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GSM-R is a success story: deployed on more than 130,000 kilometers of track in Europe (with
90.000 activated On Board Cab Radio’s)), and some 210,000 kilometers worldwide,
completely border-crossing interoperable.

The European railways currently use the GSM-R system for operational communication, a key
component of the European Railway Traffic Management System (ERTMS).

GSM-R is supporting the train driver to controller operational communications but also the
Group calls, the Railways Emergency Call and the European Train Control System (ETCS)

Even if with a limited data capability, GSM-R is supporting also other railway applications,
e.g., frack side phones, passenger information screens on platform, etc.

Future Railway Mobile Communication System (FRMCS) should perform at least as good as
GSM-R for the ERTMCS voice and data applications.

Moreover, FRMCS is a major trigger for the wide-ranging digitalization of the rail sector
satisfying the increasing demand of data while keeping the high quality of service for critical
railways applications, in an interoperability context.
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The way towards FRMCS 15t edition
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+ Elaborate FRMCS prototypes based on the
FRMCS V1 specifications, including the new
on-board equipment (TOBA) additionally
prototypes of the critical applications
Voice, ETCS, ATO and performance
applications TCMS, CCTV/Video;

+ Define the relevant functional end-to-end
tests required to verify the compliance of
the prototypes with the FRMCS V1
specifications;

<+ Execute these tests in lab environment
firstly, and then in railway environment with
train runs;

+ Validate prototypes in lab and field
conditions, considering border crossing use
cases, as well;

« Prepare a performance measurements
methodology, to apply on further 5G FRMCS
operatfional deployment;

< Define and emulate coexistence scenarios
between railway and roads;

+ Analyze the outcomes of the tests
campaigns to loop back on FRMCS
specification, to amend or modify them.

Grant agreement
No 951725
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WP1 led by UIC

1.Defintion of System and Functional Tests

2. Test results consolidation
3. Specification review

“orall

Development of TOBA protypes
KONTRON, Alstom

Telecom Onboard Architecture

WP2 led by KONTRON

-
eTcs'™: ETCS application is provided by

different suppliers in the two labs
Lab Tests to validate
TOBA+Voice+TCMS+ ETCS! )+ CCTV/

WP3 led by Nokia

. |}

Field Implementation and evaluation in

Germany and France
WP5-Germany led by DB

ALSTOM DB
ALSTOM NETZE
France Spair Germany
Applications Integration /_m\ DTU
Voice: SIEMENS g W7 § oteaestruturas O kontron
ETCS: Alstom, CAF g > «d¥ de Porlugal S&T Group
ATO: Alstom ) A Partugal Germany
TCMS: CAF o Denmark
PIS: Thales 3 '
CCTV/Video: Teleste g.
sk kia OBB o
g3 NO SBB CFF FFS
—
2« INFRA
-
g % Finland Austria Switzeriand
a8
: ) -
Lab Tests to validate TOBA+ ETCS' '+ =2
ATO +PIS in lab in France : | SIEMENS TELESTE
WP4 led by KONTRON = RESEAU
[
%_s Cermany France Finiond
Q.
: 100% LI
2 = -
8] THALES .- un.fb
OF RAILWAYS
France Association Associotion

Video in lab in Hungary

WP5-France led by SNCF

WP7 led by UNIFE
Dissemination and exploitation of the results

Visit us on https://www.5grail.eu

= Université
’1:\( Gustave Elffel

France


https://www.5grail.eu/

Voice applications WP3 WP4 WP5 —_— | 4
Lab Nokia | Lab Kontron | Field DB i )
Hungary France I
On-train outgoing voice communication from the train driver X 0 X N\
towards the controller(s) of the train FRMCS

On-train incoming voice communication from the controller X 0 X
towards a train driver

Future Railway Mobile Communication System

Multi-Train voice communication for drivers including ground X 0 X
user(s)

Railway Emergency Communication

Data applictions ----

Automatic Train Protection communication (ETCS) (BC, F)

Automatic Train Operation communication (limited to GoA2 ATO) X X

TCMS (Train Control and Management System) : X X
L On-Train Telemetry communications

U On-Train remote Equipment control

Railway Application

Non-critical real time video (BC, HU, DE) X X — e SRR COWiNG  comrea
Transfer of CCTV archives X X

PIS (Passenger Information System) X e

Remote control of engines (Remote vision application)(BC, F) 0] X

Transport Stratum

X - Mandatory Test Case, O — Optional Test Case, BC - Border-crossing conditions
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NOKIA LAB

GSM-R Mobile:

721 Testcase n® Voice_0DL: Registration of a functional identity related to the user

i7.2.1.1 Purpose

The purpose of this tast is to demonstrate that an FRMCS User can register s functional identity
{train running number and function code} on the FRMCS system. Once the registration is complated
the FRMCS User can b reached by its FRMCS functional identity.

—oomaill

{7.2.1.2 Description of initial state/cenfiguration

1. The cab Radio A equipment type is recognised by the FRMCS systam. This is handled by 2
predefined configuration file embedded within the Vaice application software.

FRMCS User A is logged in into the FRMES system. The user credentials {username and
password) are pradefined in  configuration file within the voice application software.

The cab Radio A is powered on, and the idle screen is displayed on the GDCP.

The FRMCS User & has not been previously registered to  functional identity.

An FRACS handheld device or ansther FRMCS subscriber registered on the same network is
available.

~

noEow

{7213 Test procedure

1 FRMCS Usar A ragisters its The train number figld is displayed | [FU- 7100 v0.5.0] :
functional identity by navigating to | on the GOCF of the Cab Radic A B353,
with a Country Code pre-populated
Menu — Reg/De-reg... — Register [FU-7120-0.5.0] -

113237 1135238,

TR22.885-V16.6.0 [R-
9.3.3-001])

2 FRMCS User A presses the Accept ning number field is
button i the GDCP of the Cab

3 FRMCS User A enters the train codes list is displayed | [FU- 7100 v0.5.0] -
running number and presses the of the Cab Radio & B341,
Accept button

a | selectthe Lead Driver function requestissenttothe | [FU-7100vo.5.0]:
from the list of the function codas m 834,835, [M&-

7500-u2.0.0]

progress is displayed | ca331 ea33z

of tha cab Radio &

5 FRMES system sccepts the tus is displayed on | [FU-7420-
registration request i v0.5.0]: 11.3.2.3.9

ing number appears on
the display)

- all

ALSTOM THALES

ETCS ATO PIS FRMCS Apps (trackside)

ALSTOM
FRMCS Gateways 6 Kontron

SBT Group

Core Network
& Kontron ME1210

G Kon

gt | (0
& Kontron ME1210

6 Kontron Radio Unit \ /
2600 MHz =

tron Radio Units
N8/N39/N78

—/| G FRMCS MCx brick
HP Gen10

OBapp/TSapp compatibility for data
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Cross-border scenarios
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QoS negotiation through combined
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MCX Dispatch Dispatch E

— w
GSM-R - \ R
TCMS/ E] @ i —
ETCS : Interworking g j’ - ' t
'\ )/deo _MCx W @ HSS IN (on ron
MSS/MGCF
O THALES ALSTOM
5GSA core 2nd 5GSA core MGW -mobility by nature -
(Cross border) |
’ wimzms ATO OB ATO TS
/ — wes 5GRU —| AUSF T — UDM ez
g gho T = _ I Mok =)
Bsc ETCS OB OB-GW - cu/pu AMF TS-GW ETCS TS
5G CU/DU | SIP Core
5G CU/DU (QF =15 FRMCS On-Board System FRMCS Trackside
A (ToBA) 5GRU SMF —  UPF Gateway
_— PIS OB PISTS
56 RU 5G RU o gNodeB 5G Core
; o - FRMCS App. FRMCS App.
,/ /;Dacumem ID: change HZ)/'\/n,faﬁfer or remove> <Change information classification in footer> EGRU AUSF — — UDM
Onboard ////' ///// | |
/// //// VICX _
. inp Ccufpu AMF
[ 1
Onboard GW 5G Terminals N 5GRU SMF UPF
Note: Test & Measurement equipment not shown
gNodeB 5G Core

MCData testing : successful ETCS, ATO (critical
applications), and also TCMS and Video data tests;

MCPTT testing (Voice): successful pre-standard REC,
interworking with GSM-R, network transition FRMCS GSM-R,
combined scenarios with Video application;

PIS (Passenger Information System): successfully tested in THALES

lab;
' ALST@M
Remote Vision have been successfully tested both as stand kontron -mobility by nature-

alone and as combined applications scenarios with ETCS;

SIEMENS
Video Camera and Servers gg Cab Radio Cross-border solutions are developed and tested: 1) using 2
UEs , and 2) Inter PLMN handover;
SR 0 oeeement Cybersecurity: Local binding (OBapp) and e2e TLS with ATO

successfully tested.



TEST VEHICLE / ONBOARD SYSTEM TEST TRACK
DB: Masts, antennas

DB: Test vehicles & rooftop antennas & fiber-optical network | 4
—_—
N 0 —
RF combiner Antenna h ,) ‘
1 N
OB

5G Module (different frequencies) THALES (from wrz)

D LT —mmm - . German Testbed at Erzgebirge:

TOBA-K in field conditions in n78 (3.7 GHz
TDD band)

Successful MCPTT testing (Voice): pre-
standard REC, interworking with GSM-R,
multi-user talker control, arbitration,
combined scenarios with Video
application;

s : : Successful MCData testing with ETCS
o oA W ' (CAF), TCMS and Video using bearer-flex

] : feature realized as 5G inter-frequency
handover (bearer change on two 5G
subbands)

NOKIA: 5G Radio
Eguipment 1

FRMCS On-Board Gateway (TOBA]

KONTRON [from wez)

[ MICPTT / Voice ] [ ETCS ] [ TCMS ] [ Video ]

SIEMENS CAF CAF TELESTE

Station
building
with 15m

French Testbed at Vigneux-sur-Seine:
TOBA-K in field conditions in n39 (1.9 GHz

Mast

an(jos::er TDD bCInd)
e = . Successful MCData testing with ETCS
tab Germany -2 =77 . IR MRS (Alstom), ATO, Remote Vision (as for

L2 , LT EN G remote driving configuration), combined
S scenarios with ETCS and remote Vision,
ETCS and ATO, ETCS, ATO using bearer-

flex multiconnectivity feature.
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(France & Hungary)

ALSTOM
© womron

| TOBA Gateways

N SIEMENS

Cab Radio

ALSTOM  THALES

ETCS ATO  PIS  FRMCS Apps (on-board)

W

WP1
Defintion of System and Functional Tests
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Analysis of Results
(Validation, Modification, Mesures)

~

FRMCS V1 Specifications (UIC) thslrg:::z/gr;lr::nur;s
5G FRMCS Standard (3GPP/ETSI) y
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Lab & Field
Observations

FRMCS specific 5GRAIL
implementation
5G SA
OBapp and APl improvements
MCX credentials
Data and Voice applications
migration to MCX architecture
IP end-to-end routing
Session establishment
interoperability (e.g., client-
server from different providers)
Bearer Flex
Cross Border:
usage of 2xUEs
inter-PLMN handover
Performance measurements
MCPTT voice tests, including
REC, GSM-R interworking




Innovation/Amendment i g
Implementation: of specifications a I
Pre-standard FRMCS Railway Emergency Call using initiator’s

location criterion, processed by the MCX server “ x@ gi,‘;"ppa'fc’:‘f’b”eg
— ™ i

MCX Dispatch

A GLOBAL INITIATIVE 1 GSM-R
. MCX . nterwaorkin
Recognised as key ol . EH
innovation by the EU MSS/MGCE
Pre-standard GSM-R Interworking Function implemented in 3GSA core

Nokia's MSS/MSC = Ersi(C)
—)

4 gNb

The Standards People

ON GW

Call flow: il 5sc

Establishment of FRMCS Railway Emergency Call triggers
automatically GSM-R REC setup

CAB Radio participates in REC call on GSM-R (using IWF) N\
Moving from GSM-R to FRMCS as a Border Crossing Scenario: RECAreaCI:RMFS & GSM-R GSM-RArea
— . verlap S
CAB radio changes from GSM-R attached to FRMCS —

CAB radio joins ongoing REC call on FRMCS

10
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Border

Application

FRMC Domain A

Service : MCX
Service : SIP/IMS

5G Radio/Core

—|—|\

FRMCS Domain B

Service : MCX
Service : SIP/IMS

5G Radio/Core

5GRail Border Crossing (BC) scenarios:

We have considered two scenario’s:

- we have considered “application level”
2 UE’s BC. This model will be used in early
FRMCS releases, for ETCS and ATO, until
we will solve the MCX level BC
interconnection and migration, at 3GPP
level.

This model was successfully tested in WP4.

- We have also tested elements of inter-
PLMN Handover in WP3. These ensure a
fast transition (around150 ms), meaning
service continuity for ETCS which is a data
application.
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Application I Application Application

Home or visited
control

MCX: Interconnect
and Migration
SIP:Roaming

5G: Roaming, Mobility,

Handover
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@ Data/Video

PLMN 2 (Emulated)

5G CU/DU

r-.IoiE'\@ internal use
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GW/UE

I RBC1

RBC2 | G
Session is active

and used

MCx Clients.

——
2 —
SGSA Core 1 5GSA Core/
‘ AMF 1 AMF 2
|
ghb gNb

| /
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To fulfil service continuity
requirements in border
crossing 2 solutions were
tested in 5GRAIL :

>

|

TOBA-A
- ,
—  TRLET e |
A
I
@/ |
~
® [ ]
5G network A

5G network B

/ TOBA-K

==

5G network B

56 56 56
modem A modem B modem B
e

mosens | |[EBES mocerns. | (RSN moderms. | (FEERREN|| [ mocems | (RS [ reom |
™ MCx Clients
oBGW | MCx Clients I | MCx Clients. | | MCx Clients | [ MCx Clients. 1 o= E
EVC | EVC || EVC |I EVC |
— A = = =
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=  Future proofness: TOBA designed with decoupling of applications and
telecom, as per FRMCS v1 specifications

= 5G NR Spectrum (FRMCS 1900MHz TDD, 900MHz FDD, 3.7GHz TDD)

=  MCX features: validated, with current products and mechanisms

=  QoS: tested for both MCPTT and MCData, with current available
products and mechanisms

= Combined Applications over same TOBA: successfully tested (in GSM-R
we use different radio’s for Voice and ETCS)

=  Cybersecurity: Local binding (OBapp) and e2e TLS (TOBA and
applications)

=  Cross-border: Two solutions considered, the 2x5GUEs implementation
will be included in FRMCS v2 specifications.

= Bearer flexibility tested both as multiconnectivity and multi-access

=  FRMCS v1 and 3GPP/ETSI specifications have ben influenced by SGRAIL

5G Rail received innovation recognition from the EC, for

following items:

% FRMCS tailor-made 5G Module (1900 - 1910 MHz
TDD)

»  5G FRMCS - GSM-R interworking

» Cyber Security architecture for the MC over 5G ATO
application

K/

K/

Q

@ Decoupling Applications and Telecom

5GRAIL TOBA Prototypes . oic. (@

& TELESTE PRINCIPLES 5 TELESTE -
\ & b
O K& @ — e
@ o{g Multi-connectivity | @
ey . ALSTOM D, ALSTOM -~ (E3RS)
s b ATO g A 5
X A ATOT & —— A &

ALSTOM ikontron ALSTOM  Kkontron

]?;/ THaLEs
<ar
TCMS ¢—

= SIEMENS
ALSTOM SAF

(») LETCs

FRMCS TrackSide
Gateway

FRMCS / 5G > :

s

FRMCS On-Board
Gateway

X
o
NOKIA
ALSTOM SAF

——eresy) (3)

ET
N

On-Board 4 TrackSide

Our demo at German
Testbed very appreciated!

We invite you to our final conference, planned for the 7th of December 2023!

https://5grail.eu/2023/07/03/experimental-trials-for-the-future-railway-mobile-communication-system-in-
Sgrail-project-registrations-open-for-5grail-final-conference-on-07-12-2023/

Grant agreement
No 951725

12


https://5grail.eu/2023/07/03/experimental-trials-for-the-future-railway-mobile-communication-system-in-5grail-project-registrations-open-for-5grail-final-conference-on-07-12-2023/
https://5grail.eu/2023/07/03/experimental-trials-for-the-future-railway-mobile-communication-system-in-5grail-project-registrations-open-for-5grail-final-conference-on-07-12-2023/

wall

nikolopoulou@uic.org

5GRail Demo Team

Thank you for your kind attention

5grail.eu
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