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FRMCS

FRMCS is the successor of GSM-R - which will reach its end-of-life soon.

Itis also an opportunity — to enable digitalization, will provide capabilities to enhance
the signalling systems, to make real-time telemetry as the norm, to enable the
intelligent train.

FRMCS is a 3GPP 5G Mission Critical System. This enable standardized products, which
can be further-on customized. The Mission Critical Service layer allows the needed
voice features (PTT) and strong QoS.

In Europe we have obtained dedicated frequencies both in 900 and 1900 MHz, additional
to GSM-R (ECC (20) 02).

These frequency bands are now 3GPP standardized (5G N100 and n101, PC3 (23 dB) and
PC1 (31 dB)).

FP2-MORA@ 2



5GRAIL

We have delivered FRMCS V1 Specifications, which have been
added in 2023 CCS TSI, as part of ERTMS.

Following that, we have performed the first FRMCS tests, within
the DG Connect co-financed 5GRail Project, which has been an
important step towards FRMCS 15t Edition:

Developing and testing the first FRMCS prototypes;

Confirming that 3GPP Mission Critical 5G Stand Alone is the
right way forward;

Testing (Train Driver-to-Controller) Voice, REC, ETCS, but
also TCMS and Remote Vision;

Testing a first set of 1900 MHz pre-n101 PC3 FRMCS chipsets
First FRMCS Border Crossing tests
Valuable lessons learnt

YVVY VY VY

U

5GRail has proven FRMCS principles, have built and tested
the first FRMCS prototypes.
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FRMCS Global Map for Specifications & Standardization ltems (May 2026)

UIC: User &
Functional
Requirements

FRMCS URS 5.1
FU-7100

USE CASES 2.0+
MG-7900

FRMCS FRS
FU-7120v2.2.0

TOBA FRS
TOBA-7510v2.2.0

FRMCS HMI
& Presentation
(Requirements are
included in the FRS
and SRS)

FRMCS Professional
Competency
Guidelines
(Academy
Launched)

uic

3GPP : Global
Standardisation
(UIC representing
railways)

FRMCS Studies
consolidated in
TR 22.889, 22.989

Mobile
Communication
System for
Railways
Normative
Stagel TS 22.289

3GPP normative
set of TSs for
Rel-17, 18, 19,
covering stages 1,
2and 3
Stage 1.2 for R20
started

3GPPRAN 1,4,5
WIs covering 900
(5G n100) and
1900 (5G n101)
MHz, “Less than 5
MHz”’, “Dual
Connectivity”’,
PC1, PC1.5, PC2
and PC3

ETSI : European Standardisation
EU FRMCS Mandate M-570

TR 103 459 TR 103 554,
Study on FRMCS Simulation 900,
System Architecture 1900 (Study)

TS 103 764 v1.0.0**
FRMCS System Architecture

TS 103 765-1 v1.1.1 FRMCS Transport Stratum
TS 103 765-2 v1.1.1 FRMCS Service Stratum

TS 103 765-3 v1.1.1 FRMCS On-Board

TS 103 765-4 v1.1.1 FRMCS Track-Side

TS 103 765-5 v1.1.1 FRMCS UE Capabilities
TR103791 v1.1.1 FRMCS Terminology

TS 103 792 v1.0.0 - Interworking with legacy
systems
(GSM-R)

TS 103 793 v1.0.0 — FRMCS Radio Characteristics

UIC : System
Requirements

FRMCS TOBA Architecture
Migration Scenarios
TOBA-7540v1.0.0

FRMCS Principle Architecture
MG-7904 v1.0.0

FRMCS SRS
Include also VAS, Profiles
AT-7800v2.2.0

FRMCS Profiles
AT-7810v0.0.3

FRMCS FIS
FIS 7970 v2.2.0

FRMCS FFFIS
FFFIS 7950 v2.2.0

Networks Interconnection

Tests
Cases

FRMCS Test Specification T-8900 v0.1

uiC:
Applications

FRMCS Apps
(1,.,n)

1.Critical and
Generic Voice
applications
included in
FRS

2. ETCS, ATO,
KMS handled
by UNISIG.

3. A first set of
applications
mentioned in
the FRS

4 -n Additional
applications —
to come

FFFIS

Relevance in Regulation

Definition On-Going

Planned

Referenced in SRS or FIS /

CEPT / ECC:
Frequencies
Rules

CEPT Report
74

CEPT Report
76

ECC Decision
(20) 02

EC Decision
2021/1730

1900 TDD BX:
ECC REC (23)
01

900 FDD BX:
ECC REC (25)
02




FRMCS V2 Hierarchy & Dependencies

Railway applications

A

A 4

FRMCS'

Legend:
Il Part of 2024 ERA
Opinion

\ 4

FRMCS FRS TOBA FRS
Common Functions and Applications On-Board Functional
Functional Needs Requirements

FRMCS SRS
System Principles, mechanisms, building blocks, frequencies, QoS
Include On-Board FRMCS, Voice Application Subsystem (VAS), Profiles

Profiles Specification

E-2-E FIS
FRS translated into SRS & MCX; Use Cases Call Flow

FRMCS' | Functional, System and Interface Specifications

Telecom Standard Bodies

ETSIT__ )
)

T

A CLOBAL INITIATIVE

UNISIG Specifications
ETCS @ ATO

Subset-037-3

Subset-148

Subset-147

—_u




Global UIC Planning (Reminder)

2024 2025 (w23 ) 2027
12345573910111212345673910111212345T739101112123456739101112'
P 1
Test Design and Planning (WP1) P SRR v’ e w
i il o1 16I I I
EU-Rail | ! : : [ P SO I ”,..— :
Morane 2 |Lab Test Preparations and Execution (WP3) : ) : : f : : a _tr:c_e_ss____] ww 1 Lab Tests Rep.
(Bt | P N -~ :
IFleldTeltPrepafaﬂonsand Execution (WP4) = N o 1 Field Tests Rep.
Y o P Y—— o :
|uic Specifications (FRS, TOBA, SRS, FIS, FFFIS) | v2d V20 V21 S w2 e ——— vap Va0
s 1 |
|ETS1 755 (information from ERIG#92 Report 02/25) | V4 51 I Ts2
/ 1
7
I’ 1]
Nature Context ,’ Objectives
vi Test Plans in Morane 2 Preliminary version f, Alignment in Morane 2
v2 [) TestPlansinMorane 2 Version for lab tests Execution of lab tests in Morane 2 (3 labs)
v3 [) TestPlansinMorane 2 Finalversion Execution of field tests in Morane 2 (5 lines)
vad UIC FRMCS Specifications Draft V2, issued for ERA EECT process
V2.0 UIC FRMCS Specifications Version after EECT Technical Opinion
V2.1 UIC FRMCS Specifications Version EECT Technical Opinion Addendum Sector agreement on Categorisation (Mandatory / Option / Information) and List of Open Points
v2.2* UIC FRMCS Specifications Interim version FRS / TOBA, proposed for EECT Integrating the closing of functional Open Points
V2.2 UIC FRMCS Specifications Interim versions SRS / FIS / FFFIS Integrating the closing of system Open Points
vap [] UIC FRMCS Specifications Provisional / Pre-test version, proposed for EECT Stable and cleaned-up version - Considered as semi-definitive
V3.0 ] UIC FRMCS Specifications Final/ Post-test version, for ERA recommendation FRMCS 1st Edition, amended from V3p when needed from Morane 2 results
TS1 ETSI Technical Specifications Phase 1, post-review from NSOs Based on UIC FRMCS V2.1
TS2 ETSI Technical Specifications Phase 2, post-review from NSOs Update for final versions -
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Project name: Flagship Project 2 - MObile radio for RAilway
Networks in Europe 2
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FP2-MORANE-2 Main Goals ’“Z))

MORANE-2 is a critical step in UIC’s Plan to deliver FRMCS V3 Specifications, by the end of 2027, to
be included in TSI.

MORANE-2 is the FRMCS European Demonstrator. Its scope is to test the FRMCS V2 Specifications -
real products in real trains:
> Inthree Labs, hosted by Ericsson, Nokia and Kontron

» Infive Field Test beds, two of them including MNO operators, and one being a High-Speed
Line. These Field Tests are hosted by Germany, Sweden, Netherlands, and Spain -two
lines.

MORANE-2 Testing Results will then contribute to the finalisation of the FRMCS V3 specifications
that will define the FRMCS 15t Edition, by validating architecture and functionalities solutions,
quality of service parameters; therefore, an essential step to make FRMCS reality.

* - (MObile radio for RAilway Networks in Europe)

12
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Project Structure and Partners

’ },ITC/ M adif renfe [DB) InfraGO ) TRAFIKVERKET
WP1: Test Design and Planning sy e PrpamoR g —
Coordi :UIC FRMCS Transixetand  TOBARTracksde  FRMCS/GSMR
oordinator Sovcalave Gy o PIOR&;]. ALSTOM CGAE Signalling SIEMENS 2 NO<IA
© s ;::Cslk‘o! w‘m ERICSSON
TCMS) smulators
B e s kontron HITACHI V- 'I\I\ I funkwerk)) wecueniis MIOTI

WP3 Lab Test Preparations and Execution

Coordinator: ERICSSON
Ericsson Lab Nokia Lab Kontron Lab

J4INN HojeuIpI0)  UoRBUIWESSIA § dM

=) SBB CFF FFS \Y4 BANE NOR < BANEDANMARK

oIn Jojeutpioon juswabeuey pue uopeulpioo) Jaloid 9 M

VAYLA
78 RFI
,,,,,,,, pereremanme v INFRAABEL — NetworkRail
¢ 3 3 - -
WP4 Field Test Preparations and Execution
Coordinator: TRAFIKVERKET
ADIF Test TRAFIKVERKET INFRAGO ADIF HS PRORAIL
Line Test Line Test Line Test Line Test Line

FP-2 MORANE-2 Consortium, Coordinated by
/ UIC include relevant Railways, Railway
Telecom Suppliers, and UNIFE.
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Questions?

Thank You!

mandoc@uic.org

Funded by the European Union. Views and opinions expressed _Umpes%l GESNS

are however those of the author(s) only and do not necessarily
. B reflect those of the EU-RAIL. Neither the European Union nor
uic.or the granting authority can be held responsible for them.

WATCHNOW P>

Co-funded by
the European Union
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https://www.youtube.com/watch?v=J3R6uvL3SOI
https://www.youtube.com/watch?v=J3R6uvL3SOI
https://www.youtube.com/watch?v=J3R6uvL3SOI
http://www.uic.org/
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Coffee Break
15 Minutes

Co-funded by
the European Union

This project has received funding from the European Union’s Horizon Europe
research and innovation programme under Grant Agreement No 101196125.
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Work Package 1

Test Design and Planning (M1- M32)
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WP1 Objectives

\/
A X4

Task 1.1: Define functional, system, measurements and performance test cases
allowing to validate UIC FRMCS v2.2 specifications, considering mandatory requirements
(M) and candidate mandatory for V3 requirements (M-V3), both including functions
mandatory for interoperability in Europe (Ml or MI-V3) respectively

Task 1.2: Describe lab test cases in close collaboration with industry partners to avoid
potential implementation issues but also preparing in confidence field testing activities

Task 1.3: Describe field test cases that fulfil field testbed specificities of the IM® partners,
as expressed in the FP2-MORANE 2 GA

WP1e== Specs WGs: Ensure regular exchange with the UIC FRMCS Specifications and
other Standardisations groups (e.g. ETSI TC-RT, 3GPP), to update accordingly the test
cases description and later, as a loopback, to provide observations/issues during the testing
that may result to FRMCS specifications amendments

™:Infrastructure Managers

FP-2 M-2 Test specifications
(D1.1, D1.3, D1.5)

specifications
D1.2 Lab Test Plan

and Test methodology

specifications
ETSI TC-RT

(0]
O
=
2
(18
Q
=

D1.4 Field Test Plan
and Test methodology

—

FP2-MORANE 2 GA

Testing and writing FRMCS

FP2-MORANE | | 2

Our Partners:

COORDINATOR
wic/

PARTNERS

Modif  asToM CAF E_ EVIDEN
REQUENIS  HITACHI  funkwerk))  /contron
NOKIA  Prorait (Ol  SIEMENS € Telia
W Teitronic & TRAFIKVERKET q_qi_@ VIAVI

UIC-FRMCS

specifications v3
(FRMCS 1st edition)

Enabling the on-

© time availability
of FRMCS to trigger
L migration across 17

Europe




WP1 interacting with the other WPs

FP2-MORANE | | 2

WP2: Components Preparation

Supplies TOBAs, Gateways, and end-to-
end architectures (D2.1), guided by WP1's
. testing scope (system and functional) 4

WP1: Test Design Engine

The central authority generating phased
master test cases (D1.1) and coordinating
the overarching validation strategy.

p.

Targeted Test Distribution

WP3: Lab Environments WPA4: Field Environments

Integration of pre-commercial Real-world validation of RMR bands, High-

components by validating basic building Speed parameters, GSM-R coexistence,

e s border crossing, FRMCS over MNO (MOCN,
blocks, derisking field activities 4 naglonal roaming). ( Y

18



O @ Refining test Real-. ‘ Fn:%l f;e:;j-
specifications condltl-ons vall .af.e
.4 via lab feedback() execution ﬁ\ specifica

D1.2 (M20) D1.3 (M22) D1.4 (M25) D1.5 (M32)

WP1 timeline

Test Specification V1 Lab Test Plan Test Specification V2 Field Test Plan Test Specification V3
D11 dllivered
u:nl‘.’aa—-ﬂzm"ﬁ_ﬁgu:nﬂh Il}:1-- E = | =| & Eau
a [B|2[E|<|2|z(3[2|&|e|=z|a|B|2|E| 4 | =2 | 2| 3 [2]| & o |=| &
Matart| M 2024 2025 2026
staren AROEREERE R 4] 5] 16 |

WP1 Test Design and Plan

Tazk 1.1 |FRMCS Test Specifications

Taszk 1.2 | Test Plan and Test Methadaolagy far Lab
Task 1.3 | Test Plan and Test Methadalogy for Field

Deliverables

Y Y Py

FP2-MORANE | | 2

0.1 FP2-MORAMNE-Z Test Specification YW1

0.2 Lab Test Plan and Test Methodelagy

0.3 FP2-MORAMNE-Z Test Specification W2

0.4 Field Test Plan and Test Methodelagy

0.5 FP2-MORAMNE-Z Test Specification W3

Milestones

M55 Lab Test Specification Feady (O1.1) 17
MSE MCP Element 1 15
M53 Field Test Specification Beadu [01.3] 22
M310  |MCP Element 2 23
M518  |Final Test Specification Peadu (01.5] 32
M513  |MCP Element ¢ 33

M35

M35

M3z2
M523

wP1Milestones

We are
here

= Structure of D1.2 provided
= On-going work of review

comments on D1.1, to

prepare content of D1.2

19



Task 1.1. FRMCS Test Specifications (M1-M32) (1/2)
Methodology to prepare D1.1 (M17) f— | FP2-MORANE | | 2

Testing scope agreed 65% Task Completion ~200 MTest cases listed in D1.1

e

Definition of high-leve

testing scope based on:

= selection of system
and functional
requirements to
validate

= GA expectations

D1.1in 3 parts:

. - . = Part 1: Overview of lab and
Nomination of industry Distribution of test cases in

partners, as primes for field testbeds, considering field testbeds and definition of

. ) o testing scope, presentation of
test case description their specific interests succegss te:ting criteria
under the coordination, Flstt”br;md" of tes{;aﬁes L = Part 2: Applications,

and for some test cases CLER e el B 1 Performances and

contribution of UIC WIS Pl R AT measurements

= Part 3: System and Functional/

o —. =
[ & HISNS = BESNS
—2 3
g L BESNS
g9
o O
oD FP2-MORANE | | 2 FP2-MORANE | | 2
= o FP2-MORANE | | 2
Q ~
28 :
o Deliverable D 11 g . Deliverable D 1.1
FP2-MORANE-2 Test Specification V1 Deliverable D 1.1 FP2-MORANE-2 Test Specification V1
Part 113 FP2-MORANE-2 Test Specification V1 Part 2/3:
Overview of lab and field testbeds and Part 3/3: Applications, Performance & Measurements
definition of the testing scope System & Functions
2MoRANE: |
[ - FP2-MORANE-2 P2-MORANE-2
iy DocumentTitte FP2-MORANE 2 Test Specification V1 - Part ¥3 cumen
P ot A58, TRUNPRAGES T SRS TR, 9, PRI
\ A CHROR WRITR VA PIGNTRE, FRRGLENTR ROT TR.TACMC Author: Vassiliki Nikolopoulou, UIC
— \ - Editor Contbutors: ADIF, DSHNFRAGO, TRV, PRORAIL ATSA CAT. SMO. ator
REC: Railway 2\ ) via o v e e THSER, ESET:
Crltlc.al "~ Emergency Calls E i Were Fackagn W Document Version
. 3 ] ceument ersio vio
Operations 4 O ] =
/ i 12 [ Final it
VAS: Railway Operational Dissemination ovets P o
Voice (Driver to Dispatcher, / | —
Group Calls) / ety = oot W, ouosiner
2 = o A — ey y
y T i 5 . Pt o bt Bt el e o o
- — p— e o RS & rpre by e St P o T T i
» MO T T O -

(*): Some of them still placeholders in D1.1 to be addressed in
further deliverables of WP1 20



Task 1.1. FRMCS Test Specifications (M1-M32) (2/2)

Testing scope covered in D1.1 and assigned partners primes: FP2-MORANE | | 2
o . Common functions
Interfaces (OBapp/TSapp) Alstom )
Role MGT UIC and Frequentis
IP routing (TC, LC) Alstom )
Location Funkwerk
Inter-band HO (HO between Kontron Authorisation (MC Servi
n100/n101 RMR bands uthorisation efvice - i
) Profile/RBAC) Eviden, Nokia, UIC
OBnsm uic MCX Server and dispatcher
OBo&m Siemens (UK) and Trafikverket Talker Control providers contribution is still
requested
VAS provisionning Siemens (UK) Arbitration Siemens
FSomr and Profiles provisionning Siemens (UK) Time Services Hitachi

Prfies ve

Viavi/Nokia, Voice & Data

Measurements and performances Aoplicati id
Specific testing architectures M pplication provicers

Border crossing uiC

Voice (nominal conditions) Funkwerk
HSL (Connectivity loss) Kontron, Alstom

REC (nominal conditions) Funkwerk
GSM-R/FRMCS transition Voice - First to answer (Shared FA ,
(Coordinating function, NSM), BC Funkwerk, Siemens (DE) for dispatchers) ety
conditions have also been added ) "

ATP (nominal conditions) CAF

. . Eviden, supported by Kontron and

L Gomaln [T inEe e Nokia, DB ATO (nominal conditions) CAF
IWF Eviden TCMS (nominal conditions) CAF
FRMCS over MNO: MOCN Ericsson, Trafikverket Messaging, DSD Alarm, PA Not assigned yet
FRM(,:S over MNO: Multi-Path ProRail, Ericsson, Alstom
Function

21




Task 1.2. Test Plan and Test Methodology for Lab

& SNS

.
Preparation of D1.2 (M20) FP2-MORANE! | 2
i /
Test cases Laboratories Remarks / I FP2-MORANE | | 2
Number ] Ericsson Nokia Kontron | TC leader 0 H
— e : > p = 85% Task Completion
AP 002 voic_oaz " " ¥ FWE Deliveradble D 1.2
APM 003 VoiC_003 N N ¥ FWK
v o o " - . Em Test cases Lab Test Plan;.:g (‘I;e[:s‘,; Methodology
APM 005 VOIC_005 N N ¥ FIWK distribution table
APM 006 VOIC_00E H K ¥ FWK between labs
APM 043 | MEAS_HSL_REC_KR1_KPIZ KP4 M H v Pk FP2MORANE 2 ‘
lah supgarting lah Document Title FP2MORANE-2 Lab Test Plan and Test Methodolog

& SNS

Nokia

1 {
FM-MDM@ 2

Deliverable D 1.2

Kontron

Ericsson
(Diisseldorf, Germany)

(Budapest, Hungary) (Montigny, France / Vienna, Austria)

Lab Test Plan and Test Methodology
Part (2/3)
Applications, Performance & Measurements

Focus: Complementary VAS Focus: Authorisation in

Focus: Basic FRMCS Building

and REC basic tests, TSctrl, interconnected domains, ry——
. L Blocks, VAS, REC, — e - e
OBo&m, FSomr, VAS intersystem authorisation, ATP/ATO/TCMS lication N e
provisioning, Location, IWF, GSM-R/FRMCS transition, P! ot anF;p E"'I" h° S T EEE
[| Arbitration, Profiles, FRMCS | || MCinterconnection and il W S deiisnu Z © Sr'; g [ T —
over MNO support for MOCN migration, Border crossing pee esupport o == -
and Multipath function support = NS st
\\ FPZ-MOM@.Z’ .
FRMCS Deliverable D 1.2
Borde.r Services A .DD I Lab Test Plan and Test Methodology
Crossing T Part [3/3)

n 1 System & Functions

SIP mm mm MCX

i = — X FP2-MORANE-2
m-= =
Documnt i r.
. r .
"
/ - N
ST
noo 4 ecument vartica voar
Viors Feokege e
0| Dooument siztus Firstdraft
N4 . =
mmmmmmm u
g g S s
o B

e \L T T —J} . T ot FT KPP S o iy e Samena Pl o
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Task 1.3. Test Plan and Test Methodology for Field rp2-morane) |2

Field Test Planning: Validating across European test-tracks <e=ww=== |

60% Task Completion

Sweden (Trafikverket) & Netherlands (ProRail)

i Focus: FRMCS over MNO, testing real-
conditions MOCN architecture (e.g., Telia's 5G
#ied RAN sharing), national roaming with multipath
W % 1 (e.g., IM's 5G core connected to KPN's 5G core)

Spain (ADIF) " I e

Focus: Conventional RMR bands
(n100/n101) & High-Speed line
validations.

.oy
...........

aaaaaa

T B SR i ::' = Focus: Cross-Border operations &
2222 GSM-R/FRMCS coexistence (e.g., IWF,
: 1 GSM-R/FRMCS transitions)

L NOPsevvaADOLUPNS
Sess e e PUCADAAROUCE ™:0
& . . ASJev  tbC™ ¥9000M000C0 Lio\Co o
“q o b:

<€0s ~€0000PEL . . .
500000000 00C0" . Py SnODEO0OOURSRCN
onocsqdooljoc - -y cofavuo ODDOONQ\(‘\ 000
..... 00 1O DUes A Voo 0OBReCD U 000
[ noe 6005.\n‘0000n0w010(00

-
Key Insight: Field test case distribution, complementary to Lab testbeds capabilities, directly aligning D1.4 Field Test Plan with
real-world infrastructure constraints. r

ik
23




Conclusion & Next Steps

< Industry partners: High level of cooperation between network, MC
servers, GWs and application providers cab radio, data applications to
achieve a successful integration phase, ensure interoperability and lab
readiness, involving WP1 for potential amendment of test cases
description.

<+ D1.2 Finalization: Provide D1.2 on time to start Lab testing in August

< Fill the Gaps of D1.1&D1.2: Use the lab experience to improve test cases
description.

<+ Test cases traceability to specifications requirements, instead of chapter
level starting from D1.3

< Closing the Gap: WP1 is expected to feed implementation issues back to
specification WGs to refine the FRMCS 1st Edition.

FP2-MORA@ 2
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Questions?

Thank You!

Funded by the European Union. Views and opinions expressed ea GESNS

Zurope's ~all

n i kolopoulou@uiC.org are however those of the author(s) only and do not necessarily

reflect those of the EU-RAIL. Neither the European Union nor
the granting authority can be held responsible for them.

Co-funded by
the European Union
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Work Package 2 - System
Component Preparation
and Architectures

Mid-Term Conference

Co-funded by
the European Union

Zurope's BGSNS Taa
30 JU n This project has received funding from the European Union’s Horizon Europe

research and innovation programme under Grant Agreement No 101196125.




WP2 - System Component Preparation and Architectures FPZ'M°RA@
Duration: Dec 2024 - July 2027 (32 Months)

Dec |Jan |Feb |Mar Apr |Mal,' ‘Jun Jul |Aug |Sep Oct ‘Nw |Dec Jan ‘Feb |Mar Apr |Mal,f ‘Jun Jul ‘Aug |Sep Oct ‘Nw |Dec Jan |Feb |Mar Apr |Mal,f |Jun Jul |ﬁ.ug |Sep

2024102025 202025 302025 402025 102026 202026 302026 402026 102027 202027 302027

System Components Preparation and Architectures

T2.1  FRMCS Transport and Service Layer

T2.2 TOBA & Trackside Gateway

T23 CabRadio

T2.4  Dispatcher D2.2a

T2.5 Monitoring & Measurement Metrics D2.2b

T2.6  Dataapplications (ETCS/ATO/TCMS Simulators) Ltz

T2.7 Radio Module

T2.8  FRMCS/GSM-R Interworking

T29 Test Architectures D21 D2.2 D2.4

The main objectives of WP2

* Preparation of the necessary FRMCS system components according to FRMCS V2 Specifications
& V3 target requirements (August 2026)

 Creation of a generic FMRCS architecture for the test activities in WP3 and WP4 (July 2027)
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WP2 - WORKFLOW FP2-MORANE
4

Test Specification D1.1 (M17), D1.3 (M22), D1.5 (M32) )

Lab Test Plan and Test Methodology D1.2 (M20)
Field Test Plan and Test Methodology D1.4 (M25)

FP2- Morane-2 Scope
Tests per Locations

wWp3
M2-M26

Test Architecture V1 & V2 Lab Tests
ETSI TC-RT FRMCS System Components Release

UIC FRMCS specifications v2.2

Test Architecture V1, V2 & V3 Field Tests
FP2-MORANE 2 GA Sp= M2E-125
Swe M26-M23

Ger M28-M31
Spa M29-M32
Net M29-M32




Timeline and deliverables
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FRMCS System Components infrastructure
D2.1 FP2-MORANE-2 D2.2 FP2-MORANE-2 FRMCS
Test Architectures V1 System Components FRMCS System Components Gateways

FRMCS System Components Applications and Monitoring

July’26 August ‘26

D2.3 FP2-MORANE-2
Test Architectures V2

December’26
D2.4 FP2-MORANE-2
Test Architectures V3

July’27
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WP2 - Planning

2nd yersion components

and pre-tests/integration (FRMCS V2.2)

A

FP2-MORANE | | 2

Dec |lan |Feh |Mar Apr |Ma\r |Jun Jul |Aug |5ep Oct INnu |DE|:: Jan [Feb |Mar Apr |May |Jun Jul |F;ug |5ep Oct IMmr |Dec lan [Feh |Mar Apr |I'u'|a1|r |Jun Jul |A.ug ISep
2024|102025 202025 302025 402025 102024 202006 3{1213};6 402026 102027 202027 302027
System Components Preparation and Architectures
T2.1  FRMCS Transport and Service Layer
T2.2  TOBA & Trackside Gateway
723 CabRadio
T2.4  Dispatcher D2.2a
125 Monitoring & Measurement Metrics D2.2b
T2.6  Dataapplications (ETCS/ATO/TCMS Simulators) L
T2.7  Radio Module
128  FRMCS/GSM-R Interworking
v
Final FRMCS components version
v and pre-tests/integration (FRMCS V2.2)
15t FRMCS components version
and pre-tests/integration (FRMCS V2.1)
Dec |lan |Feh |Mar Apr |Ma\r |Jun Jul |Aug ISsep Oct [Nn'u |I]E:: lan |FEIJ ||u'|ar Apr |Ma\r |Jun Jul |Aug Is-ep Oct |M::-1.r |Dec lan [FEh IMar Apr |Ma\r |Jun Jul |Aug |Sep
2024|102025 202025 302025 402025 102026 202026 302026 402026 102027 202027 302027
System Components Preparation and Architectures
T29 Test Architectures X 2 L 3 ¢ 1 ¢ 3 ® 0

Early delivery of D2.1 and D2.3 draft to support early laboratory and field installation
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- Provide a functional end-to-end reference architecture (high-level design),
considering all FRMCS and application system components as well as interfaces
from T2.1-T2.8

« Consolidate basic monitoring metrics for the assessment of the test
architectures and for WP1 test cases

« Use the functional architecture to describe test cases and achieve comparable
test installations with consistent outcomes

« Develop sub-system architectures to verify operational scenarios:
* Inter-FRMCS domain transition (IFDT) in border-crossing scenarios,
* Interworking with GSM-R,
« FRMCS Multipath,

« FRMCS high speed functionality
31
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Reference Architecture & Functional Layers

(7]
o
ot
=
e
(8]
(3]
=
L
($)
o
<
)
o
[t

(CJ FRMCS Transport Stratum
(J FRMCS Service Stratum
Profile Server Tight Coupled App Server | VAS
() Application e - e | R e
Certificate Client Dispatcher Terminal
Server Supper Supplier Supplier
External Networks
Host-to-Network App Server
(CJ FRMCS Transport & Service e e e
N. / Rx FRMCS Service Stratum Core Trackside 1P B B E Sapple gt
0 IMS/SIP Core —— MCX - m:::) =
i o Coaw 1@ © LD
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Network
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Reference Architecture & Functional Layers
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Reference Architecture & Functional Layers
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Reference Architecture & Functional Layers
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« description of architecture design will be
provided in incremental releases

- D2.1:M20(07/2026) FPz-MonAn@z
« D2.3:M25(12/2026) - lab test feedback | Detwersbiep 2

= SNS

« D2.5:M32(09/2026) - field test feedback

FP2 MORANE2

Document Title Test Architectures V1
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Border-Crossing (BX) Scenarios

MC Migration (Service) - 2 UE for ETCS/ATO vs. 1 UE for Voice

Onboard App
(Voice Cab Radio, ETCS/ATO)

(?BNSM
(?BOM

GSMR 2G
Module

TOBA
Gateway

RMR 5G
Module

RMR 5G
Module

FRMCS Onboard

OB app

@‘;')) GSM-R

BSS

GSM-R
NSS

GSM-R System

IWF

GSM-R
Interworking

((:‘@ 5G RAN

(n101)

5G CORE

FRMCS Transport
Domain Transition

FRMCS Trackside Domain B

Trackside App
(Voice Dispatcher)

MCx/IMS | | Trackside TracksfdeApp
Servers Gateway || (Voice Dispatcher,
1 ETCS/ATO)
1
|
TSapp
| FRMCS Service

L
4
R

((;‘Q 5G RAN

(n101)

— 5GCORE

MCx/IMS
Servers

FRMCS Trackside Domain A

! Domain Transition

1
I .
Trackside |1l Trackside App
Gateway I (Voice Dispatcher,
] ETCS/ATO)
|
TSAPP

FP2-MORANE

FRMCS Domain Transition via 5G Home-Routed Roaming (Transport) and

~\\f Country B
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Border-Crossing (BX) Scenarios
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MNO and Multipath Scenarios
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« FRMCS MOCN with focus on trackside implementation
- FRMCS National Roaming with and w/o Multipath Function (MPF)
« FRMCS Dual Subscription with MPF

— MNO MNO
Dual Subscription soran 1 secore [ two separate 5G transport networks
A
: MNO MNO . :
Natl. 5G Roaming soran 1 56 core FRMCS & MNO 5G Core interconnection
-
MOCN R = MNO 5G RAN interconnection to FRMCS 5G Core
-
Onboard Service N Service Tra(;l:ide
Cab Radio Client MNO 5G Client Disoatch
Module Ispatcher
I Ve o e 1 (T T 1
Onboard I 7oa |+ wmpr ]| RMRSG ’)) ((t rRMcs | || rrvcs [ |1 mpE | | mogims || Trackside | Trackside
ETCS/ATO App |I Gateway |l Client : Module 5G RAN 5G Core |L Gateway | Server Gateway |I ETCS/ATO App
' FRMCS Onboard FRMCS Trackside ]

OBA:?:J TSA:;:; 41
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Mid-term Conference
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Technical Architecture and Partner Interconnection for Labs and Fields

- Component Mapping: Define all physical components and local interfaces
within the project ecosystem
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- System Architecture: Deliver a unified architecture for WP3 and WP4
considering all partner contributions to represent the full project scope

Partner Alignment & Validation

- Strategic Communication: Maintain high-level alignment and proactive
communication across all partners

- Testing Orchestration: Coordinate lab and field activities to ensure integrated
testing and validation

13
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Lab Interconnection
& Techn. Architecture

Streamlined Lab Architecture:
Provides a simplified overview of
partner distribution across
interconnected lab facilities

E2E Component Lifecycle
Alignment: Validates that lab
testing utilizes the same end-to-end
components designated for field.

Standardized Interface
Nomenclature: Ensures unique
naming conventions and
identification across all system
interfaces.

Lab (AUT) Montron

Lab (GER) ERICSSON
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Field Interconnection
& Techn. Architecture

Complete Field Architecture:
A holistic technical view of the
system framework

Lab & Equipment Logistics: Clear
spatial overview of hardware and
facilities

Unique Interface Identification:
Guaranteed distinct naming
conventions across the board

Strategic Input:
Acts as a baseline template for all
downstream project activities

i
Lab NO<IA (H) !

FP2-MORA@ 2
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ProRail
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« Support of interworking tests between GSM-R (2G) and FRMCS (5G)
MC systems according to WP1 and based on ETSI TS 103 792 specification

« Interworking Function (IWF) is realized to enable operational continuity
for voice services, such as group calls, point-to-point calls, and the
Railway Emergency Call (REC)

« IWF will support identity mapping between GSM-R and FRMCS domains

 Integration involves Nokia’s Morane-2 lab, where a GSM-R system (core
MSC, radio) is made available to interconnect with the 5G based MCX
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Status completed

Integration of Eviden MCX & IWF
with Nokia GSM-R core/radio
and Nokia FRMCS core/radio

in Budapest lab

Pre-testing scope agreed,
targeting June/July 2026

Private calls GSM-R <--> FRMCS
are working with real phones (on
intermediate MCX SW stack)

GSM-R

FRMCS

FP2-MORA@ 2

D Transport Stratum

MCX Service Stratum

((;‘%l GSB|:|S.R H G;I\S/ISR H | D Application
NO<KIA = VIDE

@ )) | 5GRAN MCx/IMS Trackside
(n101) ECREORE Servers Gateway
FRMCS Trackside

Ewviden MCX/IWF

FRMCS device 4.8
(n101)



Status Ongoing FP2-MORA@2

(] Transport stratum
 Integration of Frequentis voice (3 mex senice stratum
dispatcher (via interconnection @l s H T H wr | [ epicatin
to Vienna lab) NOKIA  =vie FREQUENTIS

« Update of Eviden SW stack for G| RN | o cope | Moums | | Treckside | voice
(n101) Servers Gateway Dispatcher
« Adhoc group calls (AHGC) FRMCS Trackside

 Railway emergency calls (REC)
e identity mapping
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GSM-R

FRMCS

* Next steps:
« Execution of the pre-test scenarios
* Integration of Funkwerk and Siemens onboard devices (TOBA GW, CabRadio)
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Objectives

--------------------------------------------------------------------------------------------------------------------------------

Objective is to prepare On-Board | Byt
and Trackside gateways for lab OBae Service ] >
test and f|e|.d Support. Local Binding ‘ ‘ Session Management | ‘ Notification Function | ¢ :OBAPP
' B
| Orchestration‘ Mim;::ﬂ”ﬁ:;ager :E}E%e
v FRMCS interfaces with $ } ||
Applications (Voice, Data, MCX R
Maintenance) lonen ———— O Q@
v' MCx client implementationto | e
support Mission Critical Y i S i
services, 15 Location FRIOP/FROP Fows >
v The integration of FRMCS L% Connectivity — et | cont
Radio Modules and MNO > Time | | o oo OBy >
radio modules to support 3 Multipath Function Service vt | Vg g
operation with FRMCS and 13 5
MNO frequencies. .
v The support of UE L = o
orchestration and flexibility o S Bl ) RURLE MNOUE | | OBmpServiced  oOBuy >
for multipath communication 852 n
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End of task 2.2
and WP3
Lab Test start

Scope Analysis MORANE-2 implementation

* Interfaces with application (OBapp
V2.1.0 ’
Tsapp, OBom, FSomr)

FRMCS
. * Multipath Implementation
t q
requirements « MNO UE support V2.2.0 Implementation

* MCx Framework support . o
« Cybersecurity topics * Interface w!th Appllcatu?n v.2.2.0 (OBapp/Tsapp)
* Interface with NSM decider (OBnsm)
* Time and Location

Lab delivery and pre-tests

* First delivery for Alstom, Kontron, Hitachi and Funkwerk
* First tests (E2E) done with Voice Application and ETCS/ATO
* Last Lab delivery (VIAVI, SIEMENS)

FRMCS Radio Module

* P1 Prototype Integration and test (MT18/MTC18)
* Full On-Board Gateway delivery with RMR frequencies
support
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A Look at the Hardware

SIEMENS

MORANE-2 On-Board Gateways

Railway standards products
Integrating commercial MNO UE

FRMCS UE (Integrated and/or
Remote)

FP2-MORANE | | 2

/MORAN E-2 Trackside Gateways\

* Embedded in rackable server

funkwerk)))

HITACHI
kontron
ALSTOM

/
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 Develop, build and supply operational dual mode cab radios with enabled FRMCS (test)
voice application and GSM-R connectivity, including required software and physical

interfaces.

* Validate the Cab Radio for use on railway vehicles, to the applicable version of FRMCS
Specifications and/or other relevant technical specifications.

* Provide and integrate with required interfaces (TOBA, GNSS, Digital I/0, Driver HMI)
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SIEMENS

funkwerk )))
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Progress

PHASE 1: FOUNDATION & DESIGN

. Requirements
Stabilized: Functionality,
operations, and dependencies
defined.

[* Hardware Design: VAS
hardware design finalised and
manufacturing successfully
completed.

PHASE 2: TECHNICAL READINESS

) VPN Established: Remote
connection configured and
operational.

& Hardware
Logistics: Remaining hardware on
target for Lab testing delivery.

FP2-MORANE | | 2

PHASE 3: INTEGRATION & TESTING

/' Pre-integration: Test activities
underway in Labs and at supplier
locations.

Software Development: VAS-
specific feature development is
progressing in parallel.
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Next Steps roz- Mom

INTEGRATION & SOFTWARE &
READINESS UPDATES
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* 4o Equipment e _ Integration e || Software
Despatch: Move all Testing: Complete all Progress Continue
remaining hardware to required test activities development and
Lab and Field test to ensure system deploy updates to Lab
locations. harmony. equipment.

e 8% Resource e 7.» WP3: Support Lab e  Remote
Allocation: Ensure setup to ensure Deployment: Utilize
personnel availability readiness for remote or direct
forupcoming commencement early access for effective
intensive test periods. August. delivery of software

updates
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Objective is to prepare and provide
RMR Radio Modules for MORANE-2
lab and field tests
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e =T

g/'@:j__-') R 1234
D RS4z2 NN 0000

ResET OO0
58678

v" Two different variants developed
v’ MT18 (backplane version)

v’ MTC18 (frontside version)
with integrated PS and CPU

v" Both support band n100in 900
MHz and Band n101 in 1900 MHz
with Power Class 1 (31 dBm) |-

L(C

v Integrated eUICC (eSIM) and
support of physical SIM

v' RX-Filtering designed to comply
with ECC/EC spectrum regulation
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Progress

RF-Pretesting

First prototype RF pre-tests
in network vendor labs

04/26
¢

o
08/25

Integration Sample

Functional samples for
electrical and physical
integration, equipped
with standard 5G modem

¢
05/26

Prototype 1 for Lab Testing

Fully functional prototypes
with support of RMR bands
n100/n101 and PC1 for lab

testing

¢
12/26

Prototype 2 for Field Tests

Enhanced prototypes for
field tests with improved
stability and RF performance

”

FP2-MORANE | | 2
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Achievements

FP2-MORA@ 2

- - o
[ 5] 144.03-146.01 sec 3.V
z’tl 5) 146.01-148.04 sec .1

v' Integration tests of Prototype 1 RMR Radio * 4 Ll

Modules have been successfully performed
in all three MORANE-2 labs (n100 and n101)

Time 1 s 179.07-180.03 sec 6.

v End of April 2026 two days static and £ o\GEH e

dynamic tests with the RMR Radio Module
at Deutsche Bahn test site in the Ore
Mountains in band n101 infrastructure

v' Integration of MT18 and MTC18 into
different FRMCS On-Board Gateways is
ongoing

v Centralised ticket system for issue
reporting launched
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« Application development according to MCX/FRMCS specifications (up to
now, according to plain MCX and FRMCS v2.2 specifications)

« Follow-up on open topics and decisions which are made (i.e. joint point of
view on |IPv4 vs IPv6)

 Provide input and feedback for WP1

« Performing pre-integration tests ahead of lab tests to verify basic MCX
interoperability between the different vendors
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Status and Progress
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. N _(comroter
FRMCS NI vAS W . R
" Service KD %
VAS — Domain _— - VAS
N —— Ne——
OBpp 7 >\ TSapp
ETCS — - ETCS
o (| |) FRMCS @EEED
< Transport EHEEX)

——— OnBoard Domain KD @D FRMCS G
ATO ERGE Y ) @D Trackside ATO
- t _—3 Gateway -/
R 7 ~N R
- (. .) Non-FRMCS @D -

\ ) A Transport -_— \ J

Domain —
\_ s
Others =— k / —  Others

FRMCS Trackside

RideOnTrack FC— 1. Software Modifications FRMCS v2.2
(T2.4 Task Leader) 2. VPN Connection for pre-integration tests
Frequentis B 3. Pre-integratiop with MCX server
4.\VPN Connection for lab tests
Kontron Kontron
Eviden Kontron @ rinishea O inProgress @ notstarted

Teltronic Kontron 65
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Mid July-2026

 Finalize development of FRMCS/MC-X dispatcher solution based on
FRMCS v2.2

End July-2026

« Successful Connection to Lab System

« Successful pre-integration testing with relevant FRMCS server supplier
« Prepared and ready for Lab Tests (WP3)
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Objectives m'm@

The objective is to adapt the existing VIAVI MCX Monitoring solution to perform FRMCS
FP2 MORANE-2 lab and field tests accordingly to WP1 test plan definition and Railway
environment.

The activity is broken into two parts, onboard active monitoring and trackside passive
monitoring of the FRMCS network. The current status is:

« An active monitoring solution for FRMCS has been developed:
« The lab test version will be available by end June;

« The field test version will be delivered by end of November 2026.

« A passive trackside monitoring solution is in development:
- Passive monitoring of raw traffic will be delivered mid-july for the Lab test;

« A full solution with the associated dashboards etc will be delivered end
Q3/early Q4 2026.
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Onboard Active Monitoring ”’2'”°"‘@2

« VIAVI are delivering 3 FRMCS enabled trolleys to cover the three lab tests
and five field tests.

« Each trolley will contain 2 FRMCS modems and either standard 5G MNO
modem or a GSM-R modem.
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 This trolley will capable of making measurements in both conventional
and high-speed environments, and also private and public FRMCS
networks.

« In addition to standard OTA measurements, the trolley also has a built-in
OBapp interface, enabling it to connect to the onboard gateway and
perform measurements via the gateway.

« As well as standard radio and MCX measurements, the trolley will also be
able to simulate ETCS and ATO traffic patterns during the field tests.
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Trackside Passive Monitoring m'm@

« |In order to support the FRMCS V2 Specifications & V3 target requirements as
defined by WP 1, it has been necessary to find ways to resolve the challenges
presented by the encryption which is part of all FRMCS networks.
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« Despite extensive discussions with other partners, identifying a means to achieve
this was much harder than foreseen, causing significant delays to product
delivery.

« A passive monitoring solution covering the 5G RAN and MC traffic will be delivered
in two parts:

- Part 1, including data capture and processing will be delivered during
July, in time for the start of Lab Tests.

- Part 2, including data analysis and KPI presentation dashboards, will be
delivered during end Q3/early Q4 26 in time for the 15t field tests in
Sweden and Spain.

70




Next Steps FPZ'MORA@

INTEGRATION & SOFTWARE &
READINESS UPDATES
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e s EqQuipment e _ Integration Testing: ° g Software
Despatch: Move 3 * MT18 Integration Progress: Continue
Trolleys to Lab by End 2 Qg InfeEeiien It development and
Of July. RIS eIl deploy updates to Lab

* %8 Resource e 71.» WP3: Support Lab eiwpment'
Allocation: Ensure setup to ensure readiness e  Remote
personnel availability for commencement early Deployment: Utilize
forupcoming August. remote or direct
iIntensive test periods. e ® WP4: Discussions access for effective

started with IMs re active delivery of software

monitoring deployment. updates
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« Development of ETCS, ATO, TCMS And KMS application prototypes for Lab
and Field test activities

« Provide application data to stimulate the FRMCS system
« Check the QoS fulfilment for applications (RTT, packet losses, etc.)
« Cross-check and validate FRMCS specifications for data applications

« Extract key learnings for application specification updates
(ETCS/ATO/TCMS/KMS)
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On-Board Trackside Infrastructure

Services
eeeee

Task 2.6
Scope

FRMCS System Applications
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FP2-MORA@2
Progress

- Prototypes development completed for ETCS, ATO, TCMS and KMS

applications.
« Definition of application test cases included in D1.1 (WP1)

« Remote connectivity (VPN) for remote test execution ready.
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« Prototypes in process of integration with FRMCS GWs

- Validate the OBApp/TSApp messaging
- Validate TLS certificate and protocol compatibility
- Validate E2E connectivity

74




[72)
—
(@]
+—
L
>
=
wn
n
>
O
|_
S~
o
<<
S~
(7p]
O
-
Ll
()
c
()
=
(1]
2
=
Q
<
()
-
©
(a]

Integration Status

ETCS (H2H)

ATO (H2H)

TCMS (H2N)

KMS (H2N)

HITACHI
Partial
w (OBApp 2.2.0
compatible,
pending E2E)
SIEMENS A
w Pending
SIEMENS L
GAFE Pending
SIEMENS N/A

OB GW

ALSTOM

Successful

Ongoing

Successful

Pending

Ongoing

Pending

funkwerk)))

Partial
(OBApp 2.0.0
compatible,
pending 2.2.0)

Partial
(OBApp 2.1.0
integrated
2.2.0 pending)

Partial
(OBApp 2.0.0
compatible,
pending 2.2.0)

Pending

Pending

Pending

SIEMENS

N/A

Partial
(OBApp 2.1.0
integrated
2.2.0 pending)

N/A

Pending

N/A

Pending

TS GW
HITACHI «ontron
Partial
(TSApp 2.2.0 N/A
compatible,
pending E2E)
Partial
N/A (TSApp 2.1.0
integrated
2.2.0 pending)
Pending N/A
N/A Pending
Pending N/A
N/A Pending

FP2-MORANE | | 2

ALSTOM

Successful

Ongoing

Successful

Pending

Ongoing

Pending
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 Finalize lab pre-integration tests with all applications

« Coordination with WP1
* Provide details on QoS monitoring mechanism
* Finalize testcase definitions for applications

« Coordination with WP3 and WP4
* Provide HW details
* Define integration dependencies
* Define a testing execution plan
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Lunch Break

We will resume in 60
minutes!
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WP3 - Lab Test Preparations and Execution

4Q2024 1Q2025 2Q2025 3Q 2025 4Q 2025 1Q2026 2Q2026 3Q2026 4Q2026 1Q2027 2Q 2027 3Q 2027

Start Title Lead 1 2 3[4 5 6|7 8 9|10 11 12|13 14 15[16 17 18|19 20 21|22 23 24|25 26 27|28 20 30|31 32 33
IWP3  LabTest Preparations and Execution ERI Lab Test Preparations and Execution

[Task3.1  Stagingof Lab Environment Ericsson ERI ¢

[Task32  Stagingof Lab Environment Nokia NOK D31

[Task3.3  Stagingof Lab Environment Kontron KON

[Task34  LabTestsEricsson ERI ERICSSON

Task35  LabTestsNokia NOK NOKIA

[Task36  LabTestsKontron KON KONTRON

[Task37  Evoluation & Retum on Experience uic. Evaluation a2

The purpose of WP3 is :

« For the lab test preparation phase to
+ Tointegrate the FRMCS and Application prototypes defined in WP2 in three labs

» ERICSSON - Dusseldorf, Germany
* NOKIA - Budapest, Hungary

+ KONTRON - Montigny-le-Bretonneux, France and Vienna, Austria

» To provide remote access to the relevant labs for partners to perform tasks on their equipment;
* Integration activities to set the targeted FRMCS network;

« For the lab test execution phase to
*  Execute the test cases assigned to lab;
* Report test results;
«  Evaluate test results.

Note that IM will participate in the tests as observers.
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WP3 - Lab Test Preparations and Execution

WP4

Field test preparation
and execution

ADIF

WP1 (

Test design and planning
D1.2 lab test plan and
test methodology

WP3 Kontron ADIF High Speed Line

Lab test preparation Ericsson
and execution

WP2 AELTE ProRail

System Components and \

Architecture

D2.1 test architecture v1
D2.3 test architecture v2 l l Trafikverket

D 3.1 lab integration D 3.2 lab validation
consolidated report consolidated report
DB InfraGO

31
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Planning

2025 2026 2027
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec | Jan
Lab staging ab staging D3.1 4
Lab Test ab te
Evaluation aluatio D3.2
D2.2 Test architecture Tlst draftversion Vi@
uic D1.1 FRMCS Test specification V1
MORANE-2 |9 5 Test plan and methodology for lab ? V1
official
deliverables |D3-1lab integration Template . @ 1stdraftversign @ Final version
D3.2lab validation ‘ Template @ Final version

82



Lab preparation status m.Mom@)z

The preparation and staging of the 3 labs is at 85%+ completed.

- A few equipment are still not yet available. They will be
shipped second half of July.

* Pre-test activities are on-going on the 3 labs.
« The list of test cases is finalized.
« The split of the test cases per lab is done.

« Test strategy and test plan for the 4-month duration of the
lab text execution is on-going.
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Ericsson Lab in Dusseldorf Z.
Test cases
 Voice TC

 Multi-train communication
* Controller to controller communication
e REC
* Location service
* Functional
* Operation & maintenance procedures
IP addressing and routing
Network selection management
MOCN
Multipath
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Ericsson lab Dusseldorf - architecture
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Pre-test activities 2.
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Questions?

Thank You!
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Work Package 3 Lab
- Nokia
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Lab Impressions

Datacenter Partner RF Test

Budapest Site Band n101 FRMCS 5G Core MCX, Dispatcher. OB [l Equipment

cd]@@

funkwerk)))

SIEMENS ERICSSON £ =\[D=) @ kontron VAV

S&T Group
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Test Scope - Focus Nokia Lab Budapest Snay/a

Al c1es. ATo.Toms | VAS - Train tosfrom REC - Railway
F ~70Test Cases 0 Controller Emergency Call
* Hybrid setup: local d_eployment
gg?tnrgmggi connection to other Functional Location Dependent Authorization
* realization with several partners Addressmg Addrassing Role Management
allows to distribute test scope in
efficient way and to reach . GSM-R Interworking & .
maximum test coverage Border Crossing Network Transitioi Multipath
* Remote connection to Field /
Germany BTS/gNB -> benefit of Q0S
experience from 5GRail o) .
P o .. Addressing Modes Measurements
» Main focus is GSM-R Interworking Arbitration
and Border Crossing
* Border crossing with different . MNO .
PLMN only possible in Field setup High Speed MOCN. R : Security
in WP4, some derisking tasks , hoaming
\ y,

FP2-Morane2 Focus Areas
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Test Scope - Focus WP3 - Nokia Lab FP2-MORAYS))?

WP3 Nokia Lab focus VAS — Trai .
—Train to/from REC - Railwa
e ~70 Test Cases ETCS, ATO, TCMS y

* Hybrid setup: local deployment and
remote connection to other partner

Controller Emergency Call

labs Functional Location Dependent Authorization
* Realization with several labs and i i
fields allows to distribute test scope Addressing Addressing Role Management
in efficient way and to reach
maximum test coverage GSM-R Interworking &
» Remote connection to Field / Border Crossing - Multipath
Germany BTS/gNB -> benefit of Network Transition
experience from 5GRail
* Main focus is GSM-R Interworking QoS
and Border Crossing Addressing Modes Measurements

* Border crossing with different PLMN Arbitration
only possible in Field setup in WP4,
some derisking tasks

MNO

e Int tion i ing, first tests with [
ntegration is ongoing, first tests wi ngh Speed MOCN,Roaming

GSM-R interworking executed Securlty

\_ J

WP3 Lab main focus WP3 Lab implicitly covered
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Nokia WP3 Lab setup - Details

Leased Lii

Partner Management Connectivity

Siemens E E
RDP ETCS/ATO Server
Eviden
- E Remote connectivity
towards remote partner
Frequentis
— E lab and products
Funkwerk .
— Additionally, to allow
remote maintenance
— g - and test support
Onboard
SIEMENS | | SIEMENS funkwerk))) VIAVI funkwerk) | | SIEMENS
2 e m U |
o | .. ..

5GC @ Trackside GW

N1/N2/N3

@%@%\

5GRU
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server

TS app

A

N1/N2/N

Nb

oa
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5G CU/DU

S

w

G RU

OBapp

Cabradio

Cabradio

MCX

Dispatcher
Server

N1/N2/N3 N1/N2/N3,

Obapp

ETCS/ATO
Client

5G CU/DU

5G RU

zeﬁ

Trackside

Dispatcher
Client
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GSM-R

IWF-1/2/3 MSS
| 1Whg 1/g2/g54@ @ @
HSS IN
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B
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Fill colour Outlines
- Local . Siemens
[ Remote I Funkwerk

. Frequentis
. Eviden
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Ericsson
SIEMENS
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WP4
Pre activities

Nokia WP3 Lab setup Status

WP3 Detailed Test Time Plan under preparation

Deployment

Remote/Local

VPN Setup
(Test &

FP2-MORANE | | 2

Funkwerk

Siemens

Siemens

Kontron

Eviden

Viavi

Frequentis

Ericsson

DB

CAB Radio
OB Gateway

CAB Radio
OB Gateway

ETCS Onboard
ETCS Trackside

Trackside GW

MCX Server
GSM-R IWF

Onboard Trolley
Trackside Measurem. Server

Dispatcher Terminal
Dispatcher Server

Core

Field Radio

Local
Local

Local
Local

Local
Remote

Remote

Local

Local
Local

Local
Remote

Remote

Remote

Maintenance)

Ok

Pending

oK

Pending

OK

Pending

OK

Pending

Started

Integrated, Radio/Modem tests executed
e2e test planning . Remote Maintenance

Installation pending

Integration ongoing
Remote setup

Connection setup ongoing

Integrated and tests ongoing
Test UE call e2e done

Pending Installation
Integration not started

Integration ongoing

Setup for WP4 stared

Plan for remote Core-radio configuration for WP4
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Next Steps until Lab test begin ”’2""°"‘@2

Finalize partners integration :
« Viavi (Trolley/Responder calls)

« Siemens Cab Radio and OB GW installation & integration
Siemens ETCS integration

« Eviden MCX Server SW updates

« Frequentis Dispatcher - MCX Server integration

GSM-RIWF e2e test with CAB & OB GW, Group Call test

« Kontron Trackside GW integration with Nokia Core and MCX Eviden and Trackside ETCS

Remote Setup
« Nokia - Kontron, Siemens, Ericsson, DB (for WP4 test activity)
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Nokia WP3 Lab setup - Partner Products

NO<IA
SIEMENS
’ funkwerk) EVIDEN .

funkwerk)))

Dispatcher

IMS / MCx
server
Teminals SIEMENS

5G SA core netw. SIS .
VIAVI

Cab radio

I Cab radio

>3

ETCS/ATO
Simulator

Measurement
Active Drive Test

ERICSSON Z
InfraGO
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2 - Kontron Lab configuration dedicated to Morane-2 WP3
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¢ Vienna Lab : SIP Core / MCx, Track Side Gateway and Dispatcher Kontron to E// Lab and field tests

* Montigny-Le-Bretonneux Lab : dedicated for Kontron WP3 Lab tests execution and WP4 ADIF field tests

Terminal Dispatcher SBG Th15

Dispatcher Teltronic

Jkontron

N6

-
ontron

N2/N3

Dispatcher
AS
SIP Core MCx AS

Security Gateway

BBU BBU
5G RU 5G RU
ontron kontron lcontron

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

TS App

Toba (Modem FRMCS ,Client Mcx)

Common services
NTP DNS

kontron

TrackSide GW

HITA]:‘:I—II\

Loose Coupled Application

ETCS TCMS

ALSTOM
kontron
_________________ Radio Modem /
GPSAntenna == . . . Embedded Applications
 PTPASS8Synchro e TS Ctrl Tight Coupled Application
———————— | VAS
e ; funkwerk)))
S/ Toba (Modem FRMCS, Client Mcx)
//’ HITACH! 5 App Loose Coupled Application
e Toba (Modem FRMCS, Client Mcx)
-
,,,,, l ALSTCV
“'N100-N107 GAF

funkwerk )))
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WP3 Kontron - Partners Integration Status

Register/
Company Applications Local / Remote|Eqpt VPN UP belish Modem FRMCS Apps Traffic
¥ (ETCS, ATO)
Toba Y Y M TCMS planned w26
Alstom Toba + TrackSide  |Local Interop TOBAATSA TSHITACH!
¥ (ETCS, ATO)
s Y Y TCM3 planned w26
Toba Y Y N To plan with CAF
Hitachi Toba + Track Side Local s ; S T 3p-:“|'|C: """""""
Interop TOBA ATSA - TS HITACHI
FAG i to PTP a
Funkwerk Toba + Cab Radio Local Toba Y Y Y \.AS: ) lr,'ler_m"E ' G{_ T= nd e
VASZ in MTY end of June
CAF Applications Local Apps Y ¥ (ETCS, ATO)
Responder
Viavi Active Monitoring  |Local Y Y (Client MCx) N (KPl Measurement)
Trolley N
Eviden Dispatcher Remote Dispatcher Y Y ¥ (PTP and GC)
Teltronic Dispatcher Remote Dispatcher Y Y ¥ (PTP and GC)

EEE) To finalize in July

FP2-MORANE | | 2
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WP3 Kontron
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Current and next activities before end of July :

+» Finalize partners integration : Viavi (Trolley/Responder calls), Funkwerk VAS, Modem FRMCS (Alstom, Hitachi, Viavi)

s Complete D3.1 document. Draftin progress Partner - Documents - All Documents

+* Dry Run tests

+ Tests planification :
= |ntra-site : tests case execution in Kontron Lab (Contributors and planification of tests cases in Kontron Lab)

= Inter-site : tests execution between the different Lab (Kontron, Nokia and E//)

Assessements :

+» WP3 tests with IPV4 network

+» WP3 maintained operationnal during WP4 tests for support
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https://mysnt.sharepoint.com/sites/KTR-MORANE2/WP3/Partner/Shared%20Documents/Forms/AllItems.aspx?startedResponseCatch=true
https://mysnt.sharepoint.com/sites/KTR-MORANE2/WP3/Partner/Shared%20Documents/Forms/AllItems.aspx?startedResponseCatch=true
https://mysnt.sharepoint.com/sites/KTR-MORANE2/WP3/Partner/Shared%20Documents/Forms/AllItems.aspx?startedResponseCatch=true
https://mysnt.sharepoint.com/sites/KTR-MORANE2/WP3/Partner/Shared%20Documents/Forms/AllItems.aspx?startedResponseCatch=true
https://mysnt.sharepoint.com/sites/KTR-MORANE2/WP3/Partner/Shared%20Documents/Forms/AllItems.aspx?startedResponseCatch=true

Kontron Tests Coverage
+ Organization of Kontron WP3 Test Cases execution with partners based on the file :

FP2-MORANE-2 - Kontron - Proposal of TC Distribution.xlsx

FP2-MORANE | | 2

TC number [with reference to Target Date of
D11 | D12 |D14 | D1.1pans of the document, TCID Kontron lab Proposal for interop TestLeader .
= 1 7] Part2: APMoo Partd: Shoo T hd hd ~ hd execution .
. 2
Extract : Handover
¥ KT |ADIF SF062 N10D_N101 HO D01 ¥ FWK-HITACHI-KT-KT Kontron w36
¥ KT |ADIF SFO63 N10D_N101 HO D02 ¥ FWEK-HITACHI-KT-TELTRONIC Kontron w36

s Current view Kontron Tests coverage and partners contribution:

Type of tests Tests Number Site Comments Partners contribution (Kentron Lab) Nur:‘::r =

Handover 2 Montigny Hitachi 15
Common functions {Roles management 8 Montigny Toba /TS Funkwerk 17
Location and Time 3 Montigny Alstom 21
Voice and REC calls 17 Montigny VAS1 - VAS2 Funkwerk 28
Data applications (ETCS/ATO/TCMS) 5 Montigny Applications |CAF 12
Performances Measurements 16 Montigny Eviden 8
— , VPN inter-Lab still to Dispatcher  |Teltronic 13
Inter-Domain Eviden - Kontron 6 Vienna setup Telematix 8
TOTAL 57 MNetwork Kontron MTY 50
TOBA to affect 2

Dispatcher to affect 8

Planification in progress with partners
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https://mysnt.sharepoint.com/:x:/r/sites/KTR-MORANE2/WP3/Partner/Shared%20Documents/Test%20Tracking/FP2-MORANE-2%20-%20Kontron%20-%20Proposal%20of%20TC_Distribution.xlsx?d=w0bd86513586d440abb61d39e3dc55f3e&csf=1&web=1&e=WCd9tG
https://mysnt.sharepoint.com/:x:/r/sites/KTR-MORANE2/WP3/Partner/Shared%20Documents/Test%20Tracking/FP2-MORANE-2%20-%20Kontron%20-%20Proposal%20of%20TC_Distribution.xlsx?d=w0bd86513586d440abb61d39e3dc55f3e&csf=1&web=1&e=WCd9tG
https://mysnt.sharepoint.com/:x:/r/sites/KTR-MORANE2/WP3/Partner/Shared%20Documents/Test%20Tracking/FP2-MORANE-2%20-%20Kontron%20-%20Proposal%20of%20TC_Distribution.xlsx?d=w0bd86513586d440abb61d39e3dc55f3e&csf=1&web=1&e=WCd9tG
https://mysnt.sharepoint.com/:x:/r/sites/KTR-MORANE2/WP3/Partner/Shared%20Documents/Test%20Tracking/FP2-MORANE-2%20-%20Kontron%20-%20Proposal%20of%20TC_Distribution.xlsx?d=w0bd86513586d440abb61d39e3dc55f3e&csf=1&web=1&e=WCd9tG
https://mysnt.sharepoint.com/:x:/r/sites/KTR-MORANE2/WP3/Partner/Shared%20Documents/Test%20Tracking/FP2-MORANE-2%20-%20Kontron%20-%20Proposal%20of%20TC_Distribution.xlsx?d=w0bd86513586d440abb61d39e3dc55f3e&csf=1&web=1&e=WCd9tG
https://mysnt.sharepoint.com/:x:/r/sites/KTR-MORANE2/WP3/Partner/Shared%20Documents/Test%20Tracking/FP2-MORANE-2%20-%20Kontron%20-%20Proposal%20of%20TC_Distribution.xlsx?d=w0bd86513586d440abb61d39e3dc55f3e&csf=1&web=1&e=WCd9tG
https://mysnt.sharepoint.com/:x:/r/sites/KTR-MORANE2/WP3/Partner/Shared%20Documents/Test%20Tracking/FP2-MORANE-2%20-%20Kontron%20-%20Proposal%20of%20TC_Distribution.xlsx?d=w0bd86513586d440abb61d39e3dc55f3e&csf=1&web=1&e=WCd9tG
https://mysnt.sharepoint.com/:x:/r/sites/KTR-MORANE2/WP3/Partner/Shared%20Documents/Test%20Tracking/FP2-MORANE-2%20-%20Kontron%20-%20Proposal%20of%20TC_Distribution.xlsx?d=w0bd86513586d440abb61d39e3dc55f3e&csf=1&web=1&e=WCd9tG
https://mysnt.sharepoint.com/:x:/r/sites/KTR-MORANE2/WP3/Partner/Shared%20Documents/Test%20Tracking/FP2-MORANE-2%20-%20Kontron%20-%20Proposal%20of%20TC_Distribution.xlsx?d=w0bd86513586d440abb61d39e3dc55f3e&csf=1&web=1&e=WCd9tG
https://mysnt.sharepoint.com/:x:/r/sites/KTR-MORANE2/WP3/Partner/Shared%20Documents/Test%20Tracking/FP2-MORANE-2%20-%20Kontron%20-%20Proposal%20of%20TC_Distribution.xlsx?d=w0bd86513586d440abb61d39e3dc55f3e&csf=1&web=1&e=WCd9tG

Thank You!

Funded by the European Union. Views and opinion expressed are however those of the EQ GESNS

author(s) only and do not necessarily reflect those of the European Union or the Europe’s Surope's all
Rail Joint Undertaking and Smart Network and Services Joint Undertaking. Neither the
European Union nor the granting authority can be held responsible for them. The project
FP2-MORANE-2 is supported by the Europe’s Rail Joint Undertaking and its members.

Co-funded by
the European Union

105




&2

FP2-MORANE | | 2

Coffee Break
15 Minutes
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Field Test Environments ""“‘”"‘@2

»Qd“: - Spain Conventional Line

e 25 km length | max. 80 km/h
* FRMCS 900 (n100) + FRMCS 1900 (n101)

f’-ilj - Sweden Conventional Line
TRAFIRVERKET * 40 km length | max. 200 km/h
« FRMCS 1900 (n101)

Germany Conventional Line
DB InfraGO
= - * 12 km length | max. 80 km/h

« FRMCS 1900 (n101)

hodiF - Spain High Speed Line

* 60 km length | max. 300 km/h
* FRMCS 1900 (n101)
Netherlands Conventional Line

BN . 20 km length | max. 140 km/h
 FRMCS 1900 (n101)

ProRail

v B

Albacete - Alicante




Field Test Scope

hodiF

@i
iy
TRAFIKVERKET

InfraGO

hodiF

ProRail

Spain Conventional Line
* Basic FRMCS functionality and system performance (voice and data)
* Transfer between FRMCS 900 (n100) and FRMCS 1900 (n101)

Sweden Conventional Line
* Basic FRMCS functionality and system performance (voice and data)
* MOCN scenario with Telia on MNO 700 (n28)

Germany Conventional Line
* FRMCS border-crossing scenarios (voice and data)
« FRMCS/GSM-R interworking (voice) and transition (data)

Spain High Speed Line
* Principle FRMCS high speed environment and system performance
tests (voice and data)

Netherlands Conventional Line
* FRMCS over MNO (Multipath, Roaming and MNO subscriptions)
complementing FRMCS

FP2-MORA@ 2

Q1/27
Basic FRMCS
functionality
(voice, data)

Q2/27
More complex
test scenarios
* High-speed
FRMCS BX
GSMR IWF
* MNO
Multipath
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TRAFIKVERKET

InfraGO
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ProRail
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kontron

ERICSSON 2
& 1.
& Telia

ERICSSON 2

NOLIA

ERICSSON Z
kontron

ERICSSON Z

@9 kpn

5G

ALSTOM
HITACHI

ALSTOM
SIEMENS

funl(werk)))
SIEMENS

funkwerk)))
ALSTOM

funkwerk)))
ALSTOM

SIEMENS

Network USL:=2a80 4/

kontron

lkkontron

kontron
ESVIDEN

lkkontron

lkkontron

MCX/
IMS

! 1
' 1
! '
; I M
! 1
! 1

\

\

N

HITACHI

ALSTOM

kontron

ALSTOM

ALSTOM

TS GW/

ultipath

’
-

funkwerk)))

SIEMENS

funlwerk))
SIEMENS

funkwerk)))

funlwerk))

Cab radio

VTeltronic
=VIDEN

lkkontron

kkontron

W Teltronic

©or

RideOnTrack

1
'
1
i
\
\
N
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Simulator !

SIEMENS

SIEMENS

SIEMENS

N | ETCS/ATO |
‘Dispatcher, |

VIAVI

V1AV

V1AV

VIAVI

VIAVI

! EMonitoringE
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E= Field Test Environment - Spain FP2-MORANE
Conventional Line (CL)
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E= Task 4.1 - Staging of Test Environment Spain CL

ADIF + RENFE, CAF, TELTRONIC, EVIDEN, ALSTOM, FUNKWERK, VIAVI, KONTRON, HITACHI, UIC

Objective Current situation Pending milestones

Setting up the field test environment in the regional line in Spain. Actions in preparation phase: e Civil Works pending finalization.
It includes specifying a detailed test architecture and preparing e Partially deployed infrastructure. *  RAN installation.

the test track and rolling stock required for validating *  Fiber and energy designs validated. * Leased Lines availability.
functionalities and system aspects. e Initial train preparation activities started. * On-Board equipment installation.

e Train operations and security coordination for test runs.

Preparation activities and progress
Field testbed 30% FRMCS equipment 15% Test Train 55%
I [ ] |
Towers/masts partially deployed; power and transmission/fibers Agreed solution. RAN installation expected from sept-2026; Anter.mas and energy rack installed; RENFE-ADIF coordination
validated. Leased Lines operational during September. ongoing.
On-Board equipment 505 Test plan 64% Operation, safety and authorization 30%
- 0
I
Physical and technical requirements under validation; Risk D1.1 delivered; D1.2 lab/field distribution ongoing. Test |nsttr.uct|ons, train drivers and operational risk analysis in
! aration.
analysis and installation under assessment. prep

Timeline up to field test

Sep 26 Oct 26 Nov 26 Dec 26 Q127

Transport / leased line installation operational
FRMCS RAN deployment installation

RAN integration / core / transport

On-Board Equipment installation
Pre-tests E2E
TC campaign + T4.2 reporting Field tests execution 1 1 6




E= Field Test Environment - Spain Sey/a
High Speed Line (HSL)




E= Task 4.7 - Staging of Test Environment - Spain HSL

ADIF + CAF, TELTRONIC, ERICSSON, KONTRON, ALSTOM, FUNKWERK, VIAVI, UIC

Objective

Setting up the field test environment in the high-speed line in
Spain. It includes specifying a detailed test architecture and
preparing the test track and rolling stock required for validating
functionalities and system aspects.

Current situation

Actions in preparation phase:

¢ Infrastructure available from 5G operators project.
*  Fiber designs validated.

e Train preparation activities started.

Pending milestones

*  Complete fiber segregation and router configuration.

*  Confirm Ericsson/Kontron RAN deployment windows.

e Leased Lines availability.

e Complete the train adaptation and on-board installation

FP2-MORANE | | 2

plan.
Preparation activities and progress
Field testbed 70% FRMCS equipment 15% Test Train 30%
| [ |

Infrastructure prepared within 5G operator project; fiber
segregation and router configuration pending.

On-Board equipment 20%
]

Physical/technical requirements under validation; installation
planned around Q1 2027.

Solution agreed; Ericsson and Kontron RAN
deployment/integration windows to be confirmed; Leased Lines
operational during September.

Test plan 64%
|

D1.1 delivered; D1.2 lab/field distribution ongoing.

Equipment requirements transferred to the train adaptation
contractor; train adaptation expected by the end of 2026.

Operation, safety and authorization 30%
]

Test instructions, train drivers and operational risk analysis in
preparation.

Timeline up to field test

July 26 Aug 26

Transport / leased line
Fiber segregation / routers
RAN deployment Ericsson/Kontron

RAN integration / core / transport

On-Board Equipment

Pre-tests E2E + optimization

TC campaign + T4.8 reporting

installation

Sep 26 Oct 26 Nov 26

Dec 26

Q127 Q2 27

operational

installation

installation

Field tests execution
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B Field Test Environment - Germany

Rural Environment with
Plains, Hills, Forests
Avg. speed ~50 km/h
Max. speed 80 km/h

Remote Radio Sites e ' : nbe:géﬁfi f",\ T -~
10-15m ¥ Server Rodms + Office/Work Space

FRMCS/5G Test Lab ;

Annaberg-Buchholz unt. Bf.

w== Digitales Testfeld Bahn (24 km) F D .

Futre Railway Moblla Commwrication System ,

@m» [FRMCS Test Track (12 km)
I]]E Annaberg-Buchholz Siid
@ @ FRMCS 1500 MHz Sites . Schlettau First Digital Interlocking

[ 25
@)
) GSM-R 900 MHz Sites (($)) ((?)) ((?)) f% (($)) (5 pal N (DSTW) 3 Germany
o

el

Scheibenberg
Central Test Site and
Location for the Test Vehicle

Schwarzenberg

N\

(P @- b

Markersbhach

InfraGo?1 19




B Validation Scope Germany BX Scenarios & IWF Fretor)”

1 NO<IA i .
: EVIDEN !
e
I @-Am GSM-R | [ GSM-R Trackside App < L
I BSS Nss || o = ;
: OBNSM IWE (Voice Dispatcher) 4 3 .
[ GSM-R System = !
: C.)BOM 4 > FREQUENTIS 4
H i 1 GSM-R ;
: ; ; Interworking X
@) P Module o i "] g
> i @) | 5GRAN MCx/IMS Trackside || Trackside App O£ $
= I - - - D ‘® i
= : : A’ | (n01) 5G CORE —— Ermua :—— (Voice Dispatcher, =g £
g O : | | 5GRadio I ETCS/ATO) LS i
= “;. 1| Toma Module ) FRMCS Trackside 1 a -
55 NO<IA EVIDEN lcontron FREQUENTIS SIEMENS
o @ I Gateway . P e TS
= = | | 5GRadio ’)) £ N APP
og : Module E i i
ot i i P
3 I FRMCS Transport | { § FRMCS Service
: Domain Transition | i i Domain Transition & Interconnection
] | B
| 14. Ly ':: ='7
: ERICSSON Z Icontron  Jcontron |
1 0
1 @ i Trackside A v
@) | SGRAN | | | MCx/IMS | | Trackside |1 rackside App O
: ‘-) (n101) 56 CORE Servers Gateway II (Voice Dispatcher, E g FRMCS B | B
ETCS/ATO 2t )
: FRMCS Onboard FRMCS Trackside 1 el - il FRMCS A
SIEMENS OBl SIEMENS TSI lcontron SIEMENS £ | RAN
funkwerk))) APP funkwerk))) AP

InfraGo1 2 ()



Bl Pre-Testing Activities - Germany N101 Radio Module FP2-MORANE |2

early 1900 MHz RAN measurements with f
: _ ocus on UE attachm ;
radio performance in both Ericsson and Nokia networks ent, cell handover relations, coverage and

31 dBm Funkwerk radio module of first generation (within MTC18) and passive scanners

» both stationary and drive tests

5] 144.03-146.01 sec BY . o -
5) 146.01-148.04 ) 21.2 Mbits/sec
5] 148.04-150.03 Y 21.1 Mbits/sec
5] 150,03-152.01 sec 1 21.1 Mbits/sec

5] 152.01-154.04 sec Y 21.2 Mbits/sec
{ 5) 154.04-156.02 sec ) 21.1 Mbits/sec
5] 156.02-160.39 sec Byt 2.64 Mbits/sec
5) 160.39-162.02 sec ) 21.2 Mbits/sec
5] 162.02-164.01 sec 21.1 Mbits/sec
5] 164.01-166.04 sec ) 21.2 Mbits/sec
5] 166.04-168,02 sec . 21.1 Mbits/sec
5] 168,02-170.64 sec . 15.2 Mbits/sec
5] 170.64-172.04 sec 5,38 MBytes 32.1 Mbits/sec
5] 172.04-174.02 sec 5,00 MBytes 21.1 Mbits/sec
5] 174.02-176.00 sec 5,00 MBytes 21.2 Mbits/sec
5] 176,00-178.07 sec 3,25 MBytes 13.2 Mbita/sec
5) 178,07-180,03 sec 6.88 MBytea 29.5 Mbita/sec
5] 180,03-182,01 sec 5,00 MBytes 21.2 Mbits/sec
5] 162,01~184,04 sec 5,12 MBytes 21.2 Mbita/sec
$] 184,04-186,03 sec 5,00 MByteas 21.1 Mbita/sec
" { 5] 186,03-188,00 sec 5,00 MBytes 21,2 Mbita/sec
€5 ==<( 5] 188,00-190,04 sec 5,12 MBytea 21.1 Mbita/sec T —

Latitude
SINR[dB]

Forest Region

RSRP [dBm]

S S LSS S LS IS S S PSP ELFS

Distance [m]

InfraGo1 2 1



Bl Task 4.3 - Staging of Test Environment - Germany

INFRAGO + ERICSSON, EVIDEN, FREQUENTIS, FUNKWERK, KONTRON, NOKIA, SIEMENS, VIAVI, UIC

Preparation Activities and Progress

Field testbed 80%

8 of 10 towers have been constructed (fiber-connectivity and
power supply exists); 2 of 10 towers come in Oct. 2026.

On-board equipment 20%
|

Early network pre-testing with 15t radio module version;
Clarifications on pre-testing with 2" radio module version

FRMCS trackside equipment 75%

FRMCS RAN equipment from Nokia and Ericsson installed on
8 of 10 towers; 2 of 10 towers come in Q4 2026;
Leased Lines to Remote 5G Cores are progressing.

Test plan 30%
I

Few FRMCS functional end-to-end test casesin D1.1/D1.2;
BX and IWF test cases mainly for D1.3

Test train 80%

Choice of 3-4 trains will be available; all being equipped with
2x2 H+S antennas (incl. GPS) and similar cable length; no fixed
installations of train OB equipment but flexible mounting

Operation, safety and authorization 60%

Test during daytime, usually Tuesday to Thursday (with Monday
and Friday for train transfer); Approx. 8 two-directional test runs
per day; Drive test runs need 6-8 weeks in-advance planning to

FP2-MORANE | | 2

and BX & IWF onboard equipment ongoing

clarify operations

Preliminary Timeline

June 26 July 26 Aug 26 Sep 26 Oct 26

RAN deployment Ericsson/Nokia

Nov 26 Dec 26 Q127

leased line operations

additional 2 sites

connect Core

RAN & Lab Core integration
Network perform. & optimization
On-Board Equipment

Functional Pre-tests E2E + BX

TC validation phase + reporting

Pretests 2"d RM version & Network Performance

Onboard Gateway Pretests
End-to-End Pretests

Q227 Q327

InfraGo1 22



== Field Test Environment - Netherlands FP2-MORANE |2
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== Task 4.9 - Staging of Test Environment - Netherlands

PRORAIL + ERICSSON, KPN, RIDE ON TRACK, ALSTOM, FUNKWERK, VIAVI, UIC

Objective

Setting up the field test environment at the conventional line in
The Netherlands. It includes specifying a test architecture and
preparing the test track and rolling stock.. FRMCS Multipath,
RMR1900, MNO national roaming and public subscriptions are
the main topics for validation.

Current situation

¢ Architecture design and radio planning completed

¢ Passive Infrastructure available (1 site under construction)

e Transmission design completed, installation in progress.
* Measurement rain preparation activities started.
¢ Design for MNO national roaming completed

Pending milestones

e Start RAN deployment in Q3 2026
* International Leased Lines delivery.
e Contracting the measurement train
e Lab test execution in Q1 2027

e Field test execution in Q2/Q3 2027

FP2-MORANE | | 2

Preparation activities and progress

Field testbed 50%
]

Infrastructure prepared within 5G operator project; fibre
segregation and router configuration pending.

On-Board equipment 20%
]

Physical/technical requirements under validation; installation
planned around Q2/Q1 2027.

FRMCS equipment 50%
|

Solution agreed; Ericsson RAN deployment/integration windows
to be confirmed; Leased Lines operational in Q4 2026.

Test plan 50%
|

D1.1 delivered; D1.2 lab/field distribution ongoing.

Test Train 30%
]

Equipment requirements transferred to the train adaptation
contractor; train adaptation expected by the end of 2026.

Operation, safety and authorization 20%

Test instructions, train drivers and operational risk analysis in
preparation.

Timeline up to field test

July 26 Aug 26 Sep 26
Transport / leased line
Fiber segregation / routers

finalization

RAN deployment Ericsson/Kontron
RAN integration / core / transport

On-Board Equipment
Pre-tests E2E + optimization

TC campaign + T4.9 reporting

Oct 26 Nov 26 Dec 26

installation

operational

Q127 Q2 27 Q327

installation

installation

Field tests execution




Field Test Environment Sweden

Eriksberg 1: H&S 4-port 1399.99.0153
& 2: H&S 2-port 1399.99.0130

3: H&S 4-port 1399.99.0153

1900 MHz 5G
RMR Network
coverage e

(@D
é&nogsié
%o

Yn

1900 MHz 4G
TDD Network
coverage

vik

Antennas for testing FRMCS and Tetra on Vehicle:

FP2-MORANE | | 2

4: H&S 2-port 1399.99.0130
5,8: H&S 380-430 MHz 87010005
6,7: H&S 694-2700 MHz 87010023

@ O

Simonstorp

MNO Telia

5G RAN

2*10 MHz

' FDD700 MHz _

Kolmérden
7 Krokek

Bréviken

Panel with 24 N-type female connector
(conected to antennas on roof)

" My

e

9” rack

i

R= OOU

N

)

L

I:II:I "
58
i

.« !

-
0D
Ramma

-

Viavi Trolley Chair Table
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EEm Task 4.3 - Staging of Test Environment - Sweden

TRAFIKVERKET + ERICSSON, SIEMENS, ALSTOM, VIAVI, KONTRON, Telia (MNO/MOCN)

Objective

Setting up the field test environment in the regional line in Aby,
Sweden. It includes specifying a detailed test architecture and
preparing the test track and rolling stock required for validating
functionalities and system aspects.

Current situation

Actions in preparation phase:

e All passive infrastructure deployed.

e Operative 4G TDD test track

e Operative test Vehicle with 8 antennas for tests

e Preparation for replacing 4G RRU-s with 5G RRU
e Preparation for more electrical power on vehicle

Pending milestones

*  RRUs installed for operative 5G n101 FRMCS test track.
* Leased Lines availability.

*  On-Board equipment installation and integration.

*  Necessary electrical power on test vehicle.

Preparation activities and progress

Field testbed 100%
]

Towers/masts deployed; power and transmission/fibers
validated.

On-Board equipment 20%
I

Physical and technical requirements under validation; Risk
analysis and installation under assessment. (Two 19” half rack)

FRMCS equipment 50%
|

Agreed solution. RAN n101 installation expected from late
September 2026; Leased Lines operational 1°t of October 2026.

Test plan 64%
|

D1.1 delivered; D1.2 lab/field distribution ongoing. Test cases
focusing on MOCN with MNO Telia on n28 and FCAPS.

Test Train 60%
|

8 Antennas installed (FRMCS & TETRA). WiFi & Dual Band Diplex
Filters on board. Vehicle currently used for tunnel (TDD n101) and
TETRA tests. Planning for rack for TOBA Equipment. Overhaul of
electrical power.

Operation, safety and authorization 70%

Test on daytime, Monday to Thursday on ordinary track. Test is
done with own vehicle. Working timetable for test runs derived
from requests 1 month in advance. Aprox. 10 test runs/day.

Timeline up to field test

Sep 26
Transport / leased line
Civil Work+ power/fiber + [OK]
FRMCS 5G Radio deployment
RAN integration / core / transport
On-Board Equipment
Pre-tests E2E + optimization

TC campaign + T4.4 reporting

installation
installation

Oct 26 Nov 26

operational

installation

Dec 26 Q127

Field tests execution
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Next: Detailed co-ordination plans for Test Activities ™)
during the field test period - January - July 2027

iAug iSep

Oct iNm.r iDec

Jan27 iFeb iMar

Apr il"«-'la'g.r iJun

iAUS iSEP

Jul
026 402026 102027 202027 3Q2027
| 21 22| 23] 24 25| 26| 27 28] 29| 30 31| 32| 33 34
| LAB TEST | | FIELD TEST CLOSURE
Ericsson i
Nokia i
Kontron l
Evaluation i . L
FT Spain | 41 |]
FT Sweden |4_z |
; |
! FT Germany 43
|
! FT Spain HS
! FT Netherlands as )
! T4.11 Evaluation and Return on Experience 48

Ericsson
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Nokia
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Adif CL

ProRail+KPN

Y Y Y
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Y
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Hitachi
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Conclusion

Jean-Michel Evanghelou, UIC

Co-funded by

é GESNS the European Union

Zurope's ~all Taa
_ This project has received funding from the European Union’s Horizon Europe
research and innovation programme under Grant Agreement No 101196125.
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Thank You!

Safe travels and see
you soon.

Co-funded by
the European Union

&~ BGSNS

Zurope’s ***
This project has received funding from the European Union’s Horizon Europe
research and innovation programme under Grant Agreement No 101196125.
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