Advantages/Disadvantages impacting the
stakeholder

Degree of impact (direct or
indirect)

Access over ownership

Medium (passengers can invest
money saved for not having a car
in other activities (tourism,
smartphones, fun activities,
restaurants, …)

Improvement of railway services thanks to
analysis of real data on passengers

Medium (possibility to offer
embedded services in
cooperation with RUs)

Less traffic congestion, less accidents and less
carbon emissions

High (more liveable cities)

More passengers from/to rural/mountain areas
by train*

Medium (if good connections are
guaranteed between
mountain/rural areas and cities,
people could choose to live in
mountain/rural areas, reducin
overcrowding in cities and
increasing their quality of life)

* This advantage is expecially significant in rural-urban and mountain-urban lines.
Table 26 Analysis of advantages/disadvantages impacting the stakeholders involved in the Mobility As A
Service/Multimodal Transport service

No relevant differences between NaaA and NaaS scenarios have been found in the analysis of
the Mobility as a Service. In both scenarios MaaS is based on the integration of several actors:
providers of different modes of transport, from train to bike-sharing, and service providers,
owners of the application to find the right door-to-door solution. It could be expensive (e.g.
app to be developed, services more aligned to customer needs, ...), but expected revenues
are surely higher than the current ones, due to an increase of number of passengers, attracted
from a more appealing, reliable and functional service. For this reason high attention is paid
to this service by the possible providers.
On the other hand, passengers, as end users, could have a relevant improvement in the
quality of service, since MaaS could allow them to do door-to-door journeys without their own
means, but in an integrated way through different modes of transport, buying the whole
solution in one shot, without loosing time in queues or searching different pieces of the
journey, increasing also their quality of life.


Overview on Conclusions

Main insights
for different
stakeholders’
point of view
Passengers:
Benefit
Cost

NaaA – Scenario 1

NaaA – Scenario 1bis

NaaS – Scenario 2a

More appealing,
reliable and functional
service
Higher cost of ticket to
have a better service

=

More appealing, reliable
and functional service

=

=

Higher cost of ticket to
have a better service

=

Higher number of
passengers

=

Higher number of
passengers

=

More appealing,
reliable and functional
service
Higher cost of ticket to
have a better service

RU:
Benefit
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Main insights
for different
stakeholders’
point of view

Cost

NaaA – Scenario 1

Improvement of
railway services thanks
to analysis of real data
on passengers
Costs of
implementation

NaaA – Scenario 1bis

=

Improvement of railway
services thanks to
analysis of real data on
passengers
Costs of implementation

NaaS – Scenario 2a

=

Improvement of
railway services thanks
to analysis of real data
on passengers
Costs of
implementation

MNO:
Benefit
Cost

-

Benefit

Improvement of
railway services thanks
to analysis of real data
on passengers
-

-

-

IM:

Cost

=

=

Improvement of railway
services thanks to
analysis of real data on
passengers
-

=

=

Others:
Public Transport:
Benefit Higher revenues due
=
Higher revenues due to
=
to an increase of use
an increase of use of
of train and public
train and public transport
transport
Cost
IT Operators, Tourism and satellite companies, MaaS service Providers:
Benefit
Cost

Higher revenues
coming from the new
service
-

=

Less traffic congestion,
less accidents and less
carbon emissions
-

=

Higher revenues coming
from the new service

Improvement of
railway services thanks
to analysis of real data
on passengers
-

Higher revenues due
to an increase of use
of train and public
transport
-

=

Higher revenues
coming from the new
service
-

=

Less traffic congestion,
less accidents and less
carbon emissions
-

-

Society:
Benefit
Cost

Less traffic congestion,
less accidents and less
carbon emissions
-

Table 27 Table of conclusion for MaaS/Multimodal Transport service in different NaaA/NaaS scenarios
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Economic Validation

Figure 17 Value Proposition Canvas for the MaaS/Multimodal Transport service

5.3.8

Enhanced Train Experience bundle


Explanation of the services
The following services, identified in deliverables D2.1 and D3.2 as passenger services, are in
this analysis grouped in the bundle called Enhanced Train Experience and analyzed together,
since they are relevant to the activities and services that could improve the passengers’ travel
time


Non-stop on-board entertainment



One-stop shopping gateway application (here only for shopping)



Context aware marketing, Context aware shopping and services



Seamless services available on board and at the station (business).

With the term Enhanced Train Experience we mean the possibility for the passenger to enjoy
services like movies, newspapers, music, buying tickets for events, and also a Wi-Fi internet
connection to improve his experience on-board.
The service could be implemented by installing on each coach:


An access point, to allow access to the users



A router, connected to the on-board LAN and to the mobile network (for an intranet
connection for services offered locally the first one, and for an internet connection through the Wi-Fi network - the second one)



A server, to provide passengers with multimedia contents (movies, music, ...). These
contents do not need an internet connection, but only the connection to the train LAN.

Two examples of on-board Wi-Fi are the free connection offered by Trenitalia on High Speed
Line trains (Frecciarossa) and the new free Wi-Fi connection that the Polish Railway
Undertaking PKP is installing on their Express InterCity Premium trains, with an investment of
31.7 PLN million31 (approximately 7 million euro) [7].
On the other hand, to improve the coverage of the commercial networks into the train, and
increase the quality of the direct connectivity of the mobile passenger device to its MNO
31

This amount include also maintenance for 5 years.
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network, without using the Wi-Fi on-board, a repetear of the mobile signal could be installed
on the train, to reduce the attenuation of the mobile signal introduced by the coach itself.
An example of such a strategy has been implemented in Switzerland, where the Railway
Undertaking FFS installed on the national trains repeaters and signal amplifiers to guarantee
a good coverage on board of the good coverage that the Swiss MNOs guarantee outside along
the track [8]. This is an example of the scenario 1bis, where the mobile network along the
track is guaranteed by the MNOs for commercial issues and passenger services are
implemented and provided by MNOs.


Stakeholders’ analysis and Advantages/Disadvantages (Cost/benefit analysis)
Several stakeholders are involved in this service:
 the suppliers of the components: the suppliers of the platform used to provide the
service, like ICT companies and Software Houses, the MNO, supplier of the network,
and the companies selling products and services on the platform, like shops and
event organizers
 the providers of the service: any actor can be the service provider, but the most
probable ones are the RU and the MNO, being the former the owner of the train
where to install equipment to provide the service, and the last one the owner of the
network
 the end users: the passengers.
Different ways of payment could be taken into consideration, according to the typology of the
end users: for instance, passengers could have a basic version of the service free of charge,
included in the train ticket, and an advanced version of the service under payment (pay-asyou-use). An example could be a basic portfolio of movies offered free of charge and a wider
portfolio offered under payment.
The supplier of the platform could be paid through a direct payment from the service provider,
the same for the network provider. Finally, the suppliers of the products and services sold on
the platform can be paid according to a buying and selling mechanism, making agreements
with the service providers, which could have revenues also from the advertisment published
on the platform.
A detailed analysis of advantages/disadvantages and their impact on the involved stakeholders
is reported in the following Table 28 and Table 29. In the Table 29 the advantages are
highlighted in green, the disadvantages in red for each stakeholder. In the last column there
is the degree of impact (high, medium or low).

Advantage/Disadvantage

Description

More comfortable journeys

Thanks to the access to online services (social media, film hubs, playlists, digital
libraries, newsstands) the time spent travelling could be more relaxing and
comfortable.

Productivity: possibility to
work on board

A seamless connectivity could allow working, sending and receiving mails, make
online meetings.

Table 28 List of advantages and disadvantages created by the Enhanced Train Experience service

Stakeholder
Passengers
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More comfortable journeys

High

Productivity: possibility to work on board

High
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Stakeholder

RUs

Advantages/Disadvantages impacting
the stakeholder

Degree of impact (direct
or indirect)

Higher costs (additional services could be
expensive. Also costs to implement the service
could increase the train ticket)

Low

Enhanced passenger experience

High (higher number of
passengers)
Low (possibility to have revenues
selling commercial services and
products)

MNOs

Enhanced passenger experience

Revenues from RUs and/or
passengers

IMs

NA

NA

Enhanced user experience

Medium (possibility to have
revenues selling commercial
services and products)

Others
Companies selling
products and
services on the
platform

Table 29 Analysis of advantages/disadvantages impacting the stakeholders involved in the Enhanced Train Experience
service

IMs are not impacted by the Enhanced train experience for passengers, since this bundle of
services needs a broadband network, provided by MNO, different from the Mission Critical
one.
In both NaaA and NaaS scenarios the MNO is the only possible network provider for this
service, since the network owned by the IM for Mission Critical services in the NaaA scenario
cannot be used for commercial services, both for normative and bandwidth issues. In the
NaaA scenario the RU could create a partnership with the MNO and offer services to the
passengers. In the NaaS scenario, on the other hand, since the MNO is the provider of the
network for the Mission Critical services, and so having a pervasive deployment of antennas
along the whole train line, it is probably more encouraged to provide also commercial services
to passengers.
A further scenario interesting for this service is the scenario 1bis, described in section 4.2.2.1,
where MNO decides to invest in a more pervasive deployment of 4G for commercial reasons
along the railway line. In this case the MNO could directly offer the service to the passengers,
and passengers could be prone to choose a mobile operator more than another.
Some differences can be found among different scenarios.
Short journeys in urban areas are more comfortable if passengers can spend time connected,
to make shopping, to organize the rest of the trip, to simply chat with friends.
Medium-duration journeys in urban-mountain, urban-rural and urban-urban areas are more
comfortable if passengers can spend time connected. Students, for example, could spend time
studying being connected, saving time for other activities at the end of the journey.
Commuters could work, manage mails and make online meetings. People on vacation could
organize the holiday, make shopping, book hotels and activities, watch a movie, or simply
chat with friends.
High Speed Lines are mainly used by travellers for business or vacation. Journeys are more
comfortable and productive if passengers can spend time connected. Business people could
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work, manage mails and make online meetings. People on vacation could organize the holiday,
make shopping, book hotels and activities, or simply chat with friends.
In general, if connection is not available the journey is felt longer and more boring. The
success of the railway as a mode of transport is in allowing passengers to use their time more
comfortably and productively during their journey. Key to that is remaining connected for the
duration of every journey. Including distinctive offerings could really differentiate and enhance
the value of rail journeys compared to the experience with other modes of transport.



Overview on Conclusions

Main insights
for different
stakeholders’
point of view
Passengers:
Benefit
Cost

NaaA – Scenario 1

NaaA – Scenario 1bis

More comfortable and
productive journeys
Higher costs for tickets
and added services

<

Higher number of
passengers
Revenues if they provide
the service to
passengers
Fee to the MNO for the
network for passengers
Revenues (from RU
and/or passengers)
-

NaaS – Scenario 2a

More comfortable and
productive journeys
Higher costs for tickets and
added services

=

=

Higher number of
passengers

=

=

Fee to the MNO for the
network for passengers

<

Revenues from passengers

=

=

More comfortable and
productive journeys
Higher costs for tickets
and added services

RU:
Benefit

Cost

Higher number of
passengers

-

MNO:
Benefit
Cost

=

-

Revenues from
passengers
-

IM:
Benefit
Cost

-

-

Others:
Companies selling products and services on the platform:
Benefit Revenues from sale to
=
Revenues from sale to
passengers
passengers
Cost
-

-

=

Revenues from sale to
passengers
-

Table 30 Table of conclusion for Enhanced Train Experience service in different NaaA/NaaS scenarios
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Economic Validation

Figure 18 Value Proposition Canvas for the Enhanced Train Experience service
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Validation of the ‘Virtual Route Model’ approach
This chapter represents a synthesis and an updated version of the techno-economic model, that we
called Virtual Route Model (VRM), already elaborated and presented in the deliverable D3.2. Indeed,
during the last months of the project important new information and considerations have been
introduced by the Partners of the Consortium and by the external stakeholders. All these new inputs
have led to improve the quality of the VRM by introducing new variables and new values in the model
not considered before. Moreover, as described in section 4.2.2.1, we added one scenario in our
analysis (Scenario 1bis) that permits to have a clearer vision about the different opportunities that IMs
and MNOs can have in the investment strategy in railway sector.
In this chapter we present the final version of the VRM with the final results for different scenarios
and routes (i.e. urban-urban, urban-rural and urban-mountain). To do this, it is crucial to have a clear
idea of what the inputs and outputs of the model are. For this reason, the chapter will first consider
the description of the methodology we used to build the model, the inputs and variables used and the
description of the passage to build the final functional form of the total cost of ownership (TCO). As
output, we expect to have a set of numerical results according to some technological assumptions that
would make the model as much realistic as possible for all the four different scenarios considered until
now and described in the chapter 4.2: scenario 0 (i.e. the counterfactual), scenario 1 (i.e. NaaA with
4G*-MC, owned by IM), scenario 1b (i.e. scenario NaaA with 4G*-MC, owned by IM, but where MNO
decides to invest in a total 4G non-mission critical commercial coverage of the route for business
reasons) and scenario 2a (i.e. NaaS with 4G*-MC, owned by MNOs). In particular, in the scenario 2a
our assumption is to have the MNO managing the deployment of the railway communication network
by exploiting a part of its current commercial network already deployed, where there is the possibility
to have some economies of scale and of scope in terms of increasing the capability of building a new
infrastructure both for mission critical services and for commercial ones. Part of the equipment of the
MNO network will be used to build mission critical and part of the technical knowledge of 4G network
will be the basis for a better exploitation of this wireless technology applied to the railway sector (i.e.
transfer technologies skills to railway sector).
Hence, in section 6.1 we explain the methodological approach we used to build the three theoretical
routes based on real data about topological characteristics. Section 6.2 shows all the mathematical
passages to write down the functional form of TCO for IM and MNO and all the indication about
variables and values we used for computing the final figures. Finally, section 6.3 provides the indication
of the results of the model per single route and per single scenario. A vertical analysis and description
of those insights has been done and they will be the basis for the final consideration of chapter 7.2
and 8.
The major result of this model is to provide a “methodological approach” to be used in the future to
analyse the migration towards a scenario where the ownership of the network can be shared among
several operators not only railway specific, as MNOs. The power of our work should be the possibility
and flexibility to adapt our model to different scenarios in different areas, if some new data or
information arise.
In the following sections we will provide a more detailed description of input, output and
methodological approach for our techno-economic proposition.

6.1

Methodology
In building the techno-economic model we started with the idea to build a communication network for
railways close to reality and, on the other hand, it lays the foundations for a fair comparison between
countries. In this route, we will consider both NaaA and NaaS to compare and simulate different
results. The radio coverage considerations were applied to a problem of planning a 4G*-MC radio
deployment along an example of railway line. The routes will be selected as an example of typical EU
lines with a high/medium/low intensity of train traffic and with particular geographical and topological
characteristics.

Document version: 1.0

Page 92 of 160

Submission date: 2018-11-27

MISTRAL

D2.2 Validated Techno-economic proposition

Even if it was difficult to collect a huge amount of primary data from the real market, we used a
quantitative approach based on real values. We combined the higher granularity of information
collected through primary data and from opinions by the Partners of the Consortium, with the
secondary sources coming from white papers, scientific reports and other sectorial papers. This
approach permits to have a country-based analysis, with a particular focus on the Italian case, but
that can be extended also to other EU countries by changing some hypothesis or values of the model.
In this chapter we will develop a tool to analyse multiple scenarios through several variables
implemented in a theoretical virtual route. In particular, our goal was to:


Realize of a theoretical (virtual) route with representative topological case studies



Build a theoretical quali-quantitative (techno-economic) model both for NaaA and NaaS
scenarios



Provide considerations about possible predictions of the future insights by considering
commercial agreement strategies, new users, pricing scheme, cost streams.

In doing this, we have first identified a big set of variables and inputs to be considered for the model;
for the selection method we remind to the previous deliverables: D2.1, D3.1 and D3.2. Before listing
the variables used for the final version of the model, we show the methodological approach used for
building the model.
The virtual route has been built based on several assumptions and according to the topological
characteristics of the areas where we develop the line. We used a double approach (Figure 19). First,
we have selected a set of four real routes that will be the basis to build a more theoretical and generic
model (bottom-up approach). This step is important because from this we collect real data and build
as much as possible a realistic model. Secondly, this theoretical model will be applied to different EU
case studies for each type of route (i.e. urban-urban, urban-rural and urban-mountain) by changing
some values of variables (top-down approach).

Figure 19 Bottom up and Top down approach

The selection of the routes has been done by considering some specific features that can be
synthetized by the following inputs:


Length of the route (e.g. 100 km, 150 km, etc.)



Composition of the route based on the geographical area and topological characteristics
(mountain, hills, urban, sub-urban, rural, etc.). Our next goal will be to better define what
rural and sub-urban areas are. An example of this is provided by the following Figure 20
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Figure 20 Example of route from two theoretical stations (A and B) and intermediate junctions (or stations)32



Population in the main intersections of the route (e.g. stations, villages, residential areas,
etc.). For instance, in a route we have two main residential areas with around 1 million of
inhabitant (e.g. City A with 880,000 citizens, City B with 1.3 million of citizens and along the
route other cities with different population density)



Capacity of the route (for the historical/mainline, number of trains per hour, number of
passengers per hour, coefficient of occupation). Examples of data collected for capacity in a
regional mainline and HSL33 during the working days are provided by the following Table 31
and Table 32:

Departure Hour
0:18
4:54
5:18
5:54
…

Arrival Hour
2:15
6:46
7:10
7:46
…

Average Load
193
204
126
377
…

Max capacity of Train
468
771,6
769,2
784
…

Coefficient of Occupation (%)
41,29
26,43
16,34
48,07
…

23:18

1:10

134

779,6

17,17

Table 31 Example of average coefficient of occupation for a typical regional route per year

Input

AVERAGE VALUES

Passengers
Passengers/km
Average km per passenger
Train km/year
Sits/km
Passengers per train

20,393,150
9,607,100,000
474
51,358,950
15,327,200
186

Occupation (Passangers per km/Sits per km)

62.83%

Table 32 Example of average coefficient of occupation for a typical HSL route per year



Typology of the route: we only consider historical mainline (or regional) line



Only 1 MNO ‘per route’ will be considered. We do not consider the possibility to have more
MNOs for the same route, but we could consider that for different routes, in different
geographical areas, we can have different MNOs, hence, the cost of deployment can be
managed in a more strategical way.

32

We use Google Earth to analyse some real values and we use real coverage of GSM-R and 4G sites in order to find
indications about how to build a realistic route.
33
In our model, we do not present the HSL route; however, it can be interesting to show here HSL data in order to compare
our results with the HSL real values.
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Route users can be constituted of commuters, leisure, and business. Different degrees of
passenger types can affect the business opportunities. For this reason we selected the routes
also with this variable in order to have routes with different business cases and different level
of opportunities both for MNOs and IMs.

In our model, according to a bottom up approach, we started to collect some input and data from the
Italian case. Example of routes are shown in the next Table 33.
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TYPE of
the LINE
and total
length
(km),
number of
Stations

Geographical
area (% of the
total line)34

Main Stations
(city, village,
etc.)

Metropolitaan
City AMetropolitan City
B

Mainline –
around 153
km – 8
main
station
stops

10% urban and
sub-urban

Station A

900,000

6,789

Station B

27,000

525

(ZONE TYPE A1)

Metropolitaan
City A – Small
Village

Regional
line

(ZONE TYPE B)

34
35

90% rural
0% mountain

5% urban and
sub-urban
95% rural
0% mountain

Population (no.
of inhabitants)

Area (type)35

Name of the Line

Population
Density
(citizens/km2)

Area
(km2)

Distance
among the
main
stations (km)

Area
(km)

Urban

133

27

6.5

Rural

51

3

23.5

Type of
Passengers
(percentage)

Capacity of the
line, per month
(yearly average
value, standard
deviation, min,
max)

High % of
Commuters

μ = 42.7%

2.6

σ = 15.3%

6.343

Min = 9.25%

6.343

Max =69.31%

6.343

Low % of
Business

AD between
Sites (km)

Station C

9,000

165

Rural

55

27

27

Station D

46,000

580

Rural

79

20

20

Station E

105,000

105

Rural

105

20

20

Station F

24,000

1,000

Rural

24

23

23

6.343

Station G

50,000

2,300

Rural

22

14

18.6

6.343

Station H

1,300,000

7,504

Urban

173

12

7.4

2.6

Station A

1,300,000

7,504

Urban

173

7.43

7.43

Station B

50,000

2,300

Rural

22

20

20

Station C

9,000

1,500

Rural

6

3

3

Station D

27,700

1,940

Rural

14

4

4

Station E

12,500

2,380

Rural

5

6

6

Station F

60,200

3,400

Rural

18

5

5

6.343

Station G

84,000

2,700

Rural

31

7

7

6.343

Station H

53,000

2,500

Rural

21

8

8

6.343

Station I

18,000

590

Rural

31

9

9

6.343

Station L

1,000

440

Rural

25

5

5

6.343

Station M

2,500

350

Rural

7

4

4

6.343

Station N

14,000

930

Rural

15

11

11

6.343

Station O

530

74

Rural

7

6

6

6.343

Station P

5,000

140

Rural

36

6

6

6.343

Station Q

30,700

820

Rural

37

9

9

6.343

Station R

2,170

80

Rural

27

3

3

6.343

Low % of
Leisure

Medium % of
Commuters
Low % of
Business
Medium % of
Leisure

6.343

μ = 11.49

2.6

σ = 3.78

6.343

Min = 5.15

6.343

Max =16.72

6.343
6.343

Our computation comes from real data about real routes.
These pieces of data come from the observation of the field along the route, by using the Google Earth application.
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Station S

Metropolitan
City A –Very
Small Village
(mountain)
(ZONE TYPE C)

Regional
line – 83
km – 14
station
stops

7% urban and
sub-urban
23% rural
69% mountain

2,000

60

Rural

33

11

11

Station T

18,000

490

Rural

37

18

18

Station A

900,000

6,790

Urban

133

-

6,5

Station B

17,000

1,400

Rural

12

7

11

6.343
6.343
High % of
Commuters
Low % of
Business

μ = 18.43%

2.6

σ = 11.84%

6.343

Min = 1.10%

6.343

Station C

12,500

540

Rural

22

4

10

Station D

4,600

65

Mountain

71

10

7

Station E

2,200

440

Mountain

5

7

7

Station F

6,000

160

Mountain

38

7

8

2.8

Station G

820

50

Mountain

16

8

7

2.8

Station H

880

30

Mountain

29

7

7

2.8

Station I

580

15

Mountain

39

7

9

2.8

Station L

3,350

34

Mountain

100

9

6

2.8

Station M

3,170

24

Mountain

132

6

11

2.8

Medium/High
% of seasonal
Leisure

Max =64.10%

Table 33 Examples of routes for our economic analysis
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From this overview, we introduce some definitions of geographical area and type of line. Concerning
the geographical area, we have:


Urban and sub-urban area, to be considered together as a unique area, the area with the

main cities/junctions with high density of population (more than 300,000 inhabitants). In this
area the distance between base stations is lower than in open area, hence, we consider as
approximation to compute the number of km of urban and sub-urban area. The following
formula has been derived from the area of a circle (𝐴 = 𝜋𝑟 2 ). We assume that usually the
main train station is in the centre of the city, so we can consider the radius as the length of
the urban centre. Therefore, we can compute the value of radius as:

𝑘𝑚2 𝑜𝑓 𝑢𝑟𝑏𝑎𝑛 𝑎𝑟𝑒𝑎

𝑟𝑢𝑟𝑏𝑎𝑛 = √

(1)

𝜋

For instance, for a municipality with an area of 130 km2, we can consider as urban area the
radius of 6.5 km


Open and rural area, the area that starts from the end of urban area and/or where there are

smaller cities closed to the main junctions, but with lower population (less than 300,000 and
more than 100,000 inhabitants) and with a not well-developed communication network


Rural area, the area with low density of population (lower than 100,000 inhabitants) and with
other characteristics as agricultural zone, difficult to access area, etc.



Mountainous area, the area with hills and mountains.

Concerning the type of line, for our purpose, we can distinguish two main types of lines starting from
the five large groups of railway lines described by the X2RAIL-1 report (2017): Mainline Rail and
Regional Rail36 (where we also include the Secondary Rail and the Rapid Transit Rail):


“Mainline Rail (MR) is a track that is used for a high variety of trains and often is the principal
artery of the system from which branch lines, yards, sidings and spurs are connected. It
generally refers to a route between towns, as opposed to a route providing suburban or metro
services. For capacity reasons, main lines in many countries have at least a double track and
often contain multiple parallel tracks. Main line tracks are typically operated at higher speeds
than branch lines and are generally built and maintained to a higher standard than yards and
branch lines. Main lines may also be operated under shared access by a number of railway
companies, with sidings and branches operated by private companies or single railway
companies. Nowadays, interoperability in this kind of lines is achieved; although still have a
lagging in technology and performance” (X2RAIL-1 report, 2017).



“Regional Rail (RR) also known as local trains and stopping trains are passenger rail services
that operate between towns and cities. These trains operate with more stops over shorter
distances than inter-city rail, but fewer stops and faster service than commuter rail. Regional
Rail services operate beyond the limits of urban areas, and either connects similarly-sized
smaller cities and towns, or cities and surrounding towns. Regional Rail normally operates
with an even service load throughout the day, although slightly increased services may be
provided during rush-hour. The service is less oriented around bringing commuters to the
urban centres, although this may generate part of the traffic on some systems. Other Regional
Rail services operate between two large urban areas, but make many intermediate stops”
(X2RAIL-1 report, 2017).

36

The High Speed Line (HSL) has not been included now in the final computation because of the lack of data, but we can
use the same model also for this kind of route, with the appropriate modification of the model itself.
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Analytical Model
This paragraph starts with the definition of the cost function for the deployment of a railway
communication network as a function of two main components: initial infrastructure costs (i.e. CapEx),
operating costs (i.e. OpEx) and other maintenance costs. The final goal of our model is to compute
the Total Cost of Ownership (TCO) of the total infrastructure both for IM and MNO, as a function of
CapEx plus OpEx and additional expenditures and streams of cost (or cash flows). The TCO function
will be developed according to the four selected scenarios, that is, the AS-IS scenario and the three
TO-BE scenarios or, in other words: scenario 0, scenario 1, scenario 1bis and scenario 2a described in
chapter 4.2. Hereinafter, we summarize the scenarios with some explanatory graphs.

Figure 21 Scenario 0 - IM and MNO networks (Source: MISTRAL Consortium elaboration)

Figure 22 Scenario 1 - IM and MNO networks (Source: MISTRAL Consortium elaboration)
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Figure 23 Scenario 1bis – IM and MNO networks (Source: MISTRAL Consortium elaboration)

Figure 24 Scenario 2a - IM and MNO networks (Source: MISTRAL Consortium elaboration)

The generic TCO is defined as the CapEx for building the infrastructure plus the OpEx for managing
the infrastructure plus other costs. Our approach is to build a ‘generic’ functional model in order to
relax and extend to the different scenarios by considering that some inputs or variables can change
values or become zero. We start from the description of the CapEx and OpEx for the generic case in
which both AS-IS and TO-BE scenarios can be included since we can consider different values for
them. In general, concerning the CapEx, we divided the site in three components: infrastructure,
equipment and core network by considering two separated networks: 4G and 4G*-MC. While, on the
side of the OpEx, we considered the sum of maintenance for mission critical and non mission critical
network plus possible instalments of other equipment, according to a discounted cash flow (DCF) or
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Net Present Value (NPV) approach that we will explain better in the next sections. Finally, other costs,
not directly entering in the operating management, should be considered in the model. All those cost
items can be defined or as ‘stock’ (i.e. initial investment at time 0) or ‘flows’ (i.e. a stream of periodic,
annual, cash flows along the time horizon of the investment framework). Figure 25 shows the three
elements of TCO analysis.

Figure 25 Generic TCO function for building infrastructure both in AS-IS and TO-BE scenarios (Source: MISTRAL
Consortium elaboration)

Every scenario will have its own TCO function and we will describe each of them in the following
paragraphs. We will describe the following paragraphs by considering the following sub-items of costs
that will be inputs for the final TCO function:
1. CapEx of GSM-R site (stock)
2. CapEx of a new 4G*-MC site (both in case of NaaA and NaaS) and revamping of 4G or 4G*MC (stock)
3. CapEx of a 4G site (stock)
4. CapEx of the core network (stock)
5. Present Value of the OpEx for GSM-R, 4G*-MC and 4G site (flows)
6. Total number of MC and commercial sites along the route (key variable to define the
deployment both of the MC and of the commercial networks)
7. Other costs (stocks and flows).
1. CapEx of GSM-R site
The CapEx of a single GSM-R site has been computed thanks to the collection of real data from Italian
business cases. Data of equipment and infrastructure have been collected by several Partners of the
Consortium and other external stakeholders: they will be the basis for our counterfactual analysis. We
have also collected information from sectoral EU reports in order to have a generic comparison of
these data with our inputs and, for this reason, we can generalise all the values for some EU countries.
For our purpose, we have computed a final ‘average’ value for GSM-R site costs from those real values.
2. CapEx of 4G*-MC site
The cost of building a single infrastructure dedicated to mission critical (MC) services can be divided
in the following sub-items, according to whether the new infrastructure has been built.
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a. As a “new” site. The CapEx of a “new” 4G*-MC site can be built when the coverage of 4G*-MC
is not total along the route. In this case, a new mast has to be deployed ex novo and without reusing existing equipment. The functional form is:

𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )𝑛𝑒𝑤 = 𝐶(4𝐺𝑠𝑖𝑡𝑒 ) + (𝜆4𝐺 )𝐶(4𝐺𝑠𝑖𝑡𝑒 ) + 𝐶(4𝐺𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 ) = (1 + 𝜆4𝐺 )𝐶(4𝐺𝑠𝑖𝑡𝑒 ) + 𝐶(4𝐺𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 )

(2)

Where:


𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 ) is the cost of deployment of a 4G*-MC site, that includes infrastructure and
network equipment, but not backhauling and core network



𝐶(4𝐺𝑠𝑖𝑡𝑒 ) is the cost of deployment of a commercial 4G site



𝐶(4𝐺𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 ) is mainly the cost of antennas and the networking equipment dedicated to
MNO commercial network services



and 𝜆4𝐺 represents the delta percentage of cost difference between 4G and 4G*-MC network
equipment and other back-up related infrastructure. It is likely 𝜆4𝐺 ≥ 0 and it mainly includes
software upgrade of the 4G release and some additional equipment/infrastructure to increase
reliability and provide a more effective back-up. We may consider that this factor is low such
as around 10%-20%. A possible estimation of the delta percentage of difference between
GSM and GSM-R can be used for this evaluation.

b. Revamping of a GSM-R site. In this case the owner of the railway communication network can
re-use some parts of the current GSM-R infrastructure to build the future 4G*-MC network and
exploit some economies of scale coming from the current site and base station or equipment. The
CapEx of a 4G*MC site built on GSM-R site is:

𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )𝐺𝑆𝑀𝑅 = 𝐶(𝐺𝑆𝑀𝑅𝑠𝑖𝑡𝑒 ) − 𝛼𝐶(𝐺𝑆𝑀𝑅𝑠𝑖𝑡𝑒 ) + 𝜆𝐺𝑆𝑀𝑅 (𝐶(𝐺𝑆𝑀𝑅𝑠𝑖𝑡𝑒 ) − 𝛼𝐶(𝐺𝑆𝑀𝑅𝑠𝑖𝑡𝑒 )) + 𝐶(4𝐺𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 ) ==
(1 − 𝛼)(1 + 𝜆𝐺𝑆𝑀𝑅 )𝐶(𝐺𝑆𝑀𝑅𝑠𝑖𝑡𝑒 ) + 𝐶(4𝐺𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 )
(3)

Where:


𝐶(𝐺𝑆𝑀𝑅𝑠𝑖𝑡𝑒 ) is the cost of deployment of a GSM-R site



𝐶(4𝐺𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 ) is mainly the cost of antennas and the networking equipment dedicated to
MNO commercial network services



𝛼 is the percentage of re-use of a single GSM-R site for 4G*-MC (e.g. shelter and accessories,
basement, pylon, power system, power cable)



𝜆𝐺𝑆𝑀𝑅 is the delta percentage of cost difference between GSM-R and 4G*-MC network
𝐶(𝐺𝑆𝑀𝑅)−𝐶(4𝐺)
equipment. It could be computed as 𝜆𝐺𝑆𝑀 = ∆%(𝐶𝑜𝑠𝑡𝑠) =
⋚ 0. According to our
𝐶(4𝐺)

data, one possible value is -20%, but we would consider also the case of 0% and 20% as
possible values derived by the literature. A possible estimation of the delta percentage of
difference between GSM and GSM-R can be used for this evaluation.
c.

Revamping of a 4G site. Finally, another possibility is to re-use some parts of the current 4G
infrastructure to build also the future 4G*-MC network. This case will be represented mainly by
the situation in which MNOs will develop and manage the overall infrastructure (i.e. NaaS). The
CapEx in this case will be:

𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )4𝐺 = 𝐶(4𝐺𝑠𝑖𝑡𝑒 ) − 𝛽𝐶(4𝐺𝑠𝑖𝑡𝑒 ) + 𝜆4𝐺 ∙ 𝐶(4𝐺𝑠𝑖𝑡𝑒 ) = (1 − 𝛽 + 𝜆4𝐺 )𝐶(4𝐺𝑠𝑖𝑡𝑒 )
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Where:


𝐶(4𝐺𝑠𝑖𝑡𝑒 ) is the cost of deployment of a commercial 4G site



𝛽 is the percentage of re-use of a single 4G site (e.g. shelter and accessories, basement,
pylon, power system, power cable)



𝜆4𝐺 represents the delta percentage of cost difference between 4G and 4G*-MC network
equipment and other back-up related infrastructure.

3. CapEx of 4G site
The cost of deployment of a (commercial) 4G site has been already introduced in the previous formula
and it has been collected by information from the Consortium Partners and other external stakeholders.
These values are representative of Italy because we were not able to collect the same information
from other countries. Without loss of generality, we can say that inputs for the cost of 4G can be
considered, in any case, quite representative of many EU countries. However, the added value of our
model is to have the possibility to change easily these figures, if in the future we get new and more
representative values, and re-compute the final results.
4. CapEx of core network
The core network is an important component of the overall infrastructure to transport data and
information. The cost for deploying it can be shared for different uses. Since we were not able to
collect real quantitative information for this value, we consider the cost for core network as a
percentage of the total cost for all radio sites. The functional form of the core network is defined as
follows:
(5)

𝐶(𝐶𝑜𝑟𝑒𝑁𝑒𝑡) = 𝛼 ∙ (1 − 𝛽) ∙ 𝑆𝑀𝐶 ∙ 𝐶(4𝐺𝑠𝑖𝑡𝑒 )
Where:


𝐶(4𝐺𝑠𝑖𝑡𝑒 ) is the deployment cost of a commercial 4G site



SMC is the total number of sites required by 4G*-MC as computed in the formula 8



SMC*C(4𝐺𝑠𝑖𝑡𝑒 ) is the access network (all radio sites)



𝛼 is the percentage of cost of the ‘core network’ with respect to the cost of all radio sites



𝛽 is the share of the ‘core network’ that can be re-used by the entity implementing the network
if an already 4G core network is available, i.e.:
o

𝛿 = 0 for IMs

o

0 < 𝛿 < 1 for MNOs

In our model we do not consider the backhaul (optic fiber for 4G*MC or radio bridge) because we
consider it as a constant variable in NaaA and NaaS and it should not change the final results of the
model (this is our assumption for the model).
5. Present Value for OpEx of GSM-R, 4G*-MC and 4G site
The OpEx represents the operating expenditure that is an ongoing cost for running a product, business,
or system that can be found in the income statement as sum of business operating expenses for a
period of time (e.g. one year). In the accounting system several are the expenses included in OpEx,
as maintenance cost for railway infrastructure, cost for energy and cost for other activities related to
the operating (characteristic) management. In our model, as for the CapEx, we consider three main
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OpEx for GSM-R, 4G*-MC and 4G. For all OpEx items, we consider an average annual cost for OpEx
but we do not consider OpEx of the core network. Finally, we will compute the present value (PV) of
all these streams as a sum of discounted cash flows (DCF) today.
a. OpEx of GSM-R site
The OpEx of a GSM-R site is computed by collecting information from EU reports and from data
of the Consortium. We did not collect absolute values of OpEx but only a relative value in
percentage of CapEx, from which we can compute the absolute value. The lack of information for
OpEx does not permit to have a precise evaluation, however official sectoral EU reports provide
average indication that does work for the EU community.

𝑃𝑉(𝑂𝑝𝐸𝑥𝐺𝑆𝑀𝑅 )𝑡 = ∑15
𝑡=1 (

𝑂𝑝𝐸𝑥GS𝑀𝑅
(1+𝑖)𝑡

) = ∑15
𝑡=1 (

𝑂𝑝𝐸𝑥(𝐺𝑆𝑀𝑅)%∙𝐶𝑎𝑝𝐸𝑥𝐺𝑆𝑀𝑅
(1+𝑖)𝑡

(6)

)

Where:


𝑂𝑝𝐸𝑥(𝐺𝑆𝑀𝑅)% is the percentage of OpEx on the total CapEx for GSM-R (let suppose to be
around 5.5%)



𝑖 is the interest rate in the market



𝑡 is the time horizon. We use a length of 15 years of investment.

b. OpEx of 4G site
The absolute value of OpEx for a 4G site is computed with real data collected by a set of Italian
business case from Partners of the Consortium and other external stakeholders.
c. OpEx of 4G*-MC site
The cost of maintenance of 4G*-MC site has been computed supposing it can be similar to the
cost of maintenance of a 4G site with a small delta percentage of difference. From a discussion
inside the Consortium we reach the conclusion that the operating cost of a 4G*-MC site could be
around -10% respect to the operating cost of a GSM-R site. This will be our assumption for our
model.

𝑃𝑉(𝑂𝑝𝐸𝑥4𝐺 ∗𝑀𝐶 )𝑡 = ∑15
𝑡=1 (

𝑂𝑝𝐸𝑥4𝐺∗ 𝑀𝐶
(1+𝑖)𝑡

) = ∑15
𝑡=1 (

[1+𝑂𝑝𝐸𝑥(4𝐺 ∗ 𝑀𝐶)%]∙𝑂𝑝𝐸𝑥GS𝑀𝑅
(1+𝑖)𝑡

)

(7)

Where:


𝑂𝑝𝐸𝑥(𝐺𝑆𝑀𝑅)% is the percentage of OpEx with respect to the OpEx for GSM-R (let suppose
to be around -10%).

6. Total number of sites in a route
The total number of sites deployed in a route in order to be totally covered by a network can be
computed by a generic formula to be used both for mission critical (SMC) and commercial (Scomm) sites,
as follows:

𝐿𝑒𝑛𝑔ℎ𝑡 𝑜𝑓 𝐿𝑖𝑛𝑒 𝑖𝑛 𝑘𝑚 (𝑔𝑒𝑜)
𝑆̂𝑢𝑠𝑒 = ∑𝑔𝑒𝑜𝑔𝑟𝑎𝑝ℎ𝑦 (
∙ 𝜇𝑀𝐶 ∙ 𝜌(𝑔𝑒𝑜))
(𝑓𝑟𝑒𝑞)
𝐴𝐷𝑢𝑠𝑒
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Where:


𝑆̂𝑢𝑠𝑒 is the number of sites in a route, 𝑆̂𝑢𝑠𝑒 = {site 1, site 2, … , site 𝑛}



𝑢𝑠𝑒 = {𝑀𝐶, 𝑐𝑜𝑚𝑚} is the type of use of the network, if for mission critical or commercial,
respectively, hence 𝑆̂𝑢𝑠𝑒 = {𝑆𝑀𝐶 , 𝑆𝐶𝑜𝑚𝑚 }



The summation refers to each geographical area present in the virtual route, where geography
can stand for urban, rural-plain, rural-mountain, etc…



ADuse (frequency) is the average coverage of a single site, not considering redundancy and
propagation delay issue and it depends on the operating frequency that has been estimated
to be used for the 4G*-MC or for the commercial 4G network (hence, 𝐴𝐷𝑢𝑠𝑒 =
{𝐴𝐷𝑀𝐶 , 𝐴𝐷𝐶𝑜𝑚𝑚 })



𝜇𝑀𝐶 is a factor for increasing redundancy of mission critical sites for improving availability. For
this parameters, we can suppose three values



o

𝜇𝑀𝐶 = 1. This value assume that it can be also redundancy but very low. This is a
case that can be applied for some EU countries and for some mainline routes

o

𝜇𝑀𝐶 = 1.5. This value is more frequent in some EU countries (e.g. Spain)

o

𝜇𝑀𝐶 = 2. This value is frequent in Italy and for HSL routes

o

𝜇𝑀𝐶 = 1 for commercial sites.

ρ(geography) is a factor increasing the number of sites to consider signal propagation issues;
it is dependent on the geographical area, e.g., in mountains this factor will be larger than in
plain rural areas. Example of computation of ρ(geography) comes from real data and average
values we find for different types of line (Table 34). From this table, we selected a base value
for distance (open area with around 4+400 km of AD) and we compute the ratios as 𝜌 =
Base Value (open area)
. Concerning the commercial network (i.e. 2100 MHz), we compute the AD
𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝑡𝑦𝑝𝑒 𝑜𝑓 𝑎𝑟𝑒𝑎

by collecting only the real figure for the base value for a commercial area (i.e.
𝐴𝐷𝐶𝑜𝑚𝑚 (2100 𝑀𝐻𝑧)=3.050) and from this we compute the other values by using the same
proportions of the previous scenario of propagation for 900 MHz, that is, for instance, for the
urban and sub-urban case we get:
Base Value for generic area for 2100 MHz
3.050
∗ 𝑈𝑟𝑏𝑎𝑛 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 900 𝑀𝐻𝑧 =
∗ 2.600 = 1.248
𝐵𝑎𝑠𝑒 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 900 𝑀𝐻𝑧
6.353

Scenario of propagation (900 MHz)
Average Distance in Km
Average theoretical values (Consortium computation)
Historical Line (base value)
6.353
Urban and sub-urban
2.600
Rural area (open)
6.353
Rural area (mountains)
2.800
Open Area – HSL37
4.400
Scenario of propagation (2100 MHz)
Average Distance in Km
Average theoretical values (Consortium computation)
Base value for a generic area
3.050
Urban and sub-urban
1.248
Rural area (open)
3.050
Rural area (mountains)
1.344
37

ρ
1
2.44
1
2.27
1
ρ
1
2.44
1
2.27

See note 33.
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Scenario of propagation (900 MHz)
Average Distance in Km
Examples of real value in some real routes
Open Area (MI-BO) – HSL
4.554
Open Area (TO-MI) – HSL
4.243
Open Area (TR-BR) – HSL
3.811
Generic Open Area – HSL
3.300
Historical Line (base value)
8.000
Lot of tunnel (BR-VR)
2.197
Mountainous rural areas (BO-FI)
2.203
Mountainous rural areas (RM-NA)
2.890
In Tunnel
2.000

ρ
1.40
1.50
1.67
2.12
2.89
2.88
2.20
3.18

Table 34 Examples of scenarios of propagation and related distances between sites (Source: MISTRAL Consortium
elaboration)

7. Other costs (stocks and flows)
Other items of cost have been considered in our model, even if some of them will not be simple to
define and generalise for all the EU countries.
a. Licence or Frequency cost
This cost represents a CapEx or OpEx according to the type of licence we refer to. The frequency
issue is a prominent issue to be discussed since, in any case, the MNO should consider a specific
frequency for mission critical services for railway: there is a strict existential dependency on the
frequency issue. Today, the band dedicated to railway specific services is around 900 MHz (more
specifically, Uplink: 876–880 MHz used for data transmission, Downlink: 921–925 MHz used for
data reception). We can suppose this will remain the same after 2030, when GSM-R will end. But
we can have different scenarios supposed to be developed.
An important point is that the frequency costs affect the cost side but, at the same time, this cost
should be considered in the overall national territory. Indeed, a frequency band can be used in
the whole national area, hence, the amortisation of this cost should be analysed considering not
only a single route but the total routes that a would build and manage. However, our model
provides indication for only one theoretical route, so for the final TCO we do not consider this kind
of cost in our computation. Moreover, we should consider also that some frequencies for
commercial use are still assigned to MNOs, hence, they are a cost incurred in the past and that
should be analysed with the number of subscribers a MNO has in its market. Some possible
scenarios of frequency spectrum allocation are described here below.
1. The telco operator decides to enter in the market of railway communication providing both
mission critical and other non-mission critical services. MNO could pay a fee to the government
for renting the frequency for mission critical services. In this case, we have additional cost
streams. In this case, we have additional cost streams to be added to our computation. But
another solution is get free perpetual licence scheme from which MNOs can benefit.
𝐶𝑎𝑝𝐸𝑥(𝑓𝑟𝑒𝑞) = 0
{

𝑃𝑉(𝑂𝑝𝐸𝑥𝑓𝑟𝑒𝑞 ) =

𝐹𝑡
∑15
𝑡=1 (1+𝑖)𝑡

𝑖𝑓 perpetual licence scheme
𝑖𝑓 annual fee is paid from MNOs to IMs

(9)

2. The MNO decides to enter in the market of railway communication providing both mission
critical and other non-mission critical services but MNOs purchase the old frequency dedicated
to railway to exploit both for mission critical services and if there is the possibility to have
some new free bands, also for commercial purposes. Clear economies of scope arise from this
model. In a hypothetical scenario, frequencies can be allocated at regional level to different
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MNOs, in order to guarantee also the competition constraints for the sector. According to this
logic, different MNOs can operate in a NaaS scenario for railway communication network.
𝐶𝑎𝑝𝐸𝑥(𝑓𝑟𝑒𝑞) = 𝐶𝑎𝑝𝐸𝑥(900 𝑀𝐻𝑧) ≈ 353,000,000€ , if we consider at national level
In our computation, we will not consider, instead, the cost of commercial frequency for MNOs
(e.g. 1800 or 2100 MHz), since it represents a cost independent on the investment in railway
sector. Indeed, in Italy, for instance, frequencies are already allocated to telco operators until
2029. Only refarming of these to new technology (4G) has been done.
In general, licence should be purchased at national level and, in a single area, there is the
possibility to subcontract the frequency to other operators, if needed. Licenses are assigned
usually in the different countries by using different approaches (e.g. ‘beauty contest’,
extensions of licenses, auctions, etc.), as a consequence, it is not possible to give a fair
comparable value to the frequency bands used in our model.
For our purpose, we consider only three types of frequencies:
 700 MHz, since this is a possible new free frequency released by the TV deployment
 900 MHz, the usual GSM-R frequency that we suppose will be used also in the future
by railway communication network
 and 2100 MHz, the commercial frequency deployed by 4G networks (since we do not
consider now 3G network) after a process of ‘refarming’.
By considering that, we suppose the MNO could use the same frequency of 900 MHz for
4G*MC services, while for 4G services, we could consider two options for MNO entering in the
market:
 A route where the MNO has already purchased previously a frequency for its own
commercial purpose (e.g. 2100 MHz) that can be reused to offer services of type
2, 3 and 4.
 A route where the MNO has to purchase new frequencies (700 or 900 MHz) to
deploy better its new infrastructure for services of type 2, 3 and 4.
An example of cost for frequencies in Italy (minimum cost for each lot of 5 MHz, i.e. reserve
price, according to the tender of 2011) 38 are shown below:
 𝐿𝑖𝑐𝑒𝑛𝑐𝑒(900 𝑀𝐻𝑧) = 353,303,732€
 𝐿𝑖𝑐𝑒𝑛𝑐𝑒(1800 𝑀𝐻𝑧) = 155,869,294€
 𝐿𝑖𝑐𝑒𝑛𝑐𝑒(2600 𝑀𝐻𝑧) = 30,668,727€
From these figures, we made a linear regression in order to generalise also for EU countries
and we get the following values also for other frequencies not considered in the tender39:
 𝐿𝑖𝑐𝑒𝑛𝑐𝑒(700 𝑀𝐻𝑧) ~ 369,507,400€
 𝐿𝑖𝑐𝑒𝑛𝑐𝑒(900 𝑀𝐻𝑧) = 350,865,600€
 𝐿𝑖𝑐𝑒𝑛𝑐𝑒(1800 𝑀𝐻𝑧) = 164,447,600€
 𝐿𝑖𝑐𝑒𝑛𝑐𝑒(2000 𝑀𝐻𝑧) = 127,164,000€
 𝐿𝑖𝑐𝑒𝑛𝑐𝑒(2100 𝑀𝐻𝑧) = 108,522,200€
 𝐿𝑖𝑐𝑒𝑛𝑐𝑒(2600 𝑀𝐻𝑧) = 15,313,200€
The possible scenarios of frequency distribution can be different for mission critical and not
mission critical services and we can assume that different frequencies can be used for the
same route (Figure 26).

38

Let consider the agreement for the period 2011-2029. The values from 900 MHz to 2600 MHz are collected from the
Italian tender agreement proposal of year 2011. These values are the minimum bid, i.e. the reserve price, for each lot at
those frequencies: Cost = β0 + β1 frequency = -186,418 frequency + 500,000,000
39
Value computed by a linear regression with the other real value of the Italian tender agreement:
https://www.agcom.it/frequenze-per-sistemi-radiomobili-in-banda-900-e-2100-mhz
http://www.medialaws.eu/asta-miliardaria-dai-tanti-aspetti-al-ministero-dello-sviluppo-economico/
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Figure 26 Different frequencies for NaaS scenarios (Source: MISTRAL Consortium elaboration)

b. Rental cost
̅ includes the field for a 4G and 4G*-MC site is an OpEx. This is based on real
The rental cost, R
data. We should consider that IM usually owns the fields where they deploy base stations. In case
of NaaS, we should consider also this aspect if they have to pay a yearly rent to be paid to IM or
other field owners. Also in this case, the rental cost is a stream and it should be computed with
the discounted cash flows method, as follow:

𝑃𝑉(𝑅𝑒𝑛𝑡) = ∑15
𝑡=1

c.

̅ (Rent𝐼𝑀,𝑀𝑁𝑂 )𝑡
C

(10)

(1+𝑖)𝑡

Staff cost for mission critical maintenance
The cost for workers, in particular, the worker access to the 4G*-MC sites with respect to the 4G
commercial sites, should be included in the model, since it is likelihood that for 4G*-MC it will be
higher due to the higher requirements for safety and risk. We can suppose that the cost of workers
to access to a 4G*-MC is around 5% higher than the workers usually work in a commercial site
(and this could be included in the SLA requirements for mission critical purpose). In other terms:
(11)

𝑊(4𝐺 − 𝑀𝐶) = [1 + Δ(𝑤𝑎𝑔𝑒)] ∙ 𝑊(4𝐺)
Where:


Δ(𝑤𝑎𝑔𝑒) is the percentage of differential cost of employee for a mission critical site with
respect to the commercial site



𝑊(4𝐺) is the wage of total employees for a commercial site



𝑊(4𝐺 − 𝑀𝐶) is the wage cost of total employees for a mission critical site.
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6.2.1

Total CapEx for a route in different scenarios

For the computation of the total CapEx for the deployment of a future communication network, we
start from the definition of the total CapEx for MNOs in case of NaaS (including additional site for
providing full commercial 4G coverage) and we will relax some variables, changing the values for the
other scenarios.

Figure 27 Generic function for CapEx (Source: MISTRAL Consortium elaboration)

Before computing the total CapEx, we introduce some new variables:


̅ε𝐶𝑜𝑚𝑚 is the absolute value sites that are assumed to be covered by 4G commercial sites (this
is an exogenous value that will be chosen by the commercial radio network planner)



̅̅̅̅
ε%𝐶𝑜𝑚𝑚 =

ε̅𝐶𝑜𝑚𝑚
𝑆𝐶𝑜𝑚𝑚

is the percentage of tracks area that is assumed to be covered by commercial

4G sites (e.g., if ε = 1 means that all the area is totally covered by 4G, so the cost of installing
additional 4G sites is 0). This value is decided by the MNO according to their own commercial
and business perspectives. Possible values for are shown in the following Table 35:

Scenario of propagation (900MHz)

εj

Urban + Sub-urban area
Open area
Mountains – Rural areas

80-100%
80-100%
50-60-80%

Table 35 Values of coverage of 4G for different types of area (Source: MISTRAL Consortium elaboration)



̅ε𝑀𝐶 is the absolute value sites that are assumed to be covered by mission critical sites (this is
an exogenous value that will be chosen by the railway radio network planner)



̅̅̅̅
ε%𝑀𝐶 =

ε̅𝑀𝐶
𝑆𝑀𝐶

is the percentage of tracks area that is assumed to be covered by mission critical

sites. (e.g., if ε = 1 means that all the area is totally covered by GSM-R or 4G*-MC). This value
is decided by the IM according to their own accounting and radio planning decision (maybe
also depends on the type of route)


ξ̅4𝐺 is the number of 4G commercial sites revamped (upgraded) to 4G*-MC sites



ξ̅% is the percentage of 4G commercial sites revamped (upgraded) to 4G*-MC sites



γ̅𝐺𝑆𝑀𝑅 is the number of 4G*-MC sites revamped (upgraded) from GSM-R sites and that can be
“also” used from MNO to exploit for commercial 4G



φ
̂ 𝑀𝐶 = Ŝ𝑀𝐶 − ε̅𝑀𝐶 − ξ̅4𝐺 is the number of new 4G*-MC sites built along the route
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φ
̂ 𝐶𝑜𝑚𝑚 = Ŝ𝐶𝑜𝑚𝑚 − ε̅𝐶𝑜𝑚𝑚 − γ̅𝐺𝑆𝑀𝑅 is the number of new 4G sites built along the route. For the
parameters φ
̂ 𝑀𝐶 and φ
̂ 𝐶𝑜𝑚𝑚 , we can make the following assumptions:
o

If φ
̂ 𝑀𝐶 = φ
̂ 𝐶𝑜𝑚𝑚 , our hypothesis is that both 4G and 4G*-MC will be built together in
the same site

o

If φ
̂ 𝑀𝐶 > φ
̂ 𝐶𝑜𝑚𝑚 , our hypothesis is that:

o



only a number of φ
̂ 𝐶𝑜𝑚𝑚 sites will be built together in the same site both for
4G and 4G*-MC



the φ
̂ 𝑀𝐶 − φ
̂ 𝐶𝑜𝑚𝑚 number will be built only for 4G*-MC

If φ
̂ 𝑀𝐶 < φ
̂ 𝐶𝑜𝑚𝑚 , our basic hypothesis is that:


only a number of φ
̂ 𝑀𝐶 sites will be built together in the same site both for 4G
and 4G*-MC



the φ
̂ 𝐶𝑜𝑚𝑚 − φ
̂ 𝑀𝐶 number will be built only for 4G



ε̅𝑀𝐶 − γ̅𝐺𝑆𝑀𝑅 is the number of sites that should be upgraded only with 4G*-MC from GSM-R



̅ε𝐶𝑜𝑚𝑚 − ξ̅4𝐺 is the number of 4G sites already deployed along the route and that remain,
without any upgrade, only for commercial purpose.

From all these parameters, we can build all the route both for commercial and mission critical purpose
and compute all the cost functions above those. The choice of the values for these parameters will be
done by the IM and/or MNO based on their radio planning and business decisions. In particular, we
can set 5 parameters to be chosen by IM and MNO, and on these, we compute all the other values.
The parameters that are given and exogenous to the model are:


ε̅𝑀𝐶 is chosen by IMs according to their own decision for safety in that route



ε̅𝐶𝑜𝑚𝑚 is chosen by MNOs according to their own decision about business opportunity



ξ̅4𝐺 is chosen by the MNO, in case of NaaS, based on their radio planning (in our model it is
an exogenous variable). It should be chosen based on the following condition of existence
(C.E.):



o

ξ̅4𝐺 < 𝑀𝑖𝑛(ε̅𝑀𝐶 , ε̅𝐶𝑜𝑚𝑚 )

o

ξ̅4𝐺 ≤ Ŝ𝑀𝐶 − ε̅𝑀𝐶

γ̅𝐺𝑆𝑀𝑅 is chosen by MNO, in case of NaaS, based on their radio planning (in our model it is an
exogenous variable). It should be chosen based on the following condition of existence (C.E.):
o

γ̅𝐺𝑆𝑀𝑅 < 𝑀𝑖𝑛(ε̅𝑀𝐶 , ε̅𝐶𝑜𝑚𝑚 )

o

γ̅𝐺𝑆𝑀𝑅 ≤ Ŝ𝐶𝑜𝑚𝑚 − ε̅𝐶𝑜𝑚𝑚

Both ξ̅4𝐺 and γ̅𝐺𝑆𝑀𝑅 should be satisfy the condition:


ε̅𝑀𝐶 − ξ̅4𝐺 − γ̅𝐺𝑆𝑀𝑅 ≥ 0

We would make an example in order to clarify the history of the route.
Let’s suppose to have a route of around 150 km where, according to the theoretical radio planning
study, we can have commercial 72 commercial sites (SComm) and 27 mission critical sites (SMC),
independently if they are GSM-R or 4G*-MC. Suppose that in the AS-IS scenario IMs choose to have
a mission partial critical coverage of ε̅𝑀𝐶 = 18 mission critical sites (i.e. ̅̅̅̅
ε%𝑀𝐶 = 67.2%) and the MNO
to have ε̅𝐶𝑜𝑚𝑚 = 60 commercial sites (i.e. ε̅𝐶𝑜𝑚𝑚 83.5%).
Given the status quo, in the case of NaaS, MNOs will make a radio planning considering also the
current existing GSM-R infrastructures. Based on the technical consideration that are not considered
in this deliverable and in this economic overview, in the NaaS scenario, MNO should decide the value
of the two exogenous parameters in order to plan how to deploy the entire route with 4G and 4G*MC sites: ξ̅4𝐺 and γ̅𝐺𝑆𝑀𝑅 . The choice of those values depends on different reasons that are not the
scope of this chapter and of this work. Suppose that:
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ξ̅4𝐺 = 6



γ̅𝐺𝑆𝑀𝑅 = 7

All the values of the remaining parameters are computed as a consequence of these and from this we
will move to compute the CapEx, the OpEx and the computation of TCO. The other values will be:


φ
̂ 𝐶𝑜𝑚𝑚 = 72 − 60 − 7 = 5



φ
̂ 𝑀𝐶 = 27 − 18 − 6 = 3



ε̅𝑀𝐶 − γ̅𝐺𝑆𝑀𝑅 = 18 − 7 = 11



ε̅𝐶𝑜𝑚𝑚 − ξ̅4𝐺 = 60 − 6 = 54

In this case, φ
̂ 𝑀𝐶 < φ
̂ 𝐶𝑜𝑚𝑚 hence:


Only 3 sites will be built together in the same site both for 4G and 4G*-MC



The remaining φ
̂ 𝐶𝑜𝑚𝑚 − φ
̂ 𝑀𝐶 = 5 − 3 = 2 sites will be built only for 4G

For all the economic consideration and results about this case study, we remind to the following
chapters.
a. Total CapEx for IM, NaaA (scenario 0)
The cost for deployment of a generic route is:
̅ (𝐺𝑆𝑀𝑅) + 𝐶(𝐶𝑜𝑟𝑒𝑁𝑒𝑡𝐺𝑆𝑀𝑅 ) = ε̅𝑀𝐶 ∙ C
̅ (𝐺𝑆𝑀𝑅) + 𝛼 ∙ ε̅𝑀𝐶 ∙ 𝐶(GSMR 𝑠𝑖𝑡𝑒 )
𝐶𝑎𝑝𝐸𝑥(𝐼𝑀)𝑆𝐶0 = ε̅𝑀𝐶 ∙ C

(12)

Where:


̅ (𝐺𝑆𝑀𝑅) is given (data from Consortium)
C

b. Total CapEx for MNO, NaaA (scenario 0)
(13)

̅ (4𝐺)
𝐶𝑎𝑝𝐸𝑥(𝑀𝑁𝑂)𝑆𝐶0 = 𝜀̅𝐶𝑜𝑚𝑚 ∙ C
Where:

c.

̅ (4𝐺) is given (data from Consortium)
C

Total CapEx for IM, NaaS (scenario 2a)
The CapEx for the IM in this scenario will be zero, since the overall investment for the
infrastructure will be done by the MNO, and also the OpEx should be closed to zero.

d. Total CapEx for IM, NaaA (scenario 1 and 1bis)
The cost for deployment of a generic route for IM in case of NaaA scenario is the following:
𝐶𝑎𝑝𝐸𝑥(𝐼𝑀)𝑆𝐶1 = 𝜀𝑀𝐶 ∙ 𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )𝐺𝑆𝑀𝑅 + (𝑆𝑀𝐶 − 𝜀𝑀𝐶 ) ∙ [𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )𝑁𝑒𝑤 𝐶(4𝐺𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 )] + (𝛼 ∙
𝑆𝑀𝐶 ∙ 𝐶(4𝐺𝑠𝑖𝑡𝑒 ))
(14)
e. Total CapEx for MNO, NaaA (scenario 1)
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Starting from the formula 10, the cost for deployment of generic route for IM in case of NaaA
scenario is the following:
(15)

𝐶𝑎𝑝𝐸𝑥(𝑀𝑁𝑂)𝑆𝐶1 = 0
f.

Total CapEx for MNO, NaaA (scenario 1bis)
Starting from the formula 9, the cost for deployment of generic route for IM in case of NaaA
scenario is the following:
(16)

𝐶𝑎𝑝𝐸𝑥(𝑀𝑁𝑂)𝑆𝐶1𝑏𝑖𝑠 = (𝑆̂𝑐𝑜𝑚𝑚 − 𝜀̅𝐶𝑜𝑚𝑚 ) ∙ 𝐶̅ (4𝐺𝑠𝑖𝑡𝑒 )
g. Total CapEx for MNO, NaaS (scenario 2a)
The cost of deployment for a generic route for the IM is zero while for the MNO is:



If φ
̂ 𝑀𝐶 > φ
̂ 𝐶𝑜𝑚𝑚 :
𝐶𝑎𝑝𝐸𝑥(𝑀𝑁𝑂)𝑆𝐶2𝑎 = ξ̅4𝐺 ∙ 𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )4𝐺 + γ̅𝐺𝑆𝑀𝑅 ∙ 𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )𝐺𝑆𝑀𝑅 + (𝜀𝑀𝐶 −
γ̅𝐺𝑆𝑀𝑅 ) ∙ [𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )𝐺𝑆𝑀𝑅 − 𝐶(4G)𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 ] + φ
̂ 𝐶𝑜𝑚𝑚 ∙ 𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )new + (φ
̂ 𝑀𝐶 −
∗
φ
̂ 𝐶𝑜𝑚𝑚 ) ∙ [𝐶(4𝐺 𝑀𝐶𝑠𝑖𝑡𝑒 )𝐺𝑆𝑀𝑅 − 𝐶(4G)𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 ] + 𝐶(𝐶𝑜𝑟𝑒𝑁𝑒𝑡)
(17)



If φ
̂ 𝑀𝐶 < φ
̂ 𝐶𝑜𝑚𝑚 :
𝐶𝑎𝑝𝐸𝑥(𝑀𝑁𝑂)𝑆𝐶2𝑎 = ξ̅4𝐺 ∙ 𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )4𝐺 + γ̅𝐺𝑆𝑀𝑅 ∙ 𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )𝐺𝑆𝑀𝑅 + (𝜀𝑀𝐶 −
γ̅𝐺𝑆𝑀𝑅 ) ∙ [𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )𝐺𝑆𝑀𝑅 − 𝐶(4G)𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 ] + φ
̂ 𝑀𝐶 ∙ 𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )new + (φ
̂ 𝐶𝑜𝑚𝑚 −
φ
̂ 𝑀𝐶 ) ∙ 𝐶(4𝐺𝑠𝑖𝑡𝑒 ) + 𝐶(𝐶𝑜𝑟𝑒𝑁𝑒𝑡)
(18)

6.2.2

Present Value of the total OpEx for a route

Now, we compute the PV of the total OpEx (Figure 28) in terms as a sum of cash flows discounted
today. As in the CapEx, also for OpEx we provide the different functional forms for each scenario.

Figure 28 Generic function for OpEx (Source: MISTRAL Consortium elaboration)
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a. Total Present Value for IM, NaaA (Scenario 0)

PV(IM)𝑆𝐶0 = ∑𝑛𝑡=1 [

𝑂𝑝𝐸𝑥(𝐺𝑆𝑀𝑅%)∙𝐶̅ (𝐺𝑆𝑀𝑅)∙(1+θ𝐺𝑆𝑀𝑅 )∙ε̅𝑀𝐶
(1+𝑖)𝑡

(19)

]

The cost of renting fields is not included because we can assume that IMs own as an asset the
place where to build the site, hence C(RentIM = 0).
b. Total Present Value for MNO, NaaA (Scenario 0)

PV(MNO)𝑆𝐶0 = ∑𝑛𝑡=1 [(

̅̅̅̅̅̅̅̅(4G)∙(1+θ4𝐺 )∙ε̅𝐶𝑜𝑚𝑚
𝑂𝑝𝐸𝑥
(1+𝑖)𝑡

)+

𝐶(𝑅𝑒𝑛𝑡𝑀𝑁𝑂 )∙ε̅𝐶𝑜𝑚𝑚
(1+𝑖)𝑡

(20)

]

Where C(RentMNO) is the cost of renting the field or place where to build the antenna for
commercial purpose. In our model, we consider different values for hence C(Rent IM) and hence
C(RentMNO).
c.

Total Present Value for IM, NaaA (Scenario 1)

PV(IM)𝑆𝐶1 = ∑𝑛𝑡=1 [

̅̅̅̅̅̅̅̅(GSMR)∙(1+OpEx(4G−MC%))∙(1+θ4𝐺)∙𝑆𝑀𝐶
𝑂𝑝𝐸𝑥
(1+𝑖)𝑡

]

(21)

d. Total Present Value for MNO, NaaA (Scenario 1)
PV(MNO)𝑆𝐶1 = PV(MNO)𝑆𝐶0

(22)

e. Total Present Value for IM, NaaA (Scenario 1bis)
PV(IM)𝑆𝐶1bis = PV(IM)𝑆𝐶1
f.

(23)

Total Present Value for MNO, NaaA (Scenario 1bis)
PV(MNO)𝑆𝐶1bis = ∑𝑛𝑡=1 [(

̅̅̅̅̅̅̅̅(4G)∙(1+θ4𝐺 )∙𝑆𝑐𝑜𝑚𝑚
𝑂𝑝𝐸𝑥
(1+𝑖)𝑡

)+

𝐶(𝑅𝑒𝑛𝑡𝑀𝑁𝑂 )∙𝑆𝑐𝑜𝑚𝑚
(1+𝑖)𝑡

]

(24)

g. Total Present Value for IM, NaaS (Scenario 2a)
PV(IM)𝑆𝐶2a = 0

(25)

h. Total Present Value for MNO, NaaS (Scenario 2a)
Two are the functional forms in case of NaaS scenario:
If φ
̂ 𝑀𝐶 > φ
̂ 𝐶𝑜𝑚𝑚 :
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PV(MNO)𝑆𝐶2a = ξ̅4𝐺 ∙ PV(4G⋃4G − MC) + γ̅𝐺𝑆𝑀𝑅 ∙ PV(4G⋃4G − MC)′ + 𝑀𝑖𝑛(φ
̂ 𝑀𝐶 , φ
̂ 𝐶𝑜𝑚𝑚 ) ∙
PV(4G⋃4G − MC) + (φ
̂ 𝑀𝐶 − φ
̂ 𝐶𝑜𝑚𝑚 ) ∙ PV(4G − MC) + (𝜀̅𝐶𝑜𝑚𝑚 − ξ̅4𝐺 ) ∙ PV(4G) + (𝜀̅𝑀𝐶 − γ̅𝐺𝑆𝑀𝑅 ) ∙
PV(4G − MC)
(26a)
If φ
̂ 𝑀𝐶 < φ
̂ 𝐶𝑜𝑚𝑚 :
PV(MNO)𝑆𝐶2a = ξ̅4𝐺 ∙ PV(4G⋃4G − MC) + γ̅𝐺𝑆𝑀𝑅 ∙ PV(4G⋃4G − MC)′ + 𝑀𝑖𝑛(φ
̂ 𝑀𝐶 , φ
̂ 𝐶𝑜𝑚𝑚 ) ∙
̅
(φ
)
(𝜀̅
PV(4G⋃4G − MC) + ̂ 𝐶𝑜𝑚𝑚 − φ
̂ 𝑀𝐶 ∙ PV(4G) + (𝜀̅𝐶𝑜𝑚𝑚 − ξ4𝐺 ) ∙ PV(4G) + 𝑀𝐶 − γ̅𝐺𝑆𝑀𝑅 ) ∙
PV(4G − MC)

(26b)

Where:

6.2.3



PV(4G) = ∑𝑛𝑡=1 [(

̅̅̅̅̅̅̅̅ (4G)∙(1+θ4𝐺)
𝑂𝑝𝐸𝑥

𝐶(𝑅𝑒𝑛𝑡𝑀𝑁𝑂 )

(1+𝑖)𝑡

(1+𝑖)𝑡



PV(4G) = ∑𝑛𝑡=1 [(

̅̅̅̅̅̅̅̅ (4G−MC)∙(1+θ4𝐺 )
𝑂𝑝𝐸𝑥

𝐶(𝑅𝑒𝑛𝑡𝐼𝑀 )

(1+𝑖)𝑡

(1+𝑖)𝑡



PV(4G⋃4G − MC) = ∑𝑛𝑡=1 [(



PV(4G⋃4G − MC)′ = ∑𝑛𝑡=1 [(



∆(𝑀𝑎𝑖𝑛𝑡) is the difference between the cost of maintenance of a 4G site and a 4G*-MC site.
We can make the assumption that the cost of maintenance both 4G and 4G*-MC could be
lower than the cost of maintenance 4G plus 4G-MC. In other words, we suppose ∆(𝑀𝑎𝑖𝑛𝑡) ≰
+1 , for example, ∆(𝑀𝑎𝑖𝑛𝑡) = +0.5.

)+

)+

]
]

̅̅̅̅̅̅̅̅
𝑂𝑝𝐸𝑥(4G−MC)∙(1+θ4𝐺)∙(1+∆(𝑀𝑎𝑖𝑛𝑡)
(1+𝑖)𝑡

)+

𝐶(𝑅𝑒𝑛𝑡𝑀𝑁𝑂 )

]

(1+𝑖)𝑡

̅̅̅̅̅̅̅̅ (4G−MC)∙(1+θ4𝐺 )∙(1+∆(𝑀𝑎𝑖𝑛𝑡)
𝑂𝑝𝐸𝑥

𝐶(𝑅𝑒𝑛𝑡𝐼𝑀 )

(1+𝑖)𝑡

(1+𝑖)𝑡

)+

]

Total Cost of Ownership (TCO) for a route

The total cost of ownership represents the sum of all the previous steps, hence, we get eight TCO for
the respective four scenarios analysed until now both from MNO and IM point of view.
a. TCO for IM – Scenario 0
𝑇𝐶𝑂(𝐼𝑀)1𝑏𝑖𝑠 = 𝐶𝑎𝑝𝐸𝑥(𝐼𝑀)𝑆𝐶0 + PV(IM)𝑆𝐶0
b. TCO for MNO – Scenario 0
𝑇𝐶𝑂(𝑀𝑁𝑂)1𝑏𝑖𝑠 = 𝐶𝑎𝑝𝐸𝑥(𝑀𝑁𝑂)𝑆𝐶0 + PV(𝑀𝑁𝑂)𝑆𝐶0
c.

TCO for IM – Scenario 1
𝑇𝐶𝑂(𝐼𝑀)1 = 𝐶𝑎𝑝𝐸𝑥(𝐼𝑀)𝑆𝐶1 + PV(IM)𝑆𝐶1

d. TCO for MNO – Scenario 1
𝑇𝐶𝑂(𝑀𝑁𝑂)1 = 𝐶𝑎𝑝𝐸𝑥(𝑀𝑁𝑂)𝑆𝐶1 + PV(MNO)𝑆𝐶1
e. TCO for IM – Scenario 1bis
𝑇𝐶𝑂(𝐼𝑀)1𝑏𝑖𝑠 = 𝐶𝑎𝑝𝐸𝑥(𝐼𝑀)𝑆𝐶1𝑏𝑖𝑠 + PV(IM)𝑆𝐶1bis
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TCO for MNO – Scenario 1bis
𝑇𝐶𝑂(𝑀𝑁𝑂)1𝑏𝑖𝑠 = 𝐶𝑎𝑝𝐸𝑥(𝑀𝑁𝑂)𝑆𝐶1𝑏𝑖𝑠 + PV(MNO)𝑆𝐶1bis

g. TCO for IM – Scenario 2a
𝑇𝐶𝑂(𝐼𝑀)2𝑎 = 0
h. TCO for MNO – Scenario 2a
𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎 = 𝐶𝑎𝑝𝐸𝑥(𝑀𝑁𝑂)𝑆𝐶2𝑎 + PV(MNO)𝑆𝐶2a

6.2.4

Revenue streams and savings

The revenues stream should depend on the pricing strategy of MNOs. Our goal here is to mainly focus
on the increasing number of potential users by considering both the increasing of railway passengers
and increasing of new opportunities of business from increasing the quality of services for leisure,
business and commuter passengers. A more detailed predictive model of pricing strategy and number
of users is difficult to deploy at this stage of the project.
Revenue streams from business activities exploits the characteristics of the traffic for a route. We will
use a totally theoretical approach with no real data, but only expected revenues, as in the following
formula:

𝐸[𝑅𝑒𝑣] = ∑15
𝑡=1

[𝐶𝐹(𝑔𝑒𝑜,𝑃𝑎𝑠𝑠𝑇𝑦𝑝𝑒,𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦,𝑆𝑢𝑏𝑠𝑐𝑟)𝑘 ]𝑡 ∙𝑝(𝐶𝐹)

(27)

(1+𝑖)𝑡

Where:

6.2.5



𝐸[𝑅𝑒𝑣] is the expected value of revenues stream



𝐶𝐹 are the positive expected Cash Flows



𝑘 is a k-route



PassType is the types of the passengers (i.e. business, leisure, commuters)



Capacity is the coefficient of occupation of passengers of a route



Subscr is the number of potential subscribers



𝑝(𝐶𝐹) is the density probability function.

Inputs and variables values for the model

The model presented before will be computed by using some real data and/or values that have been
chosen by our Consortium. In this chapter we provide the list of all the variables with figures related
to them. After a long and deep discussion about which parameters and which values associate to
them, we selected a number of variables and parameters that are shown in the following Table 36
and that can be divide in:
A. Infrastructure variables, or INFR (n = 16)
B. General context variables, or GCV (n = 6) and
C. Financial variables, or FV (n = 13) concerning inflation, interest and time horizon.
Some of them will be used to make a simulation of possible different results and interpretation about
them.
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INFR
INFR

Acronym
C(4Gsite)
λ4G

INFR

C(4Gequipment):

INFR

C(Antenna)
C(Apparatus)
C(GSMRsite)

INFR

Reuse(GSMR)%

INFR

λGSM

INFR

Reuse(4G)%

INFR

α

Document version: 1.0

Description
Cost of deployment of a commercial 4G site (Euro)
Delta percentage of cost difference between 4G and 4G*MC network equipment and other back-up related
infrastructure. It is likely λ4G≥0 and it mainly includes
software upgrade of the 4G release and some additional
equipment/infrastructure for increasing reliability and
provide a more effective back-up. We may consider that
this factor is low such as around 10%-20%. A possible
estimation of the delta percentage of difference between
GSM and GSM-R can be used for this evaluation (%)
Cost of antennas and the networking equipment
dedicated to MNO commercial network services (Euro)
(Euro)
(Euro)
Cost of deployment of a GSM-R site, that includes
infrastructure and network equipment, but not
backhauling and core network (Euro)
Percentage of re-use of a single GSM-R site for 4G*-MC
(e.g. shelter and accessories, basement, pylon, power
system, power cable)
Delta percentage of cost difference between GSM-R and
4G*-MC network equipment. It could be computed as
λGSM=∆%(Costs)=(C(GSMR)-C(4G))/(C(4G))⋚0. According
to our data, one possible value is -20%, but we would
consider also the case of 0% and 20% as possible value
derived by the literature. A possible estimation of the
delta percentage of difference between GSM and GSM-R
can be used for this evaluation
Percentage of re-use of a single 4G site (e.g. shelter and
accessories, basement, pylon, power system, power
cable)
Percentage of cost of the ‘core network’ with respect to
the cost of all radio sites

Value
112,000
0.2

Source
Average value from real data collection
Partners’ Consortium assumption

28,000

Average value from real data collection

5,500
22,500
136,000

Average value from real data collection
Average value from real data collection
Average value from real data collection

0.72

Average value from real data collection

-0.2

Partners’ Consortium assumption

0.77

Average value from real data collection

0.8

Average value from real data collection

Page 116 of 160

Submission date: 2018-11-27

MISTRAL

D2.2 Validated Techno-economic proposition

INFR

β

GCV

km of line

INFR

Average distance between sites for mission critical
services
Average distance between sites for commercial services

INFR

ADsite-mc (MHz
900)
ADsite-com (MHz
2100)
μ

INFR

ρ

GCV

εMC

GCV

εComm

INFR

SMC

INFR

SComm

INFR

C(Core Net)

Factor for increasing number of sites to consider signal
propagation issues, it is dependent from the geographical
area, e.g., in mountains this factor will be larger than in
plain rural areas
percentage of tracks area that is assumed to be covered
by mission critical 4G
percentage of tracks area that is assumed to be covered
by commercial 4G (e.g., if ε=1 means that all the area is
totally covered by 4G, so the cost of installing additional
4G sites is 0)
Total number of sites for providing a complete 4G*-MC
coverage along the route. It is a function of distance and
geographical characteirstics
Total number of sites for a complete 4G coverage along
the route
Core network (Euro)

FV
FV

OpEx(4G)
OpEx(GSMR%)

FV

OpEx(GSMR)

OpEx of 4G site per year (Euro)
Average percentage of OpEx w.r.t CapEx of GSM-R per site
and per year
OpEx of GSM-R site per year (Euro)

FV
FV

OpEx(4G*-MC%)
OpEx(4G*-MC)

Average percentage of OpEx of 4G*-MC site per year
OpEx of 4G*-MC site per year (Euro)

INFR
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Share of the ‘core network’ that can be re-used by the
entity implementing the network if an already 4G core
network is available
Total length of the route (km)

Factor for increasing redundancy of sites for improving
availability
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0.75

Average value from real data collection

See Case
Studies
See
Table 34
See
Table 34
1
1.5
2
See
Table 34

Simulation value

0.5

Simulation value

0.5

Simulation value

Average value from real data collection
Average value from real data collection
Partners’ Consortium assumption - Simulation value

Computation from formula of the model

See Case
Studies

Computed by the formula

See Case
Studies
599,739
for 4G
network
6,000
5.5%

Computed by the formula

7,480

Computed by the formula

-0.1
6,732

Partners’ Consortium assumption
Computed by the formula

Average value from real data collection

Average value from real data collection
Average value from real data collection
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FV
FV

C(4G*-MC)NEW
C(4G*-MC)GSM-R

FV

C(4G*-MC)4G

FV

C(RentIM)

Cost of deployment of a new 4G*-MC site (Euro)
Cost of deployment of a 4G*-MC site with revamping of
GSM-R site (Euro)
Cost of deployment of a 4G*-MC site with revamping of
commercial 4G site (Euro)
Rent Costs for a field (for a mission critical site) (Euro)

FV
GCV
FV
FV
GCV
GCV

C(RentMNO)
t
π
r
θ(GSM-R)
θ(4G)

Rent Costs for a field (per a commercial site) (Euro)
Define a horizon of time (Max 30 years)
Inflation rate
Discount rate
Obsolescence rate for GSM-R
Obsolescence rate for 4G

FV

Δ(Maint)

Delta percentage of maintenance cost for workers
dedicated to mission critical maintenance

162,400
58,464

Computed by the formula
Computed by the formula

48,160

Computed by the formula

12,000

Average value from real data collection

12,000
15
1-3%
2%
100%
0%

Average value from real data collection
Common time horizon used in some references [16]
Partners’ Consortium assumption and Systra report [16]
Partners’ Consortium assumption
Partners’ Consortium assumption
Partners’ Consortium assumption

0.2

Partners’ Consortium assumption

Table 36 Variables, Parameters and Values
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Results from the TCO analysis and sensitivity analysis
The model has been built according to the logic that the decision for IM and MNO, as a first step,
should be to define the values for the following parameters, according to their own decision based on
business opportunity, safety, risk, radio planning, technological issues, etc., that are:


ξ̅ is chosen by the MNO based on their own radio planning strategy



γ̅ is chosen by MNO and IM based on their own radio planning strategy



φ
̂ 𝑀𝐶 = Ŝ𝑀𝐶 − ε̅𝑀𝐶 − ξ̅4𝐺 is the number of new 4G*-MC sites built along the route



φ
̂ 𝐶𝑜𝑚𝑚 = Ŝ𝐶𝑜𝑚𝑚 − ε̅𝐶𝑜𝑚𝑚 − γ̅𝐺𝑆𝑀𝑅 is the number of new 4G sites built along the routeε̅𝑀𝐶 is
chosen by IMs according to their own decision for safety in that route



ε̅𝐶𝑜𝑚𝑚 is chosen by MNOs according to their own decision about business opportunity



μ is the redundancy factor (that we suppose equal to 1 for all the scenarios and simulation).

The results of our model and the simulation or sensitivity analysis will be based on a set of different
values of those parameters. We build several case studies (i.e. we identify the following terminology
where Case Study number # = CS–#) according to a different combination of the following values for
the parameters, in particular by considering the redundancy, the coverage and the revamping (Figure
29) for the different business cases of the routes.

Figure 29 Parameters for the sensitivity analysis *
(*) H = High, M = Medium, L = Low

In the following, we show the results of the model. For each CS-# based on the types of route (CS-1,
CS-2 and CS-3) we will have 3 sets of sub-cases based on the sensitivity analysis of revamping
parameters (e.g. CS-1a, CS-1b and CS-1c). All the numerical results of the case studies are also shown
in Table 41, Table 42 and Table 43.
6.3.1

Case Study 1 (CS-1): urban-urban

This case study refers to the route, from urban to urban, as described by the geographical and user
characteristics of Figure 30. The CS-1 is characterised by a typical area with medium agglomerate of
cities, villages and high traffic, with a length around 150 km and daily medium/high coefficient of
occupation. In particular, the route is constituted by 9% of urban/sub-urban area, 91% of rural plain
area and 0% of mountain, but where the cities of departure and arrival are big metropolis with very
high density stations, closed to airport or other means of transport. We can assume that this area is
typically used by a large number of commuters and a medium/high number of people that would reach
the airport for business and/or leisure activities. We assume also that the business opportunity for
MNO could be high and, on the other side, the interest for IM to have a pervasive and stable mission
critical infrastructure is needed because of the high number of passengers (e.g. tourism, workers,
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etc.) that transit in that area. However, we will relax our assumption in our model in order to find
results also for different values of communication network coverage across the route.

Figure 30 Geographical characteristics of CS-1

In our sensitivity analysis, for the specific CS-1, first, we consider the following values for parameters.

Figure 31 CS-1: description of parameters

The results of the sensitivity analysis come from a numerical analysis and they are provided by the
following paragraphs where, first, we provide a vertical analysis for each scenario where we consider
the values for each single stakeholder individually, and after a comparison among them to find the
final insights for the horizontal analysis. For each analysis, in order to be as much as possibile
exhaustive, we will provide the economic and business insights from IM, MNO and policy maker point
of view.
6.3.1.1 Vertical Analysis
CS-1a. Scenario CS-1a is represented by a situation in which the initial total coverage along the route
is very high (around 90%) both for IM (with GSM-R) and MNO (with 4G) and the revamping of GSMR (6 sites over 24) and 4G (2 sites over 65) are low.
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Figure 32 Results for Scenario CS-1a (CapEx, OpEx and TCO)

From the analysis of the CS-1a (Figure 32) we get that:






From IM point of view:
o

The TCO for IM to invest in renewing the infrastructure from GSM-R to 4G*-MC
network and to make a total coverage of mission critical sites is Euro 8,532,077.

o

The final TCO for IM, for SC1 scenario is significantly lower than the TCO in SC0
scenario (10,847,640), around -21%, because the higher CapEx to support the initial
investment to change technology (+3%) is balanced from a much lower OpEx (around
-50%) to maintain 4G*-MC with respect to GSM-R, despite IM has to complete the
coverage of the route (but with few new sites, since the initial coverage is around
90% of the route) and substitute the old sites with the new ones, adding also a new
core network for the 4G technology.

o

Obviously, from SC1 to SC1bis there is no change in TCO for IM, and TCO for IM will
become equal to zero in SC2a, because the MNO will enter in the railway network
communication market.

From MNO point of view:
o

The TCO in SC1 is Euro 16,203,638 mainly due to maintenance costs of the commercial
sites already deployed along the route in Scenario 0 (CapEx = 0).

o

The TCO for MNO to have a total coverage of the commercial network, SC 1bis scenario,
(i.e., in this case, to build 6 new sites and maintain the overall coverage of 72 sites)
is Euro 25,965,118 (+60% with respect to the TCO of SC1 scenario) due to the
increasing both of CapEx and OpEx for new commercial sites deployed along the
route.

o

Finally, the TCO for MNO to deploy both mission critical and commercial network
together, in NaaS, is Euro 24,556,077 (-5% with respect to the TCO of SC1bis scenario).
If we compare this value with the previous value of TCO in SC 1bis, we do not see a
great difference. As a result, there is better opportunity to invest in the NaaS scenario
for MNO moreover if there is also some likelihood to get higher return on investment
(ROI) for MNOs coming from business opportunity in this route.

From the policy maker point of view, the opportunity to move towards a NaaS scenario
depends on the opportunity for both operators to save money from the TCO function:
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o

If we consider the sum of the investment in NaaA scenario (SC1bis) and of NaaS (SC2a),
separately, we have that in SC 1bis the total TCO for MNO and IM is Euro 34,487,145
while in SC2a the TCO is 24,556,077 with a delta percentage value of -29% (of
savings). So, we conclude that, intuitively, also from a welfare point of view, NaaS is
more convenient than NaaA (SC1 and/or SC1bis).

o

Moreover, in order to be more convenient for MNO to enter in NaaS and in order IM
does not have higher costs with respect to the NaaA SC1bis scenario, we can have the
possibility of a co-investment from IM to MNO, in other words, a financial incentive or
subsidy that could be computed from Euro 0 to 8,532,027; in other terms, the
subsidy/incentive for MNO should be between 0% to 36% of the TCO of SC2a. We can
generalise these results with the following formula for subsidy/incentive:
𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎 − 𝑇𝐶𝑂(𝑀𝑁𝑂)1𝑏
𝑇𝐶𝑂(𝐼𝑀)1𝑎,1𝑏
% ≤ 𝑆𝑢𝑏(𝑁𝑎𝑎𝑆) ≤
%
𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎
𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎
if 𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎 ≥ 𝑇𝐶𝑂(𝑀𝑁𝑂)1𝑏
In this case, 0% ≤ 𝑆𝑢𝑏(𝑁𝑎𝑎𝑆) ≤ 36% of the MNO investment (𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎 ).
If we suppose that MNO can have the maximum incentive/subsidy of 8,532,027 from
IM or from government, the final investment of MNO to provide a total coverage in a
route will be of 16,024,050, that is also lower than the TCO in SC 1.

CS-1b. Scenario CS-1b is represented by a situation in which the total coverage both for IM is very
high, while for MNO is very low and the revamping of 4G is low, conversely, the revamping of GSM-R
is higher.

Figure 33 Results for Scenario CS-1b (CapEx, OpEx and TCO)

From the vertical analysis of the CS-1b we get that:


From IM point of view:
o



There is no change with respect the previous CS-1a.

From MNO point of view:
o

The TCO in SC1 is Euro 4,985,735 (where CapEx = 0).

o

The TCO for MNO to have a total coverage of the commercial network, SC 1bis scenario,
(i.e. to build 52 new sites and maintain the overall coverage of 72 sites) is still Euro
25,965,118 (+421% with respect to the TCO of SC1 scenario).
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o



The TCO for MNO to deploy both mission critical and commercial network together,
in NaaS scenario, is Euro 20,946,908 (-19% with respect to the TCO of SC1bis
scenario). If we compare this value with the previous value of TCO in SC1bis, we see
a great difference. As a result, there is very high opportunity to invest in the NaaS
scenario for MNO. If the MNO did not invest in this route before, one reason could be
because the likelihood to get higher ROI for MNOs, coming from profitable business
opportunity in this route, was low. However, if there should be also a legal constraint
to invest in some remote area for MNOs, due to the Acts, investment in both of
networks (i.e. mission critical and commercial) could be more convenient than
investing only in commercial one. Furthermore, new opportunity of business could be
found also by exploiting new Innovative Services that can generate benefits to several
stakeholders from a more pervasive coverage of network along the route. Improving
network coverage with Innovative Services means improve the QoS for passengers
and more efficiency in railway transport with a consequent increasing of number of
passengers and other, not quantified, spillover effect. A strict correlation between
more passengers and more subscribers for MNO or new possible customers for
Innovative Services should be demonstrated, but anyway, a higher likelihood to get
more revenues can arise from this scenario.

From the policy maker point of view, the opportunity to move towards a NaaS scenario
depends on the opportunity for both operators to save money from the TCO function:
o

If we consider the sum of the investment for IM and MNO in NaaA scenario (SC1bis)
and investment for MNO in NaaS scenario (SC2a), separately, we get that in SC1bis the
total TCO for MNO and IM is still Euro 34,497,145 while in SC 2a the TCO is 20,946,908,
with a delta pergentage value of -39% (of savings). So we conclude that, from a
welfare point of view, NaaS is, intuitively, still more convenient than NaaA.

o

Moreover, in order to be more convenient for MNO to enter in NaaS paradigm and in
order for IM not to have higher costs with respect to the NaaA SC1bis scenario, we can
compute a co-investment from IM to MNO; in other words, a financial incentive or
subsidy, that could be ina range from Euro 0 to 8,532,027, in other terms, the
subsidy/incentive for MNO should be between 0% to 41% of the TCO of SC 2a. We can
generalise this results with the following formula for subsidy/incentive:
0% ≤ 𝑆𝑢𝑏(𝑁𝑎𝑎𝑆) ≤ 41% of the MNO investment 𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎
If we suppose that MNO can have the maximum incentive/subsidy of 8,532,027 from
IM or from government, the final investment of MNO to provide a total coverage in a
route will be of 12,414,881, that in this case is not lower than the TCO in SC1.

CS-1c. Scenario CS-1c is represented by a situation in which the total coverage for IM is very low,
while for MNO is very high and the revamping of 4G is very high, conversely, the revamping of GSMR is very low.
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Figure 34 Results for Scenario CS-1c (CapEx, OpEx and TCO)

From the analysis of the CS-1c we get that:






From IM point of view:
o

The TCO for IM to invest in renewing the infrastructure from GSM-R to 4G*-MC
network and to make a total coverage of mission critical sites is Euro 8,498,427.

o

The final TCO for IM, for SC1 scenario is significantly higher than the TCO in SC 0
scenario (1,355,955), around +527%, because of the higher CapEx to support the
initial investment to change technology and the consequent higher OpEx (because
the initial coverage of GSM-R was very low) to maintain 4G*-MC with respect to GSMR.

From MNO point of view:
o

The TCO in SC1 is Euro 16,203,638 (where CapEx = 0).

o

The TCO for MNO to have a total coverage of the commercial network, SC1bis scenario,
(i.e. to build 6 new sites and maintain the overall coverage of 72 sites) is Euro
25,965,118 (+60% with respect to the TCO of SC 1 scenario).

o

The TCO for MNO to deploy both mission critical and commercial network together,
in NaaS, is Euro 21,207,067 (-18% with respect to the TCO of SC 1bis scenario). If we
compare this value with the previous value of TCO in SC1bis, we see a great difference.
As a result, there is better opportunity to invest in the NaaS scenario for MNO
moreover if there is also some likelihood to get higher return on investment (ROI) for
MNOs coming from business opportunity in this route. In this case, the fact MNO
invested in this route, conversely CS-1b, could mean MNO found profitable business
opportunity in this route. Hence, the possibility to invest in this route to have a more
coverage can be more convenient for MNO, since also the TCO is lower.

From the policy maker point of view, the opportunity to move towards a NaaS scenario
depends on the opportunity for both operators to save money from the TCO function:
o
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If we consider the sum of the investment in NaaA scenario (SC1bis) and of NaaS (SC2a),
separately, we have that in SC1bis the total TCO for MNO and IM is still Euro 34,463,545
while in SC2a the TCO is 21,207,067, with a delta percentage value of -38% (of
savings). So we conclude that, from a welfare point of view, NaaS is more convenient
than NaaA.
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o

Moreover, in order to be more convenient for MNO to enter in NaaS and in order that
for IM there are no higher costs with respect to the NaaA SC1bis scenario, we can have
a co-investment from IM and MNO, in other words, a financial incentive or subsidy
should be from 0 to Euro 8,498,427, in other terms, the subsidy/incentive for MNO
should be between 0% to 40% of the TCO of SC 2a. We can generalise this results with
the following formula for subsidy/incentive:
0% ≤ 𝑆𝑢𝑏(𝑁𝑎𝑎𝑆) ≤ 40% of the MNO investment 𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎
If we suppose that MNO can have the maximum incentive/subsidy of 8,498,427 from
IM or from government, the final investment of MNO to provide a total coverage in a
route will be of 12,078,641 that is lower than the TCO in SC 1.

6.3.2

Case Study 2 (CS-2): urban-rural

This case study refers to the route from urban to rural, as described by the geographical and user
characteristics of Figure 35. This CS is characterised by a quite total coverage of both GSM-R and
commercial 4G. It is an area with a length of around 120 km and daily medium coefficient of
occupation. The route is constituted by 6% of urban/sub-urban area, 94% of rural plain area. The
main difference with CS-1 is that the number of stations is higher (i.e. 18 stations against the 7 stations
of CS-1) and the cities/villages along the route have low density of inhabitants. We can assume that
this area is typical for commuters (but with lower number of passengers with respect to CS-1, in
absolute value), but with high percentage of occupation and with lower interest for business and/or
leisure travellers. The business interest for MNO could be lower due to the lower percentage of
population and the type of passengers in the railway sector (more commuters than leisure and
business). However, some constraints from Acts to the obligation to cover some “white area” with
public communication network (i.e. in some countries, indeed, for MNOs that purchase some frequency
band/spectrum could be mandatory also to deploy part of the network also in area with low density
of population, where the opportunities of business could be low) could push the MNO to invest more
in that area.

Figure 35 Geografical characteristics of CS-2

In our sensitivity analysis, for the specific CS-2, first, we consider the following values for parameters.
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Figure 36 CS-2: description of parameters

The results of the sensitivity analysis come from a numerical analysis and they are provided by the
following paragraphs.
6.3.2.1 Vertical Analysis
CS-2a. Scenario CS-2a is represented by a situation in which the total coverage along the route both
for IM and MNO is high, revamping of GSM-R and of 4G is low.
The results of the economic analysis of CS-2a are shown in the following Figure 37.

Figure 37 Results for Scenario CS-2a (CapEx, OpEx and TCO)

From the analysis of the CS-2a we get that:


From IM point of view:
o

The TCO for IM to invest in renewing the infrastructure from GSM-R to 4G*-MC
network and to make a total coverage of mission critical sites is Euro 8,135,730.

o

The final TCO for IM, for SC1 scenario is significantly lower than the TCO in SC0
scenario (11,467,190), around -19%, because the higher CapEx to support the initial
investment to change technology (+5%) is balanced from a much lower OpEx (around
-49%) to maintain 4G*-MC with respect to GSM-R, despite IM has to complete the
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coverage of the route (but with few new sites, since the initial coverage is around
90% of the route) and substitute the old sites with the new ones, adding also a new
core network for the 4G technology.




From MNO point of view:
o

The TCO in SC1 is Euro 11,467,190 (where CapEx = 0).

o

The TCO for MNO to have a total coverage of the commercial network, SC 1bis scenario,
is Euro 18,592,345 (+62% with respect to the TCO of SC1 scenario).

o

The TCO for MNO to deploy both mission critical and commercial network together,
in NaaS, is Euro 17,935,821 (-4% with respect to the TCO of SC 1bis scenario). If we
compare this value with the previous value of TCO in SC 1bis, we do not see a great
difference. As a result, there is better or equal opportunity to invest in the NaaS
scenario for MNO, moreover if there could be also some likelihood to get higher return
on investment (ROI) for MNOs coming from business opportunity in this route (that
we assume to be not so high in this route).

From the policy maker point of view, the opportunity to move towards a NaaS scenario
depends on the opportunity for both operators to save money from the TCO function:
o

If we consider the sum of the investment in NaaA scenario (SC1bis) and of NaaS (SC2a),
separately, we have that in SC 1bis the total TCO for MNO and IM is Euro 25,150,864
while in SC2a the TCO is 17,935,821 with a Delta% value of -29% (of savings). So we
conclude that, also from a welfare point of view, NaaS is always more convenient than
NaaA.

o

Moreover, in order to be more convenient for MNO to enter in NaaS and in order that
for IM there are no higher costs with respect to the NaaA SC1bis scenario, we can have
a co-investment from IM and MNO, in other words, a financial incentive or subsidy
should be from 0 to Euro 6,558,518, in other terms, the subsidy/incentive for MNO
should be between 0% to 37% of the TCO of SC2a. We can generalise these results
with the following formula for subsidy/incentive:
In this case, 0% ≤ 𝑆𝑢𝑏(𝑁𝑎𝑎𝑆) ≤ 37% of the MNO investment (𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎 )
If we suppose that MNO can have the maximum incentive/subsidy of 6,558,518 from
IM or from government, the final investment of MNO to provide a total coverage in a
route will be of 11,377,302 that is lower than the TCO in SC 1.

CS-2b. Scenario CS-2b is represented by a situation in which the total coverage both for IM is very
high, while for MNO is very low and the revamping of 4G is low, conversely, the revamping of GSM-R
is very high.
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Figure 38 Results for Scenario CS-2b (CapEx, OpEx and TCO)

From the analysis of the CS-2b we get that:






From IM point of view:
o

The TCO for IM to invest in renewing the infrastructure from GSM-R to 4G*-MC
network and to make a total coverage of mission critical sites is Euro 8,135,730.

o

The final TCO for IM, for SC1 scenario is significantly lower than the TCO in SC0
scenario (6,135,730), around -19%, because the higher CapEx to support the initial
investment to change technology (+5%) is balanced from a much lower OpEx (around
-49%) to maintain 4G*-MC with respect to GSM-R, despite IM has to complete the
coverage of the route (but with few new sites, since the initial coverage is around
90% of the route) and substitute the old sites with the new ones, adding also a new
core network for the 4G technology.

From MNO point of view:
o

The TCO in SC1 is Euro 2,492,867 (where CapEx = 0).

o

The TCO for MNO to have a total coverage of the commercial network, SC 1bis scenario,
is Euro 18,592,345 (+646% with respect to the TCO of SC 1 scenario), hence, much
expensive.

o

The TCO for MNO to deploy both mission critical and commercial network together,
in NaaS, is Euro 15,461,708 (-17% with respect to the TCO of SC 1bis scenario). If we
compare this value with the previous value of TCO in SC1bis, we see a great difference,
however, the value of the investment is still quite high for MNO, since likelihood MNO
has also a low business interest to invest in this route. As a result, there is better
opportunity to invest in the NaaS scenario for MNO if there is some likelihood to get
higher return on investment (ROI) for MNOs coming from business opportunity in this
route or if there is obligation (from law, Acts) to invest in this route that pushes MNOs
to deploy more network coverage, despite their expected lower ROI.

From the policy maker point of view, the opportunity to move towards a NaaS scenario
depends on the opportunity for both operators to save money from the TCO function:
o
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separately, we have that in SC 1bis the total TCO for MNO and IM is Euro 25,150,864
while in SC2a the TCO is 15,461,708 with a Delta% value of -39% (of savings). So we
conclude that, also from a welfare point of view, NaaS is always more convenient than
NaaA.
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o

Moreover, in order to be more convenient for MNO to enter in NaaS and in order that
for IM there are no higher costs with respect to the NaaA SC1bis scenario, we can have
a co-investment from IM and MNO, in other words, a financial incentive or subsidy
should be from 0 to Euro 6,558,518, in other terms, the subsidy/incentive for MNO
should be between 0% to 42% of the TCO of SC2a. We can generalise this results with
the following formula for subsidy/incentive:
In this case, 0% ≤ 𝑆𝑢𝑏(𝑁𝑎𝑎𝑆) ≤ 42% of the MNO investment (𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎 )
If we suppose that MNO can have the maximum incentive/subsidy of 6,558,518 from
IM or from government, the final investment of MNO to provide a total coverage in a
route will be of 8,903,190 that in this case is not lower than the TCO in SC 1.

CS-2c. Scenario CS-2c is represented by a situation in which the total coverage for IM is very low and
MNO is very high and the revamping of 4G is very high, conversely, the revamping of GSM-R is very
low.

Figure 39 Results for Scenario CS-2c (CapEx, OpEx and TCO)

From the vertical analysis of the CS-2c we get that:


From IM point of view:
o



There is no change with respect the previous CS-1a.

From MNO point of view:
o

The TCO in SC1 is Euro 11,467,190 (where CapEx = 0).

o

The TCO for MNO to have a total coverage of the commercial network, SC1bis scenario,
is still Euro 18,592,345 (+62% with respect to the TCO of SC1 scenario).

o

The TCO for MNO to deploy both mission critical and commercial network together,
in NaaS, is Euro 14,954,603 (-20% with respect to the TCO of SC1bis scenario). If we
compare this value with the previous value of TCO in SC1bis, we see a great difference.
As a result, there is very high opportunity to invest in the NaaS scenario for MNO.
Probably, if the MNO did not invest in this route was because the likelihood to get
higher return on investment (ROI) for MNOs coming from business opportunity in this
route was low. However, there could be a legal constraint to invest in some remote
area for MNOs, due to the Acts, and new opportunity of business could be found by
the investment in new Innovative Services that can benefit from a more prrvasive
coverage of network in the route.
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From the policy maker point of view, the opportunity to move towards a NaaS scenario
depends on the opportunity for both operators to save money from the TCO function:
o

If we consider the sum of the investment in NaaA scenario (SC1bis) and of NaaS (SC2a),
separately, we have that in SC1bis the total TCO for MNO and IM is still Euro 25,128,464
while in SC2a the TCO is 14,954,603, with a Delta% value of -40% (savings). So we
conclude that, from a welfare point of view, NaaS is more convenient than NaaA.

o

Moreover, in order to be more convenient for MNO to enter in NaaS and in order that
for IM there are no higher costs with respect to the NaaA SC1bis scenario, we can have
a co-investment from IM and MNO, in other words, a financial incentive or subsidy
should be from 0 to Euro 6,536,118, in other terms, the subsidy/incentive for MNO
should be between 0% to 44% of the TCO of SC2a. We can generalise this results with
the following formula for subsidy/incentive:
0% ≤ 𝑆𝑢𝑏(𝑁𝑎𝑎𝑆) ≤ 44% of the MNO investment 𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎
If we suppose that MNO can have the maximum incentive/subsidy of 6,558,518 from
IM or from government, the final investment of MNO to provide a total coverage in a
route will be of 8,418,485 that is lower than the TCO in SC 1.

6.3.3

Case Study 3 (CS-3): urban-mountain

This case study refers to the route from urban to mountain, as described by the geographical and user
characteristics of Figure 40. It is an area with a length of around 86 km and daily low coefficient of
occupation with a low number of passengers (mainly seasonal travellers). The route is constituted by
8% of urban/sub-urban area, 20% of rural plain area and 72% of mountain area. We can assume that
this area is typical for leisure, with low percentage of occupation (around 22%, mainly there are high
seasonal occupation during winter and summer holidays), and a low percentage of business
commuters. The business opportunities for MNO is not relevant also because the coverage of the
network is more difficult and it requires a well planned radio planning and higher CapEx to deploy the
commercial communication network infrastructure. For IM it is still important to have a safe and secure
mission critical coverage also because the area can be an important strategic area for the railway
interoperability. However, the cost to have a pervasive coverage is high also for IM that could have
high interest to find cooperation with MNOs to deploy mission critical network exploiting the
commercial infrastructure.

Figure 40 Geographical characteristics of CS-3
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In our sensitivity analysis, for the specific CS-3, first, we consider the following values for parameters.

Figure 41 CS-3: description of parameters

The results of the sensitivity analysis come from a numerical analysis and they are provided by the
following paragraphs.
6.3.3.1 Vertical Analysis
CS-3a. Scenario CS-3a is represented by a situation in which the total coverage along the route both
for IM and MNO is very high, revamping of GSM-R is high, while revamping of 4G is low.
The results of the economic analysis of CS-3a are shown in the following Figure 42.

Figure 42 Results for Scenario CS-3a (CapEx, OpEx and TCO)

From the analysis of the CS-3a we get that:


From IM point of view:
o

The TCO for IM to invest in renewing the infrastructure from GSM-R to 4G*-MC
network and to make a total coverage of mission critical sites is Euro 11,299,625.

o

The final TCO for IM, for SC1 scenario is significantly lower than the TCO in SC0
scenario (8,740,256), around -23%, because the higher CapEx to support the initial
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investment to change technology (+1%) is balanced from a much lower OpEx (around
-51%) to maintain 4G*-MC with respect to GSM-R, despite IM has to complete the
coverage of the route (but with few new sites, since the initial coverage is around
90% of the route) and substitute the old sites with the new ones, adding also a new
core network for the 4G technology.




From MNO point of view:
o

The TCO in SC1 is Euro 27,421,542 (where CapEx = 0), with a very high initial
investment.

o

The TCO for MNO to have a total coverage of the commercial network, SC 1bis scenario,
is Euro 44,531,618 (+62% with respect to the TCO of SC1 scenario).

o

The TCO for MNO to deploy both mission critical and commercial network together,
in NaaS, is Euro 37,531,618 (-16% with respect to the TCO of SC 1bis scenario). If we
compare this value with the previous value of TCO in SC 1bis we can see a great
difference. As a result, there is better opportunity to invest in the NaaS scenario for
MNO moreover if there is also some likelihood to get higher return on investment
(ROI) for MNOs coming from business opportunity in this route.

From the policy maker point of view, the opportunity to move towards a NaaS scenario
depends on the opportunity for both operators to save money from the TCO function:
o

If we consider the sum of the investment in NaaA scenario (SC1bis) and of NaaS (SC2a),
separately, we have that in SC 1bis the total TCO for MNO and IM is Euro 53,271,882
while in SC2a the TCO is 37,185,145 with a delta percentage value of -30% (of
savings). So we conclude that, also from a welfare point of view, NaaS is always more
convenient than NaaA.

o

Moreover, in order to be more convenient for MNO to enter in NaaS and in order that
for IM there are no higher costs with respect to the NaaA SC1bis scenario, we can have
a co-investment from IM and MNO, in other words, a financial incentive or subsidy
should be from 0 to Euro 8,740,265, in other terms, the subsidy/incentive for MNO
should be between 0% to 24% of the TCO of SC2a. We can generalise these results
with the following formula for subsidy/incentive:
In this case, 0% ≤ 𝑆𝑢𝑏(𝑁𝑎𝑎𝑆) ≤ 24% of the MNO investment (𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎 ).
If we suppose that MNO can have the maximum incentive/subsidy of 8,740,265 from
IM or from government, the final investment of MNO to provide a total coverage in a
route will be of 28,444,880 that is lower than the TCO in SC 1.

CS-3b. Scenario CS-3b is represented by a situation in which the total coverage for IM is very high
and for MNO is very low and the revamping of 4G is low, conversely, the revamping of GSM-R is very
high.
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Figure 43 Results for Scenario CS-3b (CapEx, OpEx and TCO)

From the analysis of the CS-3b we get that:






From IM point of view:
o

The TCO for IM to invest in renewing the infrastructure from GSM-R to 4G*-MC
network and to make a total coverage of mission critical sites is Euro 11,299,625.

o

The final TCO for IM, for SC1 scenario is significantly lower than the TCO in SC0
scenario (8,740,265), around -23%, because the higher CapEx to support the initial
investment to change technology (+1%) is balanced from a much lower OpEx (around
-51%) to maintain 4G*-MC with respect to GSM-R, despite IM has to complete the
coverage of the route (but with few new sites, since the initial coverage is around
90% of the route) and substitute the old sites with the new ones, adding also a new
core network for the 4G technology.

From MNO point of view:
o

The TCO in SC1 is Euro 6,232,169 (where CapEx = 0).

o

The TCO for MNO to have a total coverage of the commercial network, SC1bis scenario,
is Euro 44,531,618 (+615% with respect to the TCO of SC1 scenario).

o

The TCO for MNO to deploy both mission critical and commercial network together,
in NaaS, is Euro 16,700,235 (-62% with respect to the TCO of SC1bis scenario). If we
compare this value with the previous value of TCO in SC 1bis, we see a very high
difference. As a result, there is better opportunity to invest in the NaaS scenario for
MNO moreover if there is also some likelihood to get higher return on investment
(ROI) for MNOs coming from business opportunity in this route.

From the policy maker point of view, the opportunity to move towards a NaaS scenario
depends on the opportunity for both operators to save money from the TCO function:
o

If we consider the sum of the investment in NaaA scenario (SC1bis) and of NaaS (SC2a),
separately, we have that in SC 1bis the total TCO for MNO and IM is Euro 53,271,882
while in SC2a the TCO is 16,700,235 with a delta percentage value of -69% (of
savings). So, we conclude that, also from a welfare point of view, NaaS is always
more convenient than NaaA.

o

Moreover, in order to be more convenient for MNO to enter in NaaS and in order that
for IM there are no higher costs with respect to the NaaA SC1bis scenario, we can have
a co-investment from IM and MNO, in other words, a financial incentive or subsidy

Document version: 1.0

Page 133 of 160

Submission date: 2018-11-27

MISTRAL

D2.2 Validated Techno-economic proposition

should be from 0 to Euro 8,740,265, in other terms, the subsidy/incentive for MNO
should be between 0% to 52% of the TCO of SC2a. We can generalise these results
with the following formula for subsidy/incentive:
In this case, 0% ≤ 𝑆𝑢𝑏(𝑁𝑎𝑎𝑆) ≤ 52% of the MNO investment (𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎 ).
If we suppose that MNO can have the maximum incentive/subsidy of 8,740,265 from
IM or from government, the final investment of MNO to provide a total coverage in a
route will be of 7,959,970 that is higher than the TCO in SC 1.
CS-3c. Scenario CS-3c is represented by a situation in which the total coverage for IM is very low and
MNO is very high and the revamping of 4G is very high, conversely, the revamping of GSM-R is very
low.

Figure 44 Results for Scenario CS-3c (CapEx, OpEx and TCO)

From the vertical analysis of the CS-3c we get that:




From IM point of view:
o

The TCO for IM to invest in renewing the infrastructure from GSM-R to 4G*-MC
network and to make a total coverage of mission critical sites is Euro 8,709,865.

o

The final TCO for IM, for SC1 scenario is significantly higher than the TCO in SC0
scenario (2,711,910), around +221%.

From MNO point of view:
o

The TCO in SC1 is Euro 27,421,542 (where CapEx = 0).

o

The TCO for MNO to have a total coverage of the commercial network, SC 1bis scenario,
is still Euro 44,531,618 (+62% with respect to the TCO of SC1 scenario).

o

The TCO for MNO to deploy both mission critical and commercial network together,
in NaaS, is Euro 33,246,792 (-25% with respect to the TCO of SC 1bis scenario). If we
compare this value with the previous value of TCO in SC1bis, we see a great difference.
As a result, there is very high opportunity to invest in the NaaS scenario for MNO.
Probably, if the MNO did not invest in this route was because the likelihood to get
higher return on investment (ROI) for MNOs coming from business opportunity in this
route was low. However, there could be a legal constraint to invest in some remote
area for MNOs, due to the Acts, and new opportunity of business could be found by
the investment in new Innovative Services that can benefit from a more pervasive
coverage of network in the route.
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From the policy maker point of view, the opportunity to move towards a NaaS scenario
depends on the opportunity for both operators to save money from the TCO function:
o

If we consider the sum of the investment in NaaA scenario (SC1bis) and of NaaS (SC2a),
separately, we have that in SC1bis the total TCO for MNO and IM is still Euro 53,241,482
while in SC2a the TCO is 33,246,792, with a delta percentage value of -38% (of
savings). So, we conclude that, from a welfare point of view, NaaS is more convenient
than NaaA.

o

Moreover, in order to be more convenient for MNO to enter in NaaS and in order that
for IM there are no higher costs with respect to the NaaA SC1bis scenario, we can have
a co-investment from IM and MNO, in other words, a financial incentive or subsidy
should be from 0 to Euro 8,709,865, in other terms, the subsidy/incentive for MNO
should be between 0% to 24% of the TCO of SC2a. We can generalise these results
with the following formula for subsidy/incentive:
0% ≤ 𝑆𝑢𝑏(𝑁𝑎𝑎𝑆) ≤ 24% of the MNO investment 𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎
If we suppose that MNO can have the maximum incentive/subsidy of 8,740,265 from
IM or from government, the final investment of MNO to provide a total coverage in a
route will be of 24,536,927 that is lower than the TCO in SC 1.
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Final Economic Evaluation
This chapter summarizes the main results of the previous steps, merging them together in order to
give an overall evaluation across all the scenarios, all the types of routes (i.e. case studies) and all
the Innovative Services.
In section 7.1 there is a summary of the impacts given by Innovative Services to the main
stakeholders; in section 7.2 a horizontal economic analysis across scenarios and type of routes (urbanurban, urban-rural, and urban-mountain) with some economic considerations both from business
opportunity and costs point of view. Then in section 7.3 a SWOT analysis depicts all the advantages
and disadvantages for IM and MNO taking into consideration also the impact on welfare point of view
for scenarios 0, 1 bis and 2a.
Finally, in section 8 a policy evaluation will conclude the considerations from the MISTRAL Consortium
point of view, which is based on scientific sources, opinions coming from the Consortium itself and
External Stakeholders, and real data (computed as average values) collected in on-field configurations.

7.1

Analysis of Innovative Services
In chapter 5.3 Innovative Services introduced in the MISTRAL Project are studied in depth, and, for
each of them, an analysis of the stakeholders directly or indirectly involved in the service and the
impact they could have in NaaA and NaaS scenarios has been done.
Here there is a summary of the impacts that the main stakeholders (IM, MNO and RU) could have
from such services, in both NaaA and NaaS scenarios.
In the Table 37 the main insights due to all the Innovative Services analyzed in section 5.3 for the IM
are compared in the 3 scenarios: scenario 1 (NaaA), scenario 1bis (NaaA, enhacement of Scenario 1),
and scenario 2a (NaaS). In particular, for each stakeholder costs and benefits provided in the scenario
1 are compared with costs and benefits provided in the scenario 1bis (benefits in the scenario 1 can
be higher, equal or low than benefits provided in the scenario 1bis); then, costs and benefits provided
in the scenario 1bis are compared with costs and benefits provided in the scenario 2a.

IM
Main insights
NaaA – Scenario 1
Moving Block (signalling)

NaaA – Scenario 1bis

NaaS – Scenario 2a

Benefit

No costs for fixed signal
systems, savings in
maintenance, lower
failure rates of the
systems

=

No costs for fixed signal
systems, savings in
maintenance, lower failure
rates of the systems

=

No costs for fixed signal
systems, savings in
maintenance, lower failure
rates of the systems

Cost

Implementation of an
efficient network
covering the whole area
as a precondition for
the MovingBlock service

=

Implementation of an
efficient network covering
the whole area as a
precondition for the
MovingBlock service

>

No need of implementation
of an efficient network
covering the whole area as
a precondition for the
MovingBlock service

Conversion of old
interlocking technology
to a modern system,
higher track access
charges

=

Conversion of old
interlocking technology to
a modern system, higher
track access charges

=

Conversion of old
interlocking technology to a
modern system, higher
track access charges

Safety improvement
and higher fee from RU

=

Safety improvement and
higher fee from RU

=

Safety improvement and
higher fee from RU

Investment in ATO
fitted infrastructure

=

Investment in ATO fitted
infrastructure

>

Fee for ATO wayside- ATO
onboard interface
ATO on wayside

Automated Train Operation - ATO
Benefit
Cost

IoT-enabled maintenance in railways (real time and smart monitoring TCMS) ==> SMART RAIL
Benefit
Cost

Saving on maintenance
(10-20%)
Cost of HW and SW

<
=

Saving on maintenance
(20-40%)
Cost of HW and SW

=
=

Saving on maintenance (2040%)
Cost of HW and SW

Monitoring infrastructure
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Benefit

Cost

Determine network
conditions and make
predictions about the
state of the system,
lower maintenance
Must provide network
infrastructure to cover
railway network-wide
elements with
monitoring capablitites
(sensor within assets)

=

Determine network
conditions and make
predictions about the state
of the system, lower
maintenance
Must provide network
infrastructure to cover
railway network-wide
elements with monitoring
capablitites (sensor within
assets)

=

Must provide network
infrastructure to cover
railway network with
high efficient
communication network

<

Additional contracts with
MNOs for the transmission
of sensor data must be
agreed.

<

=

Higher track access
charges to be paid by RUs
as a result of provisioning
of more efficient
transmission networks and
additional services.

>

-

>

Must provide network
infrastructure to partly
cover railway network with
high efficient
communication network.

>

-

Increase of return on
investment (0,7%),
Savings on maintenance
(8%)
Own implementation or
leasing

=

Increase of return on
investment (0,7%), savings
on maintenance (8%)

>

Leasing

=

Improvement of railway
services thanks to analysis
of real data on passengers

=

Improvement of railway
services thanks to analysis
of real data on passengers

=

-

=

<

<

Determine network
conditions and make
predictions about the state
of the system, lower
maintenance
Must provide network
infrastructure to cover
railway network-wide
elements with monitoring
capablitites (sensor within
assets)
Additional contracts with
MNOs for the transmission
of sensor data must be
agreed

Real-time video surveillance (on-board)
Benefit

Cost

Higher track access
charges to be paid by
RUs as a result of
provisioning of more
efficient transmission
networks and additional
services.
Must provide network
infrastructure to cover
railway network with
high efficient
communication network

Big Data Enabled Smart Railway Asset Management
Benefit

Increase of return on
investment, Savings on
maintenance

<

Cost

Own implementation or
leasing

<

Mobility As A Service/Multimodal Transport
Benefit

Cost

Improvement of railway
services thanks to
analysis of real data on
passengers
-

-

Enhanced Train Experience
Benefit
Cost
Table 37 Costs and Benefits for IM due to Innovative Services

-

From the table above it results that IM could have in general a high benefit in case of enhanced NaaA
scenario (scenario 1bis) and NaaS scenario, since the implementation of most of the Innovative
Services brings equal or lower costs in case of Scenario 2a (and also Scenario 1bis) respect to Scenario
1. Only for monitoring infrastructure costs could be higher in case of NaaS, due to additional contracts
with MNO for the transmission of sensor/camera data.
IMs are not affected by the enhanced train experience for passengers, since this bundle of services
needs a broadband network, provided by MNO, different from the network devoted to MC services.
In the Table 38 the main insights due to all the Innovative Services analyzed in section 5.3 for the
MNO are compared in the 3 scenarios: scenario 1 (NaaA), scenario 1bis (NaaA, enhacement of
Scenario 1), and scenario 2a (NaaS).
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MNO
Main insights
NaaA – Scenario 1
Moving Block (signalling)
Benefit

More passengers, more
use-dependent
revenues, also due to
new passenger services

Cost

NaaA – Scenario 1bis
=

NaaS – Scenario 2a

More passengers, more
use-dependent revenues,
also due to new passenger
services

>

Significantly higher
revenues due to provision of
operational train
communications

-

<

Provision of comprehensive
communication
infrastructure and
implementation of powerful
QoS capabilities

-

Automated Train Operation - ATO
Benefit

-

-

<

Higher fee from IM

Cost

-

-

>

CapEx interface solution for
ATO wayside- ATO onboard

IoT-enabled maintenance in railways (real time and smart monitoring TCMS) ==> SMART RAIL
Benefit

-

-

<

Cost

-

-

<

Receives provisioning fee
for real-time video
transmission
Must provide network
infrastructure to cover
entire/partly railway
network with high efficient
network

<

Receives provisioning fee
for real-time video
transmission
Must provide network
infrastructure to cover
entire/partly railway
network with high efficient
network

<

IoT based maintenance for
MNO (e.g. of
communication network
deployed in proximities to
railways)
HW cost of sensors

Monitoring infrastructure
Benefit

-

<

Cost

-

<

<

Receives provisioning fee
for real-time video
transmission
Must provide network
infrastructure to cover
entire railway network with
high efficient network

Real-time video surveillance (on-board)
Benefit

-

<

Cost

-

<

<

Receives provisioning fee
for real-time video
transmission
Must provide network
infrastructure to cover
entire railway network with
high efficient network

Big Data Enabled Smart Railway Asset Management
Benefit
Cost

-

-

<
>

Client or provider of service
Cost of service deployment
(HW and SW).

Mobility As A Service/Multimodal Transport
Benefit
Cost

-

-

-

Enhanced Train Experience
Benefit

Revenues (from RU
<
Revenues from passengers
=
Revenues from passengers
and/or passengers)
Cost
Table 38 Costs and Benefits for MNO due to Innovative Services

Although in case of Scenario 1 and Scenario 2a MNO should spend more to provide a more pervasive
and efficient network, on the other hand, revenues for provision of services could be sensibly higher
than in scenarios where the IM owns a dedicated network. In particular, services like real-time video
surveillance bring fees from RU due to fee to transmit real-time data related to videos. Moreover,
benefits coming from services like IoT-enabled maintenance bring advantages also due to the
possibility for MNO to take advantage of such maintenance services also for its infrastructure.
In both NaaA and NaaS scenarios the MNO is the only possible network provider for the enhanced
train experience service for passengers, since the network owned by the IM for MC services in the
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NaaA scenario cannot be used for commercial services. While in the NaaA scenario the RU could create
a partnership with the MNO and offer services to the passengers, in the NaaS scenario, since the MNO
is the provider of the network for the MC services, and so having a pervasive deployment of antennas
along the whole train line, he is probably more encouraged to provide also commercial services to
passengers. Moreover, in the scenario 1bis, where MNO decides to invest in a more pervasive
deployment of 4G for commercial reasons along the railway line, the MNO could directly offer the
service to the passengers, and passengers could be prone to choose such mobile operator more than
another.
In the Table 39 the main insights due to all the Innovative Services analyzed in section 5.3 for the RU
are compared in the 3 scenarios: scenario 1 (NaaA), scenario 1bis (NaaA, enhacement of Scenario 1),
and scenario 2a (NaaS).

RU
Main insights
NaaA – Scenario 1
Moving Block (signalling)

NaaA – Scenario 1bis

NaaS – Scenario 2a

Benefit

More dense train
services for travellers,
more attractive
timetables

=

More dense train services
for travellers, more
attractive timetables

=

More dense train services
for travellers, more
attractive timetables

Cost

Higher vehicle
equipment costs, staff
training requirements,
higher track access
charges

=

Higher vehicle equipment
costs, staff training
requirements, higher track
access charges

=

Higher vehicle equipment
costs, staff training
requirements, higher track
access charges

<

Saving on maintenance,
energy consumption
(20%), personnel (100%
in GoA2)
CapEx of on-board ATO
systems (90 keuro/train)

=

Saving on maintenance,
energy consumption (20%),
personnel (100% in GoA2)

=

CapEx of on-board ATO
systems (90 keuro/train)

Automated Train Operation - ATO
Benefit

Cost

Saving on maintenance,
energy consumption
(15%), personnel (50%
in GoA2)
CapEx of on-board ATO
systems (70
keuro/train)

>

IoT-enabled maintenance in railways (real time and smart monitoring TCMS) ==> SMART RAIL
Benefit
Cost

Saving on maintenance
(10-20%)
Cost of HW and SW

<

Saving on maintenance
(20-40%)
Cost of HW and SW

=

=

Profit from higher network
availability and thus offer
better transportation
quality/punctuality

=

Profit from higher network
availability and thus offer
better transportation
quality/punctuality

=

Track access costs IMs can
be increased

=

Track access costs IMs can
be increased

Less vandalism and
damage in vehicles,
thus cheaper
maintenance measures
Costs for installation,
maintenance and
operation of video
equipment

=

Less vandalism and
damage in vehicles, thus
cheaper maintenance
measures
Costs for installation,
maintenance and
operation of video
equipment

=

Less vandalism and damage
in vehicles, thus cheaper
maintenance measures

=

Costs for installation,
maintenance and operation
of video equipment

Higher track access
charges have to be paid
to the IMs.

<

Additional contracts with
MNOs for the transmission
of video data must be
agreed or higher track
access charges have to be
paid to the IMs.

<

Additional contracts with
MNOs for the transmission
of video data must be
agreed.

=

=

Saving on maintenance (2040%)
Cost of HW and SW

Monitoring infrastructure
Benefit

Cost

Profit from higher
network availability and
thus offer better
transportation
quality/punctuality
Track access costs IMs
can be increased

Real-time video surveillance (on-board)
Benefit

Cost

=

Big Data Enabled Smart Railway Asset Management
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Benefit
Cost

Savings on maintenance
and energy savings

<

Savings on maintenance
(8%) and energy savings
(5%)
Own implementation or
leasing

=

Own implementation or
leasing

<

=

Higher number of
passengers
Improvement of railway
services thanks to analysis
of real data on passengers

=

Higher number of
passengers
Improvement of railway
services thanks to analysis
of real data on passengers

=

Costs of implementation

=

Costs of implementation

>

Savings on maintenance
(8%) and energy savings
(5%)
Leasing

Mobility As A Service/Multimodal Transport
Benefit

Cost

Higher number of
passengers
Improvement of railway
services thanks to
analysis of real data on
passengers
Costs of implementation

Enhanced Train Experience
Benefit

Higher number of
=
passengers
Revenues if they
provide the service to
passengers
Cost Fee to the MNO for the
=
network for passengers
Table 39 Costs and Benefits for

Higher number of
passengers

=

Fee to the MNO for the
network for passengers
RU due to Innovative Services

Higher number of
passengers

-

RU seems to have an advantage from the involvement of MNO in railway, both in case of NaaS scenario
and in case of a more pervasive commercial network like Scenario 1bis. For example, the
implementation of ATO services could bring higher saving on maintenance, energy consumption, and
personnel respect to a NaaA scenario 1. The same kind of benefits (saving on maintenance costs) are
brought by Big Data Enabled Smart Railway Asset Management and IoT-enabled maintenance: the
last service could bring saving to RU much higher than in case of Scenario 1. Regarding costs, for
example for implementation of Moving Block service, although cost of equipping on-board equipment
is significantly high, no sensible differences can be noted in the three scenarios: the cost of
implementation seems the same in case of scenario 1, 1bis and 2a. The same in case of Mobility As A
Service/Multimodal Transport: same costs in all the three analysed scenarios.
Moreover, other stakeholders, new in the railway panorama, could be positively impacted by the
introduction of Innovative Services: one for all, IT companies, suppliers of sensors for monitoring,
cameras for surveillance, Big Data services, and platforms and specific services for passengers.
Finally, passengers could count on a more reliable, more comfortable, more punctual and safer train
service. In the perspective of user-centered train service, especially services for passengers could
attract people and encourage them to use trains more frequently, with benefits also for the
environment (less traffic, so less pollution) and for the society in general.
Some considerations about possible differences in the implementation of services in the 3 case studies
object of the section 6 (urban-urban, urban-rural, urban-mountain routes) conclude this section.
In general, no relevant differences have been identified among the three case studies regarding
Innovative Services: the implementation of advanced mission critical services, services for operators,
like for example a smart management of asset due to big data and, finally, services for passengers,
provide an enhancement of the railways service. Anyway, a trade-off between the cost of
implementation and the benefits shall be found. It should be noted that, in general, more crowded
routes (usually the urban-urban routes are more crowded than the urban-rural and the urbanmountain ones) allow amortising costs for implementation more quickly.
Here some comments about specific cases.
With reference to the IoT-enabled maintenance, from RU point of view it has been concluded that the
most promising scenario in term of saving correspond to urban-urban one, where the relation costbenefit shall be similar in NaaA and NaaS scenarios. The other two routes also offer benefits which
are smaller because of less extensive and less expensive rolling stock in case of urban-rural, rural-
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mountain scenarios40. On the other side, there can be an additional difficulty in case of NaaA urbanrural, rural-mountain scenarios, related to the communication network availability in the rural and
mountain areas, making impossible to fully benefit from the IoT based maintenance solution. This
issue will be overpassed in NaaS scenario.
From IM point of view, the cost of the implementation depends on the length of the lines, and the
functionalities required. The IoT implementation could be scalable allowing to adapt the bidding,
development, testing and acceptance procedures, as well as assess the benefits.
In this case, urban-rural and rural-mountain scenarios could offer higher margin to obtain benefits
from IoT enabled infrastructure maintenance, since it will offer the possibility to better control those
areas, timely acquiring important information about the state of the routes. Normally, in such routes,
there are very few circulations and the wearing of infrastructure is low, so predictive maintenance can
save the unnecessary renewal of track programmed by preventive maintenance.
With reference to the Data-enabled for smar asset management service, the most promising
application would be in case of conventional urban to urban and regional lines with elevated density
(more than 15 trains per day).
Mobility as a Service/Multimodal Transport, providing a door-to-door service, could positively impact
on the rural and mountain areas, since, if good connections are guaranteed between mountain/rural
areas and cities, people could choose to live in mountain/rural areas, reducin overcrowding in cities
and increasing their quality of life. Also tourism could benefit from this service, if better connections
are guaranteed between cities and rural/mountain areas.
Finally, the enhanced train experience service has different positive aspects according to the route
taken into consideration. Short journeys in urban areas are more comfortable if passengers can spend
time connected, to make shopping, to organize the rest of the trip, to simply chat with friends. Mediumduration journeys in urban-mountain, urban-rural and urban-urban areas are more comfortable if
passengers can spend time connected. Students, for example, could spend time studying being
connected, saving time for other activities at the end of the journey. Commuters could work, manage
mails and make online meetings. People on vacation could organize the holiday, make shopping, book
hotels and activities, watch a movie, or simply chat with friends 41.
7.2

Horizontal economic analysis of CS-1, CS-2 and CS-3
Taking into account all the results got from the vertical analysis of the three case studies of section
6.3, we make the so called horizontal analysis with the goal to describe how the different coverage
and the different degree of revamping of 4G and GSM-R can affect all the scenarios and where it can
be more or less convenient for MNO and IM to deploy the NaaS scenario. Hereinafter, we make a list
of results by the comparison of the figures in Table 40-Table 43.


All the scenarios show that, ceteris paribus, IMs have lower TCO in scenario 1 with respect to
the scenario 0, and IMs have the lowest TCO in CS-2 (urban-rural route); hence, investing in
4G*-MC technology for IM will be more convenient because higher level of initial CapEx are
more than balanced from lower OpEx along the 15 years time horizon



All the scenarios show that it is more convenient for MNO to invest in NaaS (SC-2a) with
respect to NaaA scenario (SC-1bis), where MNO has to deploy the network along all the route
for commercial and business reasons. The higher or lower level of benefit across the different
case studies depends on the level of initial coverage and on the likelihood of revamping of 4G
or 4G*-MC



From a welfare point of view, if we consider the sum of the total cost for IM and MNO in
scenario 1bis compared to the cost for MNO in scenario 2a, it seems that NaaS is always better

40

Also in case of HSL there is a smaller benefit, because of higher effort to implement IoT and smaller benefits, since
HSL trains already provide possibility for cost effective and efficient maintenance.
41
High Speed Lines are mainly used by travellers for business or vacation. Journeys are more comfortable and productive
if passengers can spend time connected. Business people could work, manage mails and make online meetings. People
on vacation could organize the holiday, make shopping, book hotels and activities, or simply chat with friends.
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for all the case studies and all the type of routes with a prevalence of the case of urbanmountain route (even if, in this case, in absolute value, the amount of investment is the
highest). When MNO has a low coverage of commercial 4G sites in the route and IM has high
coverage with GSM-R, it can be more advantageous for MNO because of economies of scale
from investing also in 4G*-MC network


Also in the case the TCO for MNO in NaaS could be higher than the TCO for MNO in NaaA
(SC-1b scenario), the model computes the range of amount of money that can be used as an
incentive or subsidy for MNO to invest in railway line (min and max amount of
incentives/subsidies that can affect the investment of MNOs in NaaS scenarios). Indeed, we
compute the range of value that can be used by IM or by the government to incentive the
NaaS scenario when there are no great business opportunities for MNO to invest in some
routes. The range is computed by the following formula:
𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎 − 𝑇𝐶𝑂(𝑀𝑁𝑂)1𝑏𝑖𝑠
𝑇𝐶𝑂(𝐼𝑀)1,1𝑏𝑖𝑠
% ≤ 𝑆𝑢𝑏𝑠𝑖𝑑𝑦 𝑓𝑜𝑟 𝑁𝑎𝑎𝑆 ≤
%
𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎
𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎
if 𝑇𝐶𝑂(𝑀𝑁𝑂)2𝑎 ≥ 𝑇𝐶𝑂(𝑀𝑁𝑂)1𝑏𝑖𝑠



Among the scenarios we analysed, we can see that, intuitively, in the urban-mountain route
(i.e. CS-2), the level of subsidy could be higher in order to encourage MNO to invest in NaaS



NaaS permits to have benefits by deploying an infrastructure in a route where both 4G and
4G*-MC have total coverage and with higher QoS requirements and possibility to provide
Innovative Services in a more pervasive and deep way, mainly considering the enhanced
services for passengers



Subsidies and incentives can come from different options, for instance, from the rent of field
of sites, from convenient frequency licence costs or from contractual agreement between IMs
and MNOs



Finally, we should consider also the ROI point of view, which could probably be higher in
urban areas (CS-1) than in the disadvantageous ones (CS-2 and CS-3). Indeed, we can
suppose that MNO can have economic benefit and higher ROI to invest in this area where
many commuters can exploit the higher QoS from a well deployment of communication
network provided by MNOs



To analyse the most viable and profitable route, stakeholders should consider the geographic
characteristics, the passengers type and the coefficient of occupation variables to evaluate
the return of investment derived by the introduction of Innovative Services. We define a
qualitative evaluation (i.e. High, Medium and Low) for each of the previous variables. As
mentioned in the previous chapters, the benefits coming from the introduction of Innovative
Services can produce higher productivity for RUs, by increasing the efficiency of the transport
system and a growth in the number of passengers. As a consequence, it could be assumed
that also a percentage of that increasing can translate in a growth of end users of Innovative
Services, according to the type of users (leisure, business or commuters), because they have
different needs and different willingness to pay. Hence, a certain percentage of new
subscribers of services can arise and generate a benefit for MNOs by those new potential
subscribers of services. Innovative Services for passengers can be built in a different way and
with different return on investment according to the destination of usage.
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CASE STUDIES: CHARACTERISTICS
CASE STUDY 1

CASE STUDY 2

CASE STUDY 3

Urban-Urban

Urban-Rural

Urban-Mountain

Urban/Sub-urban

9%

6%

8%

Rural

91%

94%

20%

Type
Topography:

Mountain

0%

0%

72%

150

120

86

42.7% (856)

42.8% (594)

22.4% (468)

M (8)

H (18)

M (11)

Commuters

H

M-H

L-M

Business

M

L

L

Leisure

M

M

H

H

M-L

L

Km
Coefficient of occupation
(planned total number of seats
per day)
Number of station a
Passengers type:a

Likelihood that Innovative
Service can affect the
increasing of business
opportunity for different
stakeholders a
Note a : H = High, M = Medium, L = Low

Table 40 Description of the characteristics of Case Studies
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CASE STUDIES: ECONOMIC RESULTS
CASE STUDY 1 – URBAN-URBAN
SCENARIO\CASE
Actors
STUDY
𝝃̅𝟒𝑮 : Revamping of 4G sites
𝛄̅𝑮𝑺𝑴−𝑹 : Revamping of GSM-R
sites
𝜺̅𝑪𝒐𝒎𝒎 : 4G commercial sites
𝛆̅𝑴𝑪 : GSM-R mission critical
sites
TCO NaaA - SC0
IM
MNO
TCO NaaA - SC1a

CASE STUDY 2 – URBAN-RURAL

CASE STUDY 3 – URBAN-MOUNTAIN

CS-1a

CS-1b

CS-1c

CS-2a

CS-2b

CS-2c

CS-3a

CS-3b

CS-3c

2

2

20

2

2

16

2

1

18

6

19

2

4

12

4

12

24

5

65 (H)

20 (L)

65 (H)

46 (H)

10 (L)

46 (H)

110 (H)

25 (L)

110 (H)

24 (H)

24 (H)

3 (L)

18 (H)

18 (H)

4 (L)

25 (H)

25 (H)

6 (L)

10,847,640

10,847,640

1,355,955

8,135,730

8,135,730

1,807,940

11,299,625

11,299,625

2,711,910

23,483,638

7,225,735

23,483,638

16,619,190

3,612,867

16,619,190

39,741,542

9,032,169

39,741,542

IM

8,532,027

8,532,027

8,498,427

6,558,518

6,558,518

6,536,118

8,740,265

8,740,265

8,709,865

MNO

16,203,638

4,985,735

16,203,638

11,467,190

2,492,867

11,467,190

27,421,542

6,232,169

27,421,542

IM

8,532,027

8,532,027

8,498,427

6,558,518

6,558,518

6,536,118

8,740,265

8,740,265

8,709,865

MNO

25,965,118

25,965,118

25,965,118

18,592,345

18,592,345

18,592,345

44,531,618

44,531,618

44,531,618

IM

-

-

-

-

-

-

-

-

-

MNO

24,556,077

20,946,908

21,207,067

17,935,821

15,461,708

14,954,603

37,185,145

16,700,235

33,246,792

TCO NaaA - SC1bis
TCO NaaS - SC2a

Table 41 Final results from Virtual Route model for each Case Study
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CASE STUDIES: DELTA COST PERCENTAGE
CASE STUDY 1 – URBAN-URBAN

CASE STUDY 2 – URBAN-RURAL

CASE STUDY 3 – URBAN-MOUNTAIN

CS-1a

CS-1b

CS-1c

CS-2a

CS-2b

CS-2c

CS-3a

CS-3b

CS-3c

𝝃̅𝟒𝑮 : Revamping of 4G sites

2

2

20

2

2

16

2

1

18

𝛄̅𝑮𝑺𝑴−𝑹 : Revamping of GSM-R
sites

6

19

2

4

12

4

12

24

5

𝜺̅𝑪𝒐𝒎𝒎 : 4G commercial sites

65 (H)

20 (L)

65 (H)

46 (H)

10 (L)

46 (H)

110 (H)

25 (L)

110 (H)

𝛆̅𝑴𝑪 : GSM-R mission critical sites

24 (H)

24 (H)

3 (L)

18 (H)

18 (H)

4 (L)

25 (H)

25 (H)

6 (L)

Delta TCO for IM (SC1/1bis - SC0)

-21%

-21%

527%

-19%

-19%

262%

-23%

-23%

221%

Delta CapEx for IM (SC1/1bis-SC0)

3%

3%

717%

5%

5%

372%

1%

1%

319%

Delta OpEx for IM (SC1/1bis-SC0)

-50%

-50%

302%

-49%

-49%

132%

-51%

-51%

106%

Delta TCO for MNO (SC2a-SC1bis)

-5%

-19%

-18%

-4%

-17%

-20%

-16%

-62%

-25%

Delta TCO for MNO (SC1bis-SC1)

60%

421%

60%

62%

646%

62%

62%

615%

62%

Total TCO for IM&MNO (SC1bis)

34,497,145

34,497,145

34,463,545

25,150,864

25,150,864

25,128,464

53,271,882

53,271,882

53,241,482

Total TCO for MNO (SC2a)

24,556,077

20,946,908

21,207,067

17,935,821

15,461,708

14,954,603

37,185,145

16,700,235

33,246,792

-29%

-39%

-38%

-29%

-39%

-40%

-30%

-69%

-38%

Incentive/Subsidy from:

- 1,409,041

- 5,018,211

- 4,758,051

- 656,525

- 3,130,638

- 3,637,742

- 7,346,473

- 27,831,382

- 11,284,825

Incentive/Subsidy to:

8,532,027

8,532,027

8,498,427

6,558,518

6,558,518

6,536,118

8,740,265

8,740,265

8,709,865

Delta% TCO SC2a-SC1bis

Table 42 Percentage cost variations of the results for each Case Study
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CASE STUDIES: ECONOMIC SAVINGS and SUBSIDIES
CASE STUDY 1 – URBAN-URBAN

CASE STUDY 2 – URBAN-RURAL

CASE STUDY 3 – URBAN-MOUNTAIN

CS-1a

CS-1b

CS-1c

CS-2a

CS-2b

CS-2c

CS-3a

CS-3b

CS-3c

2

2

20

2

2

16

2

1

18

6

19

2

4

12

4

12

24

5

65 (H)

20 (L)

65 (H)

46 (H)

10 (L)

46 (H)

110 (H)

25 (L)

110 (H)

24 (H)

24 (H)

3 (L)

18 (H)

18 (H)

4 (L)

25 (H)

25 (H)

6 (L)

Highest savings for IM comparison among the 3 routes

-21%

-21%

527%

-19%

-19%

262%

-23%

-23%

221%

Increasing costs for MNO in
order to complete the overall
coverage of commercial 4G in a
route
Increasing costs for MNO in
order to complete the overall
coverage of commercial 4G in a
route, but entring in the NaaS
scenario

60%

421%

60%

62%

646%

62%

62%

615%

62%

52%

320%

31%

56%

520%

30%

36%

168%

22%

Percentage of Savings/Costs of
NaaS for MNO with respect the
SC1bis Scenario

-5%

-19%

-18%

-4%

-17%

-20%

-16%

-62%

-25%

Total Costs of SC1bis (IM+MNO)

34,497,145

34,497,145

34,463,545

25,150,864

25,150,864

25,128,464

53,271,882

53,271,882

53,241,482

Percentage of Saving/Costs of
NaaS with respect the overall
cost of deployment of 4G and
4G*-MC in SC1bis (Welfare
analysis)

-29%

-39%

-38%

-29%

-39%

-40%

-30%

-69%

-38%

𝝃̅𝟒𝑮 : Revamping of 4G sites
𝛄̅𝑮𝑺𝑴−𝑹 : Revamping of GSM-R
sites
𝜺̅𝑪𝒐𝒎𝒎 : 4G commercial sites
𝛆̅𝑴𝑪 : GSM-R mission critical sites

Table 43 Savings and subsidies for each Case Study
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SWOT analysis
Within this document, the techno-economic details of the various NaaS scenarios were elaborated and
analysed in detail. This section will build on this with a SWOT analysis42. In addition to the extensive
studies of chapter 6, the SWOT analysis is carried out, in which the strengths and weaknesses of the
various approaches for MNOs and Infrastructure managers are vividly presented.
The letters S-W-O-T are the abbreviations for the terms of strengths, weaknesses, opportunities and
threats. The primary aim of this SWOT analysis is to define measures with which the identified
opportunities for MNOs and IMs can be exploited and risks avoided.
The following sections provide an assessment of the relative strengths, weaknesses, opportunities
and threats (SWOT) for the NaaA and NaaS approaches to the needs of MNOs and IMs.

7.3.1

Scenario 0 - NaaA (IM)

This SWOT analysis refers to the specific characteristics of the IM in the counterfactual NaaA scenario
0.

Strengths

Weaknesses



Mature concept, proven, well established
approach





Long-time experiences with a proprietary
system (GSM-R)

Immanent costs for building and
maintaining own communication network
infrastructure



No economic aspects or priority on profit



No motivation to use the latest mobile
communication technology - slow to
technology update, aging communication
infrastructure



Network coexisting issues with public
networks



Frequency planning necessary



Close obsolescence of GSM-R and
consequent extremely high OpEx



Complete critical infrastructure in the
ownership and in operation of IM



No dependency in the control of internal
processes for planning, operating and
maintaining the communication
infrastructure



Network coverage is self-built and
maintained by IM



No frequency band auction needed



Stabilized and ascertained standardization
on GSM-R technology

Opportunities

Threats





Absence of available frequency spectrum
for the use of a dedicated network for
railway



Absence of a network dedicated to
passengers, even if it can be partially
supported by a public network (partial lack
of coverage of public networks along the
railway routes)



Low QoS for passengers and for RU



Lock-in situation

Implementation of some Innovative
Services for operation and maintenance can
support internal processes

Table 44 SWOT - NaaA for IM

The SWOT analysis was introduced in 1960-1970 and today it is a useful tool to understand environment to
make the best decision-making.
42
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7.3.2

Scenario 0 - NaaA (MNO)

This SWOT analysis refers to the specific characteristics of the MNO in the counterfactual NaaA
scenario 0.

Strengths

Weaknesses



Mature concept, proven, well estabhlished
approach





Public network coverage is self-planned,
built and maintained by MNO (where MNO
can have business opportunity)

Immanent costs for building and
maintaining own communication network
infrastructure especially in rural regions,
where no high revenues are expected



Long-term investment with secure
revenues

Network coexisting issues with railway
networks



Frequency planning necessary



No techno-economic refinement and
opening of new markets



Opportunities

Threats





Partial coverage of commercial network for
passengers to be exploited during journeys

Low QoS for passengers and for RU

Table 45: SWOT - NaaA for MNO

7.3.3

Scenario 1bis - NaaA (IM)

This SWOT analysis refers to the specific characteristics of the IM in the NaaA scenario 1 bis.

Strengths

Weaknesses



High level of skills for managing railway
telecommunication





Complete critical infrastructure in the
ownership and in operation of IM

Immanent costs for building and
maintaining own communication network
infrastructure



No economic aspects or priority on profit



Retrofitting to new technologies (e.g.
4G/5G) is time-consuming and costintensive for whole network



No motivation to use the latest mobile
communication technology - slow to
technology update, aging communication
infrastructure



Network coexisting issues with public
networks



Frequency planning necessary



Currently unproven railway specific
functionality for new communication
network generations



No dependency in the control of internal
processes for planning, operating and
maintaining the communication
infrastructure



Network coverage is self-built and
maintained by IM



Better support for IP data



No frequency band auction needed



Possibility of site re-usage



Continuity in managing security
requirements (SLAs)



Increasing safety and security systems



Introduction of IoT for maintenance



Higher CapEx due to the technology shift



Competition with MNOs in providing new
Innovative Services for railway operators



Switching costs for 4G*-MC



Undefined time for standardization



No new fundamental changes as opposed
to NaaS approach necessary

Opportunities
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More capacity and capabilities with new
network technology



Costs for the modification of the entire
network



Implementation of a huge number of
Innovative Services for operation and
maintenance can support internal processes
and increase operational QoS



Absence of available frequency spectrum
for the use of a dedicated network for
railway



Lower Opex due to the technology shift





Higher capability to satisfy railway
customers’ needs increasing number of
passengers and revenues for RU

Lack of capability to provide a network
dedicated to passengers due to spectrum
and safety issues, lack of commercial skills
and a core business dedicated to railway
and not to commercial services



Increasing of number of passengers due to
Innovative Services



Environment improvement: increasing
competitive force with other transport
systems and decreasing environmental
impact



Improved traffic management and control
systems, better management of railway
traffic



Improving management of safety and
security
Table 46 SWOT - NaaA for IM

7.3.4

Scenario 1bis - NaaA (MNO)

This SWOT analysis refers to the specific characteristics of the MNO in the NaaA scenario 1 bis.

Strengths

Weaknesses



Mature concept, proven, well established
approach





Full coverage of public network along
railway routes

Additional costs for building and
maintaining own communication network
infrastructure





Network coverage is self-planned, built and
maintained by MNO

Network coexisting issues with railway
networks



Frequency planning necessary



Long-term investment with secure
revenues



Unclear opportunity of business in the
deployment of a total coverage of the
commercial network along the railway
routes

Opportunities

Threats



Higher QoS for passengers





Full coverage of commercial network for
passengers to be exploited during journeys

NA

Table 47 SWOT - NaaA for MNO

7.3.5

Scenario 2a - NaaS (IM)

This SWOT analysis refers to the specific characteristics of the IM in the NaaS scenario 2a.

Strengths

Weaknesses
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Significant lower costs for building and
maintaining communication network
infrastructure (saving CapEx and OpEx)



Retrofitting to new technologies (e.g.
4G/5G) is in the hand of the MNO



No frequency band auction needed



Possibility of re-usage exploiting railway
and/or commercial sites



Introduction of IoT for maintenance

governance structure (unclear economic
effects from the new corporate governance
mechanism)


Dependency to the MNO in the control of
internal processes for planning, operating
and maintaining the communication
infrastructure



Knowledge on communication network
planning and operating is transferred and
outsourced

Opportunities

Threats



More capacity and capabilities with new
network technology



Network failures influence operational QoS



Utilisation of the latest mobile
communication technology - faster
technology update, no aging
communication network



New legal regulations must be created and
are uncertain



Security issues: not proven experience in
the new SLA system required in the NaaS
governance structure



Incentives or subsidies issues to support
the investment for MNO



Implementation of a huge number of
Innovative Services for operation and
maintenance can support internal processes
and increase operational QoS



Higher capability to satisfy railway
customers’ needs increasing number of
passengers and revenues for RU



Increasing of number of passengers due to
Innovative Services



Environment improvement: increasing
competitive force with other transport
systems and decreasing environmental
impact



Improved traffic management and control
systems, better management of railway
traffic



Improving management of safety and
security



Create basis for an all-IP based network for
various services with very different target
groups
Table 48: SWOT - NaaS for IM

7.3.6

Scenario 2a - NaaS (MNO)

This SWOT analysis refers to the specific characteristics of the MNO in the NaaS scenario 2a.

Strengths

Weaknesses





Expansion to new market segments and
new business opportunities
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Acquisition of new customers (Railway
IM/RUs) with high positive economic
potential; new economical strategy



Critical communication infrastructure
requires implementation with most recent
standards



Exploitation of their own know how for
network management of Mission Critical
services



Stricter requirements for security and
safety of the communication network as
well as QoS demands must be fulfilled



Introduction of IoT for maintenance





Possibility of re-usage exploiting railway
and/or commercial sites

Extensive training of employees is
necessary



Barriers to entry in the market of railway
communication network due to resistance
of IM



Increasing costs (CapEx and Opex) for
network expansion and network wide
implementation of Mission Critical
functionalities



Construction of new sites can be funded
(incentives or subsidies)



Possibility of economies of scale and/or
scope



No relevant switching costs for MNO

Opportunities

Threats



Providing more capacity and capabilities
with new network technology to customers
(IMs, RUs, Passengers)



Network failures influence operational QoS
of IM and railway services directly



New possibilities for revenue generation for
third parties (new markets)



Penalty fees for network outages, due to
enormous impact on the transportation
sector and public



Opening up areas where no infrastructure
or coverage has existed up to now (rural
regions)



New legal regulations must be created and
are uncertain



Create basis for an all-IP based network for
various services with very different target
groups



Discontinuity in managing security
requirements (SLAs)



Risk of market concentration (dominant
position): anyway, it can be mitigated by
the Authority to guarantee the liberalization
process



Utilisation of the latest mobile
communication technology - faster
technology update, no aging
communication network



Implementation of a huge number of
Innovative Services for operation and
maintenance can support internal processes
and increase operational QoS



Higher capability to satisfy railway
customers’ needs increasing number of
passengers and revenues for RU



Increasing of number of passengers due to
Innovative Services



Environment improvement: increasing
competitive force with other transport
systems and decreasing environmental
impact



Improved traffic management and control
systems, better management of railway
traffic
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Improving management of safety and
security



Create basis for an all-IP based network for
various services with very different target
groups



Liberalization of the market for railway
communication network (from monopoly to
oligopoly)
Table 49: SWOT - NaaS for MNO
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8.

Final evaluations and conclusions
The techno-economic validation done in this document has been realised taking into account the
possible business strategies that every stakeholder can have from the need of deploying a new and
innovative railway communication network. Each stakeholder acting in the railway environment has
different needs and, sometimes, divergent benefits from one management system to another one.
Starting from the ten initial stakeholders described in section 4.3 we arrived to analyse the major
advantages/disadvantages for two main actors, IM and MNO, fundamental for the migration from a
NaaA to a NaaS scenario. For sake of completeness, also some further considerations relevant to RU
and passengers have been added. All these stakeholders represent different needs that can be
summarized as the following:


Passengers want more safety, more punctuality and good quality of services on board



Infrastructure managers (IM) want to reduce management costs and to increase safety
keeping costs limited. To be noted that in almost all the cases in the European landscape,
IMs, de iure private entities, are de facto public entities. Moreover, their core business is
related to infrastructure and not to the on board quality of services for passengers. Finally,
the IMs cannot be, for bandwidth, security and normative issues, the supplier of the
communication network for services to Railways Undertakings (RU)



Mobile Network Operators (MNO) could be interested in providing services to passengers in a
seamless way, in order to increase their revenues, or because they are forced to provide
coverage in specific areas (e.g. white areas, that will not bring economic benefits, but only a
better service to users) (see section 4.4.4.2). MNOs, as private stakeholders, have the
necessity to find new business opportunities, also to overcome the recent economic crisis in
the telecommunication sector



Last but not least, there are also the issues due to the high costs in charge of IMs, and
consequently of Governments, due to the obsolescence of GSM-R.

All the prerequisites above could push the IMs to find new solutions and/or infrastructural changes
that will be sustainable in the railway communication sector, to solve a low Return on Investment
(ROI) problem, existing in it. Indeed, the only sources of revenues for railway infrastructure are taxes,
renting the infrastructure to RUs and the economic value of the assets owned by IMs. Moreover, there
should be considered the trade-off between the speed of technological innovation (quick development
from 4G to 5G) and the time of acceptance of new solutions in the railway environment, since,
differently from the telecommunication market, the railway sector is resilient to changes. Finally, from
the perspective of passengers and RUs there is a gap in the perception of the current QoS: passengers
have higher and higher expectations and RUs have few possibilities to exploit the communication
network to implement Innovative Services.
The MISTRAL project not only presents the technologies that could give a solution to the previous
needs and issues, but also evaluates possible new unexplored business scenarios, in particular Network
as an Asset (NaaA) and Network as a Service (NaaS). Specifically, it validates the potentialities offered
by the convergence of sectors apparently different (railway and telecom), exploiting competences and
infrastructure coming from each actor and building a cooperation between them.
In the analysis presented in the MISTRAL project there is an evaluation, as much complete as possible,
of the characteristics coming from the scenarios, like advantages and disadvantages for each
stakeholder, a value proposition for each Innovative Service and the analysis of the TCO for each
scenario and case study (or typology of route). The analysis cannot be considered complete for each
possible scenario in the European panorama, but, with the collection of ad hoc data, the model
provides guidelines for the choice of a solution compared to another. The results of this work are
based on average values, calculated thanks to the collection of real data, which generated approximate
but exhaustive quantitative results.
In the current deliverable D2.2 we focused on three scenarios (scenario 1, or 4G*-MC NaaA; scenario
1bis, or 4G*-MC NaaA plus full coverage 4G commercial network; and scenario 2a, or 4G*-MC NaaS),
and, for them, the qualitative approach led to stakeholder map, value network analysis coming from
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the value exchanges among the actors, and finally to a business model design for IMs and MNOs. A
quantitative approach has been leveraged to generate our main results. We decided to generate a
‘virtual route model’ coming from the introduction of main variables and inputs, strategically important
for the decision of the migration from NaaA to NaaS. According to this logic, we identified a set of
plausible and, in some cases, real values for data. At the same time, we defined, according to a set of
assumptions, a total cost of ownership function with the aim to be aligned with all the technical and
economic considerations. Many primary and secondary sources have been used for the final
computation and the data from real railway routes have been considered as a generalised model for
the EU countries. In addition, a continuous debate inside the Consortium and between the Consortium
and External Stakeholder Committee has been important to identify and validate values of parameters.
Finally, we made a sensitivity analysis on variables considered critical by the Consortium.
Clearly, the opportunity to build a shared network between MNO and IM collides, on one side, with
the opportunity of business and, on the other side, with the cost of deployment of the network, which
must provide MC services in addition to commercial ones. Also, intuitively, some routes are less
appealing, from a commercial perspective, than the other ones (e.g. a rural route compared to an
urban one). Moreover, also the passenger type (i.e. leisure, commuter, or business) could influence
the business opportunity for a MNO.
The analysis of Innovative Services showed that, in general, they give transversal advantages for all
the scenarios under study. This is also clear since the proposed value proposition canvas associated
to each service is valid for all the scenarios and all the case studies. Moreover, even though of
paramount importance for the quality of the railway service improvement in terms of reliability,
safety/security and passengers comfort, such services would be the drivers for the technological
change from GSM-R to a successive technology (4G or 5G), rather than for the migration from NaaA
to NaaS. . For such reasons, the model developed for the economic viability analysis doesn’t contain
a quali/quantitative service model, but it is focused on advantages and disadvantages due to other
aspects, like for example geographical characteristics, TCO, types of passengers. Nevertheless, the
migration from NaaA to NaaS could help faster development and deployment of the services through
the adoption of new ownership paradigms.
From the model, the final results is that the NaaS scenario seems to be the preferred scenario in terms
of TCO in all the routes, even after a sensitivity analysis, where the variable parameters were 4G
and/or 4G*-MC coverage on one hand, and revamping of 4G and GSM-R sites on the other one. In
particular, the route with the best results, in terms of absolute TCO, is the urban-rural one, where
there is a low coverage of commercial sites and a higher coverage of GSM-R sites (in this route
typology the revamping of a GSM-R site is more convenient for the MNO, in case of NaaS). In terms
of relative TCO the urban-mountain route is even more convenient. Nevertheless, even in the opposite
case (revamping of a 4G site), the two previous cases, urban-rural and urban-mountain routes, are
more convenient in a NaaS scenario than in NaaA one. This demonstrates that where there is a lower
presence of GSM-R sites it could be worth to take advantages from cooperation with the MNO to
guarantee higher safety services. These scenarios, however, foresee a typology and a quantity of
passengers less appealing in terms of pay-for-use services. For this reason the model calculates the
percentage of possible subsidy or incentive that IM (or Government) could give to MNO to mitigate
the potentially low ROI. Anyway, such incentive has been calculated in a way that IM could never have
overall costs higher than the costs foreseen in a NaaA scenario. Indeed our model foresees that CapEx
and OpEx are drastically reduced. Subsidies and incentives can come from different options: for
instance, from the rent of sites, from the convenient frequency licence costs or from the contractual
agreements between IMs and MNOs.
We should also consider the situation from a ROI point of view, since there is a huge number of routes
in disadvantageous areas. Indeed, we can suppose that MNO can have economic benefits and higher
ROI from investing in areas where many commuters can exploit the higher QoS offered through a
better deployment of communication network provided by MNO. In the routes where MNO is interested
in investing for commercial reasons, since there are business opportunities, the NaaS paradigm
appears convenient even without incentives from the Government, since it is possible to exploit the
capability to increase the number of passengers thanks to the Innovative Services (less delays, more
trains, …).
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Moreover, some specific routes, especially long distance routes, which can compete with other
transport systems, like planes and private cars, generate huge benefits to the environment: in this
case the economic incentive can be seen as an environmental cost.
Having a total coverage along the whole route is a crucial requirement both for RUs and passengers.
Even if RUs are not actors directly involved in the migration from NaaA to NaaS, like instead IMs and
MNOs, anyway they could have revenues (or savings) from the better services offered, like, for
example, higher productivity and higher efficiency, also due to the Innovative Services, and so a
growth in the number of passengers. Hence, a certain percentage of new subscribers of services can
arise and generate a benefit for MNOs. Innovative Services for passengers can be built in a different
way and with different return on investment according to the destination of usage.
Summarizing, from an analysis of the TCO we found interesting insights in terms of lower costs for
MNOs in deploying a new infrastructure that can use both 4G*-MC and 4G for the railway
communication network. Indeed, lower CapEx and slightly higher OpEx permits to have a final TCO
lower than the TCO for NaaA. Public decision makers should consider also frequency licence scheme
and the possibility to introduce some incentives in case they would open the market for the entrance
of MNOs in the railway communication market. However, it seems evident that the interest from MNOs
can arise mainly by considering the possibility to have higher return on investment in this new and
unexplored sector with new possibilities for business.
The economic opportunity to invest on NaaS could generate a market openness in a process of
liberalization of the railway market, where several MNOs could compete to deploy their networks in a
NaaS paradigm in different routes, different geographic areas and across boundaries. For this reason,
the model built in MISTRAL doesn’t consider the acquisition cost for frequencies (although analysed
and explained in the economic deliverables), since it is a cost to be spread on the entire country taken
into consideration. Clearly, agreements about frequencies between IMs and MNOs are desirable in a
logic of commercial cooperation between actors.
Finally, a further push to migration towards NaaS could take place through a normative process, also
involving all the actors (IM, MNO and Governments).
MISTRAL consortium could make available the Virtual Route Model as a sort of Decision Support
System tool, useful for decision makers and operators to understand differences and approximate
costs of each scenario they want to analyze.
Since the success of NaaS approach probably depends on the further clarifications of the aspects to
be addressed and agreed between IM, MNO and Goverments, such as:


the QoS needed by the railways



the obligations to be allocated to the MNO



the commercial opportunity for MNO



the social and environmental aspects and possibility of subsidies from governments

the MISTRAL Consortium hopes that the results achieved in the project will encourage a round table
among the involved stakeholders with the aim to clearly understand the drivers that could foster a
future deployment of NaaS.
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Appendix 1 – MISTRAL Innovative Services
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Mistral Innovative Service

Description
The moving block is an evolution of railway signalling that can be implemented when trains regularly report
their position to a control centre, with the confirmation of their integrity. The control centre can therefore send
movement authorities permitting a train to run until the end of the preceding train. This allows trains to run
Moving Block (signalling)
closer than in fixed block systems, thereby increasing the line capacity. Efficiency (energy saving and higher
line capacity) of moving block relies on the frequency of updated position reports from trains to control centre
and of movement authorities from control centre to trains.
Automatic train operation has different levels of implementation, from GoA 0 (on-sight train operation) to GoA
GOAx (signalling) - ATO - ATP
4 (unattended train operation). High levels of automation in train operations require big amounts of data to be
exchanged with the control centre (maybe even real-time video monitoring).
Voice calls could benefit of a new generation network, entirely packet switched and IP-based. Advantages will
be carried out by higher bandwidth. There are studies which analysed VoLTE [1]and verified its performance
against these railway requirements (especially on voice communication): results show that call setup
Improved railway emergency calls
procedures in VoLTE are considerably faster than required. VoLTE offers low packet delay and low packet
loss. It should be expected that the voice quality in VoLTE will be high (compared to GSM-R). Also LTE
already differentiates between ordinary operational calls and emergency calls (priority regimes
implemented; call differentiation is also an important feature).
A unique time management service could be implemented for the entire signalling system, using for example
Precise and certified timing and train position (signalling)
well known time protocols. The more accurate precision of the real-time could bring a more precise trains
localization service (useful for Moving block).
The new generation network could be the common platform to support a connectivity service for the entire
Seamless connectivity available on board/at the station
whole railway coverage, from stations to on board and trains depots, suitable for shunting operations and
other data services.
The Internet of Things (IoT) is a fast-growing technology area that promises to bring about a transformation in
railway operations and the passenger experience. As IoT continues to evolve, it will bring greater
standardization, openness and scalability to the information provided to operators. Railway operators will be
IoT-enabled maintenance in railways (real time and smart monitoring able to more easily convert the data flowing from their railway networks into valuable business benefits.
TCMS) ==> SMART RAILS
Improved fleet management will be enabled by constantly monitoring vehicles and automated workflow
processes, promising to reduce substantially the initial train delays caused by failure of train or infrastructure
components and subsequent improvement to reliability, availability, maintainability and safety (RAMS). This
will be a significant step towards a consistent and robust rail system.
The principal information that could be received from train in real time is the information about its position
(from track sensors) but not about its state. The information that comes from the sensors on board (diagnostic
Bidirectional realt time monitoring and recovery of trains information data basically) is stored on board and then downloaded when the train arrives to workshop. With a broadband
and voice communication
channel it would be possible to transmit this information directly to the control center for its analysis and
storage. In this case any faulty state could be detected immediately and, accordingly, the action could be taken
to avoid accident or emergency situation.
Infrastructures monitoring could require a big amount of data to be exchanged. When a large bandwidth
Monitoring infrastructure
connection is used to replace a cable connection there is the opportunity to better handle this data.
Trains could be equipped with an on-board CCTV real-time monitoring service that will be used for security
improvement. The new generation network, with increased bandwidth and low latency connectivity, could
Real-time video surveillance (on-board)
support this service with innovative features such as video analytics software to automatically detect
intrusions, face detection, strange behaviour or unattended baggage.
Big data services will play a major role for railway operators. Huge data streams generated by thousands of
sensors will further increase operational efficiency. The integration of intelligent mining platforms to filter
data streams and identify the most relevant information will enable the automatic triggering of action by
operational personnel. Rail applications from the cloud will help to flexibly introduce new operational services
with easy installation processes and zero downtime of critical train control systems. Integration of the
databases across transport modes offers door-to-door freight transport including a rail link with fast and
accurate service pricing – essential for the attractiveness of a service which must be competitive and reliable.

Cost analysis of operational and maintenance (Big-Data)

Statistical analysis of safety-related failures of systems and devices
(ALARP principle applying)
Ad-hoc operational data dispatching (provide infrastructure and
timetable data of ad-hoc alternative routes to freight trains, e.g. for
energy saving or driver assisting systems)
Automated Train-to-Train communication (information about track
conditions, obstacles, weather, etc.)

14

Additional information (multi-modal seamless experience)

15

Electronic ticketing

16

Non stop on board entertainment

17

One-stop shopping gateway application

18

Context aware marketing and services

19

Context aware shopping

20

Assisted decision-making: Optimal choice for the transport and route
(criteria: more comfortable, faster, cheaper, better connections, etc.)

21
22
23
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Real-time timetable information (enhanced connection and routing
information)
Provide precise positioning data of trains (e.g. for maps/guides in
emergency cases)
Seamless services available on board and at the station (business)

1.0

ALARP (As Low As Reasonably Practicable) principle applying will improve railway operational efficiency
substantially, saving time and costs through the use of predictive lifecycle maintenance
Provide infrastructure and timetable data of ad-hoc alternative routes to freight trains, e.g. for energy saving /
driver assisting systems
Information about track conditions, obstacles, weather, crossing level, etc .
New intelligent railway applications for passengers will calculate the most efficient ways to reach a
destination. All public transport options, including buses, taxis and trains, will be fully connected in real time
to provide intelligent, comprehensive and connected schedules and intelligent ticketing .
Ability to buy tickets directly from mobile terminals or other portable systems. To provide a mobile ticketing to
operators using the new high bandwidth network already reduces costs and improves the rail experience for the
passenger, adding capacity and speed will further improve smart ticketing services. Smart services will provide
travellers with useful information and more comprehensive services, as well as a sense of control and
participation. Interoperable tickets, valid for trains, buses, car-sharing schemes and bicycles, could encourage
intermodal travel by providing seamless connections to other modes.
Entertainment video services that benefit of the new high bandwidth, for example streaming of movies.
If passengers do not have access to the internet with their device, they can use one of self-serve terminals in the
cabs to shop or apply for services, including ticketing ….
Digital signage use technologies such as LCD, LED and Projection to display content such as digital images,
video, streaming media, and information.
Digital signage use technologies such as LCD, LED and Projection to display content such as digital images,
video, streaming media, and information (services close to the route)
Optimal choice for the transport and route (criteria: more comfortable, faster, cheaper, better connections,
etc.). Passengers enjoy a seamless door-to-door journey, thanks to new services addressing all aspects of the
travel whatever the mode of transport. The availability of real-time traffic and whole-journey information keeps
the passenger abreast of the varying alternatives, including inter-connection with other modes, should journey
problems arise.
Enhanced connection and routing information. Passengers will expect certainty in terms of time, so reliable and
accurate real-time information will be key.
To be used for maps/guides and in emergency cases.
The new generation network could be the common platform to support a connectivity service for the entire
railway experience, from stations to on board trains.
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