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Introduction:
Railway mobile communication system

e Railway infrastructure and networks requires robust telecommunication
system internationally.

* Railway infrastructure managers and railway undertakings currently use an
interoperable radio communications network, GSM-R (Global System for
Mobile Communications — Rail), for operational voice communications and
to provide the data bearer for ETCS (European Train Control System).

* It is widely used in Europe and China for security and train tracking
applications through the secure transmission of voice and data, and also
provides the communications that allow ETCS (European train control
systems) to function.
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Introduction:
GSM-R

* Both GSM-R and ETCS are part of the ERTMS (European rail traffic
management system) standard, which is defined by the
International Union of Railways (UIC) and is designed to allow
interoperability between cross-border traffic.

* GSM-R supports:
* voice group call,
* voice broadcast call and
* prioritization of these services.

CONASENSE Symposium, Germany Oct 4-5, 2021 3/24



Introduction: GSM-R Architecture

The GSM-R system is based on GSM ‘“;'V"'t“"""'k“'l-?m~t- 'n*{~v~+~' Padin Fabamand
Network) — MORANE specifications ework inirastructure

Service Builder IN
Th§ arc;.hﬁecture of GSM-R is divided — o5 a !
Switching Sub-system (NSS) and Ope e | :
OPFTION - g ‘
GSM'R iS one part — . _C;IE s m E Al T General Purpose Radio
of ERTMS (European Rail Traffic - -!i ' _l"g ‘ Operational Radio
Management System) which is Mo OMCR \]

|
|
composed of: |
 ETCS (European Train Control |
System -ETCS, signalling) :
I
I
|
|
|
|

L I CAB RADIO
= S l ] Voice + Data

Cj?m 'u " Nl;/igﬁ

| Telephone
' Network

e GSM-R (communication)
 ETML (European Traffic
Management Layer-ETML,
ATC Centers
payload management)

Fra —r npatcher Centers ghled
* EOR (European Operating oI et % ﬂ ok bty

Rules)



https://en.wikipedia.org/wiki/GSM
https://en.wikipedia.org/wiki/European_Rail_Traffic_Management_System
https://en.wikipedia.org/wiki/European_Train_Control_System

Introduction:
ERTMS

ERTMS comprises of two systems :
ETCS (European Train Control System), a train control standard, based on:

* onboard equipment for supervising train movements at all times and to
stop the train if it moves beyond the permitted stopping point.

* Monitoring of driver’s response (if necessary, ETCS takes control and
activates the emergency brakes).

GSM-R, the European radio communications standard for railway
operations.

* Based on GSM radio technology, GSM-R uses exclusive frequency bands
for communications between the train and traffic control centres and the
trackside devices (Radio Block Centres [RBCs]).

CONASENSE Symposium, Germany Oct 2021

5/24



Introduction:
GSM-R Frequency band

E-GSM (900 MHz-GSM) or DCS 1800 (1,800 MHz-GSM)

* Europe (4MHz wide range)
* Uplink (UL): 876—880 MHz used for data transmission
* Downlink (DL): 921-925 MHz used for data reception

e China (4 MHz wide range)
* Uplink: 885-889 MHz
* Downlink: 930-934 MHz

* India (1.6 MHz wide range)
* Uplink: 907.8-909.4 MHz
* Downlink: 952.8-954.4 MHz

e Australia
e UL:1,770-1,785 MHz
e DL: 1,865-1,880 MHz


https://en.wikipedia.org/wiki/E-GSM
https://en.wikipedia.org/wiki/E-GSM
https://en.wikipedia.org/wiki/E-GSM
https://en.wikipedia.org/wiki/DCS_1800

Future Railway Communications

Users in FRMCS refer to: (few example)

. . . * Driver(s)
Railways telecommunication networks + Controler(s)
e Train staff:
S h O LI I d Offe r: -Train conductor(s)
- UIC (International  ‘secriyent
* Support Operational needs of ST
Infra structure Manage rs: union of RaI|Way) -Trackside maintenance personnel
c -Shunting team member(s)
° Tralns CirCU Iat|0n deﬂ ned e Railway staff (excl. all of above):
, c = -Engine scheduler(s)
e ETCS Signa“ng Future Ra|| m0b||e -RU operator(s)
/ c c -Catering scheduler(s)
° Supervision Of ||ne energy communication -Engineering personnel
’ -Station manager(s), etc.
* Track maintenance. Systems (FRMCS) * Member of the public:
5 -Passengers (on trains, on platforms,
an d d escCri bEd at stations, etc.)

e Support Services requirements of
Railway Undertakings:

* Administrative Telephony,

) c -Other persons (on platforms, at level crossings, etc.)
user s reqwrements o Systems:
-ATC on-board system

SpeC|f|Cat|OnS (URS) -ATO on-board system

-On-board system

* Supervision of railways installations, U

1 1 -Sensors along trackside
* pa SSE nge rs i nfo rm at 10 n’ -Applications (such as, for example, those for monitoring
* ticketing etc. lone workers,

for remote controlling of elements)
e Network operator
¢ Public emergency operator



What are the railway targets ?

Railway targets

Improve punctuality

Increase line utilisation
( more trains per hour)

Reduce system costs
(track, rolling stock)

Lower the amount of
interfaces and
complexity
Automation of
processes

Accuracy in positioning
( rolling stock, track
system)

Semi-automatic

Train Operation

Radio Block
Controller
Passive
Balise
Dwarf Signal

Switch
Paint

| .
Barrier

(e.g. axle counter)

‘ Track Contral environment

(fix) Block 1

(fix) Block 2

—— -
- T\ Next Generation

b Railway Control Centre

Driverless Virtual
Unattended % Balise

Precise Positioning

Track System Sensors Barrier

Paoint
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Requirements for the Future Railway Mobile
Communication System

URS deals with major six classes of applications:

,;;: ‘\::‘ g
J}:::s:\‘\\\\\“’%:k
CRITICAL %
COMMUNICAI IDNS
g8 ." P v"\b
LT ,. J
’L-t '\

Emergency communications, Automatic Train
Control, shunting ...

L ——
Multi-User Accounts with g vl
Role Based Access Control :

"

¢

Critical support applications (e.g. role
management and presence, multi user
talker control...

| Headway
' 3
g Sefe braking distance|
O
S Moving Black system m P
| Headwa |
jm e e L =
AN | =
elock boundary EEKRRREHN I fl e B
r/ Safe braking distance |
e i " i — ]
—— O —
Occupancy Occupancy

Fixed Black system

Performance communication applications
(e.g. lineside telephony, public address ...)

Satelite Backhaul as Primary Link

~\
A 2G/ 3G Connectivity

Business communication applications (e.g.
wireless internet on-train for passengers ...)

.
nnnnn
Marketing Aulo'nalbor\ Pre o:uremem
e
®
Ecommavce o Manufacturing
e
4
n & 13 ERP ey
Human _— Management
e aman Modules
DMachessugt and Their
e: e & =
Ce S
433./‘ Feature ot
10 - Management
Workforce S e
Management % / \ A
‘&m.. £y ®
Qﬁ g Warehouse
¥ Management
Project Service
Resource Management & B
(Project Managemant)
Customer Supply Chain
Relationship Management

lanagernent
RIVD)

Business support applications (e.g. billing
information ...)



User requirements and Use cases

e.g. Equipment initialisation
N
| e.g. ATC, ATO, REC
Performance
e.g. P-t-P voice
P
e.g. Messaging

Critical
e.g. priority handling

Performance

e.g. help point
Business

System Principles
e.g. Bearer Independence, Interworking
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Scope of FRMCS

Fig. illustrates from
the perspective of the
user.

It shows the
complexity of the
communication needs
in the railway
environment, and
illustrates only a
certain number of
relationships between
the human users and
equipment (trackside
and on-board) or
between equipment
without human
interaction.
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= a a a2 B &
: 308 8 3 &¢
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) Cam 8] = - Y e
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Woics/ Dada Wi el dian 2T ) ,
FA Votos l L_: o on S -
Fasengsn Casa Ing.E\'ll\ ain Ops. B Trarform
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Vel — o o / Caonlrel
Vi Data I kT d
— T N / = a
..\e) @ (E) r"e)L—
TIEIW | Fr e

Data

\oloaDalia

VoisaDatal Emergancy

“VoisaData Emergency

Pagsanges informalion IV aise' Dty

Saurce: ETSI

11



Fundamental Principles in Development

Fundamental principles that shall be considered throughout the development of voice and data applications for FRMCS:

Satisfy the Communication
needs of the Railway Operation.

e QOperation includes normal,
degraded and emergency
operating conditions.

* Characteristics of theroute, for
example maximum
permissible line speed,
headway between

* trains, complexity of route
(single, double, multiple track
layout), low/ medium/high
density routes, climatic
environment, volume of train
journey commencing.

» Capacity, reliability, availability,
maintainability, quality of
service.

Shall mitigate the risk of
miscommunication.

Support the applications
independently of the used FRMCS
networks and radio access
technologies by any of the users.

The FRMCS shall place the
human being at the centre of
the design.

* Transition of a user to or from
other FRMCS networks or radio
access technologies shall

* not lead to interruption of the
usage of the applications.

* Provide voice and data
communication.

* Provide all basic telephony features
and supplementary services as
commonly used (for example Call
forwarding, call transfer, etc.

*  FRMCS networks shall be able to
interconnect/interwork with GSM-R
or and/other networks

Shall be cost effective.

* Human-Machine Interfaces
shall be intuitive.

*  Human-Machine Interfaces
shall be standardized where
possible.

* Functionality/application
shall remain consistent across
all devices used.

* For voice communication, the
system will allow the user to
switch between different
modes of using the microphone
and loudspeaker (e.g. handset,
headset, hands-free, etc.)
based on the operational
needs.

Support the exchange of
information and
performance of actions
without the manual
assistance of humans
(machine to machine
communication) both for
operational and
maintenance purposes.

e Automatic and remote
monitoring of the
characteristics of the
railway assets has to be
supported.

* Maintenance of on-board
and infrastructure assets
have to be automated.

Provide precautionary measures
to prevent unauthorized access.



FRMCS/5G support for Railway Applications

Use Cases
Allocation and isolation of FRMCS communication resources (was End-to-End Network Slicing for FRMCS)

: 5G expands the use of heterogeneous network allowing a common core to control
both 3GPP and non-3GPP access. It will support a harmonized QoS and policy framework that applies to
multiple accesses.

System Security Framework: Primary authentication: Network and device mutual authentication in 5G is
based on primary authentication. In railway this would be particularly useful for trains roaming onto
another railway network. Primary authentication is radio access technology independent, thus it can run
over non-3GPP technology such as IEEE 802.11 WLANs. This would allow authentication to be consistent
across the various flexible bearers. Secondary authentication: in 5G it is meant for authentication with
data networks outside the mobile operator domain

: Railway Industry could add its own universally recognized Network/Slice service types to fulfill
FRMCS requirements. Mission critical service (MCX) users who roam onto a visiting network would roam
onto the visiting MCX server. The visiting network server would query the home network MCX server.

FRMCS on-board gateway will contain SIM cards to support multiple frequency bands

: The UE would manage a separate IP address for each FRMCS user
managed by the UE.



High Level Architecture: FRMCS

The Railway Application Stratum provides railway-

specific functionalities using services offered by the
service stratum.

Railway Application Stratum

.
.
.
5
.
2
B

ﬁhe Service Stratum comprises Communication services \
and Complementary Services:

- Communication Services are services enabling the
exchange of information between two or more ]
service users.

- Complementary Services are ancillary services, e.g.
providing and/or utilizing the location of the

service user, supporting Communication Services and
the Railway Application Stratum.

FRMCS System\/

- Service Stratum

—— o e w e ow m— e -

corresponding core functions applicable for the

Transport Stratum

FRMCS system.

The Transport Stratum comprises the set of access and \\

CONASENSE Symposium, Germany Oct 4-5, 2021
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FRMCS System: Reference model

FRMCS
Railway P e ~ -
Services | Non-MCX enabled | Railway Services Communication
FRMCS ' i FRMCS Supporting & Enabling Services | Control
Egggé’gmm” | | ntrol Sig Control Sig
= i i Session Control & Management
FRMCS Transport Adaptation (FFS)
! : Data Sig
i Core
FRMCS E i
Transport i Access (Radio, Fixed)
Services '
UE (3GPP, other) UE (3GPP, other) UE (3GPP, other)
i i FRMCS Client ] [ FRMCS Client ]
: : ! . - L
; ! FRMCS User B FRMCS User 23 4 Communication
1 I e, ek EL LN ' | " SRR CEPREPECIEERPEEREEEEEPREREEEEEPREEREREEREREPEEEEERERENEEREERREREEETEERREL EREPEREERERE r) M
Railway i Railway Railway | : - % & _ - % @ End points
Applications i Application Application | Railway Application Railway Application il
Mo FRMCS Communication FRMCS Communication Services support
Service support with FRMCS user and identity
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FRMCS: Functional Architecture

GSM-R Rai i Rail Operational Dispatch | Location
ai Iwa SEWICES allway ’ perationa ispatcher
IN Services . REC Addressing Follow Me FLDA Voice Services | Providers
: | Recording
FRMCS .Suppﬂl't!ng Group Supol. Serv Functional Configuration Security Location | Management
& Enab"ng Services Communication =UppL envices Aliases Management Services Services
o Vi P - i
= Voice Services Data ideo Fres?nce Key Management Priority Recording Other FRMCS
= Services Services SEMICES Services Services Networks
[
GSM-R g
NSS S , o
I= Session Control & Management =
7 5 PLMN
% (M3, Legacy,...)
Transport Adaptation (FFS) o
=
7 PDN, ...
Core
(LTE, 5G MR, ) (WiFi, SatCom, .
Fixed Network IP based
Airinterface Air Interface
GSM-R UE UE UE UE UE
FRMCS Client FRMCS Client FRMCS Client FRMCS Client FRMCS Client FRMCS Client FRMCS Client FRMCS Client FRMCS Client FRMCS Client FRMCS Client
E Trackside Applications Network Applications
o O
=
_E 8 Cab Radio ETCS ATO Devices/Sensors Cameras Handsets Smart Wayside Dispatcher ETCS/{ATO M2M f loT ™S
T = Voice Services - AR, M2M, loT CCTV GPHIOPHIOPS Objects Station Trackside Server =
x g
< FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User

R

Source: 3GPP



Example: Railway Emergency Call

GSM-R
IN Services

GSM-R
NSS

GSM-R BSS

AirInterface

G5M-R UE

Inter-working

Train driver
invokes a REC

Railway

Cab Radio
Voice Services

Applications

FRMCS User

Railway Services

FRMCS Supporting
& Enabling Services

FRMCS Client

ETCS

FRMCS User

UE

Railway Operational Dispatcher Location
REC Addressing Follow Me / LDA Voice Services Providers
————— | .
"-H—ﬁ_hh__________:_—::__h______ I _— Recording
= Services Tt oretianal Configuration Security Location | Management
Communication Aitases —Management Senvices Senvices
Voice Sgrvices o i_.‘l"'lid?ﬂ F;resgnce Key Management | ™ FPrin_ritg.' E“”.rd‘"g Other FRMCS
Sen Senvices Services Senvices Services
Networks
[}
=
=
B PLMN
= (IMS, Legacy,...)
| .
[
E
7 PDN, ...
3GPP RANs non-3GPP RANs
(LTE, 5G MR, ..} (WiFi, SatCom, ..
Fixed Network IP based
Air Inte
UE UE
FRMCS Client FRMCS Client FRMCS Client FRMCS Client FRMCS Client FRMCS Client FRMCS Client i FRMCS Client
Trackside Applications Network Applications
ATO Devices/Sensors Cameras N Handsets Smart Wayside Dispatcher ETCS /AT M2M [ loT ™S
AR, M2M, loT CCTV GPHIOPHIOPS Objects Station Trackside Server =
FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User
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FRMCS: General architecture

3GPP Rel 15
[ oSt Pl.::lic :Iugtw::s ﬁ Functional Use Cases:
(PSTN, other Wire ""‘““ ss) * Role Management

* Power Up and Initialization

Fixed GSM-R , FRMCS-System |+ [ specfic Railway systemis) * Location Management
Terminal - normative work in the 3GPP context * Prioritization end-to-end

Sub-System g_gz, . 'Railway Sub-System and . Applications . . | igati * Communication
(FTS) %uh stem s i i * Voice communication
Train safety applications

Train ﬂtﬂpl' l::itruns

System Principle Use Cases
* High reliability
communication
Interworking to GSM-R

* Accuracy in positioning
Security

Availability and

M-R U EPRMOS - annlica ‘
E icati E E HH , Maintainability
| User | [ = )
{ AT-:] [Am]  Train Applications - On-board -T”i';:;':,m

ATC-Automatic train control; ATO- Automatic train operation Source: 3GPP

Wireline access

Legacy
Systems

radio access

Ground
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Rel 16-17 activities

URS

4

[

Use Cases

wic/

2/3 of FRMCS Use
Cases
infroducedin
3GPPRI16

Docs

36PPRel-15 Bl 3GPPRel-16 [E!T T HREY)
(2018) | (2019) | (est2020)

5 VideoPZM

Bearer Flex |

Equipment Sharing *sas load
Interworking GSM-R

Uff-pnetwork

Ml Service and Transport System evolution

Maximize Functions in 3GPP Release 16 & 17
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Some of the additional research works:
Railway Mobile Communication Systems

station| .

: Trélffétﬂﬂbn
_ MSC]

Transmission beam wuthout T -R - - —
significant Doppler shift T : T

. Transmission beam with

significant Doppler shift

ST R R Interference beam
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Some of the additional research works
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Summary:
FRMCS Development is on-going activity

Opportunities and challenges lie in Every layer: Service, applications and transports/infrastructure

Smart g .
e . AR Campus network
infras ;:1;5 ure security 9} | __ . B2B/internal
2> — Drone-based surveillance
Sl i b -*- B2B2x
2 a1 | & =

ey ‘ Digital signaling > | | 1
g a

Tratking/monito
ring
i
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