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Glossary
BTS
CapEx
COTS
DoA
D#.#
EDOR
ERTMS
ETCS
GSM-R
GUO
H2020
IoT
IM
JSC
LTE
MCA
MHz
MNO
MVNO
NaaA
NaaS
NGN
NGNS
NIO
NIR
NPV
OpEx
PtP
PPDR
PPPs
PSOE
QoS
RU
SC3P
SO or SOE
SLA
SWOT
TCMS
TCO
TOC
T2W
UIC
VNA
WP#
3GPP
4G*-MC

Base Transceiver Stations
Capital Expenditure
Commercial components-Off-The-Shelf
Description of Action
Deliverable number #.#
European Train Control System Data Only Radio
European Rail Management Traffic System
European Train Control System
Global System for Mobile communication - Railway
Global Ultimate Owner
Horizon 2020
Internet of Things
Infrastructure Manager
Joint Stock Company
Long Term Evolution
Mission Critical Actor
Megahertz
(Commercial) Mobile Network Operator
(Commercial) Mobile Virtual Network Operator
Network as an Asset
Network as a Service
New Generation Network
New Generation Network Suppliers
Network Infrastructure Ownership
Non-Ionising Radiation
Net Present Value
Operating Expenditure
Point-to-Point call
Public Protection Disaster Relief
Public Private Partnerships
Partially State Owned Enterprise
Quality of Service
Railway Undertakings (same as TOC)
Safety Critical 3rd Parties
State Owned - Enterprise
Service Level Agreement
Strengths, Weaknesses, Opportunities, Threats
Train Control and Monitoring System
Total Cost of Ownership
Train Operating Company (same as RU)
Train to Wayside
International Union of Railway (Union Internationale des
Chemins de fer)
Value Network Analysis
Work Package number #
Third Generation Partnership Project
4th Generation of Broadband Cellular Network Technology
supporting mission critical services
Table 1 - Glossary
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1. 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 (CapEx and OpEx).
MISTRAL WP3 has been planned in two steps: the first one is meant to design market scenarios and
characterize driving forces underlying the migration from NaaA to NaaS; the second stage, for its part,
provides economic insights on the selected future scenarios for NaaS paradigm and compares them
with NaaA (status quo).
By means of deliverable D3.1, we set the foundation to analyse the business model scenarios for the
usage of advanced communication technologies in the railway domain. In the first stage of the project,
in fact, we collected a set of information about stakeholders involved, technological opportunities,
economic trends, and market dynamics. This was instrumental to the construction of a comprehensive
portfolio of possible future scenarios for train-to-wayside communication systems, which represent the
backbone for all the subsequent business-related analyses. On a parallel thread, innovative services
ushered-in by new enabling technologies were identified and prioritized: in doing so, emphasis was
laid on their compliance with requirements related to users, safety, security and quality of service
(QoS).
Deliverables D3.1, D4.1, and D2.1 marked the completion of what we call the ‘exploration’ phase. In
particular, D4.1 gave a detailed description of the single available technologies candidate for migration
towards NaaS. D3.1 provided indication about driving forces as well as market details on stakeholders
and their relationship in the view of future NaaS scenarios. D2.1 shed light on innovative services
enabled by new wireless technologies, examined their benefits, and described the methodology to
build future NaaS scenarios according to the so called ‘scenario variables’ and ‘transversal variables’.
Drawing on this, MISTRAL defines a techno-economic proposition consistent with the future scenarios,
which is subject to the ‘technical feasibility’ and the ‘economic viability’. As a result, the main outcome
of MISTRAL at the completion of the grant period will be the validation of the afore-mentioned technoeconomic proposition.
The purpose of the present deliverable – which reflects the outcomes of tasks T3.3, T3.4 and T3.5 –
is three-fold. Firsly, it provides a business overview of the TO-BE scenario needed for the
implementation of the new generation network and outlines the value ecosystem enabling MISTRAL
techno-economic proposition (T3.3). Secondly, the deliverable deals with business model design based
on stakeholder analysis and new business opportunities: this allows to bring to the fore revenue
streams and novel advantages for new actors involved in NaaS paradigm, especially in term of
innovative services (T3.4). Finally, the deliverable builds appropriate business cases and a financial
analysis based on the total cost of ownership for each scenario (T3.5): along these lines, a virtual
route model is established for a subset of scenarios, drawing on a theoretical railway route equipped
with a new generation network.
In our business analysis, we consider ‘intangible’ assets (e.g., planning and definition of the wireless
technology, requirements, design) as a sort of ‘sunk’ cost (i.e., costs that cannot be recovered, hence
that should not be considered in a discounted cash flow analysis): as a result, they will not be factoredin for our cost analysis. Conversely, ‘tangible’ assets (e.g., equipment, hardware, software, labour)
can be measured in a parametric or quantitative way. Our effort for deliverable D3.2 has been geared
towards collecting as much as possible information about tangible assets and to provide indicators in
terms of their weight on the total cost function. Issues about the sensitivity and confidentiality of data,
coupled with the obstacles in collecting quantitative data (mainly for future scenarios, where it is
complicated to have now a clear and detailed description of all the attributes), make the business
analysis difficult to be done with final clear results. However, at this juncture our intent is to provide
an appropriate parametric model for future scenarios and business models, which could describe the
level of confidence and thresholds where the NaaS scenarios can be applied.
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Taking the perspectives of railway operators and telecom enterprises, the present deliverable drafts
the conclusions of MISTRAL project from an economic point of view, and it sheds light on a new and
relatively unexplored market landscape that has the potential – in line with the project vision – to pave
the way for a more competitive, attractive and sustainable European railway ecosystem.
Finally, it has to be said that results of the methodological approach built in WP3 have been conceived
as a sort of Decision Support System (DSS). Consequently, the main outcome of the present D3.2
consists of a full-fledged model and a handy tool to be used by partners and decision makers to assess
the viability of a migration strategy to NaaS: such an assessment is conducted from an economic point
of view but it considers technical inputs as essential elements of the analysis. Aforementioned outcome
of D3.2 will be complemented by further insights that WP2 will make available. In particular, D2.2 –
as conclusive deliverbale of the project – will document the validation of MISTRAL techno-economic
proposition and will distill additional lessons learnt drawing on results yielded by all WPs.
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2. Introduction
The present deliverable aims at discussing the economic rationale underlying the shift from NaaA to
NaaS paradigm. By doing this, the deliverable investigates the opportunities that stakeholders involved
in the European railway ecosystem can seize by implementing next-generation radio communication
technologies. Hence, the main challenge of D3.2 is to portray future business opportunities and
tangible economic advantages stemming from a step change in the management of the railway
communication network.
After the first stage of the MISTRAL project – in which we examined market trends, stakeholders
involved and main drivers for the migration – in the second stage we collected a structured set of
inputs to be included in the final economic analysis. Our aim is to develop both qualitative and
quantitative methodological approaches for generalising findings obtained. This is done according to
the amount and nature of information available for the railway sector in different EU countries.
The methodological approach chosen for the deliverable entails an initial description of the scenarios
for network communication systems to be deployed in European countries according to MISTRAL
vision. As second step, the document sheds light on business cases that exemplify the migration from
NaaA to NaaS in real-world contexts. In addition, a theoretical virtual route is modelled to deal with
specific railway implementation scenarios where next-generation radio communication technologies
can be fruitfully applied. To support our economic analysis, some contacts with external stakeholders
– such as MNOs and IMs – have already been established by MISTRAL partners. Liasons with such
players are primarily aimed to collect their needs and opinions about the new possibilities offered by
the NaaS paradigm.
Given the nature of the document, the present report has to be considered as a ‘public report’ and it
targets the Consortium and the Shift2Rail Joint Undertaking.
With the intent to extensively cover the key aspects related to a successful development of the project,
the present deliverable is structured into the following chapters. Chapter 3 sets up the methodological
approach for our business analysis. Chapter 4 provides a more detailed description of the scenarios
selected from D2.1 including the main actors involved. Chapter 5 dives into the stakeholders’ mapping
and the value network analysis. Chapter 6 depicts the business models for all scenarios in a qualitative
way: a value proposition and business models’ evaluation for each scenario described in chapter 4.
Chapter 7 describes the virtual route economic model related to the building of the virtual route for
railway communication systems and for a subset of scenarios. Finally, chapter 8 contains some
conclusive remarks about the entire process of analysis as well as some economic results.
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3. Methodological approach
The methodological approach underpinning the second stage of WP3 analysis builds on the exploratory phase
culminating in the milestone MS1.
In the second stage of WP3, our focus has been set on the definition of a comprehensive approach for the
economic analysis with the intent of generating some more realistic results, all this taking into account the
difficulty encountered in collecting real data in the use cases. The collaboration within the Consortium
permitted to collect much data and, where data was not available or was confidential, we used assumptions
and opinions from several stakeholders. This market sensing allowed to set a range of possible values plausible
with realistic cases. From them, we built several business cases according to the type of route analysed and
the nature of ownership of the communication network.
From a methodological point of view, for our economic analysis we decided to use a qualitative approach
through a business model evaluation to evaluate possible new business opportunity for MNOs, since it is quite
difficult to get and simulate results related to the return on investment for MNOs. As far as this qualitative
analysis is concerned, we relied on the innovative services and exchanges of value among stakeholders. Our
analysis has been focused mainly on IMs and MNOs since they have been estimated to be the main potential
investors in the future railway network communication systems. This does not mean excluding third parties
involved in the migration, which can enjoy business opportunities ushered-in by the provision of innovative
services.
When it comes to costs, we opted for a quantitative calculation that considers CapEx and OpEx in a TCO
perspective. Concerning the cost estimation, we decided to focus on the 4G deployment and to leave 5G
analysis for future researches when more data will be available on this system. Expected evaluation of the
cost of deploying 4G, 4G* (i.e., 4G supporting mission critical services) for railway communication network
derives from ‘high level’ approach by focusing on secondary data and research papers that provide an insight
about the costs of 2G (and GSM-R), 3G and 4G deployment in Europe. Some white papers show that each
generation of mobile infrastructure is more expensive than the previous ones. Every generation has required
more spectrum, and cells have got smaller. There has been a linear increase in base station numbers, each of
which exhibits a decreasing cost over time thanks to more efficient technologies.
The logic lying at the core of our project is visualised in Figure 1, where we selected 4 pillars of the analysis
elaborated separately (i.e. Innovative Services, Infrastructure Scenarios, Business Cases and Virtual Route
model) that became the inputs for the techno-economic framework where all the information is elaborated in
a sort of theoretical virtual simulation engine that will provide date regarding technical feasibility and economic
viability of each selected scenario.
Figure 1. Methodological approach for MISTRAL scenarios

(*) Source: MISTRAL Consortium elaboration
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4. MISTRAL Scenarios
As shown in D2.1, an initial selection of future scenarios has been performed in view of technical and
economic results. Building on these findings, this chapter intends to painstakingly examine all the
scenarios coming from D2.1, prioritise some of them, and describe the rationale of this choice. First,
we propose a wider range of more realistic scenarios (i.e. six scenarios). Then, MISTRAL focuses more
on a subset of these scenarios (i.e. three scenarios) an the impact of them on the stakeholders.
This description is the basis for all our economic modelling and our business analysis. Indeed, the
techno-economic proposition of the present deliverable will be built based on the assumption deriving
from the construction of scenarios. In this analysis and in the classification of the following six
scenarios we have adopted conservative assumptions through a simplification of some variables in
order to generalise the conclusion to a cross-country level. Our model is based on a set of scenarios
from which to get the maximum attainable benefits and the minimum costs from migration from NaaA
to NaaS. We know that hybrid or mixed business cases can be deployed and could be more realistic
cases, but it is our aim to define and specify a theoretical model to design the contours and thresholds
of the model that it will be then relaxed according to the real needs of future implementations.
4.1

Investment in Mobile Networks
It is necessary to make an analysis of investments and costs for MNOs and investigate the main drivers
for investing more or in other sectors, as railway. Indeed, the current economic dynamics of the level
of mobile revenues, of the investments (CapEx) and of the usage in EU are important issues to be
considered to understand the gaps for telco operators to be more active in the deployment of new
infrastructures, in general, that could improve their own profitability and generate added value for
customers. From the analysis of investments in mobile infrastructures we will move to find some
drivers to stimulate MNOs to invest also in railway communication systems.
Moreover, it is clear and agreed that telecommunications investment can be defined as a strong driver
to push short run and long run economic growth (e.g. creating new industries and enabling factor for
the digitalisation of other industries) and to create employment 1. Broadband infrastructures are
fundamental for the digital economy in terms of innovation, productivity improvement. For this reason,
adequate regulatory incentives for investments as fiscal incentives programs have been adopted in
the past by EU governments to lessen the impact of the recession and boost economic recovery,
including incentives to investments related to digital infrastructure (Wiek and Vidal, 2010).
However, it is also agreed that, during the last years, Europe is investing less in its mobile
infrastructure, mainly with respect to other world countries, as US and Asian countries, with some
consequences for economic growth and for consumers that have lower opportunity to benefit from
innovation and higher quality services. The main focus of regulators, indeed, has been to maintain
lower prices for consumers, while quality and service levels are deemed as secondary elements. For
instance, concerning to the investment in LTE, EU is today at least two years late in terms of LTE
penetration.
MNOs have seen their revenues steadily decline in EU, compared to US, Japan and South Korea and
this is due to the maximisation of short-term consumer benefits at the expense of long-term
investment incentives and, in turn, lower revenues and investments have caused a not sufficient
improvement of quality of services for consumers. While a possible endogenous virtuous circle can be
to increase revenues, increase investments and innovation (higher QoS), increase usage. For this
reason, MNOs should continuously invest in infrastructure to update their network and deploy new
technologies. But investments in mobile will occur if investors see a clear revenue growth, indeed,
MNOs are large corporations who cannot commit to investments that are not correlated to increasing
revenues. Operators are not sure investments will be repaid if the rules do not change. The role of
the government should be important to push to invest more in infrastructures as it has been occurred
in US and in other Asian countries that lowered the cost for MNO of deployment new infrastructures
1

A survey of Wiek and Vidal (2010) provided references of the evidence that broadband deployment drives employment and GDP growth.
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(IDATE, 2015). New investments in mobile technology are needed to satisfy consumers and business
demand and to capture the economic benefits from high-speed broad-band technologies, but the old
funding model for financing infrastructure is no longer appropriate since competition has driven down
margins and today operators do not have financial wherewithal to invest in new infrastructure (IDATE,
2015).
“EU consumers enjoyed mobile services at a lower price, in line with the initiatives from EU and national
regulators looking to transfer economic benefits to end consumers. While the short term economic
gain for EU consumers is evident, this trend also directly impacts the MNOs ability to invest in new
technologies and network upgrades. And since the data traffic is increasing exponentially all over the
world, with higher demand of higher quality of internet access and fasten connection, the issue of
investment in this is much relevant…” (IDATE, 2015).
Data traffic is increasing in every country and demand of high-quality internet access is linked to the
higher traffic allowances and faster connection speeds to enjoy internet services as Over the Top
(OTT) video wherever consumers are. Demand for mobile networks is expected to increase, on
average, by 84% per year (McKinsey, 2014).
Hereafter we would provide a list of possible solutions as stimulus of investments for MNOs given by
IDATE (2015) and McKinsey (2014).


Public funding can help to cover part of the investments in new infrastructure



New investment-friendly regulation put at the heart of the regulatory strategies is needed to
allow for pricing flexibility and promote consolidation among operators, as:
o

Support co-investment initiatives, for instance, when two or more MNOs co-invest in
deploy an infrastructure (e.g. as occurred in Portugal, Switzerland, Netherlands and
Spain for fiber network deployment)

o

Allow countries to make regulation appropriate to their geography

o

Provide public funding (e.g. as in Sweden where government supported extensive
municipal high-speed networks stimulating the provision of access to nextgeneration fixed networks in rural areas; as European Commission created the
Connecting Europe Facility to help fund the rollout of next generation networks and
pan-European digital services, around 9.2 billion of euro between 2014 and 2020).

o

Modernizing spectrum policy, in order to make more efficient use of the spectrum
available for operators

o

Allow more pricing flexibility to customers according to the bandwidth and volume of
data traffic (operators could consider to charge more to customers who are raising
operating costs by demanding higher speeds, more services, and greater capacity
over internet)

o

Give operators more spectrum (e.g. 700 Mhz), indeed, making possible for
operators to acquire enough low and high frequencies to give them the coverage
and capacity they need to meet exploding data demand and “need for speed” and
ensuring that high-speed backhaul from cell sites is available by allocating
appropriate frequencies for backhaul.



5G will trigger a new investment cycle in mobile infrastructure worldwide. Boston Consulting
Group estimates that USD 4 Trillion in worldwide investment in 5G is needed by 2020



Monitor MNOs Free Cash Flow (FCF) and ensure that EU FCF is on par or above FCF in other
regions, in order to put MNOs in a position to invest



Cooperation between MNOs and vendors in the scope of contribution to high quality
standards



Standardisation could improve innovation. Indeed, when technology is built on proprietary
systems the owners aims at creating their own market where other companies cannot
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compete, slowing down innovation, creating prohibitive market conditions for SMEs, and
ultimately inflating prices.
Some studies about network mobile costs have been done to analyse the cost drivers and to quantify
their impact, in order to simulate costs in comparable scenarios. A recent study shows some insights
from a cost analysis of telecom infrastructure deployment in Switzerland compared to other countries
(PWC, 2013). Mobile network costs are driven by several factors which differ and have a diverse impact
from country to country that are:


Market structure and product offering (e.g. consumer demand for mobile data (capacity),
Smartphone penetration), dimensioning of the mobile network.



Technology info (distribution of micro-macro sites, of antennas sites, existing network
infrastructure)



Spectrum availability (used frequency band)



Topography (e.g. coverage of tunnels, coverage of railways)



Geography (urban, rural, mountain, etc.)



Population distribution



Regulatory framework (restriction or incentives)



Customer behaviour and, even, accounting rules



CapEx (cost of antennas site construction, permits, acquisition and legal costs, engineering
costs, labour cost, etc.)



OpEx (maintenance and operational costs, rental costs, energy costs), 8 years of duration

A subset of drivers has been identified by this study (PWC, 2013) that can be useful also for our
economic model. Their model reproduces the construction of a UMTS network over the frequency
bands 900 MHz and 2100 MHz, calibrated to represent the reality in Switzerland. In particular, their
model is based on the current number and distribution of antenna sites in Switzerland. For example,
the current number and distribution of antenna sites in the different geographical areas takes into
account the information and the solutions developed by the Swiss operators in the past relating to the
optimal build of a mobile network under consideration of existing constraints as the limitations of the
Non-Ionising Radiation (NIR) regulation. In particular, they selected some main inputs to be
considered in their simulation model:


Mountains



Coverage of tunnels



Coverage of railways



Capacity for rural areas



NIR regulation2



Labour costs and civil works



Energy costs



Rental costs.

2

NIR emissions is a regulation that forces also telco operators and each transmitter operated under the licence to be within
the limits set down in the guidelines published by the International Commission on Non-Ionizing Radiation Protection
(ICNIRP).
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First results from D2.1
Our first goal, scheduled in the first year of the project, was attained through the definition of three
main scenarios. We refer to the deliverable D3.1 for the explanation of the construction of these
scenarios. Currently, wireless communication services for railways are deployed on dedicated network
infrastructures based on the legacy of 2G GSM-R technology. However, GSM-R is becoming quickly
obsolete and GSM-R equipment manufacturers have committed to maintain such systems only until
20303. As a consequence, the interest to invest in a new generation system is high for IMs/RUs in
many EU countries. Many IMs and RUs have already planned how and when to shift to a new
technology – predominantly 4G – after 2030 (Systra, 2016; IDATE-ERA, 2015)4.
According to our first methodological approach used to build the future scenarios, as depicted also in
deliverable D2.1, we identified two sets of variables: “scenario variables” and “transversal variables”.
The former define the frame conditions for each option (i.e. mission of telecommunication network
physical infrastructure, network service provider, telecommunication network and type of technology).
The latter can be included transversally in different ways in all the possible scenarios (i.e. frequency
allocation, type of migration, regulation, innovative services, re-use of infrastructure, SLAs,
procurement strategy, geography, etc.). From the plethora of all the possibilities, we selected three
network scenarios (scenario 1, 2 and 3) to be compared to the current one (scenario 0, seen as
counterfactual), in order to build a techno-economic proposition for the future railways communication
system (Figure 2).
On the basis of this first selection of scenarios, in the following sections we move to a more detailed
selection by considering subcases and the timing sequence for each of them. Indeed, ‘timing’ can be
a relevant parameter to be considered, which can increase or decrease the likelihood to move towards
one scenario or another, both for IMs and for MNOs. In the next paragraphs, we describe each scenario
by considering some variables deemed relevant for the explanation.
Figure 2. Main scenarios identified in deliverable D2.1 of MISTRAL project

* Source: MISTRAL consortium elaboration

In the migration scenario, we have two types of innovation: the first is the technological innovation,
the second is the ownership innovation. On the side of technology innovation, from GSM-R to the 4G*MC and to 5G, is radical for the IM, while on the other side this migration towards 4G*-MC can be
3
4

In Italy, for instance, the contract agreement between RFI and Nokia will remain in charge until 2026.
In Italy, for instance, the contract agreement between RFI and Nokia will remain in charge until 2026.
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considered incremental for the MNO. We mean with ‘incremental’ the technology permitting to make
a gradual shift from 4G to 4G*-MC, as it can be in the NaaS scenario, since MNOs already own a
similar technology deployed in their own mobile network and they could exploit their core competence
in this technology for railway. On the side of 5G, both NaaA and NaaS can be considered radical. The
radical innovation is represented by the shift towards NaaS with 5G where the packet based wireless
technology provide a totally pristine environment with which both MNOs and IMs can be less familiar.
On the side of ownership the NaaS with 4G and 5G can be considered radical, while from NaaA with
GSM-R to 4G can be incremental and we can have also the case of NaaA where the IM can become a
telco operators himself.
In Figure 3 we show these innovation characteristics and we mention the scenario in which IM can
behave as a telco operator (in the box at right down of the table). However, even if it could be
charming to think about a new role for IMs, this particular business case has not been considered
since today it seems quite difficult to think about the feasibility of what IMs do not have the sufficient
skills and, in some cases, the interest to enter in new business opportunities as mobile operators.
Figure 3. Different types of Innovation for different scenarios and technologies

* Source: MISTRAL consortium elaboration

4.3

Description of the scenarios
With the aim to define all the scenarios, we should start from the identification of the main components
of the network architecture. The following Figure 4 describes an example of network that will enable
to clarify the business cases based on four main variables.
1. The first is the ‘network technology’, it is the type of wireless communication technology (the
antenna) that it is identified with different brackets and it could be GSM-R (i.e. the current system),
4G currently developed in mobile network (with LTE, for instance), 4G*-MC (for mission critical
services) and 5G. We refer to the deliverable D4.1, which provides a deep analysis about these
technologies. It finds 4G-LTE as the solid state-of-the-art candidate technology for railway
purposes even if ‘it is likely that there will be no definition of just one particular technology’.
Indeed, the different characteristics of urban and rural regions can require different strategies for
building the communication network architectures. Moreover, not only terrestrial systems can be
considered, but also the usage of satellite communication in some “White Spot” areas (D4.1).
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2. The variable ‘services’ represents all the types of existing and innovative services offered by the
old and new technology, respectively. 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.
We refer to D2.1 and to the following discussion in next chapters for an advanced description of
these services from a business point of view. Indeed, they are a core element for building the
business analysis. In the MISTRAL project the role of the Partners and of the external stakeholders
has been relevant about the level of prioritisation that IMs and MNOs can have about each of
these services. From their evaluation, indeed, we elaborate a table of relevance for these services
according to a market point of view. Here, we synthetize the service in four categories.
a. Services for mission critical, safety and control, type “1” as:
i. Moving Block (signalling)
ii. Automated Train Operation
iii. Improved railway emergency calls
iv. Precise and certified timing and train position (signalling)
b. Services for operators, e.g. IoT, type “2”, as:
i. Seamless connectivity available on-board/at the station
ii. IoT-enabled maintenance in railway (real time and smart monitoring TCMS),
smart rails
iii. Bidirectional real time monitoring and recovery of trains information and voice
communication
iv. Monitoring infrastructure
v. Real time video surveillance (on-board)
vi. Cost analysis of operational and maintenance (Big-Data)
vii. Statistical analysis of safety-related failures of systems and devices (ALARP
principle applying)
viii. 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)
ix. Automated Train-to-Train communication (information about track conditions,
obstacles, weather, etc.)
c.

Services for passengers, e.g. Wi-Fi connection, type “3”
i. Additional information (multi-modal seamless experience)
ii. Electronic ticketing
iii. Non stop on-board entertainment
iv. One-stop shopping gateway application
v. Context aware marketing, shopping and services
vi. Railway services elicited from the metro context
vii. Assisted decision-making: Optimal choice for the transport and route (criteria:
more comfortable, faster, cheaper, better connections, etc.)
viii. Real-time timetable information (enhanced connection and routing information)
ix. Provide precise positioning data of trains (e.g. for maps/guides in emergency
cases)
x. Seamless services available on board and at the station (business)
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d. Services for mobile commercial services, type “4”.
When the number of the service is in bracket, e.g. type (2) in the Figure 4, it means the service
is optional and it can be 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.
3. Another variable is the ownership (in green colour) and it represents 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. Finally, the blue box under the access interface is characterised by the ‘shared hardware’ in the
case of shared 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 5

* Source: MISTRAL consortium elaboration

The access interface depicted in the figure represents the physical equipment needed to support the
wireless network for specific services. 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). From this example we move on the
definition of all the scenarios and sub-scenarios in the following sections.
Starting from this legend, we show a description of the selected scenarios that will be the
basis for the business cases developed by MISTRAL consortium. The Table 2 shows the 6
scenarios selected by our project.
Table 2. Scenarios from MISTRAL Consortium
Scenarios

Name

Ownership

Description

0

NaaA with GSM-R
(status quo)

IM

AS-IS (current GSM-R deployment)

0.5

Partial NaaA

Mixed IM-MNO

MNOs could start to develop some innovative
services (type 2 and 3) by using their own 4G

5

In this example, the network considered here in the blue frame is: a 5G network owned by MNO and it provides only
mission critical, safety services with services for operators as optional one.
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network and make some agreement with IMs to
provide these services
1
2a

NaaA with 4G*-MC

IM

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

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

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

NaaS with 5G

MNO

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

2b

3

4.3.1

Scenario 0
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 that are the existing services currently developed and deployed in
the railway sector. Services 2 and 3 could be an improvement of the old 20 and 30 or additional
services. IMs offer services 1, 20 and 30 while the services for passengers, 4, are provided by MNO to
the railway passengers, through contract agreements with RUs and IMs. The Wi-Fi connection is
provided to the RUs that pay MNOs for these services.
This scenario is the reference for our economic analysis, in particular, it will be the ‘counterfactual’
scenario to be compared to other possible future business cases. A clear and deep analysis of the
current deployment of technologies and equipment in the GSM-R case has been done thanks to the
collaboration of the partners of MISTRAL consortium, by providing also technical information and price
references of infrastructure. We refer to the following chapters for a more detailed description of these
infrastructures and their economic value (Figure 5).
Figure 5. Scenario 0 – NaaA

* Source: MISTRAL consortium elaboration
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Scenario 0.5
This is an intermediate scenario that could incur before the final migration towards new IP mission
critical network (IP-MC-net) where some services (e.g. type 2 and 3) can be outsourced to MNO, while
IMs continue to own the overall network and provide mission critical and safety services with GSM-R
communication system. We can call this scenario as a sort of “partial NaaS”. This is a situation to be
implemented with more likelihood in the case of NaaA and it could be extended also in the future. IMs
can dedicate more in the mission critical infrastructure and services with old GSM-R system, while
MNOs can exploit the 4G technology already implemented in their own commercial network and to
find new opportunities to develop business activities by managing also railway specific services. The
network should be improved or rugged with new equipment in order to exploit new geographical area
(Figure 6).
Figure 6. Scenario 0.5 – Partial NaaA-Partial NaaS

(*) Source: MISTRAL Consortium elaboration

4.3.3

Scenario 1
This is the most likely scenario to be implemented. The technology is upgraded from the current GSMR to a new broadband packet-based technology 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. In many countries there is
already a planning to deploy a new infrastructure with 4G* technologies. Standardisation requirements
are needed to define the optimal solution satisfying the QoS and railway specific safety needs. Trials
and experiments are going to be carried on by IMs (Figure 7).
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Figure 7. Scenario 1 – NaaA (4G)

(*) Source: MISTRAL Consortium elaboration

4.3.4

Scenario 2a
This is the case in which we have a NaaS. As in the previous case, 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 reuse part of these equipment for the new communication network system. This scenario represents an
‘incremental’ innovation with respect to the status quo (Figure 8).
Figure 8. Scenario 2a – NaaS (4G)

(*) Source: MISTRAL Consortium elaboration
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Scenario 2b
This is the case in which we have a particular case of NaaS. A new technology is used to build the
railway communication infrastructure using purpose-specific hardware, but, in this scenario, other
mission critical operators as Public Protection and Disaster Relief operators (PPDR) can be in charge
of managing the physical infrastructure, not the MNOs. The investment of building the new
infrastructure can come from state investment that outsources the management to other external
entities as PPDR operators. The infrastructure will be dedicated to railway communications and it is
used to provide both mission critical and non mission critical services (Figure 9). In this case, MNOs
continue to offer services as before but they are not involved in the migration and they can continue
to offer external services as in the NaaA scenario through external contract with the new owners of
the railway communication network (Figure 9).
Figure 9. Scenario 2b – NaaS (4G)

(*) Source: MISTRAL Consortium elaboration

4.3.6

Scenario 3
This scenario requires a drastic change in the understanding of the network infrastructure is expected
since it will be based on novel 5G networking concepts (e.g., network slicing). The network is built on
shared generic hardware and several virtual networks can be created; one virtual network can be
devoted to railways communications, another to public commercial services and other virtual networks
devoted to dedicated services, such as Public Protection and Disaster Relief (PPDR), can be added. In
this way appropriate QoS levels can be ensured to railway communication services. Hardware
components of the access networks (e.g., the antennas) can be devoted only to the railway as well as
some other hardware resources can be dedicated to railways in specific deployments (e.g., rural areas
or very traffic congested urban areas). This scenario represents a ‘radical’ innovation with respect to
the status quo (Figure 10).
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Figure 10. Scenario 3 – NaaS (5G and Network Slicing)

(*) Source: MISTRAL Consortium elaboration

4.4

Highlights from scenarios
The previous classification of scenarios can be resumed in the following way according to a timeline
and a description of a qualitative evaluation. The following Table 3 highlights a first classification of
the scenarios while Figure 11 shows a hypothetical timeline of deployment for different scenarios: this
would not represent a temporal ‘sequence’ of deployment but, rather, a different likelihood of
deployment according to a time horizon.
Table 3. Scenarios for NaaA and NaaS
Scenario

Type

Timing*

Likelihood to be
implemented after 2030*

0

NaaA

Today

Sure

0.5

NaaANaaS

Before 2030

Medium

1

NaaA

2030

High

2a

NaaS

From 2030+t

Medium (MISTRAL goal)

2b

NaaS

From 2030+t

Medium-High (MISTRAL goal)

3

NaaS

From
2030+(t+1)

Low (MISTRAL goal)

Services

Providers of
services

1-2-3

IM

4

MNO

1

IM

2-3-4

MNO

1-2-3

IM

4

MNO

1-2-3-4

MNO

1-2-3-4

Other Third
Entities

1-2-3-4

MNO

Source: MISTRAL consortium elaboration; *All the evaluations are based on MISTRAL theoretical assumptions
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Figure 11. Timing for the deployment of the MISTRAL scenarios

4.5

Value Network Analysis and stakeholders’ mapping
This section is aimed to develop a more detailed analysis about stakeholders and their involvement in
the migration scenarios. This will allow to provide a ranking and a prioritisation of activities according
to their own perspective.
Value network analysis is a business modelling methodology that visualizes business activities and sets
of relationships from a dynamic whole systems perspective (Allee, 2006). The network analysis derives
from the identification of the main actors involved in the scenarios for NaaS. Actors participate in the
network playing specific roles in which they “convert tangible assets into negotiable offerings and fulfil
different functions” (Allee, 2008) 6.
To develop the most valuable strategy for stakeholders, it is important to define and map the exchange
of value across the network according to three main variables: roles (definition of stakeholders and
their role to engage interaction and provide added value), deliverables (the ‘things’ to be moved from
on role to another that can be physical, tangible 7 or intangible8) and transactions (activities that
originate from one side and end to another side) (as depicted in Figure 12Figure 12, Allee, 2008).

Value network can be ‘internal’, when relationships are between individuals or within the same work group of the same
organisation, or ‘external’ when relationships are between the organisation and the suppliers, investors and consumers.
7
Tangible assets exchange means transaction involving goods, services or revenue as physical goods/services, contracts,
invoices, return receipts of orders, knowledge products/services directly generating revenues (Allee, 2002).
8
Intangible assets exchange means knowledge or information exchanges flow support the core good/service value chain,
but not contractual as exchange of information, knowledge of process or plans, know-how, collaborative design, joint
planning activities, policy development, etc. (Allee, 2002).
6
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Figure 12. Value Network Analysis Diagram

(*) Source: Allee (2008)

The starting point of the value network analysis considers the stakeholders according to a priority of
actions. Hence, the following section highlights the mapping of stakeholders according to their priority
and interest in the migration towards NaaS.
In deliverable D3.1 we set up a methodological approach where the stakeholders’ analysis representing
the first step as it allows to gain a deep understanding of the main actors involved in the transition,
their own interests in migration, and the attention they deserve. To this end, Table 4 highlights a list
of stakeholders, their description, their degree of involvement in the migration determined by the
advent of a new network technology, and their basic goals. This characterization of stakeholders
involved in the AS-IS landscape acts as input for the analysis of TO-BE scenarios and related value
exchanges.
In order to analyse the dynamics among stakeholders, first, it could be important to define what the
aim of each stakeholder is (Table 4):


IMs would minimise costs, save money from deployment and maintenance of communication
network while maintaining the required level of QoS and safety for railway.



RUs would maximise profits, by maintaining the required level of QoS and safety for railway.



MNOs would maximise profits, pursue new business opportunities with higher revenues,
attract new market segments and capture new customers or maintain the existing ones by
providing new services with higher added value related to the railway sector.



Customers (e.g., commuters, business, leisure) would maximise their own utility function
subject to their budget constraint by considering opportunity to have services on-board and
higher QoS of travels weighted by a suitable and appropriate ticket charge.



Government would maximise welfare of the community, get the best QoS, incentive
standardisation of technologies and interoperability systems across countries.



Railway authorities would optimise the railway operators needs for a better transport system
and in order to generate the maximum interoperability from deployment of new
communication network systems by considering the different management approach.
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Suppliers of technology would maximise profits.



Standardisation authorities would provide the best technical solution without considering any
different management approach, NaaA or NaaS.

Table 4. List of stakeholders in the AS-IS and their role in the TO-BE scenario
Stakeholders

Description

Type of
Stakeholders

Goal

IMs

Infrastructure managers own the main infrastructure of
signalling and equipment. They are the major investors
for a new technology in the NaaA paradigm

Key



Minimise costs



Maintain same
(high) mission
critical QoS

Railway undertakings manage the railway services. They
have the ownership of rolling stocks and the network
communication equipment and they are also relevant
investors for a new technology in the NaaA paradigm.
Usually, they can get a contract agreement with telco
operator for ensuring on-board Wi-Fi connection

Secondary



Maximise profits



Maintain same
(high) mission
critical QoS

These commercial operators are the crucial actors for the
future NaaS scenario if they decide to build and manage a
new infrastructure for railway. Their value proposition
comprises mission critical services and commercial
(innovative) services to passengers

Primary



Maximise profits



Improve customers
services and seek
new market
segments

Customers (mobile)

They are customers of commercial mobile network

Secondary



Maximise utility

Customers (railway
passengers)

They are an important innovation driver as they are the
actual end-users who can benefit from a technology shift,
for instance in terms of new service usage

Secondary



Maximise utility

Suppliers of
technology

They are the key actors for the provision of new
technologies and the sustainability of the supply

Secondary



Maximise profits

Standardisation
Actors (e.g., 3GPP,
ETSI)

Standardisation issue is the main point for the realisation
of future technologies, regardless of the choice between
NaaA and NaaS scenarios

Secondary



Maximise QoS and
MC requirements for
railway

Third Parties

These new actors enter the market of innovative services
after the introduction of new enabling communication
technologies. They provide added value services for both
passengers and railway operators

Secondary



Maximise profits

Governments (EU)

They have a crucial role to promote innovation and set
the conditions needed to materialize the paradigm shift
from NaaA to NaaS. They can be the main actors to
advocate a sustainable and credible migration of IMs,
RUs, and MNOs towards a NaaS scenario

Key



Maximise welfare

Railway Authorities
(e.g., UIC)

They should make the interest of IMs and RUs. They have
a central role in collecting intention and possibilities from
IMs and RUs to implement new technologies and to push
them towards a NaaS scenario

Medium



Optimise railway
operators QoS

RUs

Telco/MNO

Source: MISTRAL consortium elaboration (update from D3.1, table 5)

Another way to classify stakeholders considers their role in pushing the migration from NaaA to NaaS.
We set up four different categories according to two variables, namely interest and power of influence
in the migration. On the basis of this approach, identified classes are as follows (World Bank)9:


Promoters, stakeholders who attach a high priority to the reform policy and whose actions can
have an impact on the implementation of the policy

9

http://www1.worldbank.org/publicsector/anticorrupt/PoliticalEconomy/stakeholderanalysis.htm
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Defenders, stakeholders who attach a high priority to the reform policy but whose actions
cannot have an impact on the implementation of the policy



Latents, stakeholders whose actions can affect the implementation of the reform policy but
who attach a low priority to this policy



Apathetics, stakeholders whose actions cannot affect the implementation of the reform policy
and who attach a low priority to this policy.

Table 5 illustrates the different roles of stakeholders in affecting the migration towards NaaS by
considering the provision of innovative services. Different positions in the table come from the different
degrees of interest according to the benefits arising from the provision of innovative services. The
most plausible promoters are the regulatory bodies as standardisation authorities, the country
governments and the EU community as a whole, since they can push the migration from both a
regulatory point of view and a financial point of view, e.g., if they introduce some subsidies for the
implementation of the new paradigm. Their role is fundamental as they can have high interest to
stimulate new market opportunities for new actors and to decrease the financial charge to deploy the
infrastructure since most of the IMs companies are de facto state-owned enterprises. On the opposite
side, inspite of possible lobbies and standardisation activities, the more defenders subjects are the
MNOs, the consumers and the RUs because their power of influence is low ‘even if not null’, indeed,
they cannot affect the migration but only collect the consequences for that. If in the case of consumers
clear benefits can arise from NaaS, for RUs there is a trade-off between costs and benefits: on the
one hand, they benefit from the implementation of new services that increase the QoS (e.g., for safety
with ERTMS L3) but, one the other hand, they incur higher costs for the implementation of new
equipment. In the middle position, there are defenders such as manufacturers and MNOs.
Manufacturers in NaaA deal with a central position where they provide infrastructure and services to
IMs and RUs. With the advent of NaaS, manufacturers can have less central role and their power of
influence in the migration also can be low. MNOs have low power of influence the migration even if
their potential interest can be considered as the main driver to move towards a NaaS scenario. Finally,
the latents quadrant contains IMs and railway authorities: they are in the position to push the migration
towards NaaS but, at the same time, they cannot have a political interest to change the paradigm in
the short-run due to many factors. As already depicted in D3.1, IMs can be reluctant to remove a
strategic asset with high mission critical requirements. The safety risk has to be considered an
important entry barrier for other external operators as MNOs. IMs can be reluctant to trust in other
new operators that can guarantee the same level of SLAs. On the other side, the CapEx cost of
implementing a new network with new technological standard can deter MNOs while, from IMs’
standpoint, such an expenditure may be less cumbersome as SOEs can have different policies in terms
of balance budget10. We refer to section 5.2 for a more detailed description of innovative services and
their role in creating new business opportunities for the actors involved in the migration.
Table 5. VNA for migration towards NaaS: stakeholders with respect to the innovative services

Latent
 Railway Authorities
High
Power of Influence

Low

Apathetics
 Consumers
 RUs

Promoters
 Standardisation
Authorities
 EU
 Government
 IMs
Defenders
 MNOs
 Manufacturers

10

Even if, today, they can be joint stock companies with a traditional financial statement, IMs de facto are SOEs because
the most of the stocks are owend by government.
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Low

High
Interest

Source: MISTRAL consortium elaboration

Furthermore, the migration towards NaaS can be further examined by means of the Value Network
Analysis (VNA) (Allee, 2002, 2006 and 2008) dynamic approach: resulting diagrams are depicted in
Figure 13 and Figure 14. These graphs portray the value exchanges, either tangible or intangible,
among actors situated in the ecosystem.
The NaaA scenario consists in a manufacturer-centric model where manufacturers are expected to
appropriate a sizable slice of the commercial opportunities. Conversely, the NaaS scenario appears
MNO-centric: whilst manufacturers have the chance to refocus their commercial offering, important
business opportunities emerge for new actors entering the market, among which MNO becomes the
fulcrum.
Another possible difference worth of note is that the market for passengers can be more included in
the market of mobile customers in NaaS.
Moreover, a differential element can be the presence of Third Parties, which can enjoy business
opportunities ushered-in by the provision of innovative services.
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Figure 13. VNA diagram for NaaA (scenario 0 and scenario 1) – Manufacturer-centric

* Source: MISTRAL consortium elaboration
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Figure 14. VNA diagram for NaaS (scenario 2a) – MNO-centric

* Source: MISTRAL consortium elaboration
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Finally, Figure 15 and Figure 16 compare NaaA and NaaS by emphasizing variations in stakeholders’
role.
Figure 15. NaaA: actors and their roles

(*) Source: MISTRAL consortium elaboration

Figure 16. NaaS: actors and their roles

(*) Source: MISTRAL consortium elaboration
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5. Business Models
This chapter provides an overview of the main findings stemming from the economic model developed
from a qualitative point of view.
The first section describes the value proposition that comprises innovative services. This is done by
taking into account all the information collected from partners of the Consortium and from the MNOs
interviewed during the project. From that, we can have a ranking of services that can be more
actractive for IMs, MNOs and possible new third parties.
The subsequent section describes a set of six business models both for IMs and MNOs point of view
and for the three selected scenarios: scenario 0, scenario 1, scenario 2a.

5.1

Value proposition of innovative services
As mentioned in deliverable D2.1, the new generation network (IP-based) will be able to support new
services or improve the existing ones that will benefit of the new digital platform. Experimenting new
services and service models is needed to develop new economic models or business cases, in order to
push the investment in services with a clear idea about their added values. It will be the output of
MISTRAL project to clarify some of the new opportunities of business that new operators can find from
the deployment of these services.
The Consortium classified the services in terms of three different variables: priority of service, typology
of service and provider of service but for a better description of these variables we refer to the
deliverable D2.1 and, in particular, to the table 5.1.
Hereafter w provide a business description of these services. In particular, the table 5.1 of D2.1 has
been updated by the MISTRAL Consortium with additional information related to the following aspects:


Description of the provider of the service in NaaA and NaaS (Table 6)



Prioritisation of the service according to the providers of the service



Prioritisation of the service according to the end-user (Table 7)

Both the following tables have been elaborated with the contribution and the opinion of the partners
of the Consortium and of the external stakeholders involved in the project.
From the Table 6 we can underline that some services can change the provider/supplier from NaaA
and NaaS. In some cases, indeed, some services that in NaaA are so called ‘in house’ services (i.e.
provided by the same enterprise owner of the network, i.e. IM in NaaA), after the migrate ontowards
NaaS, can be provided still in a ‘in house’ way (i.e. from MNO) or by other external third parties as
large or small medium enterprises operating in railway sector (e.g. in the case of ATO, Improved
railway emergency calls or Automated Train-to-Train communication, etc.) or data analytics
enterprises (e.g. in the case of IoT services). This is to demonstrate the possibility to have new
markets.
From Table 7 we have a description of the possible end-users of the innovative services and the
degree of prioritization and importance for them. Also the scheme of payment we analysed if services
can be provided with a ‘rent’, a ‘pay for use’ or ‘flate fee’ mechanism.
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Table 6. Providers of Innovative Services in NaaA and NaaS scenarios

No

1
2
3

Automated Train Operation - ATO
Improved railway emergency calls

4

Precise and certified timing and train position (signalling)

5

Seamless connectivity available on board/at the station

6

IoT-enabled maintenance in railways (real time and smart
monitoring TCMS) ==> SMART RAILS
Bidirectional realt time monitoring and recovery of trains
information and voice communication
Monitoring infrastructure

7
8
9

Real-time video surveillance (on-board)

10

Cost analysis of operational and maintenance (Big-Data)

11
11

List of innovative services described in deliverable D2.1
Description of the provider(s) before and after the migration
towards NaaS (e.g. for size, type, etc.). With the term provider,
we do not intend to refer to the actor that provides the
equipment for the services, but to the actor that owns the
service, meaning that it manages and then provides this
service11
Moving Block (signalling)

Scenario

NaaA
NaaS
NaaA
NaaS
NaaA
NaaS
NaaA
NaaS
NaaA
NaaS
NaaA
NaaS
NaaA
NaaS
NaaA
NaaS
NaaA
NaaS
NaaA
NaaS
NaaA

IM

RU

LE-R

SMER

LEICT

SMEICT

SH

DAE

X
X
X
X

X
X

MNO

X
X

X
X
X
X

X
X

X

X
X
X
X
X
X
X
X
X
X
X
X

X
X
X

X

X

X
X
X

X
X
X
X
X
X
X
X

X
X

X
X
X
X

X

X
X

X

X
X

We divided the enterprises as: LE-R = Large Enterprise of the railway sector (> 200 employees); SME-R = Small Medium Enterprises specialized in safety critical services
for railways (< 200 employees); LE-ICT = Large Enterprise of the railway sector providing ICT services (e.g. IoT, entertainment, communication services); SME-ICT = Small
Medium Enterprises providing ICT services (e.g. IoT, entertainment, communication services); SH = Software House for passengers services; DAE = Data Analytics company.
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14

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.)
Additional information (multi-modal seamless experience)

15

Electronic ticketing

16

Non stop on board entertainment

12

13

17
18

One-stop shopping gateway application
Context aware marketing, Context aware shopping and services

19

Railway services elicited from the metro context (TBD)

20

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

21
22
23
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NaaS

X

X

X

NaaA
NaaS

X
X

X

X

NaaA
NaaS
NaaA
NaaS
NaaA
NaaS
NaaA
NaaS
NaaA
NaaS
NaaA
NaaS
NaaA
NaaS
NaaA
NaaS

X
X
X

NaaA
NaaS
NaaA
NaaS
NaaA
NaaS

X
X
X
X
X

X
X

X
X

X
X
X
X

X
X

X
X
X
X

X

X

X
X
X

X
X

X
X
X
X
X
X
X
X

X

X
X

X

X
X
X
X
X
X

X
X
X
X
X
X
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X

X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
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Table 7. Innovative Services and degree of prioritisation in NaaS scenario

No

1
2
3
4
5
6
7
8
9
10
11
12

12
13

Services

End Users (railway
operators, passengers,
other end-users, other
paying customers)12

Moving Block (signalling)
GOAx (signalling) - ATO - ATP
Automated Train Operation - ATO
Precise and certified timing and train position
(signalling)
Improved railway emergency calls
IoT-enabled maintenance in railways (real time
and smart monitoring TCMS) ==> SMART RAILS
Precise and certified timing and train position
(signalling)
Monitoring infrastructure
Seamless connectivity available on board/at the
station
Cost analysis of operational and maintenance
(Big-Data)
IoT-enabled maintenance in railways (real time
and smart monitoring TCMS) ==> SMART RAILS
Ad-hoc operational data dispatching (provide
infrastructure and timetable data of ad-hoc

Prioritisation for End-user13

Monetization of the
service - billing
mechanism (e.g. rent, pay
for use, flat fee, etc.)

IM, RU
IM, RU
IM, RU
IM, RU

OPINION by:
MNOs
MISTRAL
CONSORTIUM
LOW
HIGH
LOW
HIGH
MEDIUM
HIGH
LOW
MEDIUM

Rent
Rent
Rent
Rent

IM, RU
IM, RU

MEDIUM
HIGH

MEDIUM
MEDIUM

Rent
Rent

IM, RU, PPDR

MEDIUM

MEDIUM

Rent

IM
RU,Passengers, PPDR

HIGH
HIGH

MEDIUM
MEDIUM

Rent
Rent

IM, RU

HIGH

MEDIUM

Rent

IM, RU

HIGH

MEDIUM

Rent

IM, RU

LOW

MEDIUM

Rent

Customer segment to which is oriented the service. Select who directly benefits from innovative services.deployment
We define a theoretical value of prioritisation for end users in the exploitation of innovative services (e.g. High/Medium/Low).
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16
17
18
19
20

21
22
23
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alternative routes to freight trains, e.g. for
energy saving or driver assisting systems)
Bidirectional realt time monitoring and recovery
of trains information and voice communication
Additional information (multi-modal seamless
experience)
Monitoring infrastructure
Non stop on board entertainment
Real-time video surveillance (on-board)
Context aware marketing, Context aware
shopping and services
Cost analysis of operational and maintenance
(Big-Data)
Assisted decision-making: Optimal choice for the
transport and route (criteria: more comfortable,
faster, cheaper, better connections, etc.)
Statistical analysis of safety-related failures of
systems and devices (ALARP principle applying)
Provide precise positioning data of trains(e.g. for
maps/guides in emergency cases)
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)
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IM, RU

LOW

MEDIUM

Rent

Passengers

HIGH

LOW

Pay for use

RU,Passengers
Passengers
Passengers
Passengers

HIGH
HIGH
HIGH
HIGH

MEDIUM
MEDIUM/LOW
LOW
LOW

Pay for use
Pay for use
Pay for use
Pay for use

Passengers

HIGH

LOW

Pay for use

LOW

Flat fee

Passengers

Passengers

MEDIUM

MEDIUM

Flat fee

Passengers

MEDIUM

MEDIUM

Pay for use

Passengers

HIGH

MEDIUM

Flat fee

Page 34 of 84

Submission date: 2018-05-24

5.2

Business Models
After having described the value proposition composed by innovative services in NaaA and NaaS for
all the actors involved in the migration, now we provide a visual representation – based on the Business
Model Canvas (Ostewalder and Pigneur, 2010) – of the business models envisaged for short-listed
scenarios.
The following figures show the counterfactual analysis for the IM (Figure 17) and the MNO (Figure
18).
Figure 19 and Figure 20 refer to scenario 1 (NaaA), for IM and MNO respectively. Main differences
with respect to the counterfactual scenario are highlighted in red. New partners, such as third parties,
and new innovative services with the deployment of 4G*-MC are relevant from economic point of view,
providing opportunities to open new business lines in the market.
Finally, Figure 21 and Figure 22 pertain to scenario 2 (NaaS), considering again both IM and MNO.
For MNOs, the core value proposition has to do with turn-key 4G connectivity for railway operators
(blue boxes) while innovative services can be the way for tapping into the expanded bandwidth
capacity (orange boxes).
Figure 17. Business Model for IM in NaaA - Scenario 0 (Counterfactual)
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Figure 18. Business Model for MNO in NaaA - Scenario 0 (counterfactual)

Figure 19. Business Model for IM in NaaA - Scenario 1
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Figure 20. Business Model for MNO in NaaA - Scenario 1

Figure 21. Business Model for IM in NaaS - Scenario 2a
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Figure 22. Business Model for MNO in NaaS - Scenario 2a
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6. Virtual Route
This chapter is the last goal of the WP3 and has the aim to build what we called ‘virtual route’. The
underlying idea is to build a theoretical line for railway traffic, which can be the basis to model a
communication network infrastructure and monitor the main differences coming from the specificities
of scenarios described in the previous chapters. To do this, it is crucial to have a clear idea of what
the inputs and outputs of the model are. We will consider as input most of the variables described in
D2.1, D3.1 and in the present deliverable, such as infrastructure costs, transversal variables and some
inputs from innovative services. Moreover, the technological part will be the basis for our model. As
output, we expect to have a set of financial results according to some technological assumptions that
would make the model as much as realistic as possible. The major result of this model is to provide a
methodological approach to be used in the future for analysing the migration towards a future scenario
where the ownership of the network can be shared among several operators not only railway specific,
as MNOs. Hereafter, we will provide a more detailed description of input, output and methodological
approach for our techno-economic proposition.
By considering the possible scenarios described in the chapter 4.3, we will mainly focus on three
scenarios for the quantitative analysis: scenario 0 (the counterfactual), scenario 1 (NaaA) and scenario
2b (NaaS with MNOs). In particular, in the scenario 2b our assumption is to have the MNO manage
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).

6.1

Methodological approach
In our techno-economic model we use a greenfield approach 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.
Even if it was difficult to get much primary data from the real market, we used a quantitative approach
based on real values for each site, i.e. site-based. We combined the higher granularity of information
collected through primary data and opinions by the Partners of the Consortium, with the secondary
resources coming from white papers, scientific reports and other sectorial papers. This approach
permits to have a country-based analysis with a particular focus on 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, we:


realize of a theoretical (virtual) ‘route’ with a representative topological business cases;



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



Create possible models of prediction (e.g. Bass Model for innovators, new adopters and
imitators) for number of users, pricing scheme, cost and revenue streams.

In doing this, we have built tables of variables that will be used for the model and that are classified
in four macro-classes: infrastructure variables, general context variables, innovative services variables
and financial variables.
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Steps for the virtual route
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 23). 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
business cases by changing some values of variables (top-down approach).
Figure 23. 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 24;

Figure 24. Example of route from two theoretical stations (A and B) and intermediate junctions
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Population in the main intersections of the route (stations, villages, residential areas, etc.).
For instance, in a route we have two main residential areas with around 1 million of inhabitant
(City A 880,000 citizens, City B 1.3 million of citizens and along the route other cities with
different population density.



Capacity of the route (both for HSL and historical line: number of trains per hour, number of
passengers per hour, coefficient of occupation). Examples of data collected for capacity in a
regional and HSL during the working days are provided by the following Table 8 and Table 9:

Table 8. Example of average coefficient of occupation for a typical regional route per year

Departure Hour Arrival Hour Average Load Max capacity of Train Coefficient of Occupation (%)
0:18
2:15
193
468
41,29
4:54
6:46
204
771,6
26,43
5:18
7:10
126
769,2
16,34
5:54
7:46
377
784
48,07
6:18
8:10
471
819,2
57,49
6:49
8:41
358
812,4
44,04
7:18
9:10
231
771,6
29,90
7:54
9:46
555
801,2
69,31
8:54
10:46
483
797,2
60,64
11:18
13:10
423
769,2
55,02
11:54
13:46
368
834,8
44,14
12:18
14:10
303
781,2
38,77
12:54
14:46
483
717,2
67,30
13:18
15:10
288
784
36,71
13:54
15:46
333
799,2
41,69
14:18
16:10
461
833,2
55,36
14:49
16:41
337
801,2
42,11
15:18
17:10
476
717,2
66,37
15:54
17:46
396
802
49,43
16:18
18:10
435
799,2
54,40
16:54
18:46
522
810,8
64,35
17:18
19:10
551
801,2
68,79
17:54
19:46
375
722
52,00
18:18
20:10
392
784
50,06
18:54
20:46
359
770,4
46,66
19:13
21:05
459
810,8
56,62
19:54
21:46
266
821,2
32,44
20:18
22:10
311
692,8
44,96
20:54
22:46
177
779,6
22,73
21:15
23:07
188
810,8
23,16
22:18
0:10
269
801,2
33,56
21:54
23:46
110
797,2
13,78
23:18
1:10
134
779,6
17,17
22:54
0:46
72
779,2
9,25
8:13
10:05
321
784
41,00
6:18
8:20
190
597,2
31,82
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6:40
7:50
8:30
17:35
17:40
18:15
18:40

8:40
9:20
9:50
18:55
19:10
20:16
20:37

179
168
100
154
210
208
243

466,8
614,8
240,4
273,6
597,2
468
610

38,44
27,35
41,55
56,36
35,13
44,45
39,88

Table 9. Example of average coefficient of occupation for a typical HSL route per year

AVERAGE VALUES
20,393,150
9,607,100,000
474
51,358,950
15,327,200
186
62.83%

Input
Passengers
Passengers/km
Average km per passenger
Train km/year
Sits/km
Passengers per train
Occupation (Passangers per km/Sits per km)



Typology of the route: we only consider HSL and historical mainline (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.



Route users can be constituted of commuters, leisure, business. Different degree of
passengers 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
Italy case. Example of routes are shown in the next Table 10.
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Table 10. Selected routes and related characteristics
TYPE of
the LINE
and total
length
(km),
number
of
Stations

Geographical
area (% of the
total line)14

Main
Stations
(city,
village,
etc.)

Metropolotian
City AMetropolitan
City B

Mainline –
around
153 km –
8 main
station
stops

10% urban and
sub-urban

Station A

900,000

6,789

Urban

133

27

6.5

Station B

27,000

525

Rural

51

3

23.5

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

900,000

6,789

Urban

6.5

Station B

50,000

2,300

Rural

135

(ZONE TYPE
A1)

Metropolotian
City AMetropolitan
City B
(ZONE TYPE
A2)
Metropolotian
City A – Small
Village
(ZONE TYPE B)

14
15

HSL – 148
km – 3
main
station
stops

Regional
line

90% rural
0% mountain

10% urban and
sub-urban
90% rural

Station C

Population
(no. of
inhabitants)

1,300,000

Population
Density
(citizens/km2)

Area (type)15

Name of the
Line

7,504

Area
(km2)

Distance
among the
main
stations
(km)

Urban

Area
(km)

7.5

0% mountain

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

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
Low % of
Leisure

High % of
Commuters
High % of
Business

AD
between
Sites (km)

6.343

μ = 63%

4.4

σ = 3.94%

4.4

Min = 53%

4.4

Medium % of
Leisure

Max = 69%

Medium % of
Commuters

μ = 11.49

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

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

Low % of
Business
Medium % of
Leisure

2.6

σ = 3.78

6.343

Min = 5.15

6.343

Max =16.72

6.343
6.343

MISTRAL
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(mountain)
(ZONE TYPE C)
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Regional
line – 83
km – 14
station
stops

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

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

Station S

2,000

60

Rural

33

11

11

6.343

Station T

18,000

490

Rural

37

18

18

6.343

Station A

900,000

6,790

Urban

133

-

6,5

Station B

17,000

1,400

Rural

12

7

11

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

(*) Source: MISTRAL Consortium elaboration

Document version: 1.0

Page 44 of 84

Submission date:

High % of
Commuters
Low % of
Business
Medium/High
% of seasonal
Leisure

μ = 18.43%

2.6

σ = 11.84%

6.343

Min = 1.10%

6.343

Max =64.10%

2.8
2.8

From this overview, we introduce some definitions of geographical area and of type of line. Concerning
the geographical area, we have:


Urban and sub-urban areas, to be considered together as an 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=πr2). 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. Hereafter, we can compute the value of radius as:

𝑘𝑚2 𝑜𝑓 𝑢𝑟𝑏𝑎𝑛 𝑎𝑟𝑒𝑎

𝑟𝑢𝑟𝑏𝑎𝑛 = √

𝜋

(1)

For instance, for the municipality of Torino, with an area of 130 km 2 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 three main types of line starting from
the five large groups of railway lines described by the X2RAIL-1 report (2017): Mainline Rail, Regional
Rail (where we also include the Secondary Rail and the Rapid Transit Rail), High Speed 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).



“High-speed Rail (HSR) is a type of rail transport that operates significantly faster than
traditional rail traffic, using an integrated system of specialized rolling stock and dedicated
tracks. While there is no single standard that applies worldwide, new lines in excess of 250
km/h and existing lines in excess of 200 km/h are widely considered to be high-speed, with
some extending the definition to include much lower speeds (e.g. 160 km/h) in areas for which
these speeds still represent significant improvements. Given the high speeds of the rolling
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stock circulating along these lines, the traffic control and signalling system must guarantee
maximum safety and reliability” (X2RAIL-1 report, 2017).

6.2.1

Variables for the Model
We have finalised a set of variables and collected all the values of inputs to define a cost function (see
Table 11, Table 12, Table 13 and Table 14). We divided variables in 4 categories/types (in bracket the
number of variables):
A. Infrastructure variables (n=15)
B. General context variables (n=13)
C. Innovative Services variables (n=4), difficult to estimate from a quantitative point of view, for
which reason, these variables will be implemented as unique global variable in order to
consider all of them for the model and it will be also used for a more qualitative analysis of
the business model design.
D. Financial variables (n=3) concerning inflation, interest and time horizon.
Hereafter, we describe the process to build the model and how we use all the variables and find the
right correlation among them.
The infrastructure variables refer to the inputs coming from the deployment, installation and
maintenance of the communication network infrastructures and equipment useful for mission critical
and not mission critical services. We consider both GMS-R and future candidate networks (i.e. 4G*MC, 4G*, etc.).
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Table 11. Infrastructure variables for the techno-economic model
ID
A.1

A.2

A.3a

A.3b

Name of the
variable/input
Cost of deployment
of a GSM-R site
(CapEx)

Cost of maintenance
GSM-R site (OpEx)

Cost of deployment
of 4G*-MC site,
starting from a
GSM-R site
Infrastructure reuse of a single GSMR site for building a
4G*-MC site

Notation

Description

C(GSMR)

This is the CapEx used for the
counterfactual AS-IS analysis.

1) Average CapEx Mainline =
from 60,000€ (per Site)

Data concern the deployment of a
typical GSM-R site according to
different characteristics of the route. It
will be also used as basis to compute
the cost of deployment of a 4G*-MC
site as specified by the following
variables

2) Average CapEx Mainline =
136,000€ (per Site)

This is the OpEx for the counterfactual
AS-IS analysis.

1) Average OpEx(GSM-R) = 5.5%
of CapEx

Data concern the maintenance of a
typical GSM-R site according to
different characteristics of the route
This is the theoretical cost to be
computed for a 4G*MC site if we
consider to build this from an existing
GSM-R site
This is the percentage of re-use of the
infrastructure of a single GSM-R site for
4G*-MC (e.g. shelter and accessories,
basement, pylon, power system,
power cable).

2) Average OpEx(GSM-R) =
7.75% of CapEx

OpEx(GSMR)

C(4G*MC)GSM-R

α

Several compatible assets exist and
may be re-used, for example the mast,
the power unit and other civilian
works. Networks equipment would not
be considered to be reused since
outdated.

Value

3) Average CapEx HSL =
324,000€ (per Site)

Value motivation
1) Systra report data
(but not clear what they
include in the cost)
2) Real data

3) Real data
1) Real data

2) Real data

(F)

1) α for Mainline = from 50% to
71.32% of the total cost for a
single Site

2) α for HSL = 74.07 of the total
cost for a single Site

1) 50% is from Systra
report, but we would
not consider it because
this value consider also
core network and
installation etc., while
71.32% has been
computed considering
real data detailing costs
of all infrastructure
assets and equipment
2) Real data detailing
the cost of infrastructure
and equipment
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Percentage of cost
difference between
GSM-R and 4G*-MC
network equipment

λGSM

This is the delta percentage of cost
difference between GSM-R and 4G*MC network equipment.

1) λGSM = -20% (F)

2) λGSM = 0% (theoretical
evolution cost of equipment)

3) λGSM = 20% (theoretical
evolution cost of equipment)

1) It could be computed
as the formula in the
model (F) taking into
account GSM-R and 4G
network equipment
costs that we have
available
2) We may consider also
the case of 0%
considering the
assumption that with
respect to 4G, the cost
of 4G*-MC equipment is
more expensive
3) The value of 20%
may be considered as
worst case but we NEED
to find references in the
literature
4) A possible estimation
of the delta percentage
of difference between
GSM and GSM-R can be
used for this evaluation.

A.4a

Cost of deployment
of a “new” 4G*-MC
site

C(4G*MC)NEW

A.4b

Cost of deployment
of a commercial 4G
site

C(4G)
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This it the cost of deployment of a new
4G*-MC
site,
that
includes
infrastructure and network equipment,
but not backhauling and core network.
Cost of deployment of 4G site
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(F)

C(4G) = 104,000-112,000 € per
site (backhaul not included)
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Real data
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Percentage of cost
difference between
4G and 4G*-MC
network equipment
deployment

λ4G

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

1) λ4G = 0% (theoretical evolution
cost of equipment)
2) λ4G = +10% (theoretical
evolution cost of equipment)

It is likely λ_4G ≥0 and
it mainly include
software upgrade of the
LTE 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 and
then applied to 4G
equipment cost that we
have available

A.5a

A.5b

A.6

Cost of deployment
of 4G*-MC site,
starting from a 4G
site
Infrastructure and
equipment re-use of
a single 4G site

Cost of maintenance
4G*-MC site (OpEx)

C(4G*MC)4G

β

OpEx(4G*MC)

This is the theoretical cost to be
computed for a 4G*MC site if we
consider to build this from an existing
4G site.
This is the percentage of re-use of
infrastructure and equipment of a
single 4G site (e.g. shelter and
accessories, basement, pylon, power
system, power cable).
We suppose that it is possible to reuse
most of assets and also part of the
networking equipment.
Data concerning the maintenance of a
typical 4G or 4G*-MC site according to
different characteristics of the route

(F)

β = 77%

Based on real data
detailing the costs of all
infrastructure assets

1) 6,000€ per site (per year) =
4,000 (energy) + 2,000
(maintenance)

1) Real data

2) We can also assume
OpEx(GSM-R) = OpEx(4G*-MC)
2) Our assumption
Document version: 1.0
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A.7a

Cost of the mobile
core network

C(CoreNet)

A.7b

Core network
percentage cost
with respect to
mobile radio access
Re-use of existing
core network

γ

A.7c

A.8

Average Distance
(AD) between two
radio sites to
provide full
coverage according
to the operating
frequency of 4G*MC network

δ

ADsite

Computed as percentage value with
respect to the costs of the mobile
access networks (overall cost of all
radio sites).
This is the percentage of cost of the
‘core network’ with respect to the cost
of all radio sites

(F)

γ = 80%

Based on real data

This is the percentage of the mobile
core network that can be re-used by
the entity implementing the network if
an already 4G core network is
available.

1) δ = 0 for IMs

1) for the IM in a NaaA
this percentage is 0%
since it has to build from
scratch the mobile core
network

Given the total cost of the mobile core
network that is required to effectively
support the access segment, the
percentage indicates the amount of
cost that is necessary to consider for
building or upgrading the core network

2) δ = 0.7-0.9 (or average δ =
0.75)

2) for the MNO the
percentage can be much
less since it can exploit
its existing core
network. It is likely that
the MNO has to invest
some money in any case
in the core network to
improve the support and
increase its reliability.
Thus we may consider a
percentage not
significantly high.

This value indicates the maximum
allowed distance between two radio
sites at a given operating frequency
that has been considered to be used by
the 4G*-MC .

1) more than 4.4 km at frequency
of 700 MHz

It does not take into account
redundancy and propagation delay
aspects. This value is used to compute
the number of radio sites according to
operating
frequency
as
main

3) around 3.5 km at frequency of
2100 MHz

2) 4.4 km at frequency of 80016
MHz

16 This value, 800 MHz, is an approximation. Indeed, the current frequencies for GSM-R are Uplink: 876–880 MHz used for data transmission Downlink: 921–925 MHz
used for data reception.
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parameter over which we perform the
analysis.

A.9

Reliability factor

μ

Factor to increase the number of radio
sites include reliability aspects

1) μ=1.5 if 1 additional
infrastructure every 2 sites
2) μ=2 if infrastructures are
doubled

A.10

Signal propagation
factor

Document version: 1.0

ρ

Factor to increase the number of radio
sites for taking into account signal
propagation aspects.

ρ(urban) = 2.4

It is used to simulate for example
mountainous areas where signal
propagation is limited and it is likely
that additional radio sites are required
to provide full coverage. Similarly, it
can be used where artificial barriers,
such as buildings, are present such as
in densely populated environment.

ρ(rural plain) = 6.3
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ρ(sub-urban) = 2.4

ρ(rural mountain) = 2.8
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1) μ=1.5 if 1 additional
infrastructure every 2
sites
2) μ=2 if infrastructures
are doubled
It depends on the
strategy adopted by the
MNO to provide
robustness in case of
failure. It may be equal
to 2 if all infrastructure
is replicated or it may be
equal to 1.5 in the case
that each 2 sites an
additional one is built to
overlap and provide
coverage in case of
failure of the two
neighbour sites
It depends on the
geographical area.
It is likely that in rural
mountain this factor is
much larger than in the
other geographic areas
and that presence of
buildings in urban and
sub-urban areas may
impact on this factor as
well, it is likely to have
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the following
relationship
ρ(rural mountain) >
ρ(urban) > ρ(suburban) > ρ(rural plain)

A.11

A.12

Traffic volume
factor

Percentage of LTE
coverage of railwayrelevant areas
provided by MNOs

σ

ε

Factor to increase the number of radio
sites for considering aspects related to
traffic volume requests.

σ(urban) = n/a

It is used to simulate larger traffic
volumes requests for some specific
areas requiring additional radio sites in
order to sustain the traffic volume
requests.

σ(rural plain) = n/a

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

ε(urban) = 90-100%

σ(sub-urban) = n/a

σ(rural mountain) = n/a

ε(sub-urban) = 90-100%
ε(rural plain) = 50-60-80%
ε(rural mountain) = 50-60-80%
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It depends on the
geographical area.
It is likely that in urban
and sub-urban areas the
traffic volumes are
larger than in rural area.
For 4G*-MC number of
sites this is likely to be
equal to 0 since no
broadband mission
critical services are
expected. It impacts on
the number of non
mission critical sites due
to broad innovative
services provided
option a) values of this
percentage can be
based on the report
"Broadband Coverage in
Europe 2016" in which
information about the
LTE coverage can be
found but it typically
refers to the coverage of
household and no clear
information about the
geographical coverage is
provided
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option b) consider as
reference the coverage
of tracks for which the
LTE coverage
information is available

A.13

Percentage of
upgraded GSM-R
sites

ϕ

This percentage defines how many of
the total number of 4G*-MC sites,
required for the considered route, are
based on existing GSM-R sites.

A.14

Percentage of
upgraded 4G MNO
sites

ω

A.15

Percentage of new
4G*-MC sites

ξ

A.16

Cost of 4G
equipment

4G Eq

A.17

Obsolescence rate
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θ

Example: suppose that the total
number of 4G*-MC sites planned for a
given virtual route is 100 and this
percentage is 50%, the number of
these sites that are implemented using
the existing GSM-R sites is 50
This percentage defines how many of
the total number of 4G*-MC sites,
required for the considered route, are
based on upgraded MNO 4G sites.
This percentage defines how many of
the total number of 4G*-MC sites,
required for the considered route, are
new 4G*-MC sites
Data from partners

φ+ω+ξ=1 (constraint)

To be defined according
specific virtual route
under evaluation.

φ+ω+ξ=1 (constraint)

To be defined according
specific virtual route
under evaluation.

φ+ω+ξ=1 (constraint)

To be defined according
specific virtual route
under evaluation.

Antenna = from 4,000€ to
7,000€
Apparatus = from 20,000€ to
25,000€
From 50% to 100%

Yearly rate of obsolescence of GSM-R
after 2030
(*) (F) = computed by the Formula of the model
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Table 12. General context variables
ID

Name of the variable

B.1

B.1

Notation

Description

Value

Procurement for
infrastructure/equipment

It is more intuitive that differences in prices could come from different
tendering process. Indeed, a competitive tendering process can reduce the
prices of equipment much more than a direct award

Qualitative variable

‘Potential’ revenues due
to increasing of
coverage network for
MNOs (NaaS)

Marginal benefit from the increasing of demand for commercial services:
increasing of number of potential customers, new business opportunities,
etc. MNO can improve the coverage of its commercial network. It may be
considered as variable or just as a fixed factor (e.g. how many new
consumers/area can reach). Increasing of demand of customers for MNOs.

Qualitative variable

Value
motivation

Expected revenues stream according to some prediction model (e.g. Bass
model) can be included in the model but considered for the final results
Maybe this is not the scope for D3.2. We could consider a more qualitative
approach for this variable
B.3

Licence fees (Input)

Η

Cost of the licences for 4G*-MC and for 4G frequencies.

See paragraph 6.3

We can use the latest LTE auctions as reference for defining likely
frequency fees. Comparison for different EU countries should be important.
In general, our assumption will be that frequency will be divided between:


Dedicated for 4G*-MC



Commercial 4G

We can set up, for instance:

B.4

EU co-funding for
deployment of NaaS
scenario

Document version: 1.0



Frequency cost for 700 MHz



Frequency cost for 800 MHz



Frequency cost for 2100 MHz

We may consider this variable as an "after-evaluation variable" (ex-post).
In the sense that we select the EU co-founding percentage that makes
economically viable the NaaS scenario. Otherwise, we can consider

Page 54 of 84

Submission date:

Quantitative variable

We can use the
latest LTE
auctions as
reference for
defining likely
frequency fees.
Comparison for
different EU
countries should
be important. In
general, our
assumption will
be that frequency
will be divided
between
Dedicated for
4G*-MC and
Commercial 4G
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percentages of co-founding that are typically provided. It could be also as
an input for the scenarios 2b
B.5

Geographical area

geo

These may be the main geographical areas: urban, suburban rural plain,
rural mountainous.
Main issue is to determine which features are to consider for characterizing
each area. Main features could be:
- Urban and sub-urban areas have larger commercial LTE coverage with
respect to rural areas
- Mountainous rural areas require a larger number of radio sites due to
geographical barriers for signal propagation.
We need to define which characteristics each area presents and set the
values of involved variables accordingly
The number of antenna sites in mountain regions is determined by the size
of the region and by the characteristics of the mountains and of the valleys
to be covered. Several characteristics of mountains, going beyond simply
their height, have a significant influence on the distribution of sites. For
example, a single antenna on the top of a mountain could have a much
larger coverage than several antenna sites placed in the valleys; however,
a single site might leave several white spots on mountain roads that would
require several additional sites. There are additional costs to provide
coverage in mountain areas. The installation of antenna sites under difficult
conditions and problems of accessibility increase the costs of construction
and operation of the access network and backhaul in the mountains.
However, additional costs are mainly driven by the costs of connecting
antenna sites. Even if, in mountain areas, the population density is lower
and therefore fewer antenna sites are required to satisfy capacity demand,
the additional costs to provide coverage are not be fully offset by the lower
number of sites needed. Cities and villages (population centres) over 1500
metres above sea level have not been classified as mountain areas, but as
urban or suburban regions.
Tunnels exceeding a given length cannot be covered with external antenna
sites and require additional antennas inside the tunnels. Consequently, the
number and the length of tunnels in a country influences the mobile
network cost if they need to be covered.
Type of the geographical area that characterize a portion of the virtual
route
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1) urban

2) sub-urban

3) Rural-Plain

4) Rural-mountains

Assumption

MISTRAL
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Ο

This is the cost of rent a field where to build a 4G site.
Different costs of renting a location for a “new” site

12,000€ per site (per
year)

Social/welfare benefit
for population

White areas to cover limited to access areas or uncomfortable areas. In
some cases, MNOs and IMs/RUs are forced to cover some areas from
regulation

Qualitative, Value
proposition model

B.8

Cost for MNOs to
buy/rent the GSM-R
network from IMs
(Input)

It is difficult to predict a value but it can be a solution of the model. We
may consider this variable as an "after-evaluation variable" (ex-post)

Quantitative/qualitative

B.9

Regulation (e.g. NIR)

Country regulation on non-ionizing radiation
Influence the number of antenna sites and can have a larger
impact on mobile costs. Restrictions concerning NIR at places with
sensitive use (e.g. apartments or schools) are a limiting factor for
the transmission power of a mobile site. The radiation values in
the countries
are modelled in relation to the local exposure limits. These
restrictions have an influence on the number of antenna sites
required

Qualitative: some
reports provide
information about the
level of tolerance for
different EU countries,
but I think we can
consider as a generic
qualitative variable for
business cases and non
for the virtual route

B.10

Total number of sites for
a route

S

This is total number of sites required by 4G*-MC

(F)

B.11

Number of additional
sites for the 4G
commercial network

R

This is the number of additional sites required for a selected route
for providing complete coverage of 4G commercial network
services.

B.12

Frequency

fre

Frequency considered for 4G*-MC or for 4G mobile network

1) 700 MHz

Assumption

2) 800 MHz
3) 2100 MHz
B.13

Number of additional
sites for the 4G
commercial network

R

This is the number of additional sites required for a selected route for
providing complete coverage of 4G commercial network services.

1) 0

2) S
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We would limit
the analysis to
two specific
cases: 1) 4G and
4G*-MC operate
on a similar
frequency, 2) 4G
operates on a
frequency in the
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2100 MHz band
while 4G*-MC
operates on a
frequency in the
700 or 800 MHz
bands
1) In the case
that 4G and 4G*MC networks
operate on
similar
frequencies, R is
zero.
2) In the case
that the
frequency of 4G
is about the
double of the
4G*-MC (for
example 700 MHz
or 800 MHz for
4G*-MC and
around 2 GHz for
4G) the number
of sites required
to provide the full
coverage of 4G
commercial
services would be
about the double
of the number of
sites required by
4G*-MC and R
would then
assume the value
of S (total
number of sites
required by 4G*MC as computed
for variable S)
Document version: 1.0
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since we assume
that half of the
sites for
commercial and
non-critical
services will be
provided by the
sites providing
4G*-MC

Table 13. Innovative services variables
ID

Innovative Services
Variables

Description

All these variables will
be computed as an
unique variable with an
only one value

C.1

Economic benefits for IMs,
RUs due to innovative
services (maintenance,
surveillance, etc.)

In case of NaaA - services of type 2 (not critical
services related to railways applications, e.g.
surveillance, preventive maintenance)

Qualitative, Value
proposition model

C.2

Revenues for MNOs for
renting the network to IMs,
RUs and third parties
offering innovative services

In case of NaaS - services of type 2 and 3 (not critical
services related to railways and to passengers)

Qualitative, Value
proposition model

C.3

Revenues for MNOs from the
IMs and RUs for using the
network for safety and
control services

In case of NaaS - services of type 1 (critical services)

Qualitative, Value
proposition model

C.4

Revenues for MNOs (NaaS)
and IMs (NaaA) from
innovative non-critical
services

I would consider all the revenues that are not dedicated
to safety or control operations. It may be split in two
variables, one considering IM/RU related services and
the other one for passengers services. Increasing of
demand of new customers can be a proxy of our
values. MNO can improve the coverage of its
commercial network. It may be considered as variable

Qualitative, Value
proposition model
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Note

Inputs will be get from the table of
Innovative Services to be filled in by
Partners of the Consortium and external
stakeholders (see chapter 5.1).
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or just as a fixed factor (e.g. how many new
consumers/area can reach). Increasing of demand of
customers for MNOs

Table 14. Financial variables
ID

Name of the variable

D.1

Inflation rate

Notation

Description

𝜋

Values

Value motivation



𝜋 = 3.5%



𝜋 = 1.35%

Assumption from several report for
economic analysis in railway
investments



𝜋 = 3.5%



1.35% in EU (end of 2017)

Other values will be considered
D.2

D.3

Interest Rate/Discount
Rate

𝑟

Time horizon (life time
for
infrastructure/equipment)

𝑡
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Current or expected interest rate in
the market



i = 2%



Other values will be considered

Length of the investment for the
deployment of the new network
technology, starting from year 2030



15 years



Other values will be considered
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Assumption from several report for
economic analysis in railway
investments
Assumption from several report for
economic analysis in railway
investments. But we can relax this
value and simulate for different time
horizon

6.3

Definition of the cost function and economic model
The total cost function of the deployment of 4G*MC and 4G sites is constituted by considering the
following set of costs:
1. CapEx of GSM-R site (AS-IS), where we have real values for some Italian routes
2. CapEx of a 4G*MC site (both in case of NaaA and NaaS) that can be built
a. As a “new” site
b. From a GSM-R site
c.

From a 4G site

3. CapEx of a 4G site (in case of NaaS)
4. CapEx of the core network
5. OpEx of a GSM-R site
6. OpEx of a 4G*MC site
7. OpEx of a 4G site
8. Number of sites in a route
9. Other costs and revenues.
Hereafter we have the description of the logic for 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 to the CapEx, we divided the site in three components: infrastructure, equipment and core
network by considering two separated networks: 4G and 4G*MC (Figure 25). Concerning to the OpEx
we considered the sum of maintenance of mission critical and non mission ciritcal network plus other
possible instalments, according to a discounted cash flow approach (Figure 26).
Figure 25. CapEx for the infrastructure building both for AS-IS and TO-BE

(*) Source: MISTRAL Consortium elaboration
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Figure 26. OpEx for the infrastructure building both for AS-IS and TO-BE

(*) Source: MISTRAL Consortium elaboration

1. The CapEx of a GSM-R site is computed with real data from Italian business case. Data of equipment
has been collected and it will be the basis for our counterfactual analysis. We have also collected
information from EU reports to have a generic comparison of these data.
2. The CapEx of a 4G*MC site is divided in the following CapEx
2a. The CapEx of a “new” 4G*MC site, in case of NaaS, 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 include
software upgrade of the LTE 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.

2b. The CapEx of a 4G*MC site built on GSM-R site is:
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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 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.
2c. The CapEx of a 4G*MC site built on 4G site is:
𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )4𝐺 = 𝐶(4𝐺𝑠𝑖𝑡𝑒 ) − 𝛽𝐶(4𝐺𝑠𝑖𝑡𝑒 ) + 𝜆4𝐺 ∙ 𝐶(4𝐺𝑠𝑖𝑡𝑒 ) = (1 − 𝛽 + 𝜆4𝐺 )𝐶(4𝐺𝑠𝑖𝑡𝑒 )

(4)

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.

Variables used by the model (Table 11): A.1, A.3, A.4, A.5
3. CapEx of a 4G site (in case of NaaS) has been included in the previous formulas.
4. The CapEx of the core network is computed as:

𝐶(𝐶𝑜𝑟𝑒𝑁𝑒𝑡) = 𝛾 ∙ (1 − 𝛿) ∙ 𝑆 ∙ 𝐶(4𝐺𝑠𝑖𝑡𝑒 )

(5)

Where:


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



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



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



𝛾 is the percentage of cost of the ‘core network’ with respect to the cost of all radio sites
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𝛿 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).
Variables used by the model (Table 11): A.7
5. The OpEx of a GSM-R site is computed with real data from an Italian business case. Data of
equipment has been collected and it will be the basis for our counterfactual analysis. We have also
collected information from EU reports to have a generic comparison of these data.
Variables used by the model (Table 11): A.2
6. The OpEx of a 4G*MC site is computed with real data.

𝑂𝑝𝐸𝑥(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )𝑡 = ∑15
𝑡=1 (

𝑀𝑎𝑖𝑛𝐶𝑜𝑠𝑡(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )
(1+𝑖)𝑡

(6)

)

We do not consider OpEx of the core network.


𝑀𝑎𝑖𝑛𝐶𝑜𝑠𝑡(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 ) is the maintenance cost for a 4G*MC site based on the cost for a 4G
site or for a GSM-R site



𝑖 is the interest rate in the market



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

Hence, the total OpEx will be:
𝑂𝑝𝐸𝑥(4𝐺 ∗ 𝑀𝐶𝑟𝑜𝑢𝑡𝑒 )𝑡 = ∑15
𝑡=1 (

𝑀𝑎𝑖𝑛𝐶𝑜𝑠𝑡(4𝐺 ∗ 𝑀𝐶𝑆𝑖𝑡𝑒 )
(1+𝑖)𝑡

)∙𝑆



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



OpEx(4G∗ MCroute ) is the total OpEx for a route

(7)

Variables used by the model (Table 11): A.6
7. The OpEx of a 4G site is computed with real data.
The cost of a 4G site is used to compute the cost of 4G*MC site and the cost of 4G for the new sites
built by the MNO to cover all the route. This value is based on real data.
8. The number of sites for a route is computed as:
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𝑆 = ∑𝑔𝑒𝑜𝑔𝑟𝑎𝑝ℎ𝑦 (

𝐿𝑒𝑛𝑔ℎ𝑡 𝑜𝑓 𝐿𝑖𝑛𝑒 𝑖𝑛 𝑘𝑚 (𝑔𝑒𝑜)
𝐴𝐷𝑠𝑖𝑡𝑒 (𝑓𝑟𝑒𝑞)

∙ 𝜇 ∙ 𝜌(𝑔𝑒𝑜))

(8)

Where:


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



ADsite (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 by the 4G*-MC



μ is a factor for increasing redundancy of sites for improving availability



ρ(geography) is a 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

Example of computation of ρ(geography) comes from real data and average values we find for different
type of line (Table 15). From this table, we selected a base value for distance (open area with around
Base Value (open area)
4+400 km of AD) and we compute the ratios as 𝜌 =
.
𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝑡𝑦𝑝𝑒 𝑜𝑓 𝑎𝑟𝑒𝑎

Table 15. Examples of scenarios of propagation and related distances between sites

Scenario of propagation (800MHz)
Open Area – HSL
Open Area (MI-BO) – HSL
Open Area (TO-MI) – HSL
Open Area (TR-BR) – HSL
Lot of tunnel (BR-VR)
Generic Open Area – HSL
Urban
Mountainous rural areas
Mountainous rural areas (BO-FI)
Mountainous rural areas (RM-NA)
Historical Line (base value)
Historical Line (other possible base value)
In Tunnel

Distance in Km
4.400
4.554
4.243
3.811
2.197
3.300
2.600
2.800
2.203
2.890
6.353
8.000
2.000

ρ
1.44
1.40
1.50
1.67
2.89
2.12
2.44
2.27
2.88
2.20
1
3.18

(*) Source: MISTRAL Consortium elaboration

These variables will not be computed using formula, but they will be defined according to some specific
inputs and according to the specific virtual route under evaluation.
Variables used by the model (Table 11): A.8, A.9, A.10, A.11
9. Other variables
Other costs and revenues have been considered. In particular:
9.a Licence cost. This cost represents a CapEx or OpEx according to the type of licence we refer.
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 to railway: there is a strict existential
dependency on the frequency issue. Today, band dedicated to railway specific services is 800
MHz (more specifically, Uplink: 876–880 MHz used for data transmission Downlink: 921–
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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.
1. The telco operator decide to enter in the market of railway communication providing both
mission critical and other non mission critical services. MNO could rent the frequency from
IMs that has the ownership of the frequency. 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 if perpetual licence scheme
𝑂𝑝𝐸𝑥(𝑓𝑟𝑒𝑞) = ∑15
𝑡=1

𝐹𝑡
(1+𝑖)𝑡

, if a annual fee is paid from MNOs to IMs

2. The telco operator decide to enter in the market of railway communication providing both
mission critical and other non mission critical servicesbut 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 purpose. Clear economies of scope arise
from this model. In a hypothetical scenarios, frequencies can be allocated regional level to
different 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(800 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



800 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 800 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 800 MHz) to deploy better
its new infrastructure for services of type 2, 3 and 4.
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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)17 are shown hereafter:


𝐿𝑖𝑐𝑒𝑛𝑐𝑒(800 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 tender 18:


𝐿𝑖𝑐𝑒𝑛𝑐𝑒(700 𝑀𝐻𝑧) ~ 369,507,400€



𝐿𝑖𝑐𝑒𝑛𝑐𝑒(800 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
27).
Figure 27. Different frequencies for NaaS scenarios

(*) Source: MISTRAL Consortium elaboration
17

Let consider the agreement for the period 2011-2029. The values from 800 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
18
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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̅, the field for a 4G and 4G*MC site is an OpEx. This is based on real data. We should
9.b Rental cost, Ο
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.
9.c Revenue streams from business activities exploiting 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)
(1+𝑖)𝑡

(9)



𝐸[𝑅𝑒𝑣] is the expected value of revenues stream



𝐶𝐹 are the positive Cash Flows expected in a route



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.

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. We can use some proxy of number of
subscribers and number of passengers.

TOTAL COST FUNCTION (CapEx)
The Total Cost (CapEx) of the deployment of the future communication network owned by MNOs
(including additional site for providing full commercial 4G coverage) will be:
𝑇𝑜𝑡 𝐶𝑎𝑝𝐸𝑥 = [𝜑 ∙ 𝑆 ∙ 𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )𝑛𝑒𝑤 + 𝜔 ∙ 𝑆 ∙ 𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )𝐺𝑆𝑀𝑅 + 𝜉 ∙ 𝑆 ∙ 𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )4𝐺 ] + 𝐶(𝐶𝑜𝑟𝑒𝑁𝑒𝑡) + 𝑅 ∙ 𝐶(4𝐺𝑠𝑖𝑡𝑒 ) (10)

Where:


φ is the percentage of new 4G*-MC sites



ω is the percentage of upgraded GSM-R sites



ξ is the percentage of upgraded 4G MNO sites



φ+ω+ξ=1



S is the number of 4G*-MC sites for the entire virtual route



C(CoreNet) is the cost of the core network



(1 − ε) ∙ R ∙ C(4Gsite ) is the cost required by the MNO to install additional 4G only commercial
sites for providing full coverage of non-critical commercial services in case that operating
frequency of non-critical services is different from operating frequency of 4G*-MC
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R is the number of additional sites required for a selected route for providing complete
coverage of 4G commercial network services, in the case that 4G and 4G*-MC networks
operate on similar frequencies, R is zero, in the case that the frequency of 4G is about the
double of the 4G*-MC (for example 700 MHz or 800 MHz for 4G*-MC and around 2 GHz for
4G) the number of sites required to provide the full coverage of 4G commercial services would
be about the double of the number of sites required by 4G*-MC and R would then assume the
value of S (total number of sites required by 4G*-MC as computed in the bullet 8) since we
assume that half of the sites for commercial and non-critical services will be provided by the
sites providing 4G*-MC. We can compute the value of R also as:

𝑅 = ∑𝑔𝑒𝑜𝑔𝑟𝑎𝑝ℎ𝑦 (

𝐿𝑒𝑛𝑔ℎ𝑡 𝑜𝑓 𝐿𝑖𝑛𝑒 𝑖𝑛 𝑘𝑚 (𝑔𝑒𝑜)
𝐴𝐷𝑠𝑖𝑡𝑒−𝑐𝑜𝑚 (𝑓𝑟𝑒𝑞)

∙𝜌−

𝐿𝑒𝑛𝑔ℎ𝑡 𝑜𝑓 𝐿𝑖𝑛𝑒 𝑖𝑛 𝑘𝑚 (𝑔𝑒𝑜)
𝐴𝐷𝑠𝑖𝑡𝑒−𝑚𝑐 (𝑓𝑟𝑒𝑞)

∙ 𝜇 ∙ 𝜌) ∙ (1 − 𝜀(𝑔𝑒𝑜)) (11)



𝐴𝐷𝑠𝑖𝑡𝑒−𝑐𝑜𝑚 (𝑓𝑟𝑒𝑞) is the average distance between sites for commercial services



𝐴𝐷𝑠𝑖𝑡𝑒−𝑚𝑐 (𝑓𝑟𝑒𝑞) is the average distance between 4G*-MC sites. Not that if commercial sites
and mission critical sites use the same frequency, we have that 𝐴𝐷𝑠𝑖𝑡𝑒−𝑐𝑜𝑚 (𝑓𝑟𝑒𝑞) =
𝐴𝐷𝑠𝑖𝑡𝑒−𝑚𝑐 (𝑓𝑟𝑒𝑞), so R=0, no further sites are needed to be built



𝐿𝑒𝑛𝑔ℎ𝑡 𝑜𝑓 𝐿𝑖𝑛𝑒 𝑖𝑛 𝑘𝑚 (𝑔𝑒𝑜)
𝐴𝐷𝑠𝑖𝑡𝑒−𝑐𝑜𝑚 (𝑓𝑟𝑒𝑞)

represents the number of sites for commercial 4G needed to cover all

the route (that usually have a frequency of 1800 or 2100 MHz so, in theory, it should be
greater than the number of sites for 4G*-MC at frequency of MHz 800)


𝐿𝑒𝑛𝑔ℎ𝑡 𝑜𝑓 𝐿𝑖𝑛𝑒 𝑖𝑛 𝑘𝑚 (𝑔𝑒𝑜)
𝐴𝐷𝑠𝑖𝑡𝑒−𝑚𝑐 (𝑓𝑟𝑒𝑞)

= 𝑆 and it represents the number of sites for mission critical services,

4G*-MC, needed to cover all the route


ε is the percentage of tracks area that is assumed to be covered by commercial LTE (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). Possible values for are shown in the following Table 16:
Table 16. Values of coverage of 4G for different types of area

Scenario of propagation (800MHz)

εj

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

90-100%
90-100%
50-60-80%

(*) Source: MISTRAL Consortium elaboration

As shown in the following figures, we can have two main assumptions for deployment and frequency
issues. The first (i.e. Hp1 shown in Figure 28 and Figure 29) is to assume that 4G*-MC sites are at a
frequency of MHz 800 while frequency for non mission critical services could be at MHz 2100 (Figure
28). In this case, figure shows that the overall coverage is not reached by 4G equipment built in the
same site of 4G*-MC sites. For this reason, we should consider some additional investments building
new 4G sites that make the coverage for the residual part of the communication network (Figure 29).
In this case, we can have part of the network already covered by some 4G commercial sites of MNOs
(yellow sites). The second assumption (Hp2 shown in
Figure 30) is to consider both 4G*-MC and 4G sites at the same frequency of MHz 800. In this case,
no further additional sites are needed (
Figure 30).
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Figure 28. Coverage of 4G and 4G*-MC sites and their frequencies: Assumption 1

(*) Source: MISTRAL Consortium elaboration

Figure 29. Coverage of 4G and 4G*-MC sites and their frequencies: Assumption 2

(*) Source: MISTRAL Consortium elaboration

Figure 30. Coverage of 4G and 4G*-MC sites and their frequencies: Assumption 3

(*) Source: MISTRAL Consortium elaboration
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The final formula for CapEx is:
𝑇𝑜𝑡 𝐶𝑎𝑝𝐸𝑥 = [𝜑 ∙ 𝑆 ∙ 𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )𝑛𝑒𝑤 + 𝜔 ∙ 𝑆 ∙ 𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )𝐺𝑆𝑀𝑅 + 𝜉 ∙ 𝑆 ∙ 𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )4𝐺 ] + 𝐶(𝐶𝑜𝑟𝑒𝑁𝑒𝑡) + (1 − 𝜀) ∙ 𝑅 ∙ 𝐶(4𝐺𝑠𝑖𝑡𝑒 )
=
= 𝜑 ∙ 𝑆 ∙ [(1 + 𝜆4𝐺 ) ∙ 𝐶(4𝐺𝑠𝑖𝑡𝑒 ) + 𝐶(4𝐺𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 )] + 𝜔 ∙ 𝑆 ∙ [(1 − 𝛼) ∙ (1 + 𝜆𝐺𝑆𝑀𝑅 ) ∙ 𝐶(𝐺𝑆𝑀𝑅𝑠𝑖𝑡𝑒 ) + 𝐶(4𝐺𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 )] +
+ 𝜉 ∙ 𝑆 ∙ (1 − 𝛽 + 𝜆4𝐺 ) ∙ 𝐶(4𝐺𝑠𝑖𝑡𝑒 ) + 𝛾(1 − 𝛿) ∙ 𝑆 ∙ 𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )𝑛𝑒𝑤 + (1 − 𝜀) ∙ 𝑅 ∙ 𝐶(4𝐺𝑠𝑖𝑡𝑒 )

=

∑
𝑔𝑒𝑜𝑔𝑟𝑎𝑝ℎ𝑦

(

=

𝐿𝑒𝑛𝑔ℎ𝑡 𝑜𝑓 𝐿𝑖𝑛𝑒 𝑖𝑛 𝑘𝑚 (𝑔𝑒𝑜)
∙ 𝜇 ∙ 𝜎(𝑔𝑒𝑜) ∙ 𝜌(𝑔𝑒𝑜)) ∙ [𝜑 ∙ (1 + 𝜆4𝐺 ) ∙ 𝐶(4𝐺𝑠𝑖𝑡𝑒 ) + 𝐶(4𝐺𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 ) +
𝐴𝐷𝑠𝑖𝑡𝑒 (𝑓𝑟𝑒𝑞)

+ 𝜔 ∙ (1 − 𝛼) ∙ (1 + 𝜆𝐺𝑆𝑀𝑅 ) ∙ 𝐶(𝐺𝑆𝑀𝑅𝑠𝑖𝑡𝑒 ) + 𝐶(4𝐺𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 ) + 𝜉 ∙ (1 − 𝛽 + 𝜆4𝐺 ) ∙ 𝐶(4𝐺𝑠𝑖𝑡𝑒 ) +

(12)

+ 𝛾 ∙ (1 − 𝛿) ∙ 𝐶(4𝐺 ∗ 𝑀𝐶𝑠𝑖𝑡𝑒 )𝑛𝑒𝑤 ] + (1 − 𝜀) ∙ 𝑅 ∙ 𝐶(4𝐺𝑠𝑖𝑡𝑒 )

TOTAL OpEx and OTHER STREAMS
The Total OpEx and other stream of flows will be:

Tot Flows = [∑15
𝑡=1 (

6.4

𝑀𝑎𝑖𝑛𝐶𝑜𝑠𝑡(4𝐺 ∗ 𝑀𝐶𝑆𝑖𝑡𝑒 )
(1+𝑖)𝑡

)+

̅
Ο
(1+𝑖)𝑡

] ∙ 𝑆 − 𝐸[𝑅𝑒𝑣]

(13)

Results of the model
This paragraph presents the first insights of the model with some examples about how we computed
some values. First, we computed the geographical characteristics of the route based on real data from
secondary sources. The final result of this computation is the percentage of urban, suburban, rural
and mountain area to be used for the calculation of distances between sites (base stations) according
to the different topological characteristics. Indeed, for instance in urban centre, the distance between
sites should be lower than in urban area for many reasons, as for the presence of numerous barriers
for transmission, as shown also in the Table 15. Hereafter, we provide an example of computation of
these values from a real generic route of Italy, route usually used by commuters and business
operators for work or for leisure passengers in order to arrive to the main airports (Table 17).
We should repeat that data come from a panel of European mobile and railway operators and from
secondary sources.
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Table 17. Example of real route: calculation of the main topological characteristics
Stations

Population
(number of
inhabitants) 19

Density20

Area
(km2) 21

Area
radius
(km)22

Km of distance
between the main
stations23

Km of distance
between the main
stations24

Station (A)

900,000

6,789

133

6

27

6.5

Station (B)
Station (C)
Station (D)
Station (E)
Station (F)
Station (G)

27,000
9,000
46,000
105,000
24,000
50,000

525
165
580
1,000
1,000
2,300

51
55
79
105
24
22

4
4
5
6
3
3

3
27
20
20
23
14

23.5
27
20
20
23
18.6

Station (H)

1,300,000

7,504

173

7

12

7.4

Total Km
Percentage

146
100%

UrbanSuburban
(km)25

Rural
(km)

Mountain (km)

X
X
X
X
X
X
X
X
14
10%

85
58%

0
0%

(*) Source: MISTRAL Consortium elaboration

19

Data from Wikipedia.
Data from Wikipedia.
21
Data from Wikipedia.
22
All the values are computed with the formula (1).
23
Data from Wikipedia.
24
Values computed based on ‘km of distance among the main stations’ and ‘radius’. Our main assumption for this is that we consider the radius for the urban-suburban area
only for the cities with a population greater than 300,000 of inhabitants. The rationale of this assumption is that, from real data, we can see that in the big metropolis we
can have around 3-4 base stations that means, on average, around one base station every 2-3 km. This computation is in line with the computation of distance for different
geographical areas. For cities with less than 300,000 inhabitants, we can consider the same distance as for rural area because the distance among the base stations should
be affected too much by the characteristics of the network coverage.
25
For the definition of urban, sub-urban, rural and mountain we remind to the initial part of this chapter.
20

As following, we compute the model by using real data and according to our assumptions about
variables values. We consider the route from Station A to Station H of Table 17 (Business Case 1),
and we highlight the passages of the computation for case of NaaS (Figure 31) and NaaA deployment
(Figure 32), respectively. The other examples for the other routes will be inserted in the Annex I.

Figure 31. Example of NaaS computation for Business Case 1 - Zone Type A1 – Urban-Urban
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Figure 32. Example of NaaA computation for Business Case 1 - Zone Type A1 – Urban-Urban
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The following tables synthetize the results of the model for each of the three scenarios (Table 18).
Table 18. TCO - Results of the model for network deployment (Zone Type A – Urban-Urban)

Variables
Km of Line
Time (years)
Cost for NEW 4G*MC site
Cost for 4G*MC with by reusing part of GSM-R sites
Cost for 4G*MC by re-using
part of 4G sites
CapEx for a GSM-R site
Cost for Core Network
Number of sites
Number of additional sites
CapEx for a 4G site

132
15
162,400
58,464

132
15
162,400
-

GSM-R – NaaA (IM)
132
15
-

48,160

-

-

85,636
26.14
2.17
112,000

2.342.543
26.14
-

136.000
26.14
-

Total CapEx for a route

2,136,738

5,898,188

3,555,645

OpEx(GSMR) per site
OpEx(4G*MC) per site
OpEx(4G) per R per site

7,480
6,732
6,000

7,480
6,732
-

195,560.50
-
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Total (discounted) OpEx for
GSM-R for a route (in 15
years)
Total (discounted) OpEx for
4G*MC for a route (in 15
years)
Total OpEx of 4G for all the
additional sites
CapEx for Frequency –
Licence Fee (800 MHz)
Licence Fee cost per year
(800 MHz)
Total (discounted) cost for
rening a site fields (15 years)
Total Costs of Ownership
(TCO)

-

-

5,025,617

4,523,055

4,523,055

-

334,971

-

-

369,507,400

-

-

24,633,827

-

-

313,733

-

-

7,308,49826

10,734,97727

8,581,26228

Table 19. TCO - Results of the model for network deployment (Zone Type B – Urban-Rural)

Variables
Km of Line
Time (years)
Cost for NEW 4G*MC site

4G – NaaS (MNO)

4G – NaaA (IM)
140
15

140
15
-

GSM-R – NaaA (IM)
140
15

162.400
Cost for 4G*MC with by reusing part of GSM-R sites
Cost for 4G*MC by re-using
part of 4G sites
CapEx for a GSM-R site
Cost for Core Network
Number of sites
Number of additional sites
CapEx for a 4G site
Total CapEx for a route
OpEx(GSMR) per site
OpEx(4G*MC) per site
OpEx(4G) per R per site

58.464
48.160
529,395
23.63
2.21
112.000

2,117,580
23.63
-

136.000
23.63
-

1,934,079
7.480
6.732
6.000

5,331,765
7.480
6.732
-

3,214,184
176,780
-

26

In this cost we do not include the licence cost.
In this cost we do not include the licence cost.
28
We consider as assumption that the obsolescence rate for GSM-R is around from 50 to 100% from 2030, according
also to what Systra report says: “the assumption considered in the model is GSM-R operation cost on IM side doubles
between 2030 and 2040”. We can relax the model by considering also other values for the technological obsolescence
curve of GSM-R.
27
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Total (discounted) OpEx for
GSM-R for a route (in 15
years)
Total (discounted) OpEx for
4G*MC for a route (in 15
years)
Total OpEx of 4G for all the
additional sites
CapEx for Frequency –
Licence Fee (800 MHz)
Licence Fee cost per year
(800 MHz)
Total (discounted) cost for
rening a site fields (15 years)
Total Costs of Ownership
(TCO)

-

-

4,542,989

4,088,690

4,088,690

-

334,971

-

-

24,633,827

-

-

369,507,400

-

-

283,605

-

-

6,641,345

9,704,060

7,757,174

Table 20. TCO - Results of the model for network deployment (Zone Type C – Urban-Mountain)

Variables
Km of Line
Time (years)
Cost for NEW 4G*MC site

4G – NaaS (MNO)

4G – NaaA (IM)
90
15

GSM-R – NaaA (IM)
90
15
-

90
15

162,400
Cost for 4G*MC with by reusing part of GSM-R sites
Cost for 4G*MC by re-using
part of 4G sites
CapEx for a GSM-R site

58,464
48,160
-

136,000

5,008,072
55.89
-

55.89
-

Total CapEx for a route

112,000
4,715,629

12,609,609

7,601,537

OpEx(GSMR) per site
OpEx(4G*MC) per site
OpEx(4G) per R per site

7,480
6,732
6,000

7,480
6,732
-

418,084
-

-

-

10,744,157

Cost for Core Network
Number of sites
Number of additional sites
CapEx for a 4G site

Total (discounted) OpEx for
GSM-R for a route (in 15
years)
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Total (discounted) OpEx for
4G*MC for a route (in 15
years)
Total OpEx of 4G for all the
additional sites
CapEx for Frequency –
Licence Fee (800 MHz)
Licence Fee cost per year
(800 MHz)
Total (discounted) cost for
rening a site fields (15 years)
Total Costs of Ownership
(TCO)

9,669,742

9,669,742

725,900

-

-

-

-

24,633,827
-

-

369,507,400
670,724

-

-

15,781,994

22,950,075

18,345,695

From the computation of the previous routes, we can summarise that, in terms of percentages, the
CapEx for a route for MNO (scenario 2a) is around 64% lower than the cost for IM (scenario 1) while
the OpEx is around 7% greater. As a final result, the TCO for scenario 2a is 32% lower than the TCO
for scenario 1. This results does work with the same percentage also in the other routes of business
case 2 and 3. In terms of cost per km, data highlights that CapEx to build new infrastructure with 4G
technology are -40% (14,635 euro/km) for MNOs and 66% (40,398 euro/km) for IMs lower and higher
to GSM-R deployment (24,345 eur/km), respectively. While the OpEx is around -3% (for MNOs) and 10% (for IMs) with respect the OpEx for GSM-R. Similar results does worth for all the scenarios here
described.
First insight of the capital budgeting model is that the deployment of NaaS can be more convenient
than NaaA, both in absolute and in relative terms. These results confirm our expectation about the
more economically viable solution, by considering also the re-use of some part of the equipment of
mobile operators and the possibility to exploit their own core business skills to new business
opportunities that in case of NaaA could be not exploited in the same way by IMs. It should be also
added that in our computation we did not consider the cost for frequency that can be important item
for the financial accounting system. However, the cost of frequency should be considered in a logic of
contracting that can involve also the state incentives to push the migration towards NaaS and to permit
to open the market to the private enterprise in a sector that can be considered high capital intensive
and with high risk of not having return on investment sufficient for new operators entering in the
market. Hence, frequency and other items of financial accounting should be mitigated, at least in the
first stage of the migration, with some incentives that permit more competition among private
companies. Spillover effect sould be considered also in the case to have higher coverage in the most
rural area where ERTMS systems is not yet developed and where the return on investment should be
much lower for operators investing there. The trade-off among all these factors should be included in
the decision making process of the government operators as a basis for the decision to migrate
towards NaaS.
As results of the model we have also prepared a spreadsheet that will be available for the Commission
and that represent a Decision Support Sytems (DSS) tool, useful for decision makers, and that it will
be used for the validation and the simuation of the model during the last part of the project. In
particular, deliverable D2.2 will report the results of the validation of the economic analyses conducted
within the scope of WP3. Our future goals for the project will be to make a revision of thepresent
results on the basis of the feedback coming from WP2 and a sensitivity analysis on the main variables
seen as critical by the Consortium.
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7. Conclusions
MISTRAL is a project that falls within Shift2Rail Joint Undertaking Multi-Annual Action Plan (MAAP)
and it has the goal to analyse a feasible and viable migration towards a new management model for
the railway network communication system. In order to achieve this goal, all the technical and
economic issues have been analysed with the aim to create an adaptable train-to-wayside IP
communication system with enhanced throughput, to guarantee safety and security functionalities
coming from the new technologies. MISTRAL has the aim to investigate the possibility, to shift from
the network as an asset (NaaA) scenario to a network as a service one (NaaS), which can materialize
when the owner of the network is not the IMs any more but other private operators (e.g. telco), from
which the IMs will rent the network for mission critical services with specific SLAs. This new paradigm
can affect not only the costs, (e.g., reduce CapEx and increase OpEx) but also the creation of new
services and new markets that can attract both new and old operators.
As it has been mentioned in the previous deliverable, the migration toward next-generation systems
has several motivations that can be synthetised in the obsolescence of the old GSM-R network, that
is required to be substituted with new advanced and less costly technologies, and the needs to have
a higher QoS services. This possible migration affects the cost structure of the IMs in terms of CapEx
and OpEx. Hence, also new management systems are an option for IMs in order to avoid or reduce
the charge of the investment and to permit other external private operators can enter in the railway
market of network communication. As a consequence, the migration toward a NaaS has been identified
as a possible future scenario where MNOs can cover a strategic role in the investment and
management point of view.
This work marks the conclusion of the WP3, which had as intermediate stage deliverable D3.1. In such
a document, the exploration phase was dealt with in order to catch all the main aspects of the market
for communication systems. From the first stage, we identified a set of plausible scenarios described
with a high level approach because it is difficult to define the right thresholds for each actor involved
in the migration. From these scenarios, we started with the economic analysis both from a qualitative
and quantitiative point of view.
The qualitative approach led to stakeholder map, value network analysis coming from the value
exchanges among the actors, business model design for IMs and MNOs in all the main three scenarios
where we focused more.
A quantitative approach has been leveraged to generate our main results of the present deliverable.
We decide to generate a ‘virtual route model’ coming from the introduction of main variables and
inputs strategic for the decision of the migration form 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 define,
according to a set of assumption, a total cost of ownership function with the aim to be as much as
possible more linked to all the technical and economic consideration. The goal to have such a model
is to provide a sort of DSS tool useful for decision makers or operators that can use this approach and
improve the quality of the model in the future according to their needs or more information and
realistic data. Many primary and secondary sources have been used for the final computation and data
also coming from real railway routes have been considered as a generalised model also for the EU
countries. In addition, a continuous debate inside the Consortium and between the Consortium and
X2RAIL-1 has been important to identify some values of paramaters. Indeed, the model will not
provide precise and real results but only a methodological approach. The temporary results of the
model should be extended and relaxed by changing some values and/or using a simulation approach.
Our final results show what we expected mainly for the consideration about NaaA and NaaS with 4G*MC delpoyment. In particular, from an analysis of the TCO, by using also a capital budgeting model,
we find 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 small
higher OpEx permits to have a final TCO lower than the TCO for NaaA. Let considering also that new
business possibilities can arise from the exploitation of the new network from MNOs, the results can
provide indicators where to focus more for make the NaaS more feasible and viable. Public decision
makers should consider also frequency licence scheme and the possibility to introduce some incentives
if they would open the market for the entrance of MNOs in the railway communication market.
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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 possibility of business.
Further in-depth studies are needed to extend the model on the side of the revenues stream.
A final outcome of the model is also the generation of a spreadsheet with all the computation that can
be an asset for the future steps of the project and for other external projects that would use this
approach and improve the generated algorithm. Indeed, this model will be also the basis for the future
steps of the project that will be concluded with the final validation of the techno-economic model.
With the future new feedback coming from the WP2, our model can have the possibility to be improved
and to be used for a sensitivity analysis on variables considered critical by the Consortium.
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Figure 34. Example of NaaA computation for Business Case 3 - Zone Type A3 – Rural - Mountain
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