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The FP2-MORANE-2
FP2-MORANE | |2 project has made clear

and tangible progress
towards developing test specifications for
the validation of system and functional
specifications requirements, while also
designing pre-commercial products
compliant with FRMCS v2.2 specifications.

The outcome of the FP2-MORANE-2
project will allow the finalisation of
FRMCS V3 in time, as planned, and with
that ensure the start of the migration
to FRMCS.

Driven by a strong spirit of collaboration
across the consortium, the program

is steadily building the technical and
operational foundations required for
upcoming laboratory and field-testing
activities.

At its core, the project is currently focused
on the definition and execution of test
scenarios that rigorously assess the
FRMCS Specifications, and with this the
performance and maturity of emerging
FRMCS capabilities.

These efforts are creating a powerful
framework in which key railway
applications—ranging from Train Driver-
to-Controller voice and ETCS & ATO data
services to signalling and operational

control— which can be evaluated under
realistic and demanding conditions.

A major milestone has already been
achieved with the consolidation of a
comprehensive and well-aligned test
framework, closely connected to ongoing
standardisation efforts and the evolving
needs of the railway ecosystem.

In parallel, system and equipments
preparation and initial integration
testing activities are progressing with
strong momentum, paving the way for

a transition into large-scale laboratory
validation and subsequent field testing in
operational environments.

As the project approaches the Mid-Term,
energy and focus across the consortium
are clearly intensifying. The upcoming
phases will not only deliver essential
technical validation but will also generate
insights that directly inform the eventual
refinement of FRMCS specifications and
their path toward deployment.

Overall, FP2-MORANE-2 is demonstrating
strong coherence, innovation, and
momentum, reinforcing its role as a key
enabler of a resilient, interoperable, and
future-ready railway communication
ecosystem.

THE PROJECT FOCUSES ON:

'I Firstly, developing the definition of a complete set of Test Cases, and of a set of
» Test Plans per (each) Lab or Field, activity which is led by UIC.

2 The second step of the testing activities will be achieved in 3 different labs
e —run by Ericsson, Nokia and Kontron, supported by the various partner involved

and integrate din each lab.

3 The final step is five different field tests — operated on two railway tracks from
o ADIF, one from DB, one from TRAFIKVERKET and one from PRORAIL. Four of these
lines are conventional, the fifth, in the ADIF network, being a highspeed line.

DESIGN AND TEST PLANNING

The main goal of FP2-MORANE-2,
particularly driven by Work Package 1,
Test Design and Planning, is to ensure
validation or propose amendment or
completion to the requirements of FRMCS
Specifications v2.2, based on the results of

relevant system and functional test cases.

The outcome of these tests will contribute
to the preparation of FRMCS v3
specification. The tests will be performed
using pre-commercial equipment for
FRMCS. This FRMCS equipment will be
involved in the lab testing activities
managed by Work Package 3 (led by
Ericsson) and in field testing activities
managed by Work Package 4 (led by
Trafikverket).

Work Package 1 will also ensure exchange
with established workgroups for the

UIC FRMCS specifications and with
standardisation bodies (e.g., ETSI TC RT
and 3GPP). This exchange will provide up-
to-date, consistent and stable technical
information ready to be implemented in
FRMCS equipment, but also enhance the

description of test cases, leading to a
more reliable testing outcome.

Work Package 1 has an orchestration
position in the FP2-MORANE-2 project,
since it has interaction with almost all
Work Packages and all partners are
contributing to this Work Package, as
summarised in the figure below:

The main achievements of Work

Package 1is the publication of the D1],
FP2-MORANE-2 Test specifications v,
containing a global set of test cases

to validate system and functional
requirements of FRMCS specifications
v2.2. These are to be performed in lab and
field testbeds using critical applications
such as Train Driver to Controller Voice,
Railway Emergency Call, as well as data
applications, such as ETCS (ATP), ATO and
TCMS.

During this 1st period, the following
activities took place and have contributed
to the delivery of DL.I:

WP2 led by UNIFE
System Component
Preparation and Architecture

UIC FRMCS Specifications v2.2

WPI1 led by UIC

Test Design and Planning

WP3 led by Ericsson

Lab Test Preparations and

Execution

WP4 led by Trafikverket
Field Test Preparations and
Execution

Figure 1: Interdependencies between Work Package 1 and Work Package 2, Work Package 3, Work Package 4



» Definition of the high-level testing scope
by identifying the FRMCS principles, the
features and the functional behaviour
that needs to be validated.

» Agree on the global set of test cases.

» Assess the test cases to raise the
implementation issues and agree on a
phased approach solution with industry
partners to fill these gaps, considering
the continuous progress of FRMCS
specifications.

2 Reveal the characteristics of lab and
field testbeds to define an appropriate
distribution of test cases to these
testbeds.

2 Preparations of measurements
methodologies using dedicated
monitoring tools.

2 Preparation of Lab and Field test plans.

Work Package 1's next short-term
milestone is the preparation of D1.2, the
Lab Test Plan. This is followed by updated
versions of D11, which will be named D1.3.
D1.4 will be the Field Test Plan, another

critical input for the field-testing activities.

D1.5 will conclude the test specifications
deliverables, expected to be a valuable
input for the FRMCS specifications but
also for the FRMCS pilot deployments.

COMPONENT PREPARATION

AND ARCHITECTURES

Work Package 2 aims at preparing the
necessary FRMCS system components
according to FRMCS V2 Specifications, V3
target requirements (if feasible) and the
generic FRMCS architecture for the test
activities in lab and field test benches.

The system components/functions to be
prepared are:
2 TOBA;

> Controller [ Dispatcher systems and
equipment;

» Onboard and trackside monitoring
equipment;

» ETCS and ATO Simulators (including PKI
and KMS);

» Other Applications: TCMS;
% RMR Radio Module;

< MNO Radio Module;

» Track Side Gateway;

< On Board Gateway;

» Cab Radio (VAS) - Voice Application
System, including HMI and Coordinating
Function;

> 5G SA Network, including IMS / SIP Core,
FRMCS Multipath Function. MCX Voice
and Data Functions (MCX Server);

2 Profiles in FRMCS;

The first draft version of the generic end-
to-end test architecture was completed
covering both onboard and trackside.

The architecture includes the project
relevant system components of the FRMCS
transport stratum, the FRMCS service
stratum and the application level and
their inter-connection. The architecture
also includes the FRMCS system interfaces
and interfaces to external systems, such
as applications, MNO transport stratum or
GSM-R network.

The evolution of FRMCS using MNO
networks, Multipath (MPF) solution, FRMCS
cross-border and monitoring subsystem
functionality will be considered in the final
version of later stage, in time for Lab or
Field Tests.

FRMCS system components were prepared
according to FRMCS V2. specifications
and will be adapted before the start of the
lab test according to the recently released
V.2.2. In parallel, all the FRMCS components
started the integration and pre-tests
activities essential for starting the lab tests
in August 2026.

One of the main achievements of this
period has been creating the definition

of the overall system architecture, a key
element for the design of the end-to-end
blueprints, ensuring a seamless transition
from the lab-based requirements for

the lab tests to the field-deployment
objectives for field tests.

FP2-MORANE-2 system architecture has
been aligned with the end-to-end test
architecture.

LAB TEST PREPARATIONS AND EXECUTION

FP2-MORANE-2 Work Package 3 aims

to integrate FRMCS equipment and
application prototypes in three main labs
hosted by Ericsson, Nokia, and Kontron,
providing 5G SA cores, RMR-band radios,
MCX servers, TOBA - including RMR and
MNO radio modules, dispatcher systems,
cab radios, GSM-R where needed, and
trackside/onboard simulators (ETCS, ATO,
TCMS). These labs will support remote
partner access, end-to-end integration
of onboard and trackside components,
preparation of remote connections to
external networks and railway test fields,
and execution of the Work Package 1
defined test plans.

Key objectives include validating FRMCS
connectivity, cross-border scenario

support during the field testing phase,
inter-domain transitions, FRMCS/GSM-R
interworking, and inter-vendor technical
compatibility to de-risk subsequent field
tests.

Ericsson, Nokia, and Kontron each

stage their own lab environments, then
run dedicated lab test campaigns,
focusing on voice (including REC), data
applications (ETCS/ATO), handover and
cross-border scenarios, and multipath
or interworking use cases, with tests split
across labs to avoid duplication.

Task 3.7 consolidates results, analyses
performance and functional compliance
with FRMCS V2, and feeds lessons learned
into FRMCS V3 specifications.
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Two key deliverables are planned:

D3.1 describing lab integration and
architectures, and D3.2 reporting
validation results, and conclusions for use
in field tests and UIC working groups.

The staging of the three labs is
progressing according to time plan - the
5G SA core network and FRMCS TOBA are
up and running; the equipment hosting
the applications, cab radios (Voice),
trackside gateways, dispatchers, ETCS/
ATO/TCMS simulators, etc,, are integrated,
either remotely or on one of the three
labs, as soon as they are ready.

FIELD TEST PREPARATIONS
AND EXECUTION

The objective of Work Package 4 is to
conduct field trials to validate the FRMCS
v2.2 specifications under real operational
conditions. The results and experience
gained from these trials will then be used
as key inputs for the development of the
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FRMCS v3 specifications. To achieve this
objective, Work Package 4 participants
have focused on preparing their
respective test tracks and rolling stock, to
carry out the field tests during the first half

of 2027.
»Odif In line with this objective,
ADIF has been preparing
a high-speed track section with the
necessary infrastructure elements to
enable the deployment of the FRMCS
5G networks from Kontron and Ericsson
along the 23 involved sites, including
towers, cabinets/shelters, power supply,
optical fiber, and routers. In parallel, ADIF
has also initiated the required civil works
to prepare a similar infrastructure on a
conventional line track section to host
the FRMCS 5G network from Kontron,
where the 10 sites already have their
masts/towers erected, and the power
supply, cabinets, optical fiber and routers
deployment and configuration activities
are almost complete.

In addition, work is being carried out on
both the high-speed and conventional
line trains to accommodate the on-board
equipment and ensure that all technical
and operational requirements are fulfilled.

DBI| pB InfraGo

DB is contributing its digital rail testbed
in the Ore Mountains in southeastern
Germany to the project. A 12 km long
stretch of the testbed has been equipped
with the basic infrastructure needed for
the operation of FRMCS mobile radio
networks, incl. radio towers with antenna
masts of 10-15 m height, fiber-optical
connections and a central IT laboratory.
The test track is also home to an GSM-R
test network.

Early 2026, FRMCS radio equipment

from Ericsson and Nokia has been
commissioned along the track, both
operating at FRMCS 5G band n101 (1900
MHz). Radio access network tests have
started in March 2026 and continue over
the year. In 2027, functional end-to-end
FRMCS tests being carried out at DB's
testbed will focus on FRMCS border-
crossing scenarios as well as interworking
and transition between GSM-R and FRMCS
networks. DB will provide several test
trains to the project which are currently
being equipped with the necessary
antenna and onboard infrastructure to
serve all test cases.

. The main challenge for
ProRail ' °NnJ
ProRail is to validate

FRMCS Multipath, FRMCS interaction with
MNO services, and overall fitness of MNO
to Railways specific quality of service
needs. For that, ProRail is deploying an
Ericsson RMR 1900 MHz network along

a 20 km long track from Arnhem to the
German border. KPN, as an MNO provides
service in the bands n28 (700 MHz),
n1(2100 MHz) and n78 (3.5 GHz).

A measurement train will be

equipped with 7 antennas on the roof
accommodating Viavi measurement
equipment and two TOBAs with RMR and
MNO radio modules. ETSI/3GPP, is working
on completion of the FRMCS Multipath
specification in order to test that function
in the field and to make sure that it can be
used it in FRMCS l1st edition. RMR network,
MNO services and measurement train will
be available ultimately in Q1 2027.

:i_: TRAEIKVERKET Lhe.moin objectives
esides the general
validation of FRMCS specification is
Trafikverket's validation of the MOCN
scenarios and FCAPS. Trafikverket is
preparing a 27 km long test track with
Ericsson n101 RAN on nine sites, where the
MOCN scenarios is going to be validated
together with the MNO Telia on n28.

Trafikverket has performed several initial
pre-tests on Ericsson 4G LTE 1900 MHz
TDD on the test track to validate radio
performance and site allocations for
FRMCS, and is now changing two site
locations and upgrading the radio units
to Ericsson 5G along the test track for
the tests. The upgrade is planned to be
finished in Q3 2026, before tests start

in QI 2027. A new test vehicle with eight
antennas has also been prepared and
tested in field.
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