UNISIG

ERTMS/ETCS

FFFIS for Euroloop

REF : SUBSET-044

ISSUE: 2.4.0
DATE : 2012-02-29

Company

Technical Approval Management Approval

ALSTOM

ANSALDO

BOMBARDIER

INVENSYS

SIEMENS

THALES

© This document has been developed and released by UNISIG

SUBSET-044
Issue 2.4.0

FFFIS for Euroloop

Page 1/102




UNISIG

1 MODIFICATION HISTORY

Issue Number Section num- Modification / Description Author
Date ber
0.1.0/1999-10-05 |All Corrections after review B. Stamm
1.0.0/1999-10-14 |All Version for release B. Stamm
1.1.0/2000-01-31 [All Minor corrections for 2" release B. Stamm
2.0.0/2000-03-30 |3.3 Final issue to ECSAG U.D. (ed)
2.0.1/2004-09-23 |All New centre frequency of H. Duran, D. Rieder,
fo = 13.54750 MHz E. Zollinger
Integration of the SUBSETSs 043,
045, and 050.
2.0.2/2004-09-28 |All Corrections after review H. Duran, E. Zollin-
ger
2.1.0/2004-09-29 |All Final issue approved A. Bruehwiler
2.1.1/2005-03-11 |All Corrections after informal review E. Zollinger
2.1.2/2005-05-04 |All Corrections after review Ernst Zollinger
2.1.3/2005-06-10 [All Including comments, from UNISIG Ernst Zollinger
meeting of 25./26. 05. 2005
2.1.4/2005-07-01 |All Including comments from UNISIG Ernst Zollinger
meeting of 21./22. 06. 2005
2.1.5/2005-07-10 |All Including review comments from Ernst Zollinger
UNISIG meeting of 13./14. 07. 2005
2.1.6/2005-09-14 |All Including comments from UNISIG Ernst Zollinger
meeting of 06./07. 09. 2005
2.1.7 /1 2005-09-27 |All Including comments from UNISIG Ernst Zollinger
2.1.8/2005-10-04 |All Including comments from UNISIG Ernst Zollinger
2.2.0/2005-10-12 |All Final issue approved by UNISIG Ernst Zollinger
2.2.1/2007-10-09 Including madification according to Max Loder
change request
2.2.2/2008-01-15 Including comments from UNISIG Max Loder
2.3/ 2008-02-05 Including comments from UNISIG Max Loder
2.3.0/2009-04-02 New template only David Gillan
© This document has been developed and released by UNISIG
SUBSET-044 Page 2/102

Issue 2.4.0

FFFIS for Euroloop




UNISIG

2.3.1/2011-09-06 Update after review by UNISIG Bernhard Stamm

2.3.2/2011-11-07 Normative references corrected Bernhard Stamm

2.3.3/2012-01-06 Update after discussion of open Bernhard Stamm
guestions

2.3.4/2012-01-31 Final update for delivery Bernhard Stamm

2.3.5/2012-02-28 ‘Class 1’ removed from cover sheet |Bernhard Stamm
and 3.2

2.4.0/2012-02-29 Release for Baseline 3 Sibylle Maier

© This document has been developed and released by UNISIG

SUBSET-044 Page 3/102
Issue 2.4.0 FFFIS for Euroloop




UNISIG

2 TABLE OF CONTENTS

1  MODIFICATION HISTORY oo e e e eas 2
2 TABLE OF CONTENT S .o e e e e e e e e e 4
S GENER AL e e 8
0 o ] =1 Vo T o R 8
3.2 NOIMALIVE REIEIEINCES . et e ettt e e e e e e e e e ettt e e e e e e eeeeeeatanaaseeaeeeennnes 8
TR T S To] 0] o1 PP P TIPSR 10
4 ABBREVIATIONS AND DEFINITIONS.... oo 11
I [ o o LU Yo 1 o1 o 11
A N o] 1 =V = 1§ o ] K= 11
R T 1= 0 V1 0] 1 14
5 EUROLOOP SUBSYSTEM ...t e e 16
o0 R N o o [ (=T AU =TI 1= 1o 1V OSSR 16
511 Euroloop within ERTMS/ETCS ..o, 16
5.1.2 INEEITACES OVEIVIEW ... ..ttt ettt oottt e e e e e st b e et e e e e e st bt e e e e e e e e e s anbbbreeeaaeeeas 17
5.2  FUNCLIoNal REQUIFEMENTS . ... e e e et e e e e e e e e e et a e e eeeeas 19
5.2.1 Extension of EUrobaliSe FUNCLIONS .........coiiiiiiiiiiiei et ee e e e 19
5.2.2 Identification and Activation of Trackside EQUIPMENt............cccoooiiiiiiiei, 19
5.2.3 Coupling and MOGAUIALION .........oiiiiiiii ettt e bbbt e e s sanneee s 19
5.24 Multiple Trackside Equipment or On-board Equipment in Operation...........ccccocveeeeiiiieeeeinieeeenns 20
5.2.5 (O%oTo [T o R =10 (U1 1 =10 41T 01 £SO PPPPPPPPRt 20
5.2.6 Reliable Data TranSMIUSSION.........oouueiiiiieee ettt e ettt e e e e et b e e e e e e e aanbebeeeaaaeeeas 20
5.2.7 Telegram SWILCHING ......coiiiiie ettt et e e et e e e b bt e e e anba e e e e anres 20
5.3  Performance REQUITEMENTS .....coiiiiiiiiiii e e e e e e e e e et e eaees 21
5.3.1 Train SPEEUA ... 21
5.3.2 SYSIEM RESPONSE TIMIES .. euiiitiieiitiiiieteieeteeteereeeerseeerasaseeeesearrereerre..—....r...eere....—...—.———.—————. 21
5.4  RAMS REQUITEIMENTS ..ottt e e s e e e e e e e et ee e e e e e e e e e e et e e e e eeeeearrbaaeeeaes 22
54.1 (1=t LT = | T PP 22
5.4.2 TOP LeVel FUNCHONANTY .....coiiiiiiiieeie ettt et e e e e e e s e bbb e e e e e e e e e aannnes 22
543 L= 1T 1] 1Y RP PP PPOPPPPN 22
5.4.4 F Y= 1 =1 o 11 PSR TPSP 23
545 MAINTAINADIITY ...t e e e e e e st e e e e e e e s e abbbeeeeaaeeeas 25
5.4.6 ST V=] TP 25
5.5  Geometrical REIEIENCE. ... .. e e 30
551 (@0 To] o 1 aF= LIRS ] V1 (=] 4 PP PR 30
5.5.2 REFEIENCE POSITION ...ttt e e e et e e e e e e e e s e nbbbaeeaaaeeeas 30
6 TRACKSIDE EUROLOOP SUBSYSTEM ..ot 31
6.1  ArChItECTUIAl LAYOUL....ciiiiiiiiiiiiiiiiiieeeeeeeee ettt 31
6.1.1 LI T 6T LT o [0 7 o 1T o | SRS 31
6.1.2 YU ST Tox 1o o S ST TT TP 31

© This document has been developed and released by UNISIG

SUBSET-044 Page 4/102
Issue 2.4.0 FFFIS for Euroloop



UNISIG

6.1.3 ATTANGEIMEINTS .ottt et e e et e sttt e e e s e s e ettt e e et e s b e rr e et et e e e s s s snrreneeaeeesasnnnns 31
6.2  FUNCLioNal REQUIFEMENTS .. ..t e e e et e e e e e e e e e e e e eeaes 34
6.2.1 ENnd of LOOp Marker (EOLM) ..o ciiiiiieie ettt e ettt e e e e e st e e e e e e e s snntae e e e e e e e s ennnnnneeaeeeean 34
6.2.2 Assignment Of SPreading COUE ..........iii i e 34
6.2.3 LOOMO’s Modes Of OPEIration ...........coiiiiiiiiiiiiiiiiiee ettt e e e e e e erreeeeaeeeeas 34
6.2.4 Activation and Deactivation 0f LOOMO .........cciiiiiiiiiieiiie e 34
6.2.5 Deactivation Bit PAIIEIN .........coiiiieiiieiiii et 35
6.3 Interface 'C 1" - Up-link Data from LEU to LOOMO..........ccccoiiiiiiiiiiiiiciin e 36
6.3.1 (@Y= 1 TP 36
6.3.2 Data RALE........cuiiiiiiii i 36
6.3.3 Telegram Lengths. ... 36
6.3.4 (@oTo 1ol ad=To BT ¢=] 00 T=T o] £SO PP PP OTPPPTPPP 36
6.3.5 FUNCHONAI REGUIFEIMENTS......eiiiiiiiie ittt ettt et e et e e e e sabb e e e e snbb e e e e snbneeeesnnneeeeanes 37
6.3.6 Handshaking and Re-Sending...........ccovviiiiiiii 37
6.3.7 EYE Diagram ......coooeiie e 37
6.4 Interface ‘C 2’ — Error Indication Of LOOMO ... ....oiuiieiiieee ettt e e aenn 39
6.5 Interface ‘C 3’ — External Activation of LOOMO ........ooiiiiiiiiiiiie e, 40
6.6 Interface ‘C 6’ — External Power Source of LOOMO......cccuiiiiiiiiiiiiiieeieeeee e 40
6.7 Interface ‘CA_’ - Up-link Data from LOOMO to ELC.........cccoiiiiiiiiiiiic e, 41
6.7.1 OVEBIVIBW ...ttt ettt ettt e st e e ettt e s et e 4R et e 4R e et oo st e e s s e e e e s asRe et e e an e e e e s nn e e e e e e e s 41
6.7.2 LiNE RECEIVEN FUNCLION ......uteiii ittt et e st e e s e e e s e e s s e e e s snnneeeenne 41
6.7.3 [WoTo] o \Y [oTe (U] =1 (o) gl =¥ g T i o] o BN PO PPPPPPOPPPPN 41
6.7.4 Maximum TIMeE INEEIVAI EXTOF ...ttt e e e e e e e e s st e e e e e e e s snnsnreeeaaaeeeas 44
6.7.5 RAW CAITIBE ..ttt ettt e e sttt e e st e e e et e e e e st et e e e s b e e e e s nre e e e snneeeesnnneeeenan 45
6.7.6 Quality of LOOMO’S OUPUL SIGNAL........uveiiiiiiiiieiiii e 45
6.7.7 SPECIIUM IMASK ...ttt e bbbt e s bbbt e e bbbt e e e aab bt e e s anbb e e e s nnnreee s 48
6.7.8 IMpPedance and REIUIM LOSS ... ..uiiiiiiiiiii ittt ettt ettt e ettt e e e bb e e e s bbe e e e sbneeeeanes 48
6.8  AIN GaP INTEITACE....ciiiiiiiiiiiiiiiee e 49
6.8.1 OVEBIVIBW ...ttt ettt oottt e ettt o4kt ee 4k e et oo s e et a1k b e et e e e e e et e e anne et e s nnnn et e s e e e s 49
6.8.2 Interface ‘A 4’ — EUroloop ACHVALION ......coiuiiiiiiiiiie ittt e et e e b ee e 49
6.8.3 Interface ‘A 1’ - Up-liNk Data TranSMISSION ..........uiiiiiiiieiiiiiee ettt ettt e e e e s sbneeeeanes 52
6.9  Environmental CoONAItIONS .......oooiiiiiiiiiiiiiiiiiiee e 54
6.9.1 (CT=T 1T = L @o] o 11T 1SR 54
6.9.2 Sealing, DUSE @Nd MOISTUIE ....ccceeiiiieiieiiieee e ceee e e e s et e e e e e s s s baeeeeaeeessssstaeeaaeeeeaannsnrnneneeeeean 54
6.9.3 DeDbriS (INFOFMALIVE) ...ttt e e ettt e e e e e st e e e e e e e s e nbbrreeaaaaaeas 54
6.10 Trackside Installation RUIES .........ueii i 55
6.10.1  Maximum Length Of LOOP SECLONS ......ccoiiuiiiiiiiiiee ittt e et e e e b e e e nbneeeeanes 55
6.10.2  Minimum Length Of LOOP SECLON .......vuiiiiiiiiiee ittt ettt e e e rneeeeenes 55
6.10.3  Distance between EOLM and LOOP SECHON .......cuiiiiiiiiiiiiiiiia ettt eeaa e 55
6.10.4  Minimum Distance between Loop Sections with Same Q_SSCODE ..........cccccccveeiiriiiiiiieeeeeeenn. 55
6.10.5  Signal-to-INterferenCe RALIO..........eiiiiiiiie ettt et e e et e e e sbaeeeeanes 55
6.10.6  Euroloop Leaky Cable REQUINEIMENTS ........uuiiiiiiiieee it iiieee ettt et e e e b e e e nbneeeeanes 56
6.10.7  Installation of EUroloop Leaky Cable ... 58
6.10.8  Assignment Of SPreading COOE ........uuiii it e e e e bbb e eeaaaeeas 59
6.10.9  Quality Of INSEAIIALION .....coiiiiiiiiiie ettt e e et e e e s breeeeanes 59
6.11 Specific Electrical ReqQUIrEMENTS ......oooi i 60
L O R 1= o 1T - TP 60

© This document has been developed and released by UNISIG

SUBSET-044 Page 5/102
Issue 2.4.0 FFFIS for Euroloop



UNISIG

6.11.2  Protective Provisions Relating to Electrical Safety and Earthing ..........cccocooeeiiiiieeiiiiienciiiieeens 60
6.11.3  Insulation Co-OrdiNation..............cooiiiiiiiiii 60
o I R B 1Y o o1 (o I SRR 60
6.12 TEST REQUITEIMENTS ..ottt 61
6.12.1  GENEIAl ... 61
I 2 =TS B T | = | SRR 61
ST 20 T ==Y B oY SRR 61
6.12.4  TESEMOUE ... 62
6.13 EMC REQUITEMENTS ..uiiiiiiiieeicee e e et e e e e e e e e e ettt s s e e e e e e eeaataaaaeeeaeeannees 63
6.13.1  Emission — Excluding Aspects Related to the Air Gap ........ccceevieiiiiiiieiee e 63
6.13.2  Emission — Aspects Related to the Air Gap.........ccoovviviiiiii 63
L0 T T 14T 41U 1 SRR 63
7 ON-BOARD EUROLOOP SUBSYSTEM ... 64
% R N o o [ =T AU =TI = 7o 1V OSSP 64
7.2  FUNCLIONAl REQUITEIMENTS .. ..ttt e e e e e e e e et a e s e e e e e e eseaenaaaeeeees 65
7.2.1 (o To] o J R CTot =TIV gl e o £ oo SRR 65
7.2.2 (o To] o B T=Toto o 1= gl ¥ o Vo £ o o [PPSR 65
7.3 AN GaP INTEITACES ...coiiiiiiieiiiieeeeeee ettt 66
7.3.1 OVBIVIBW ..ttt nnnnn 66
7.3.2 Interface ‘A 1’ - Air Gap INTEITACE ........eeii e 66
7.3.3 Interface ‘Ai4’ — ACHIVALION SIGNAL........coiiiiiiiiiiiiii e e e e ra e e 68
T4 KEINEIINTEITACE . coeii et e e e e et e e e e et e e e e ata s 69
7.4.1 OVEBIVIEW ...eeeieeeeeeteteeeeeeeeeeeeeeeeeaeaeaeseseaeseses s aatese s s sssessssssssssss s s sssssssssssassssssesesssasssssesssesssnsnsnsasssnnnnnnnrns 69
7.4.2 FUNCHONAI REGUIFEMENTS ......eiiiiiiiiie ittt et ettt e et e e e st et e e e sabb e e e e sabbeeeesbneeeeane 69
7.4.3 Information Sent by EOLM to On-board Equipment............cccoo o 69
7.4.4 TIMING REQUITEMENTS... .o, 69
7.5  INterface Vi = TSt INTOI aCE .. et aean 70
7.5.1 OVEBIVIEW ...eeeieeeeeeeeeeeeeeeeeeeeeeee e aeaeaeseaeaessses s setes s s e sese s s ssssssssassssssssssssssassssssssssesasssssesssesesnsnsesnsssnnnnnnnres 70
7.5.2 Receiver Performance ReqUIrEMENtS ...........cooviiiiiiiiiii 70
7.6  Power Supply of the On-board EQUIPMENT .......coovviiiiiiiiiiiiiiiiiiieeeeeeee e 75
7.7  Environmental REQUITEMENTS .....oooiiiiiiii i e e e e e e e 75
7.7.1 ON-DOAId EQUIPIMENT ... s 75
7.7.2 Environmental Conditions for the Antenna Unit Function.....................cccccc . 75
7.8 Installation Constraints for the Antenna Unit FUNCLION .........ccooiiiiiii i, 75
7.9 Specific Electrical REQUITEMENTS ......cooiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeee ettt 75
7.10 TEST REQUITEIMENTS ..ottt 76
7101 GENEIAI ..o 76
A O =TS ST | o = | TP 76
7.10.3 TESETOOIS .o 76
7.11 o L@ = To LU T =T 0 1= 1 USRS 77
T 111 EMUSSION oo 77
4 O | 141 41U 1 TP 77
ANNEX A INFORMATIVE REFERENCES ... 79

© This document has been developed and released by UNISIG

SUBSET-044 Page 6/102
Issue 2.4.0 FFFIS for Euroloop



UNISIG

ANNEX B DIRECT SEQUENCE SPREAD SPECTRUM MODULATION

(INFORMATIVE) ..ttt e e e e e e e e e e et e e e e e e e e e eesaans 80
B.1  Multi Path Environment for Euroloop Subsystem ... 80
B.2  DSSS PriNCIPIES ..o 80
B.3 Basic Transmitter FUNCLIONAlITY .......oouuiiiiiiii e 80
B.4 Basic Receiver FUNCLIONAIITY ......oooiiiiieeeeeee e 81
B.5 Robustness against INtErfErenCe ... ... 82
2 G md o Tod o3 1 o I - 11 o P 84
B.7 Properties of SPreading COUES .......coooiiiiiiiieeeee 84
S8 I @ T d a Lo To Lo o =111 Y20 USSP 85
B.9 Even and Odd Cross CoOrrelation..........uueiiiiiiiiiiiiiiiiiis e e e et e e e e e eaeaee s 85
B.10 ReCeiVer PerfOrmManCe .......ooouiiiiii et e e e e ettt e e e e e e e eeannne 85
B.11 Methods for SSCode EVAlUATION ......uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeaeeeeeeeeeeeeeneeeeeennnee 85
B.12 Distortions of the Euroloop Signal in the Air Gap ...........evvviiiiiiiiiiiiiiiiiiiiiiiiieens 86
ANNEX C INFLUENCE OF DEBRIS (INFORMATIVE) ..ouviiiiiiiiieeeiicieee e 87
O A [ )1 o o ¥ f o o 87
O3 Ofo ] Ry [0 1T ¢ =To [ 1= o o 1 PP PPPPPPPPPP 87
C.3  MeEASUIEMENT RESUITS ...ciiiiiii i e eei et e e e et r e e e e e e e e et e s e e e e e eeereennneeaeees 88
O30 N ©o o Tod [T =3 Yo o PP 88
ANNEX D GENERAL INSTALLATION RULES (INFORMATIVE) .....cccovvvviiiieeeeee 89
ANNEX E TELEGRAM TRANSMISSION TIME (INFORMATIVE)......cccccciiiiiieieeeeeeen, 90
ANNEX F EUROLOOP SPREAD SPECTRUM CODES (NORMATIVE)..........cccevvvennne 91

© This document has been developed and released by UNISIG

SUBSET-044 Page 7/102
Issue 2.4.0 FFFIS for Euroloop



UNISIG

3 GENERAL

3.1 Foreword

The main body of this standard, and the relevant Annexes designated as “normative”, constitute
the mandatory requirements for achieving air gap interoperability between any possible combina-
tion of Trackside and On-board Equipment. Annexes designated as “informative” either provide
background information for the mandatory requirements or outline non-mandatory requirements
and optional functionality.

This SUBSET-044 version 2.1 or higher includes the contents of the former SUBSETs-043, -045,
and —050.

SUBSET-103 [N5] specifies the corresponding test methods, procedures and tools for verification
of compliance with the mandatory requirements of SUBSET-044 (this document).

3.2 Normative References

To distinguish normative from informative references, the reference numbers of the normative ones
start with an “N” (e.g. [N5]) while the informative ones (see Annex A) start with an “|”.

Documents in this sub-clause 3.2 contain provisions which, through reference in this text, consti-
tute provisions of the present document.

[N1] EN 50121-2: Railway applications — Electromagnetic compatibility — Part 2: Emission of the
whole railway system to the outside world.

[N2] EN 50121-3-2: Railway applications — Electromagnetic compatibility — Part 3-2: Rolling
stock — Apparatus.

[N3] EN 50121-4: Railway applications — Electromagnetic compatibility — Part 4: Emission and
immunity of the signalling and telecommunications apparatus.

[N4] EN 60529 + Al:, Degrees of protection provided by enclosures (IP-Code).
[N5] UNISIG SUBSET-103: ERTMS/ETCS, Test Specification for Euroloop.
[N6] UNISIG SUBSET-036: ERTMS/ETCS, FFFIS for Eurobalise.

[N7] UNISIG SUBSET-026-2: ERTMS/ETCS, System Requirements Specification Chapter 2,
Basic System Description.

[N8] UNISIG SUBSET-026-3: ERTMS/ETCS, System Requirements Specification Chapter 3,
Principles.

[N9] UNISIG SUBSET-026-7: ERTMS/ETCS, System Requirements Specification Chapter 7,
ERTMS/ETCS Language.

[N10] UNISIG SUBSET-026-8: ERTMS/ETCS, System Requirements Specification Chapter 8,
Messages.

[N11] UNISIG SUBSET-085: ERTMS/ETCS, Test Specification for Eurobalise FFFIS.

[N12] UNISIG SUBSET-088-1 Part 2: ERTMS/ETCS, ETCS Application Level 1 - Safety Analysis
- Part 2 — Functional Analysis.

[N13] UNISIG SUBSET-088 Part 3: ERTMS/ETCS, ETCS Application Levels 1 & 2 — Safety
Analysis; Part 3 — THR Apportionment.
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[N14]

[N15]
[N16]
[N17]
[N18]
[N19]

[N20]

[N21]

[N22]

[N23]

[N24]

[N25]

[N26]

[N27]

[N28]

UNISIG

UNISIG SUBSET-091: ERTMS/ETCS, Safety Requirements for the Technical Interoperabil-
ity of ETCS in Levels 1 & 2.

UNISIG SUBSET-040: ERTMS/ETCS, Dimensioning and Engineering Rules.
UNISIG SUBSET-041: ERTMS/ETCS, Performance Requirements for Interoperability.
UNISIG SUBSET-023: ERTMS/ETCS, Glossary of Terms and Abbreviations.
EN 50155: Railway applications - Electronic equipment used on rolling stock.

EN 50124-1 + Al: Railway applications - Insulation co-ordination, Basic requirements,
Clearance and creepage distances for all electrical and electronic equipment.

EN 50126:,Railway applications - The specification and demonstration of Reliability, Avail-
ability, Maintainability and Safety.

EN 50128: Railway applications - Communications signalling and processing systems,
Software for railway control and protection system.

EN 50129: Railway applications - Communications, signalling and processing systems —
Safety related electronic systems for signalling.

EN 50122-1: Railway applications - Fixed Installations, Protective provisions relating to
electrical safety and earthing.

EN 50125-1: Railway applications — Environmental conditions for equipment — Part 1:
Equipment on board rolling stock.

EN 50125-3: Railway applications — Environmental conditions for equipment — Part 3:
Equipment for signalling and telecommunications.

ETSI EN 302 609: Electromagnetic compatibility and Radio spectrum Matters (ERM); Short
Range Devices (SRD); Radio equipment for Euroloop railway systems; Harmonized EN
covering essential requirements of article 3.2 of the R&TTE Directive.

EN 50159-1: Railway Applications — Communication, Signalling and Processing Systems —
Part 1: Safety-Related Communication in Closed Transmission Systems.

IEC 62153-4-3. Ed. 1: Surface transfer impedance — Triaxial method
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This standard is part of the overall normative framework that constitutes the basis for the
ERTMS/ETCS Control-Command and Signalling system.

This Norm is part of the overall set of normative background that constitutes the basis for the
European Union Directive 96/48/EC on Trans-European High Speed Railway Network Interopera-
bility, and for the relevant Technical Specification for Interoperability (TSI).

The TSI (Technical Specification for Interoperability) defines the concept of “Technical Interopera-
bility” that applies to the “Constituents” of the Control-Command Sub-System.

As far as the Euroloop Transmission System is concerned, the Trackside and the On-board
Equipment are interoperability constituents considered in this standard.

The Euroloop Subsystem (ELS) is a subsystem of the European Train Control System (ETCS),
which itself is a subset of the European Rail Traffic Management System (ERTMS).

This document is the Form Fit Function Interface Specification (FFFIS) for the ELS. It specifies the
mandatory requirements for the interfaces and functionalities to ensure
e the operation of the ELS within the ERTMS/ETCS environment,

e interoperability between the Trackside and On-board Equipment of the ELS over the air
gap.
Meeting these requirements allows industrial manufacturers to develop and produce interoperable
Euroloop On-board or Trackside Equipment.
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4 ABBREVIATIONS AND DEFINITIONS

4.1 Introduction

Terms and abbreviations defined by reference [N17], although used in this document, may not be
mentioned in the following lists. If listed, they are in agreement with [N17].

Further abbreviations and definitions commonly used for Euroloop are added and used in this
document.

Further abbreviations and definitions explicitly used for Eurobalise, although used in this document,
may not be mentioned in the following lists. If listed, they are in agreement with [N6].

4.2 Abbreviations

Abbreviation Explanation

AC Alternating Current

AU Antenna Unit

BER Bit Error Ratio

BPSK Binary Phase Shift Keying

BTM Balise Transmission Module or Eurobalise Transmission Module (see [N6])

CCK Chip Clock

CDMA Code Division Multiple Access

CENELEC Comité Européen de Normalisation Electrotechnique
(engl: European Committee for Electrotechnical Standardization)

CHS Chip Sequence

cps chips per second

CR Chip Rate

CRNB Co-channel Rejection for Narrow Band signals

CRWB Co-channel Rejection for Wide Band signals

DBP Deactivation Bit Pattern

DBPL Differential Bi-Phase-Level

DBPSK Differential Binary Phase Shift Keying

DC Direct Current

DI Distortion Immunity

DRP Dynamic Receiver Performance

DS Direct Sequence

DSSS Direct Sequence Spread Spectrum

EC European Community

ELC Euroloop Leaky Cable (Leaky cable incl. termination)

ELS Euroloop Subsystem
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Abbreviation

Explanation

EMC Electro Magnetic Compatibility

EN European Standard

EOLM End of Loop Marker

ERA Euroloop Reference Antenna

ERT ELC Reference Tool

ERTMS European Rail Traffic Management System

ETCS European Train Control System, which itself is a SUBSET of the ERTMS

EXNOR Exclusive NOR Gate (Q = (AAB) V (A/AB))

FDMA Frequency Division Multiple Access

FFFIS Form Fit Function Interface Specification

FH Frequency Hopping

FHDS Frequency Hopping Direct Sequence

FRS Functional Requirements Specification

FSK Frequency Shift Keying

GSM-R Global System for Mobile communication for Railways applications

ICNIRP International Commission on Non-lonizing Radiation Protection

IEC International Electrotechnical Commission

IMI Inter-Modulation Immunity

LD Loop Decoder

LEU Line side Electronic Unit

LOOMO Loop Modem

Loop Short for Euroloop

LR Loop Receiver

LTM Loop Transmission Module

MFP Magnetic Field Probe

MTIE Maximum Time Interval Error

MTTF Mean Time To Failure

NID_LOOP Euroloop Identification Number

OE On-board Equipment (of ELS)

PG Processing Gain

PLL Phase Lock Loop

PN Pseudo-Noise

PSK Phase Shift Keying

Q_LOOPDIR Qualifier to indicate the direction of the Loop Section

Q_SSCODE Number of the Spread Spectrum Code
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Abbreviation

Explanation

Qol Quality of Installation
QolM Quiality of Installation for Moving trains
Qols Quiality of Installation for trains at Standstill
RAM Reliability, Availability and Maintainability
RAMS Reliability, Availability, Maintainability and Safety
RBC Radio Block Centre
R-CDMA Random CDMA
RF Radio Frequency
RMS Root Mean Square
RSRL Reduced Size Reference Loop
SIR Signal-to-Interference Ratio
SRS System Requirements Specification
SSB Single Side Band
SSCode Spread Spectrum Code
TBC To Be Confirmed
TBD To Be Determined
TCFE Tolerable Centre Frequency Error
TCRE Tolerable Chip Rate Error
TDMA Time Division Multiple Access
TE Trackside Equipment (of ELS)
THR Tolerable Hazard Rate
TSI Technical Specification for Interoperability

Table 4-1: Abbreviations
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4.3 Definitions

Term

Definition

Activation Signal

Signal compliant with the specification of Interface ‘A4’ in [N6] used to
activate the LOOMO.

Air Gap

Space between Euroloop Leaky Cable (ELC) function and Antenna
Unit (AU) function (see sub-clause 6.8).

Antenna Unit

Antenna preferably suited to commonly transmit and/or receive
Eurobalise, Euroloop, and activation signals through the air gap.

Barker Code A Barker code is a string of digits a; € §1 of length | > 2 such that
|-k
D (2a 1) (23, ~1)| <1
i=1
forall 1 <k < (see sub-clause 6.3.4).
Corruption Transmission of an erroneous telegram interpretable as correct.
Cross-Talk Synonym for “insertion”.
Deletion The lack of reception along a whole Loop Section, and/or creation of

unacceptable delay of data.

End of Loop Marker

An Eurobalise that is to announce the beginning or ending of an Eu-
roloop by transmission of an End-of-Loop-Marker Packet to the On-
board Equipment.

End of Loop Marker
Packet

This is a set of information attributed to the Euroloop (see sub-clause
5.2.2).

Eurobalise functionality

This is the term used for all functions needed to transfer the End of
Loop Marker (EOLM) packet from the Trackside to the On-board
Equipment and to allow activation of the Euroloop (see sub-clause
5.2.2).

Euroloop functionality

Term used for the whole functionality to transmit Euroloop telegrams
from the Trackside Equipment (see clause 6) to the On-board Equip-
ment (see clause 7).

Euroloop telegram

This is a bit stream in a coded form containing a Loop message (see
sub-clause 6.3.4 of this document and [N6]).

Frequency Band

Continuous range of frequencies extending between two frequency
limits.

Immunity

The ability of a device, equipment or system to perform without deg-
radation in the presence of an electromagnetic disturbance or inter-
ference.

In-fill Information

Data that is transmitted from track to train at locations other than at
main signals. For example, it informs the train that the signal ahead
has cleared.

Insertion

Erroneous reporting of a Loop telegram in a different track or from
another loop in the same track, i.e., cross talk.

Interfering Signal

A signal that impairs the reception of a wanted signal.
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Term

Definition

LTM Function

Sum of Loop Receiver (LR) Function and Loop Decoder (LD) Func-
tion.

Kernel

The core of the ERTMS/ETCS On-board Equipment.

Kernel Interface

This is a company specific On-board interface that links the LTM
Function with the ERTMS / ETCS Kernel.

Lineside Electronic Unit
(LEV)

A trackside electronic unit that interfaces the national trackside signal-
ling / interlocking equipment with Eurobalise and Euroloop.

Loop

Track mounted device for the transmission of data between track-to-
train.

Loop Message

The message to be transmitted by an Euroloop subsystem, defined in
[N10]. It consists of a single Euroloop telegram.

Loop Modem
(LOOMO)

The signal generating part of the Trackside Equipment (see also sub-
clause 6.1.1, 6.3, and 6.7).

Loop Section

Range of x-positions of the centre of the Antenna Unit function be-
tween the input of the ELC and its termination, where, from the layout
point of view, the Euroloop is expected to perform with a Quality of
Installation (Qol) according to sub-clause 6.10.9.

Loop Signal

An up-link signal contained in the magnetic field of the air gap. It is
generated by the Trackside Equipment and carries an Euroloop tele-
gram (see also sub-clause 6.8.3).

On-board Equipment
(OE)

Term used for the equipment installed in the engine that consists of
the Antenna Unit (AU) function, the Loop Receiver (LR) function, and
the Loop Decoder (LD) function.

Trackside Equipment
(TE)

Term used for the equipment along trackside consisting of the data

transmission equipment interconnecting the Lineside Electronic Unit
(LEV) with the Loop Modem (LOOMO), the LOOMO, the jumper ca-
ble between the LOOMO and the Euroloop Leaky Cable (ELC), and
the ELC that includes its termination.

Table 4-2: Definitions
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5 EUROLOOP SUBSYSTEM

5.1 Architectural Layout

5.1.1 Euroloop within ERTMS/ETCS

The SUBSET-026-2 [N7] provides the basic description of the system proposed to satisfy the man-
datory functional requirements of the overall Functional Requirements Specification (FRS) of
ETCS.

In ETCS Level 0, line side optical signals or other means of signalling external to ERTMS/ETCS
are used to give movement authorities to the driver. ETCS Level 0 uses no track to train transmis-
sion except (unlinked) Eurobalises to announce/command ETCS level transitions. Therefore,
Eurobalises still have to be read.

In ETCS Level 1, the train control information is transmitted to the train using either a controlled or
a fixed Eurobalise. In-fill information may be provided by the Eurobalise system, by the Euroloop,
or by the radio in-fill system (see Figure 5-1).

<H>

Radio in-fill

—————————— ’ 8
optional

ETCS Interlocking
----------- 3
LI I L IT™L 1
Euroloop Eurobalise End of track
segment

Figure 5-1: ERTMS/ETCS Level 1 with In-fill

The Euroloop Subsystem (ELS) provides signalling in-fill information in advance as regard to the
next main signal in the train running direction as soon as they become available. This improves the
availability of ETCS Level 1 train systems as it allows train operation without release speed. SUB-
SET-026-3 specifies the corresponding System Requirements Specifications (SRS) of the ELS.

Depending of the ETCS level, the trackside sub-system can be composed of

e FEurobalise,

e Lineside Electronic Unit (LEU),

e the radio communication network (GSM-R),
e the Radio Block Centre (RBC),

e Euroloop, and

e Radio in-fill unit.
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ETCS Level 1 track-to-train communication is provided by either or a combination of the Eurobal-
ise, the Radio in-fill or the Euroloop system.

The Eurobalise system represents a spot transmission communication system to transmit trackside
information to the On-board system.

The Euroloop Subsystem is a semi-continuous, intermittent transmission system. It transmits in-fill
information from the trackside infrastructure to a train (up-link) at standstill or movement along a
section of the track (see also [N7], and [N8]. It uses a leaky cable as a trackside transmission an-
tenna. The Euroloop system is composed of an On-board Equipment and one or several Trackside
Equipments.

5.1.2 Interfaces Overview
Figure 5-2 identifies all interfaces of the ELS.

ERTMS / ETCS Kernel

A I |
fl : Kernel Interfacé  on-board Equipment (OE) | |
- ___
! o LTM Function : .
: BTM N : V' Interface
| Function 1 I .| Loop Decoder ol Loop Receiver - @1 —>
L ! I “| (LD) Function (LR) Function |
o |
|
! T
|
r— i - =t T I |
| Antenna Unit (AU) Function |
N I L
4 | ! 4 |
I / [
7 |
! : ‘A, 4' Interface ‘A 1" Interface
Air Ga LT e L |
Z /! 3 (Activation Signal) (Uplink) |
/ | / / |
,' | ; Euroloop Leaky Cable/(ELC Function |
el ] |
| o
| | : CA, Interface Termination 4 :
| . |
: Fﬁre:g:gn L 'C 2" Interface |
| : | Loop Modem (LOOMO) Function 'C,3' Interface |
: : I 'C,6' Interface |
e |
: : I*I Transmission Line Trackside |
: I I LEU - LOOMO Equipment (TE) I
|
L | _'C 1" Interface Euroloop Subsystem (ELS) |
1 - R R J

Lineside Electronic Unit
(LEV)

I Data Interface 'S'
to Interlocking
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Figure 5-2: ELS Interfaces

It is desired but not mandatory to use the same Antenna Unit (AU) function for the Euroloop and
Eurobalise functionality.

Interface 'C.1'

Interface ‘C, 2’

Interface ‘C. 3’

Interface ‘C, 6’

Interface 'CA.'

Interface ‘A 1’

Interface ‘A 4’

Interface ‘V,’

Kernel Interface

This interface is used to transmit Euroloop telegrams from the LEU to the
LOOMO. ltis located at the output of the LEU.

This is an optional interface that shall indicate the status of the LOOMO.

This interface may be used to activate the LOOMO by an external activation
signal.

This interface is used to power the LOOMO from an external power source.

This interface is the trackside interface at the output of the LOOMO. It is used to
verify the Euroloop signal’'s compliance with the corresponding requirements in
this document at the output of the LOOMO.

This interface is used for transmitting up-link Euroloop telegrams from the Eu-
roloop Leaky Cable (ELC) to the Antenna Unit function. Telegrams shall be sent
to the air gap with the same data rate as they are received from Interface 'C 1"

This is the interface used to activate the LOOMO. The signal on this interface is
subsequently called “activation signal”. It is radiated by the Antenna Unit (AU)
function into the air gap. The Eurobalise system uses this signal to tele-power
Eurobalises (see [N6]).

This interface is used to test and verify the On-board functionality. A company
specific adapter may provide the specified interface.

This company specific On-board interface links the LTM Function with the
ERTMS / ETCS Kernel.
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5.2 Functional Requirements

5.2.1 Extension of Eurobalise Functions

The ELS is a straightforward extension of the Eurobalise subsystem [N6]. While Eurobalise repre-
sents a spot transmission system, Euroloop performs the function of a semi-continuous transmis-
sion system allowing transmission of information from a section of the track to the train. A main and
basic task for ELS is to transmit in-fill information according to [N8].

Location references for a train are provided by End of Loop Markers (EOLMs). It is not allowed to
deduce any position information or any location reference from an ELS or from an Euroloop signal.

5.2.2 Identification and Activation of Trackside Equipment

5.2.2.1 Identification

Eurobalise functions do not depend on ELS but the ELS functions need some Eurobalise function-
ality as a prerequisite for the purposes detailed below.

Eurobalise functionality is required for all functions needed to transfer the EOLM packet from the
trackside installation to the On-board function. The packets, variables, and qualifiers transmitted by
the EOLM from the Trackside installation to the On-board Equipment attributed to a particular Eu-
roloop are defined in SUBSET-026-7 [N9].

5.2.2.2 Transfer of Spreading Code Number to Loop Receiver

After transfer of the received SSCode Number (the Q_SSCODE) by the ERTMS / ETCS Kernel to
the LTM Function Unit of the On-board Equipment, the Loop Receiver (LR) shall be enabled to re-
ceive Loop messages matching the spread spectrum signal with the particular SSCode of the ad-
dressed Euroloop.

5.2.2.3 Modes of Operation

LOOMO’s modes of operation and the switching among them are specified in sub-clause 6.2.3 and
6.2.4.

5.2.3 Coupling and Modulation

The transmission of data between the Trackside Equipment and the On-board Equipment of the
ELS shall be performed by using a combination of the two following methods:

e Magnetic coupling in the air gap. The ELS shall generate a magnetic RF field that shall be
picked up by the Antenna Unit function. The magnetic field shall be generated by an RF
signal injected into an Euroloop Leaky Cable. The z-component of this field shall induce a
voltage in a receiving loop antenna contained in the Antenna Unit function (see Figure 5-3
for definition of geometrical references).

e Direct Sequence Spread Spectrum (DSSS) modulation (see Annex B) of the RF carrier
signal. Use of different Spread Spectrum Codes (SSCodes) for different Trackside Equip-
ment shall allow selective reception of the transmitted data by an On-board Equipment. In-
dividual transmission channels are identified by their SSCode Numbers (Q_SSCODE) and
are therefore individually accessible (so-called Code Division Multiple Access (CDMA)).
One of the 15 SSCodes with Q_SSCODE Number 0 through 14 of length N. = 472 accord-
ing to Table F- 1 of Annex F shall be assigned to each Euroloop Trackside Equipment. The
additional SSCode with Q_SSCODE fifteen (15) shall be used exclusively for testing pur-
poses and it shall not be transmitted by the EOLM to the ERTMS/ETCS Kernel.
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5.2.4 Multiple Trackside Equipment or On-board Equipment in Operation
A single Antenna Unit function may activate more than one Trackside Equipment at the same time.

The use of CDMA allows for discrimination between superimposing Euroloop signals originating
from adjacent tracks.

More than one Antenna Unit function can be positioned within the Loop section. This may happen
if more than one train is positioned within this section or if more than one On-board Equipment is

installed on a single train. This may lead to situations where more than one On-board Equipment

may receive the same Loop message of a single Trackside Equipment at the same time.

5.2.5 Coding Requirements

5.2.5.1 Telegram Coding

The structure and the protection of the Euroloop telegrams generated by the LEU shall be the
same as for Eurobalise telegrams as defined in the sub-clause entitled “Coding Requirements” of
[N6], and the Eurobalise Coding Strategy shall apply.

5.2.5.2 Error Detection

The error detection shall be according to the sub-clause entitled “Coding Requirements” in the
SUBSET-036 [N6]

5.2.5.3 Transmission of Messages on Application Level

The general format shall be according to the sub-clause entitled “Coding Requirements” in the
SUBSET-036 [N6].

5.2.6 Reliable Data Transmission

Sufficient protection of the data against thermal noise, interference and signal distortion in the air
gap shall be achieved by data protection on a higher protocol level as defined in sub-clause
5.2.5.1.

Reliable prevention of insertion/cross talk (in case of a failure of the CDMA selection process) is
provided on a higher system level (by the Kernel, see sub-clause 7.4) using the Loop Identification
Number (NID_LOOP, see also SUBSET-026-7 [N9]).

5.2.7 Telegram Switching

A telegram is repeated “forever”, i.e., for the whole duration of a train passage along a Loop sec-
tion. If the transmitter, i.e. the LEU, switches to a new telegram, a string of all zeros or a string all
ones shall be inserted between the last transmitted bit of the old telegram and the first transmitted
bit of the new telegram (the “last" and “first" transmitted bit can be any bit in the telegram and need
not be by and b,;, respectively, see the sub-clause entitled “Telegram Switching” of SUBSET-036
[NG]).

The length of this inserted string shall be between 75 and 128 bits (see also [N6]).
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5.3 Performance Requirements

5.3.1 Train Speed

The ELS shall be able to transmit data between the Trackside and On-board Equipment for trains
with speeds up to vy = 350 km/h.

5.3.2 System Response Times

The system response times associated with transmission of Euroloop signal from the Trackside to
the On-board Equipment allows to fulfil the Performance Requirements for Interoperability stated in
SUBSET-041 [N16] taking into account the need on response times of further system parts of the
ERTMS/ETCS (see also sub-clause 6.8.2.3, and 7.4.4).
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5.4 RAMS Requirements

5.4.1 General

The Reliability, Availability, Maintainability and Safety (RAMS) requirements constitute global char-
acteristics of the long-term operation of the constituents involved in the Transmission System.
They are achieved by the application of established engineering concepts, methods, tools, and
techniques throughout the lifecycle of the system. The RAMS requirements are expressed in quali-
tative and quantitative terms that ensure both availability and safety.

A detailed RAMS Program shall be agreed for a given constituent under consideration, and shall
be implemented throughout the lifecycle of that system. The RAMS Program (RAM Program and
Safety Plan) shall address issues related to RAMS management, reliability, availability, maintain-
ability, and safety, in accordance with the applicable definitions of EN 50126 [N20].

Annex B of EN 50126 [N20] gives guidelines, methods, and tools suggested for the preparation of
a generic RAMS Program.

5.4.2 Top Level Functionality

Table 5-1 lists the top level functionality of the constituents of the Euroloop Transmission System in
terms of basic functions with the related top level hazards.

Table 5-1: List of Relevant Top Level Functionality and its Related Top-Level Hazards

No. | Function Description Related Hazards
(see also sub-
clause 5.4.6.2.2)

F.1 | Transmit protected data from trackside devices to the intended H4, H9
train devices

5.4.3 Reliability

5.4.3.1 General Requirements

The reliability of the constituents of the Transmission System defines the probability to perform the
basic functions defined in Table 5-1 in sub-clause 5.4.2 under given conditions for a given time in-
terval.

For a given application case, the overall RAM Program and the related quantitative and qualitative
targets shall be agreed. Its implementation shall cover the entire lifecycle of the system.

The reliability analyses shall consider the following issues:

e Functional analysis and failure definition for the system under consideration.

e Prediction of reliability.

e Fault Tree Analysis or Failure Modes Effects Analysis.

e Apportionment of reliability targets (MTTF) for the various components of the system.
e The overall RAM program.

e Reliability Assurance Plan for each hardware assembly.

e Quality Assurance Plan for software components.

e Reliability Test Plan.
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e Collection of operational data for the assessment of the achieved reliability.

The MTTF (Mean Time To Failure) for a given constituent of the Transmission System might fluc-
tuate with the time. The reliability targets concern the mean MTTF value over the operational life-
time. In general, the minimum operational lifetime shall be 20 years.

The ELS shall comply with the reliability requirements stated in EN 50126 [N20].

5.4.3.2 Reliability Cross Talk

Reliability cross talk is defined as an interfering effect on the transmission of data such that trans-
mission is corrupted but not interpretable as other valid information, or unattainable, due to e.g. a
non-intended Euroloop transmitter.

The constituents of the Transmission System shall operate so as to ensure that reliability cross-talk
from, and to, adjacent tracks does not adversely affect the overall reliability. The trackside installa-
tion rule provided in sub-clause 6.10.5 states the limit for the Signal-to-Interference Ratio (SIR) of
wanted to unwanted Euroloop signals power on Loop sections of type M and S.

5.4.4 Availability

5.4.4.1 General Requirements

The availability of the constituents of the Transmission System defines the ability to perform the
basic functions defined in Table 5-1 in sub-clause 5.4.2 under given conditions at a given instant in
time, or over a given time interval, assuming that the required external resources are provided.

The availability analysis for the system shall consider:

e The intrinsic availability of the components.
e The functional redundancy of critical components.

e The distinctions of the possible failures according to the basic categories of immobilising
failure, service failure, and minor failure (according to definitions of EN 50126 [N20]).

e The overall RAM Program.
e The way of collecting operational data for the assessment of the achieved availability.
The ELS shall comply with the availability requirements stated in EN 50126 [N20].

Note: The ELS is a radio based transmission system and therefore a missing transmission may

be a normal operational case. Such a situation is admitted and reflected by the specified
Quality of Installation (Qol) figures given in sub-clause 6.10.9.
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5.4.4.2 Impaired or Disabled Transmission

The transmission might be temporarily impaired or disabled due to interference, cross-talk, propa-
gation effects or defective equipment. In this case the reaction of the ERTMS/ETCS Kernel is the
same as without installed Loop Transmission Module (LTM). Therefore, the ELS is only used for in-
fill purposes as detailed in sub-clause 5.1.1 and specified in SUBSET-026-3 [N8].

The availability Ag, s of the Euroloop system decomposes into

¢ the availability Ate of the Trackside Equipment (TE),
e the availability Aoe of the On-board Equipment (OE), and
e the availability Arc of the Radio Channel (RC).
As these three availabilities are statistically independent of each other, Ag s amounts to

AeLs = Ate X Ace x Agc.

The availability of the radio channel for independent and identically distributed data symbol errors
is given by

Arc=1-(1-(1-BERMY,

where N is the length of the Euroloop telegram (see sub-clause 6.3.3), and M denotes the number
of available telegrams to the On-board Equipment.

Table 5-2 shows the availability Arc of the Euroloop radio channel as a function of the number M of
available Euroloop telegrams along the Loop section provided the BER amounts to BER < 2 x 10™
and N is 1100 (long Euroloop telegrams with1023 data symbols plus 77 extra data symbols as re-
quired for the decoding of the Euroloop telegram, see sub-clause on “coding requirements” in
SUBSET-36 and sub-clause 6.3.3). This applies within the entire specified range of environmental
conditions and train speeds.

Table 5-2: Availability and Un-Availability of the Euroloop Radio Channel

Number M of Available Availability of the Euroloop
Euroloop Telegrams Radio Channel Agc
1 > 80.2%
2 > 96.0%
3 >99.2%
4 > 99.84%
5 > 99.96%

According to EN 50126 [N20] the availability Arg, and Aoe of Trackside, and On-board Equipment,
respectively, is

ATE = MUTTE / (MUTTE + MDTTE), and
AOE = MUTOE / (MUTOE + MDTOE),

where MUT+g, and MUTqgis the Mean Up Time and MDT+g, and MDToe the Mean Down Time of
the Trackside, and On-board Equipment, respectively.

The MUT shall be defined by the manufacturer of the equipment.
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The MDT is dependent on the application (railway) and is therefore out of the scope of this specifi-
cation.

5.4.5 Maintainability

The maintainability of the constituents of the Transmission System defines the probability that an
active maintenance action to any component of the system can be successfully carried out within a
given time interval under defined conditions and procedures.

The ELS shall comply with the maintainability requirements stated in EN 50126 [N20].

5.4.6 Safety

5.4.6.1 General

The figures for the safety goals of the ETCS On-board and trackside constituents, and in particular
of the Loop components are deduced from the safety-analysis of SUBSET-088-3, which is in ac-
cordance with the requirements of the EN 50126 [N20].

All work pertaining to safety shall comply with the standards SUBSET-088 [N12] and [N13], SUB-
SET-091 [N14], EN 50126 [N20], EN 50128 [N21], EN 50129 [N22], and EN 50159-1 [N27]).

The physical loop channel is defined as the hard- and software part of the ELS, and is located be-
tween the output of the LEU (Interface ‘C.1’) and the input of the Kernel Interface. The trusted
parts of this physical loop channel are defined in SUBSET-088-3 [N13] and SUBSET-091 [N14].

5.4.6.2 Safety Targets of the Euroloop Subsystem

5.4.6.2.1 Overview

The safety targets of the Euroloop are based on a safety analysis and can be deduced from the
requirements of the ERTMS/ETCS SUBSET-091 [N14]. Derivations of the safety targets of the Eu-
roloop are documented in ERTMS / ETCS SUBSET-088-3 [N13].

5.4.6.2.2 Transmission Hazards
The potential transmission hazards are (see SUBSET-088-3 [N13])
Corruption (TRANS-LOOP-1):  Transmission of an erroneous telegram/telegrams interpret-
able as correct.
Deletion: The missing of reception along a whole Loop Section.

Insertion (TRANS-LOOP-3): Erroneous reporting of a Loop in a different track, or at a dif-
ferent position along the same track, with reception of valid
telegram/telegrams, i.e. cross talk.

Specifically, regarding the corruption hazard H4, it includes the concept of a non-trusted channel
in accordance with EN 50159-1 [N27]. The boundaries of the non-trusted channel are supplier
specific, and the following concepts apply:

e Each supplier has to define the boundaries between the non-trusted channel and the

trusted part of the channel based on the definitions of all possible failures as defined in EN
50159-1 [N27].
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e Provided that the On-board part is equal to or better than the “Basic Receiver” defined in
the sub-clause entitled “Basic Receiver Operation” of SUBSET-036 [N6], and performs all
the consistency checks on the received data that are required by the System Requirements
Specification (SRS, see UNISIG SUBSET-026), it can be assumed that the coding require-
ments, and the defined Basic Receiver (see SUBSET-036 [N6]), protects against all possi-
ble failures leading to corruption within the non-trusted channel (as defined by EN 50159-1
[N27]).

e The trusted part of the channel will need a demonstration that a minimum Tolerable Hazard
Rate is fulfilled (see UNISIG SUBSET-088, Part 3, TRANS 1, [N13]).

For a formal approval of the non-trusted channel, a safety demonstration is required to the level of
10™ failures/hour considering the mission profile defined in higher-level system documentation
(see UNISIG SUBSET-088, Part 3 [N13] and SUBSET-091 [N14]).

In case of the Loop, deletion is not considered as an issue since the Loop is supposed to provide
an in-fill function which, under certain conditions, will release the On-board Equipment from a brak-
ing intervention (see also sub-clause 5.4.4.2). According to part 2 of SUBSET-088-1 [N12], the
Loop is used to transmit data that are less restrictive, i.e. as specified in SUBSET-026-3 [N8]. Addi-
tionally, there are no safety requirements involved on potential downgrading a signal aspect.
Therefore, deletion of a Loop messages will result in a failure to the safe side and is therefore not
considered to be a hazard (see sub-clause 4.1.16 of Annex A of SUBSET-088-3 [N13]).

To get an Euroloop insertion event, first an Eurobalise message cross-talk must occur conveying
EOLM information. Since this barrier by itself is strong enough to fulfil the safety targets, there are
no additional requirements on Euroloop with respect to insertion/cross-talk. Thus insertion/cross
talk with respect to the loop is not considered to be a hazard. See also sub-clause 5.4.6.3.1.4.

NOTE: TRANS-LOOP-1 denotes the hazard associated with corruption.
TRANS-LOOP-3 denotes the hazard associated with insertion/cross talk.
The terms “insertion” and “cross-talk” are synonymously used.

5.4.6.2.3 Apportionment of ETCS Core Hazards to ELS Constituents

Table 5-3: Safety Hazards Associated with Corruption (TRANS-LOOP-1) with Indication of Target fail-
ures per hour [f/h]

Safety Corruption (TRANS-LOOP-1): Incorrect loop message re- Target
Hazards | ceived by the On-board Kernel functions [f/h]

On-board Function

LTM-H4 | Transmission of erroneous telegram/telegrams, interpretable | < 10
as correct, due to failure within the On-board LTM function.

Trackside Function

LO-H4 Transmission of erroneous telegram/telegrams interpretable | < 10
as correct, due to failure within a Loop.

The related function is found in Table 5-1, and the origin of failure is amongst
e Loop cable,
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e On-board Transmission Equipment,
e LEU,

e Air Gap,

e Interface ‘C.1’, and

e Programming.
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5.4.6.3 Basic Principle of the Safety Concept
5.4.6.3.1 Safety of Data Transmission

5.4.6.3.1.1 General Requirements

An ELS shall only be implemented as supplement to an Eurobalise Transmission System and an
ERTMS/ETCS Kernel function (see sub-clause 5.2.2).

No single independent failure shall result in a hazard classified as ‘catastrophic’ or ‘critical’ in terms
of hazard severity. The hazard severity levels are provided in EN 50126 [N20]. Secondary or de-
pendent failures that occur as a result of an initial failure shall be considered in combination with
that initial failure.

A safety case shall demonstrate the fulfilment of the safety targets as detailed in sub-clause 5.4.6.2
and 5.4.6.3.2.2.

5.4.6.3.1.2 Ensuring Integrity of Euroloop Telegrams

Any design of the Trackside and On-board Equipment is acceptable provided that the safety tar-
gets are met. These safety targets require that there shall be no transmission of correctly coded
telegrams from the Trackside to the On-board Equipment with wrong information content at any
time instant. One possibility to avoid this is that the data transmission between Interface 'C, 1' and
the ERTMS/ETCS Kernel is fully bit transparent. In this case, it is not possible that a single symbol
or multiple symbols are inserted, deleted or otherwise rearranged within the ETCS Telegrams on
the whole ELS transmission path between the Interface 'C 1' and the output of the Loop Receiver
function.

5.4.6.3.1.3 Impaired Transmission

Impaired transmission means, that one or more data bits of an Euroloop telegram are corrupted. In
this case, an Euroloop telegram shall not be detected as correct. The basic receiver operation of
the Loop Decoder (LD) function shall ensure that only correct Euroloop telegrams are accepted
and fed to the ERTMS/ETCS Kernel. This requirement is fulfilled by the coding of the Euroloop
telegrams (see also sub-clause 7.2.2).

5.4.6.3.1.4 Insertion/Cross Talk

The use of SSCode numbers (Q_SSCODE) and their associated SSCodes is not safety relevant
for the Euroloop Transmission system since the loop identity is matched with the EOLM informa-
tion by the ERTMS/ETCS Kernel.

Safety cross talk is defined as the acceptance of a 'valid' message by an unintended receiver,
i.e., an erroneous reporting of a Loop telegram in a different track or possibly at another location of
the same track (also called insertion/cross talk). The Euroloop functionality shall ensure that
safety cross talk from and to adjacent tracks and within the same track is not possible. This shall
be included in the safety case.

The safety cross talk prevention is realised within the ERTMS/ETCS Kernel by comparing the Loop
Identification Number (NID_LOOP, see SUBSET-026-7 [N9]) contained within the received loop
message with the corresponding Loop ldentification Number contained in the End of Loop Marker
(EOLM) Packet that announced the Loop to the On-board Equipment (see also sub-clause 5.2.2).
If this comparison reveals unequal Loop Identification Numbers, the ERTMS/ETCS Kernel rejects
the corresponding Euroloop telegram.
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Reliable prevention of safety cross talk is assumed to be provided on a system level of the Eu-
roloop functionality: Having “addressed” the expected Euroloop by communicating its assigned
SSCode Number (known from the EOLM Packet) to the Loop Receiver, the Kernel expects a Loop
message tagged by a Loop Identification Number (NID_LOOP) as assigned to this specimen of
Euroloop by the same EOLM Packet (see also sub-clause 5.2.2).

A Loop message consists of a single telegram as defined in [N10].

In the case of the Loop, a loop message is required not to be accepted by the On-board Equipment
unless a matching End of Loop Marker (EOLM) Balise as part of a linked chain is encountered first
and duly accepted by the On-board Equipment.

5.4.6.3.2 Engineering

5.4.6.3.2.1 Assignment of Q_SSCODE

A Q_SSCODE specified in Table F- 1 of Annex F shall be assigned to each Euroloop Trackside
Equipment. This Q_SSCODE specifies the coding of the Euroloop telegrams within the Euroloop
Trackside Equipment.

5.4.6.3.2.2 Preparation of Euroloop Telegrams
The preparation of the Euroloop telegram data within the LEU is safety related. Therefore,

e the data preparation and
e the system deployment
shall comply with SUBSET-091 [N14].

5.4.6.3.2.3 Euroloop Engineering Process Requirement

The safety of the engineering process shall be such that the safety level of the overall system is
not compromised.
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5.5 Geometrical Reference

5.5.1 Coordinate System
The three reference axes related to the rails are defined as follows:
o Areference axis in parallel with the rails (the x-axis). The origin of the x-axis shall coincide

with the input of the ELC.

o Areference axis at right angles across the rails, and which is level with the top of rails (the
y-axis). The origin of the y-axis shall coincide with the middle of the track.

o Areference axis directed upwards, at right angles to the rail plane (the z-axis). Its origin is
defined by the height of the top of rail.

Figure 5-3 illustrates the coordinate system used.

Euroloop Leaky
Cable (ELC)

Termination

Figure 5-3: Coordinate System

5.5.2 Reference Position

The term “reference position” is defined as the geometrical location of all points along the Loop
section with the coordinates y = 0 mm and z = 300 mm.
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6 TRACKSIDE EUROLOOP SUBSYSTEM

6.1 Architectural Layout

6.1.1 Trackside Equipment
The modules of the Trackside Equipment are shown in Figure 6-1. It shall consist of

e the data transmission equipment interconnecting the LEU with the LOOMO,
e the LOOMO,

e the jumper cable between the LOOMO and the Euroloop Leaky Cable, and
o the Euroloop Leaky Cable that includes its termination.

Lineside Electronic Unit

|
Trackside Equipment Function Loop Modem |
: quip (LOOMO) | (LEV)
Function
| I Data Interface 'S'
|  Euroloop Leaky Cable (ELC) Function = Interface Interface 'C. 2' to Interlockin
I Termination + Leaky Cable «— Interface -CL3v 9
L
| Jumper -«——Interface 'C 6'
I Cable ——— ————= I " Interface 'C 1’
I_II_Il_l [1[] [1 111 OO0 MM (111101 rrl
IFTTTTTTTTI
— - 11— - Travelling Direction 1; | —
A4 Actlvatlon S|gna| Interface Al AerapInterface LU Ll

O T 0T T O EpEpEpEpEpEEERERERERERE uuuuu%u'

End of Loop Marker (EOLM) Middle of Track
(not part of ELS)

Figure 6-1: Trackside Equipment of Euroloop Subsystem (unidirectional installation)

An End of Loop Marker (EOLM) is by definition an Eurobalise to mark the beginning or the end of a
Loop (see also SUBSET-026).

6.1.2 Sub-Sections
For the definition of the Quality of Installation (Qol) two types sub-sections are distinguished:

e Type M sub-sections denote range of x-positions of the centre of the Antenna Unit function,
where, from the layout point of view, the Euroloop is expected to perform with a Quality of
Installation for moving trains (QolM) according to sub-clause 6.10.9.

e Type S sub-sections denote range of x-positions of the centre of the Antenna Unit function,
where, from the layout point of view, the Euroloop is expected to perform with a Quality of
Installation for trains at Standstill (QolS) according to sub-clause 6.10.9.

A Loop section is made up of any combination of Type M or Type S sub-sections. For the definition
of Qol see sub-clause 6.10.9.

6.1.3 Arrangements
From the constructive and functional point of view, the subsequent four (4) arrangements of ELS
trackside installations should be possible.

e A Euroloop is called a Single Euroloop if it consists of a single or cascaded Trackside
Equipment with the same SSCode and common EOLM. Figure 6-2 shows a possible reali-
sation of a single Euroloop arrangement.
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Loop Modem (LOOMO)
Function

Euroloop Leaky Cable (ELC) Function Jumper

Cable

W] 1] (1011

e T

'I_l|_l|_l|_ll_ll_l|_l|_ll_l<|_ll_l|_ll_l|_l|_l|_lLlI_lI_l|_l|_l<I_l|_l|_l|_l'

A1 111

End of Loop Marker (EOLM)
Function (not part of ELS)

Figure 6-2: Possible Realisation of a Single Euroloop Arrangement

e A Double Euroloop is an arrangement of two (2) Euroloops assigned to a single track with
Loop sections at partly common x-positions, but with individually assigned different EOLMs
and SSCodes. Such an arrangement may be required along a single-track, where a trans-
mission of different Loop messages is required depending on the moving direction of the
train. It should be possible that both Euroloops are simultaneously active and transmission
of respective Loop messages is performed simultaneously. Figure 6-3 shows a possible re-
alisation of a double Euroloop arrangement.

Specific installation requirements for this arrangement are defined in sub-clause 6.10.5.

Loop Modem (LOOMO)
Function

Euroloop Leaky End of Loop Marker (EOLM)
from Cable (ELC) Function (not part of ELS)

Jumper E
P Function

I_IF%I_II_II—II_II—II_II—II—II_II
il—l—l—l—l—l—l—H

Travelling Direction
| N Y [ N N N ) B |

Travelling Direction
| N N T N N N [ B |

'uuuuuUUKuuuﬁiﬁ“ﬁ‘E‘(

End of Loop Marker (EOLM) Loop Modem
Function (not part of ELS) (LOOMO) Function

Jumper Cable —

Figure 6-3: Possible Realisation of a Double Euroloop Arrangement
e In Parallel Euroloops arrangements, it is possible to use Single Euroloops with different

EOLMs in neighbouring tracks. Figure 6-4 shows a possible realisation of a parallel Eu-
roloop arrangement.
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Function

7

[ 1 [ 1 [ 1 ¥ 1 [ 1 [ ] [ ] [ ]
Y |

L1 [ ] [ ]
)

_____ [1[1[] N O A

TTTTTTTTI
Travelling Direction
A I O I

LI O [ I I I I B I B B N N

End of Loop Marker (EOLM) End of Loop Marker (EOLM)
Function (not part of ELS) Function (not part of ELS)

A1 1 r1rd 1A rrmrlmimIe (11111 [
ITTTTTTTTI
Travelling Direction - ‘
. I I I I I
Loy LT

-------- Jumper

Cable .
Euroloop Leaky Cable (ELC) Function

Loop Modem (LOOMO)
Function

Figure 6-4: Possible Realisation of a Parallel Euroloop Arrangement
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6.2 Functional Requirements

6.2.1 End of Loop Marker (EOLM)

When receiving the EOLM packet, the On-board Equipment knows that it is entering / leaving a
track equipped with a Loop. In unidirectional application it is possible to have an EOLM only at the
entry side of a Loop (see chapter 3 of SUBSET-026 [N8]). For other arrangements of the loop(s),
more than one EOLM might be required.

The End of Loop Marker (EOLM) is used to transfer particular information such as the Identification
Number (NID_LOOP), the Spread Spectrum Code Number (Q_SSCODE), and the Loop direction
indication (Q_LOOPDIR) from the trackside installation to the On-board Equipment. For details on
the subject see sub-clause 5.2.2.1 of this documents, chapter 7 [N9] and chapter 8 [N10] of SUB-
SET-026.

6.2.2 Assignhment of Spreading Code
The SSCode assigned to the transmission of each Euroloop shall be settable for each LOOMO.

6.2.3 LOOMO'’s Modes of Operation

The LOOMO shall be switchable between two (2) operating modes known as “active” (transmitting)
and “stand-by” (non-transmitting) mode as introduced in sub-clause 5.2.2.3. The transition between
these two modes is specified in sub-clause 6.2.4.

6.2.4 Activation and Deactivation of LOOMO

The LOOMO switches between active (transmitting) and stand-by (non-transmitting) mode by the
following events:

The signal on Interface ‘C 1’ crosses a limit regarding its quality (see also sub-clause 6.3).
The logical state of the signal on Interface ‘C 3’ changes (see also sub-clause 6.5).

The presence of the Deactivation Bit Pattern (DBP) on Interface ‘C 1’ changes (see also
sub-clause 6.2.5).

4. The presence of the activation signal on Interface ‘A 4’ changes (see also sub-
clause 6.8.2).

The precedence among the different activation and deactivation methods listed above causing a
transition of the LOOMO between active and stand-by mode shall comply with the specifications
given in Table 6-1.
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Table 6-1: Order Among the Activation Methods of the LOOMO

Nr.

Signal on Inter-
face ‘C .1’ Not
Present with Suf-
ficient Quality

’1’ = Deactivation

Activation by In-
terface ‘C, 3’

’1’ = Activation

Detection of
“Deactivation Bit
Pattern” (DBP)
on Interface ‘C, 1’

’1’ = Deactivation

Detection of
Activation Signal
on Interface ‘A 4’

’1’ = Activation

LOOMO in Active
(Transmitting)
Mode

1’ = Transmitting

1 1’ X X X 0
2 L0 v’ X ('07) X 1’ (Telegram)
L0 v’ X (‘1) X 1’ (DBP transm.)
3 L0 L0 L0 L0 0
4 L0 L0 L0 v’ v’
5 L0 L0 v’ X 0

The minimum deactivation duration shall equal the duration required for the transmission of 255
data symbols on Interface ‘C 1’ irrespective of the cause or method used for deactivation.

6.2.5 Deactivation Bit Pattern

If the LOOMO is in the active mode caused by the Activation Signal on Interface ‘A 4, it shall
change to the stand-by mode upon receiving a sequence of more than 255 data symbols of logical
value one (1) from Interface ‘C.1’ (row 5 of Table 6-1).

The deactivation of the LOOMO shall be disabled on the first logical zero (0) value on Interface
‘C.1". Hence for an uninterrupted deactivation the “Deactivation Bit Pattern” (DBP) shall be re-
peated continuously by the LEU.
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6.3 Interface 'C_1' - Up-link Data from LEU to LOOMO

6.3.1 Overview

The Interface 'C.1' is located at the output of the Lineside Electronic Unit (LEU) as shown in Figure
6-5. The selected type of transmission line between LEU and Loop Modem (LOOMO) as well as
the line receiver and line decoder corresponding to the selected type of transmission line shall be a
part of the ELS. The type of the transmission line determines the possible distances between the
LEU and the LOOMO. This guarantees correct transmission of the Euroloop telegrams from the
LEU to the LOOMO.

Euroloop Subsystem

(ELS) Function Loop MOdem'(LOOMO) Interface 'C, 2’

o Function
L|ne3|d¢ Transmission Line Interface "C,3
Electronic | |,erface Function Binary Interface "C,6"

Unit Cc1 Line Data (D) Loop
(LEV) . P> | Receiver | Modulator Interface "CA,’
Function Function

Figure 6-5: Data Transmission between LEU and LOOMO

The telegram structure of Interface 'C,1' of the LEU is related to the Interface ‘C1’ of the Eurobalise
(see SUBSET-036 [N6]).

6.3.2 Data Rate
The data rate R4 on the Interface 'C,1' shall be

Ry = 9.5674 kHz £70 ppm.

6.3.3 Telegram Lengths

For the Euroloop, a short telegram with Ls = 341 data bits and a long telegram with L, = 1023 data
bit shall be used in accordance with [N6].

6.3.4 Coding Requirements

6.3.4.1 Barker and Line Coding

Every data bit of the Euroloop telegram shall be further encoded with an 11 bit Barker code and
subsequently Differential Bi-Phase-Level (DBPL) line coded as follows:

- Step 1: Barker Coding

Each telegram data bit shall be encoded in 11 chips according to a Barker code (Barker-chips). As
a consequence the Barker chip rate

RBC = 1/TBC = (Rdll)
is 11 times the data rate Ry. The symbol Tgc denotes the duration of a Barker chip.

e Alogical 1 data bit shall be encoded as 11100010010 Barker chip sequence.
e Alogical 0 data bit shall be encoded as 00011101101 Barker chip sequence.
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- Step 2: Line Coding
The Barker chip sequences shall be DBPL encoded according to Figure 6-6 and the description
below.
e The DBPL encoded Barker chips show a change of level at the centre of every chip period.
e Alogical 1 is represented by a level change at the beginning of the chip period.
o Alogical 0 is represented by no level change at the beginning of the chip period.

This coding results in a polarity independent signal. Therefore, interchanging the two signal wires
does not affect data transmission.

Bin. Data 1 0
Barker Chips 1 1 1 0 0 0 1 0 0 1 0 0 0 0 1 1 1 0 1 1 0 1

Line Signal m|_|_||_| Mmoo s sty
T -

T BC
T Data [~ d

Figure 6-6: Differential Bi-Phase-Level Coding Scheme

The resulting signal shall appear on the Interface 'C_1".

6.3.5 Functional Requirements

Accidental short circuit for infinite time to the signal of Interface 'C,1' shall not permanently damage
any connected equipment.

6.3.6 Handshaking and Re-Sending
No handshaking shall be performed on Interface 'C.1'.

6.3.7 Eye Diagram

The signal on Interface 'C_ 1" into a resistive 120 Q load shall fulfil the requirements according to
Figure 6-7 and Table 6-2. The shaded areas constitute a mask into which the signal shall not enter
(considering the actual mean data rate and the actual V, signal level).
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Figure 6-7: Transmit Pulse Shape Measured into a Resistive 120 Q Load

The electrical parameters of Interface 'C 1' shall be in accordance with Table 6-2 and Figure 6-7.

Table 6-2: Electrical Interface 'C_ 1' Specifications

Parameter

Specification

Conditions

Return Loss > 6 dB within frequency range 50 kHz
to 250 kHz into the ELS
Nominal Impedance Z = 120Q
Transmit peak-to-peak Vomax = 18.0 Vp, e into 120 Q resistive load
voltage Vamin = 14.0 Vi e Shall not be DC coupled.
Vi =0.6-V,

Eye diagram

According to Figure 6-7 with

Tr =500 ns and T = 325 ns.

into 120 Q resistive load

Rise and fall time

> 100 ns

10% to 90% with 120 Q resis-
tive load

Half of Barker chip duration

T = actual Tgc/2

averaged over > 1 s.
(see also sub-clause 6.3.4.1)

Overall tolerance for super-
position of jitter and inter-
symbol interference

TJ <05 us

into 120 Q resistive load

© This document has been developed and released by UNISIG

SUBSET-044
Issue 2.4.0

FFFIS for Euroloop

Page 38/102




UNISIG

6.4 Interface ‘C 2’ — Error Indication of LOOMO

Interface ‘C. 2’ is optional. It shall indicate the error status of the LOOMO. If the error status indi-
cates the occurrence of an error, the LOOMO shall change to the stand-by mode (not transmit an
up-link signal on Interface ‘CA.’).
This interface shown in Figure 6-7 shall be made up of a switch which

e is closed (low impedance) if no error has been detected within the LOOMO.

e is open (high impedance) if an error has been detected within the LOOMO.
The control input of this switch shall be galvanically separated from the working contact of the
switch.

Additionally, the specifications detailed in Table 6-3 shall apply.

Table 6-3: Interface ‘C 2’ Specification

Parameter Value Condition

Max. switching capacity 1A at <30 VDC, DC Resistive Load
0.2A at <100 VDC, DC Resistive Load
1A at <300 VAC, AC Resistive Load

Max. contact resistance or 200 mQ at>5VvDC

Min. load current 10 mA

Delay between occurrence of error within <10s

LOOMO and high impedance state of corre-

sponding relay contact.

Note: product specific values might apply

E“;‘—V Interface "C 2

from Loop Modem ) --( )= Interface 'C, 3’
Interface —»] (LOOMO) -—:))OG )

Cc1 Function Interface "C 6
Interface "CA,~

Figure 6-8: Error Indication Interface ‘C 2’ of LOOMO
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6.5 Interface ‘C 3’ — External Activation of LOOMO
This interface shall allow an external activation of the LOOMO.

This interface shall be made up of a switch which has to be closed (low impedance) to activate the
LOOMO. The control input of this switch shall be galvanically separated from the working contact
of the switch. The switch can be placed outside the LOOMO (see Figure 6-9).

The control signal is application specific. The type of the switch and the cable between the switch
and the LOOMO is supplier specific.

The specifications stated in Table 6-4 shall apply.

Table 6-4: Interface ‘C, 3’ Specifications

Parameter Value Condition
Current I3 4 mA <3 <50 mA Contact closed
Voltage Us 3V<U;<30V Contact open

E“l_'g\l‘> Interface "C 2

3
from Loop Modem |,

r | ‘4— Interface "C, 3"
Interface —»| (LOOMO) :))OG :

Cr Function Interface "C, 6
Interface "CA~

Figure 6-9: External Activation Interface ‘C 3’ of LOOMO

3

-

6.6 Interface ‘C 6’ — External Power Source of LOOMO

The LOOMO uses an external power source. The power supply is assumed to be in accordance
with [N3].

The LOOMO shall not consume more than 150 VA.

E::(J\—> Interface "C, 2"

from Loop Modem =7 ()= Interface 'C, 3’
Interface —» (LOOMO) -—M )

Cr Function Interface "C, 6
Interface "CA,~

Figure 6-10: External Power Source Interface ‘C 6’ of LOOMO
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6.7 Interface ‘CA_’ - Up-link Data from LOOMO to ELC

6.7.1 Overview

The Interface ‘CA_’ is located between the LOOMO and the Jumper Cable. The Jumper Cable in-
terconnects the LOOMO with the Euroloop Leaky Cable (ELC). This is shown in Figure 6-11.

Loop Modem (LOOMO) Function Transmission ; o
Line Function Infgr i‘lce I_Ilne5|d§
Loop Modulator Line Receiver —— L Electronic
Function I Function < R o < @ Unit (LEV)

Jumper Cable Interface 'CA_

Activation Signal Termlnath

Euroloop Signal Euroloop Leaky Cable (ELC) Function

Figure 6-11: Signal Transmission between LOOMO and ELC

The LOOMO shall contain a Line Receiver function and the Loop Modulator function.

6.7.2 Line Receiver Function

The Line Receiver function shall decode the received signal. This includes the removal of the Dif-
ferential Bi-Phase-Level (DBPL) encoding and the Barker code from the data stream received from
the Interface 'C,1'. The obtained recovered binary data stream shall be fed to the Loop Modulator
function.

When the LOOMO can not receive a signal with sufficient quality from Interface 'C,1', it shall be
deactivated within a time frame of tg: < 100 ms.

6.7.3 Loop Modulator Function

6.7.3.1 General

The Loop Modulator function shall modulate the recovered binary data stream onto the centre fre-
quency f. using the Direct Sequence Spread Spectrum (DSSS) modulation scheme, and data is
locked to the chip clock of the spreading code. Each binary data symbol shall be Differential Binary
Phase Shift Keying (DBPSK) modulated with a complete period of the spreading code, the so-
called SSCode (see Annex F). The result is a polarity independent spread spectrum modulated
data stream.

The DSSS modulation function and coding function shall be performed according to the principles
shown in Figure 6-12. These principles provide a detailed functional description of the DSSS
modulation and coding scheme in the form of a block diagram (Figure 6-12) and a timing diagram
(Figure 6-13). The block diagram does neither stipulate a mandatory way to realize the DSSS
modulation, nor the coding scheme. Various arrangements of such a modulator may be used to
generate the required signal.
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As indicated in Figure 6-12, the Binary Data D, the Differential Data DD, the Recovered Data Clock
DCK, the Chip Clock CCK, the Chip Sequence CHS, and the Modulated Chips MCH are all syn-
chronous to each other but the Raw Carrier RC and the Raw Signal RS are not.

The signals indicated in Figure 6-12 are provided in Figure 6-13 for a simplified example of a 7-
chip-SSCode of the sequence (1, 1, 0, 0, 1, 0, 1). In reality the code length N, is much larger (see
sub-clause 6.7.3.3).

from

Interface
Cr DBPL Barker
P Decoder ! Decoder
Function Function
i i
A

Local
Oscillator
Function
13.5 MHz

Phase Locked Loop (PLL) Function

Recovered Data Clock (DCK) [ Chip Clock (CCK)

} Chip
Binary A4 SSCode y Sequence

Raw Carrier
(RC)

Loop

Data . _ Set (CHS) Signal (LS)
(D) Differential SSCode o DSSS . BPSK Transmit to ELC
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Figure 6-12: Principles of DSSS Modulator: Functions Associated with Modulation (Informative)
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Figure 6-13: Signals Associated with DSSS Modulation (Informative)

6.7.3.2 Differential Modulator Function

The data D shall be converted to Differential Data DD before used for modulation. The output DD
of the differential modulator shall toggle with every clock pulse of the Data Clock DCK only if data
input D is low.

6.7.3.3 SSCode Generator Function

The start and period of the spreading code sequence (SSCode) shall coincide with the correspond-
ing data symbols to be coded (see Figure 6-12 and Figure 6-13). The implementation of the
SSCode generator shall perform the same function as proposal in Figure 6-12.

6.7.3.4 Chip Rate and SSCode Length

The chip rate R, shall be N. times the data rate R4 (see sub-clause 6.3.2). The number N, of chips
of each SSCode, the so-called code length, shall be N, = 472.
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R: = Rq - N¢ (approx. 4.5 Mchip/s).

The sixteen (16) available SSCodes are specified in Table F- 1 Annex F.
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6.7.3.5 DSSS Modulation Function

The DSSS modulator shall Binary Phase Shift Keying (BPSK) modulate a complete SSCode se-
guence of length N. onto each Differential Data DD symbol. Hence, the duration of the DD symbol
shall coincide with the duration of an SSCode period.

The Chip Sequence CHS signal in Figure 6-13 shows a section of an SSCode sequence. This
BPSK modulation might be implemented using an EXNOR. The result is the Modulated Chip se-
quence MCH (see Figure 6-13).

6.7.3.6 BPSK Modulator Function

The BPSK Modulator shall modulate the Raw Carrier RC with the Modulated Chip Sequence MCH.
Depending on the value of the Modulated Chip sequence MCH the Raw Carrier RC shall be either
inverted (180 degree phase shifted) or not inverted. In Figure 6-12 this BPSK modulation is imple-
mented by an EXNOR which combines the Raw Carrier RC with the Modulate Chip sequence
MCH. The result is the Raw Signal RS.

6.7.4 Maximum Time Interval Error

The Maximum Time Interval Error (MTIE) of the modulation signal (MCH, see Figure 6-12 and Fig-
ure 6-13) which was used to modulate the carrier (see Figure 6-12) shall be within any observation
interval ty,

MTIE <to, - 70 ppm + 40 ns.

The MTIE shall be measured by analysing the output signal at Interface ‘CA_’ (see SUBSET-103,

[N5]).
Data Rate Variation (MTIE)
ns
120+
100+
80+
60+
40+
20 _
MTIE = 40 ns + t,, - 70 ppm
01 02 03 04 05 06 07 08 09 10 11 12 13 14 ms
Observation Interval top
Figure 6-14: MTIE of the Modulation Signal
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6.7.5 Raw Carrier
The centre frequency f. of the Euroloop signal in the air gap shall be

f. = 13.54750 MHz + 30 ppm.
The Single Sideband (SSB) phase noise shall comply with Figure 6-15. For the purpose of measur-

ing this SSB phase noise at Interface ‘CA.’ it shall be possible to switch the modulation signal (e.g.
the Modulated Chip sequence MCH, see Figure 6-12) off.

-100 - 108dBc @ 100kHz
Iy |
\‘J\
110 | -115dBc @ 300kHz -115dBc @ 10MHz
~— d

-120

Noise Power Density [dBc/Hz]

-130

-140
0.01 0.1 1 10

Frequency [MHz]
Figure 6-15: Single Sideband (SSB) Phase Noise of the Raw Carrier

6.7.6 Quality of LOOMO’s Output Signal

The quality of the LOOMO’s output signal s(t) on Interface ‘CA,’ is defined by the Bit Error Ratio,
the unintentional Amplitude Modulation and the modulation distortion.

The Bit Error Ratio shall be <10®
The unintentional Amplitude Modulation shall be < 7%

The modulation distortion is defined by the magnitude of the Complex Correlation Function CCF(r)
of the normalised signal s.(t) with the SSCode cy5(t).

K
CCF(n- A7) = % D sep((k+1)-A7)-Cy5(k A7),
k=1

where At denotes the hominal equidistant sampling intervals, K = floor(T4/ A1), T4 = 1/R4 with Rq
the data rate specified in sub-clause 6.3.2, and n € {0, 1, 2, ..., K-1}.

e The output signal s(t) of the LOOMO shall be generated using

e only data symbols of logical ones (“1”) values and

e the test SSCode number 15 as defined in Table F- 1 of Annex F.
o Sy(t) shall be sampled over an interval Tg., where Tg. = floor(2-T4/At + 1).
o sy(t) shall be the normalised complex base-band signal of s(t).
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e The normalisation of s.,(t) shall be with respect to the maximum amplitude of |s(t)| at the

end of the SSCode chip period*.

e Cy5(n-A1) shall be the test SSCode number 152 as defined in Table F- 1 of Annex F sampled
over one period of the SSCode, i.e. the duration T4 of a data symbol. Its amplitude shall
take on the values +1, or —1 provided the corresponding chips in Table F- 1 takes on the
logical value “1”, or “0”, respectively.

e 1t denotes the time delay relative to the peak of the magnitude of CCF(r).

Let CCF,( n-At ), and NCF,( n-At ) denote, respectively, the i (i € {1, 2, ..., Ng}) measurement of
CCF(n-At), and NCF(n-At) with

NCF @ -Ar = CCF@-Ar ;max fccre-ar ] .
n

NCF( n-At ) is subsequently referred to as the Normalised Correlation Function (NCF).

The quality of LOOMO’s output signal s(t) shall be such that the average over Ny = 5 different
measurements

e of CCF( n-At ) complies with

N, :
L 3" max {ccr€-ar] =085,
Ng i=1 N -

e of the magnitude |NCF(1-Ar:[ of the Normalised Correlation Function NCF€- Az com-
plies simultaneously with all specifications detailed in Table 6-5 and Figure 6-16.

! The amplitude of signal s(t) might show a ringing at the beginning of a data symbol period. To avoid normalising scn(t)
with respect to largest amplitude of this ringing, the normalisation of scy(t) shall take place with respect to the largest am-
plitude of s(t) at the end of the data symbol periods.

2 The requirements addressed by sub-clause 6.7.6 focus on the quality of the up-link signal on Interface ‘CA.’ due to dis-
tortions of the ideal signal by the signal processing within the LOOMO, e.qg. filtering.
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Table 6-5: Specification of Mask Shown in Figure 6-16

Parameter Value Condition

INCF, €.4; ] =0.5and|NCF €, ] =0.5

Ng
Afa = iz | Ta2i — Taij <270 ns fori e {1, 2, 3, ceny Ng} where Tali and Ta2i
Ng i are obtained by linear interpolation bet-

ween adjacent samples of | NCF; (n-A1)]| .

N

1 9
@2 max INCF €y, <n-Ar<Tq/2 ] 7, > 250 ns, provided that the index n of
. the samples of INCF; (n-Ar)| are rear-
and <12% | ranged such that the max|NCF; €- A7 ]
n

N, o L
Niz max INCF, € Tgl2<n-Ar <1, ] appears atn =0, i.e.n-At=1=0.
g i-1

A Magnitude of NCF( )

100
%

90 %
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Figure 6-16: Mask for the Normalised Correlation Function NCF(x)
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6.7.7 Spectrum Mask

The spectrum mask defines the limit lines for the power of the spectral components of the Euroloop
up-link signal at the Interface ‘CA_’. These limit lines are relative to the power of the maximum
spectral component of the Euroloop up-link signal, i.e. 0 dB corresponds to the maximum spectrum
component of the Euroloop up-link signal.

UNISIG

The limits lines of the spectrum mask of the Euroloop up-link signal shall not exceed the values
given in Figure 6-17. These limits apply for a measurement bandwidth of 10 kHz using a RMS de-

tector.
10
BRIl |
11.IMHz 16.0MHz
0dBc 0dBc
0 /‘ -
o
=
§ -10
Z \
[1+]
E 7.3MHz / \ 23MHz
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Figure 6-17: Spectrum Mask of Euroloop Up-link Signal

6.7.8 Impedance and Return Loss
The Interface ‘CA.’ shall comply with the specifications detailed in Table 6-6.

Table 6-6: General ‘CA,’ Interface Specifications

Parameters

Specifications

Conditions

Return Loss into

>8dB

e 27.095 MHz +5 kHz

LOOMO e At nominal impedance at Interface ‘CA_’ into
LOOMO
¢ Nominal impedance 50Q
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6.8 Air Gap Interface

6.8.1 Overview

The air gap Interfaces ‘A4’ and ‘A, 1’ are located between the ELC and the Antenna Unit (AU)
function of the On-board Equipment.

Interface ‘A 4’ is used for the transmission of the activation signal from the On-board to the Track-
side Equipment.

Interface ‘A1’ is used for the transmission of the up-link Euroloop signal from the Trackside to the
On-board Equipment. Figure 6-18 shows the two Euroloop air gap interfaces.

o

v

Loop Modem
(LOOMO)

Function Antenna Unit (AU)
Functlon

N
Jumper Cable Activation Signal j k
Termination
N

: -
e s s ol s ol s s ;-na-,s'.:y,a..,.}%".,:.‘:-:'. T,
R R R S R R DR S R R R R e e e R B S A G u:’»' o‘w"u’

Euroloop Signal Interface 'A 4' Interface 'A 1'

Euroloop Leaky Cable (ELC) Function

Figure 6-18: Air Gap Interfaces ‘A 4’ and ‘A 1’

6.8.2 Interface ‘A 4’ — Euroloop Activation

6.8.2.1 General Requirements

The properties of the activation signal on Interface ‘A 4’ shall comply with the requirements speci-
fied in SUBSET-036 [N6] for the ‘A4’ Interface . This activation signal shall be picked up by the
ELC. The nominal installation position of the ELC in the inner or outer foot of the rail is specified in
sub-clause 6.10.7.

6.8.2.2 Maximum Magnetic Flux of Activation Signal
For the magnitude of the maximum magnetic flux @ .y, the limit® of

D max = 250 nVs

applies within the frequency range 27.095 MHz + 5 kHz at the nominal installation position of the
Euroloop Leaky Cable specified in sub-clause 6.10.7 using the Reduced Size Reference Loop
(RSRL) specified in sub-clause 6.12.3.2.

® More than one (1) On-board Antenna can be actively transmitting the activation signal within the same Loop Section.
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6.8.2.3 Activation and Deactivation of LOOMO by Activation Signal

The LOOMO shall be activated by the presence of the activation signal on Interface ‘A 4’. This ac-
tivation signal shall comply with the requirements stated in the FFFIS for Eurobalise [N6] in regards
to centre frequency and signal strength.

The activation time is important for the trackside installation rules detailed in sub-clause 6.10.
Provided that the activation signal on Interface ‘A 4’ is used to activate the LOOMO,

1. the LOOMO shall start transmitting the Euroloop telegram into the air gap (Interface ‘A1)
upon the presence of the magnetic flux of the activation signal whose magnitude @z com-

plies with
L oL
TEZ
Mg
Lmax'a
20
Mg = Mgpq10

Where @, The magnetic flux @, is specified in sub-clause 7.3.3.
Lmax  The maximum cable length in meter
o The cable specific attenuation in dB/m at 27 MHz

Moo  Mgo = 0.25 is the calibration constant for cable length zero that accounts for
the difference between the Euroloop Reference Tool (ERT) specified in sub-
clause 6.12.3.3 and the real Euroloop trackside environment

The attenuation of the signal due to the type and length of the cable shall be taken into ac-
count by the LOOMO. The corresponding measurement procedure is specified in SUBSET-
103 [N5].

2. the LOOMO shall start transmitting the Euroloop telegram into the air gap (Interface ‘A 1’)
within the time frame tsan
tstart < 105 ms
provided that the activation signal is present as specified in point 1 above.

3. the LOOMO shall remain activated for the time t,, with

60 s <t,, <90s.
Then the LOOMO shall become deactivated”.

Figure 6-19 shows the flow diagram for the activation of the LOOMO by the activation signal from
Interface ‘A 4’.

* To sense the presence of the activation signal, the LOOMO may be deactivated to prevent the masking of the activa-
tion signal by spurious and harmonics of the Euroloop signal.
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Figure 6-19: Flow Diagram for Activation of LOOMO by Activation Signal from Interface ‘A 4’
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6.8.3 Interface ‘A 1’ - Up-link Data Transmission

6.8.3.1 Electric Field in the Air Gap

No requirements on the electric field generated by the signal radiated from the installed Euroloop
Leaky Cable shall be met except the EMC ones defined in sub-clause 6.13.

6.8.3.2 Magnetic Field Strength in the Air Gap

6.8.3.2.1 Magnetic Field Strength Limits

With reference to Figure 6-20, the magnitude |H,| of the z-component H, (see Figure 5-3) of the
magnetic field strength H of the wanted Euroloop Up-link signal at the reference position in the air
gap (see sub-clause 5.5) without train

e shall remain between 32 dBpA/m and 67 dBpA/m for
1. 90% of type M Loop section,
2. 98% of type S Loop section
at approval of each installation.
e shall remain between 26 dBpA/m and 73 dBpuA/m for
3. 90% of type M Loop section,
4. 98% of type S Loop section
after approval of each installation.

The indicated magnetic field strength limits shall be measured within a 3 dB resolution bandwidth
of 4.5 MHz centred at the centre frequency f. of the Euroloop signal (see sub-clause 6.7.5). All lim-
its are RMS levels.

6.8.3.2.2 Magnetic Field Strength Margins
The magnetic field strength along the track is affected e.g. by
e trackside debris,
e positions of the AU relative to the reference position (see sub-clause 5.5.2),
e weather conditions such as temperature or humidity,
e ageing, e.g. the laying of the ELC within the foot of the rail, and
e tolerances of system components.

To account for realistic combinations of the above mentioned influences a margin of

+6dB for trackside influences

is accounted for in the magnetic field strength limits after approval of installation as mentioned
above.

The resulting magnetic field strengths limits are illustrated in Figure 6-20.
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Figure 6-20: Limits of Magnitude of z-Component |H,| of Magnetic Field Strength H with Margins for
Trackside Installations

6.8.3.3 Emission into the Environment
The emissions of the Trackside Equipment to the environment is detailed in sub-clause 6.13.2.

© This document has been developed and released by UNISIG

SUBSET-044 Page 53/102
Issue 2.4.0 FFFIS for Euroloop



UNISIG

6.9 Environmental Conditions

6.9.1 General Conditions
The Trackside Equipment should fulfil the applicable requirements of EN 50125-3 [N25].

6.9.2 Sealing, Dust and Moisture

The ELC should provide the IP67 environmental rating as defined in EN 60529 [N4].
The environmental rating for the LOOMO should be defined by the manufacturer.
As a minimum, the LOOMO shall comply with [P20.

6.9.3 Debris (Informative)

The debris layers accounted for within the margins of the magnetic field strength are e.g., water,
snow, ice, ballast, sand, mud, iron ore, iron dust, coal dust, oil, and grease. Justification for the
margins stated in sub-clause 6.8.3.2.2 and 7.3.2 are provided in Annex C.
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6.10 Trackside Installation Rules

6.10.1 Maximum Length of Loop Sections

The installation rules shall be defined by the manufacturer and should be in accordance with rules
of the trackside infrastructure operator. General installation rules are provided in Annex D.

It shall be possible to operate a Loop section® of a length of up to 1000 m.

6.10.2 Minimum Length of Loop Section

The minimum length of the Loop section shall allow for the transmission of at least three (3) times
Np data symbols for trains with velocities up to the train speed v+ stated in sub-clause 5.3.1.

Np = 1100 data symbols which accounts for 1023 data symbols of a long Euroloop telegram plus at
least 77 extra telegram data symbols as required for the decoding of the Euroloop telegram (see
sub-clause on “coding requirements” in SUBSET-36). See sub-clause 5.4.4.2 for the correspond-
ing availability of the ELS.

6.10.3 Distance between EOLM and Loop Section

The distance between the EOLM and the Loop section should be such that trains running at train
speed v+ (see sub-clause 5.3.1) activate the On-board Equipment before reaching the Loop sec-
tion.

For Loop sections which are not optimised for minimum length the distance can be shorter. It is
also allowed to place an EOLM within a Loop section.

6.10.4 Minimum Distance between Loop Sections with Same Q_SSCODE

To prevent reliability cross talk in parallel Euroloop arrangements, Euroloops with the same as-
signed SSCode but different assigned Loop messages and different Loop Identity Numbers
(NID_LOOP) shall be installed with a minimum distance between the closest points of their Track-
side Equipments of at least 50 m in horizontal and vertical direction to adjacent tracks and at least
300 m along the track.

6.10.5 Signal-to-Interference Ratio

It shall be possible that Euroloops are activated simultaneously, and transmission of respective
Loop messages is performed simultaneously without creating reliability cross-talk.

The Signal-to-Interference Ratio (SIR) denotes the ratio between the magnitude of the z-
component of the magnetic field strength of the wanted Euroloop signal H,w_euroioop t0 the sum of
the corresponding magnetic field strengths H,, euroi00p Of the unwanted Euroloop signals with differ-
ent SSCode along the Loop section.

The Signal-to-Interference Ratio (SIR) shall be better thanthe negative value of the Co-channel Re-
jection for Wideband (CRWB) Acrwe detailed in sub-clause 7.5.2.4.3, i.e.

SIR = - Acrws.

The SIR shall be met for Euroloop arrangements in parallel tracks. Where double Euroloops are
installed this will not be possible in all cases. Where it is not possible a degraded system reaction
time can occur in certain situations at stopping locations. Trackside engineering solutions have to

> see sub-clause 4.3 for a definition of the Loop section.
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be defined if this is not acceptable, e.g. deactivation of loop at red signal, attenuation of stronger

loop etc..

6.10.6 Euroloop Leaky Cable Requirements

The properties of the Euroloop Leaky Cable (ELC) installed in the inner or outer foot of the rail ac-
cording to the specifications given in sub-clause 6.10.7 shall allow the fulfilment of the air gap re-
quirement stated in sub-clause 6.8.2 for Interface ‘A 4’ and 6.8.3.2 for Interface ‘A 1".

In addition to the above requirement, any type of passive leaky coaxial cable can be used provided
that the requirements stated in Table 6-7, Table 6-8 and Table 6-9 are met.

The cable should be of coupled mode type exhibiting no significantly dominant launch angle radia-

tion / reception in radial direction.

Table 6-7: General Requirements for Leaky Cable itself.

Parameter Value Condition
Power Return loss RL > 16 dB e 9 MHzto27.1 MHz
1 f, 2 e at nominal impedance
RL =-10-log P i 511‘ -df of leaky cable
2 e with nominal imped-
ance termination
Nominal impedance Zcapie = 50 Q, 9 MHz to 27.1 MHz

constant along cable

Surface transfer impedance accord- | 0.5 mQ/m to 2.0 mQ/m at 13.5 MHz
ing to IEC 62153-4-3 [N28]
(informative)
Diameter of outer conductor 11 mmto 33 mm
Max. distance ana Of centre of leaky | see sub-clause 6.10.7
cable from nominal installation posi-
tion
Min. distance an, of outer conductor | 1.5 mm
of leaky cable from inner or outer foot
of rail
Environmental conditions According to sub-clause 6.9.
Table 6-8: Requirements for Termination.
Parameter Value Condition
Power return loss RL >16 dB e 9 MHzto 27.1 MHz
1 f, 2 e at nominal impedance
RL =-10-log : l 511‘ -df of leakycable
f,—f
Nominal impedance Z=50Q 9 MHz to 27.1 MHz

Environmental conditions

According to sub-clause 6.9.
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Table 6-9: Requirements for optional Common Mode Chokes.

Parameter Value Condition

Power return loss RL >15dB e 9 MHzto 27.1 MHz
1 f, 2 e with nominal imped-

RL =-10- |09( Lot J;l 811‘ 'de ance termination

Nominal impedance Z=50Q 9 MHz to 27.1 MHz

Environmental conditions According to sub-clause 6.9.

Following parameters depend on the specific application and should be specified by the supplier, in
order to meet the magnetic field strength limits for the according loop section as defined in sub-
clause 6.8.3.2.1:

e coupling loss®,
¢ |ongitudinal attenuation (cable loss),
e diameter over jacket.

® The magnetic field strength in the air gap depends not only on the coupling loss of the cable but also on the output
power of the LOOMO, the distance amin and the type of sleeper.
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6.10.7 Installation of Euroloop Leaky Cable
The Euroloop Leaky Cable (ELC) shall be clamped to the inner or outer foot of the rail within dis-
tance intervals of maximum 3 m.

Figure 6-21 defines the nominal installation position of the ELC. The cable shall typically stay
within the lateral limit of the foot of the rail. Deviations from this nominal installation position of the
ELC are allowed for e.g.

e elongation and contraction of the ELC caused by climatic variations,

e mounting tolerances of the ELC, and

e by-passing rail side obstacles such as axle counters, isolation joints, guide rails, points, and
crossings.

The maximum deviation of the ELC from its nominal installation position in the inner or outer foot of
the rail shall be
Amax < 140 mm.

The ELC shall not be allowed to enter the railway loading gauge. Additionally, the ELC shall not
enter the zone specified by the distances

C,=%-H,and C, =100 mm

from the Top of Rail (see Figure 6-21), where D = 0.5 m from the middle of the track, and H de-
notes the height of the rail.

|
y TopofRail
A |
D C2 | D
e T N —

N

|
m_ ¢ Top of Sleeper | -

Sleéper

Figure 6-21: Nominal Installation Position of ELC with Indication of Possible Attachment Method to
the inner and outer Foot of the Rail

The supplier should define installation rules which cover at least following parameters:
e type of cable,
e position of cable (inner or outer foot of the rail),
e type of rail profile (e.g. UIC 60),
e type of sleeper (concrete, wooden, steel),
e type of clamps and distance between clamps,
e max. distance cable — rail,

o the standardised ELC Reference Tool (ERT) defined in sub-clause 6.12.3.3 considers the
worst case situations with respect to all points above, and

e arrangements for track “distortions” as rail joints, points, metal objects (e.g. guard rails).
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Within a loop section it shall be allowed to change from the inner to the outer foot of the rail and/or
to change from one rail to the other within the same track. For such situation the supplier should
define an additional installation rule which covers at least following parameter:

e type of crossing cable (e.g. standard coaxial jumper cable)’.

A jumper cable should leave the rail in an almost right angle to reduce field strength peaks.

In case of double Euroloop arrangements the cable segments should both be placed in the inner
foot or both in the outer foot of the two rails. Using different positions to balance the field strength is
not allowed.

6.10.8 Assignment of Spreading Code

The SSCode assigned to the transmission of each Euroloop Trackside Equipment shall be identi-
cal to the one transmitted by the corresponding EOLM to the On-board Equipment.

6.10.9 Quality of Installation

6.10.9.1 Magnetic Field Strength of Euroloop Signal

The trackside installation shall provide the Quality of Installation (Qol) detailed below for sub-
section of Type M and S (see sub-clause 6.1.2).

1. The Qol for moving trains (QolM) is defined by the total length of the range of x-positions at the
reference position (see sub-clause 5.5.2) along the track within a Loop section, where

e the magnitude | H,,| of the z-component H,, of the magnetic field strength H,, of the wanted
Euroloop signal remains within the limits stated in sub-clause 6.8.3.2, divided by the length
of this Loop section. The QolM shall be 90% minimum.

e the magnitude | H,,| of the z-component H,, of the magnetic field strength H, of the sum of
the un-wanted Euroloop signals remains within the limits given by |H,,| recorded under
point 1 above plus the limit for the Signal-to-Interference Ratio (SIR) as stated in sub-
clause 6.10.5, divided by the length of this Loop section. The QolM shall be 90% minimum.

2. The Qol for trains at standstill (QolS, associated to Type S sub-sections only) is defined by the
probability, that

e the magnitude |H,,| of the z-component H,,, of the magnetic field strength H,, of the wanted
Euroloop signal remains within the limits stated in sub-clause 6.8.3.2 at any reference posi-
tion (see sub-clause 5.5.2) within the sub-section. The QolS shall be 98% minimum.

o the magnitude |H,,| of the z-component H,, of the magnetic field strength H, of the sum of
the un-wanted Euroloop signals remains within the limits given by |H,,,| recorded under
point 2 above plus the limit for the Signal-to-Interference Ratio (SIR) as stated in sub-
clause 6.10.5, divided by the length of this Loop section. The QolS shall be 98% minimum.

"Ifa leaky cable is used for crossings a magnetic field strength at the reference position might be generated which vio-
lates the limits stated in sub-clause 6.8.3.2.1 and therefore might contribute to a reduction of the Qol as specified in sub-
clause 6.10.9.
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Figure 6-22: Limits on the Magnitude of z-Component of Magnetic Field Strength in the Air Gap at the
Reference Position for Loop Sections of Type Mand S

6.11 Specific Electrical Requirements

6.11.1 General

During normal operation, as well as in accidental conditions, the installation of the Trackside
Equipment and the related controlling interface cables shall be provided with suitable means to en-
sure:

e protection of persons against electric shock hazard (e.g., stepping over the ELC of the
LOOMO);
e protection of equipment against damage due to over-voltage.

6.11.2 Protective Provisions Relating to Electrical Safety and Earthing
Applicable parts of EN 50122-1 [N23] shall apply.

6.11.3 Insulation Co-Ordination
For the insulation co-ordination EN 50124-1 [N19] applies.

6.11.4 Dielectric Tests

Dielectric tests shall be carried out on specimen of typical arrangements of LOOMO with the
LOOMO controlling interface cable, in order to verify the fulfilment of the insulation requirements of
sub-clause 6.11.3 above. Tests shall be organised and carried out in accordance with Annex B of
EN 50124-1 [N19].
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6.12 Test Requirements

6.12.1 General

This sub-clause lists the test tools required to test the Trackside Equipment. The specifications of
these test tools are provided in the SUBSET-103 entitled “Test Specification for Euroloop” [N5].

6.12.2 Test Signals
The Test Signals for the On-board Equipment are defined in SUBSET-103 [N5].

6.12.3 Test Tools

6.12.3.1 Magnetic Field Probe

For the measurement of magnetic field strengths, the Magnetic Field Probe (MFP) shall be stan-
dardised.

The MFP shall comply with the requirements stated in Table 6-10 below.

Table 6-10: Specifications of Magnetic Field Probe

Parameter Value Condition

Type of Antenna Magnetic Field Antenna (Loop Antenna)

Loop Area Ayep Aurp = 0.0195 m?+ 5%

Height / Length Ratio of Loop 1.115+5% Rectangular
Cross-Polarisation Isolation (Min.) | > 10 dB 5 MHz to 30 MHz
Electric Field Rejection >20dB 5 MHz to 30 MHz

6.12.3.2 Reduced Size Reference Loop

For the measurement of the magnetic flux of the activation signal on Interface ‘A 4’ in the air gap,
the Reduced Size Reference Loop (RSRL) in longitudinal position specified in SUBSET-036 shall
be used [N6]. The longitudinal position is defined by the longest side of the RSRL parallel to

e the x-axis of the rail for measurements of the z-component of the magnetic flux,
e the z-axis for measurements of the x- and y-component of the magnetic flux.

The area of this Loop shall be 200 mm x 390 mm, see sub-clause 5.2.2.4 in SUBSET-036.
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6.12.3.3 ELC Reference Tool

The ELC Reference Tool (ERT) is a model of the track with ELC at its nominal installation position
(see sub-clause 6.10.7). The ERT shall be used as receiving antenna to test the activation of the
LOOMO by the activation signal from Interface ‘A 4’. The activation signal requirements are speci-
fied in sub-clause 6.8.2.

This tool

shall be a model of the real environment,

shall be no longer than 6 m to be suitable for laboratory environment,
shall include a return path for the signal currents,

shall model the influence of sleepers,

shall include a model for the rails, and

o 0k wnN =

shall include a model of the Euroloop Leaky Cable (ELC) in the foot of the model of
the rails.

7. shall allow the rotation of the ELC around its longitudinal axis.
The ERT shall be standardised.

6.12.4 Test Mode

LOOMO'’s operated in “test mode” transmit the un-modulated Euroloop signal of centre frequency
f. as specified in sub-clause 6.7.5 irrespective of the state of the activation / deactivation of the
LOOMO detailed in sub-clause 6.2.4. This mode of operation shall only be used for testing pur-
poses.
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6.13 EMC Requirements

6.13.1 Emission — Excluding Aspects Related to the Air Gap
The applicable EMC standard for Trackside Equipment (TE) is EN 50121-4 [N3].

The Trackside Equipment shall comply with the emission requirements stated in Table 6-11.

Table 6-11: Emission Requirements for Trackside Equipment

Topic Standard Reference
Enclosure EN 50121-4 [N3] Clause 5
AC or DC terminals, EN 50121-4 [N3] Clause 5
Signal lines

6.13.2 Emission — Aspects Related to the Air Gap
e The magnetic field-strength at 10m from the ELC shall comply with EN 302 609 [N26].
e The out-band emission limits from the ELC shall comply with the EN 302 609 [N26].

Measurements to prove compliance with EN 302 609 [N26] are required only for type approval of
equipment and ELC installation type.

6.13.3 Immunity
Immunity requirements for Trackside Equipment (TE) are specified in EN 50121-4 [N3].

The Trackside Equipment shall comply with the immunity requirements stated in Table 6-12.

Table 6-12: Immunity Requirements for Trackside Equipment

Topic Standard Reference
Enclosure EN 50121-4 [N3] Table 1
Input and Output EN 50121-4 [N3] Table 2
DC Power Ports EN 50121-4 [N3] Table 3
AC Power Ports EN 50121-4 [N3] Table 4
Ground Connection EN 50121-4 [N3] Table 5

The requirements do neither apply for the in-band frequency range defined in sub-clause 6.13.2,
nor for the frequency range +500 kHz centred on the nominal frequency of 27.095 MHz of the acti-
vation signal.
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7 ON-BOARD EUROLOOP SUBSYSTEM

7.1 Architectural Layout
The modules of the On-board Equipment are shown in Figure 7-1. It shall consist of the following
functions:

e the Antenna Unit (AU) function,

e the Loop Receiver (LR) function, and

e the Loop Decoder (LD) function.

The Loop Transmission Module (LTM) function consists of the LR, and the LD. The Balise Trans-
mission Module (BTM) function and the LTM function should preferably share a common Antenna
Unit (AU) function, see Figure 7-1 and Figure 5-2. Some constraints on antenna installation are de-
fined in SUBSET-036 [N6] and SUBSET-040 [N15].
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Figure 7-1: On-board Equipment of Euroloop
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7.2 Functional Requirements

7.2.1 Loop Receiver Function

The data signal (serial binary bit stream) as generated in the LEU shall be retrieved from the Eu-
roloop signal received at the air gap Interface ‘A 1’, and decoded data shall be transmitted to the
ERTMS/ETCS Kernel function.

7.2.2 Loop Decoder Function

The Loop Decoder function shall decode the data signal (serial binary bit stream) received form the
Loop Receiver according to SUBSET-036 [N6], i.e., extracting the User Bits of the information
coded according to the Eurobalise Coding Strategy detailed in SUBSET-036 [N6].
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7.3 Air Gap Interfaces
7.3.1 Overview
Figure 7-2 shows the two air gap interfaces of the On-board Equipment:

e Interface ‘A1’ for the transmission of the Euroloop signal from the Trackside Equipment
function to the On-board Equipment function.

e Interface ‘A 4’ for the transmission of the activation signal from the On-board Equipment
function to the Trackside Equipment function.

Kernel Interface

On-board Equipment (OE) Function

LTM Function
Loop Decoder | Loop Receiver é

I

I

I

I

I

: |V, Interface
| !

I

I

I

(LD) Function (LR) Function

I

™ Antenna Unit_ :

(AU) Function |

I

L@ ————— — — — — —@)— — — — — — -
‘A4 ‘Al

Activation Signal Air Gap Interface

Figure 7-2: Air Gap Interfaces of On-board Equipment

7.3.2 Interface ‘A.1’ - Air Gap Interface

With reference to Figure 7-3, the On-board Equipment shall comply with all its requirements pro-
vided that the magnitude of the z-component | H,| of the magnetic field strength H of the wanted
Euroloop signal at the reference position in the air gap (see sub-clause 5.5) is

< 76 dBpA/m as upper limit for the On-board Equipment, and
> 23 dBpA/m as lower limit for the On-board Equipment

within the 3dB resolution bandwidth of 4.5 MHz centred at the centre frequency f. of the Euroloop
signal (see sub-clause 6.7.5). The limits stated above include a margin of

+ 3 dB that accounts for the influence of the presence of the train.

Figure 7-3 illustrates these limits.
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Figure 7-3: Limits of the Magnitude of the z-Component |H,| of the Magnetic Field Strength H with
Margins for On-board Equipment
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7.3.3 Interface ‘A 4’ — Activation Signal

The On-board Equipment shall provide the activation signal compliant to the requirements speci-
fied in SUBSET-036 [N6] for the Tele-powering signal of frequency 27.095 MHz + 5 kHz (CW or
toggling) on the air gap Interface ‘A 4’.

The subsequently listed requirements apply for the contact zone of the air gap Interface ‘A 4’
specified in sub-clause 6.10.7.

e The magnitude @, = \/qbfx +®F, +®F, of the activation signal at the location of the air
gap Interface ‘A 4’, i.e. in the “trackside free air environment”, shall comply with

@ >0.1nVs,

where @, @y, and @, denote, respectively, the corresponding components in the direc-
tions of the x-, y-, and z-axis (see sub-clause 5.5.1). The magnetic fluxes ®,, @, and O,
shall be measured

— with the Reduced Size Reference Loop (RSRL) specified in sub-clause 6.12.3.2. Please
observe the orientation of the RSRL specified in sub-clause 6.12.3.2.

— within a bandwidth of 10 kHz centred at 27.095 MHz.

— in the “trackside free air environment”, i.e. in the absence of any metal objects in the vi-
cinity of the measurement locations. The measurement locations shall coincide with the
nominal installation position of the ELC in the inner or outer foot of the rail as specified
in sub-clause 6.10.7.

— while varying the mounting, i.e. pitch, yaw, tilt, etc. of the Antenna Unit function sur-
rounded by its metallic box (see SUBSET-085, [N11]) within the limits stated in SUB-
SET-085 [N11] to obtain the minimum magnetic flux @, at the measurement locations
specified above.

e The deviation of the magnetic flux ®oe from the Antenna Unit, due to debris and proximity of
conductive material, relative to the magnetic flux form in free air, shall be considered by the
Antenna Unit design.

e Debris and the proximity to conductive material may influence the efficiency of the Antenna
Unit itself. Such influence shall be within the specified limits for the performance of the An-
tenna Unit.

e The measurement procedure to test the On-board Equipment’s capability to provide the re-
guired magnetic flux @ is specified in SUBSET-103 [N5].
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7.4 Kernel Interface

7.4.1 Overview
Figure 7-4 shows the location of the Kernel Interface of the On-board Equipment.

ERTMS / ETCS Kernel

Kernel Interface

On-board Equipment (OE) Function

LTM Function
Loop Decoder e Loop Receiver é

(LD) Function (LR) Function
'V, Interface

(AU) Function

I
I
Antenna Unit :
I
I

Figure 7-4: Kernel Interface of On-board Equipment

This interface of the LTM Function is used to send and receive data, respectively, to and from the
ERTMS/ETCS Kernel.

7.4.2 Functional Requirements
It is not standardized but it shall be able to transfer three categories of data:
e Send the received Loop telegram towards the ERTMS/ETCS Kernel. The message format
is according to chapter 8 of SUBSET-026[N10].

e Receive particular information such as the Spread Spectrum Code Number (Q_SSCODE)
from the ERTMS/ETCS Kernel. For details on the subject see chapter 7 [N9] and chapter 8
[N10] of SUBSET-026. This information is provided by the End of Loop Marker (EOLM) lo-
cated near the beginning of the Loop section to the ERTMS/ETCS Kernel. The
ERTMS/ETCS Kernel then transfers only the Q_SSCODE to the Loop Receiver (LR).

7.4.3 Information Sent by EOLM to On-board Equipment

According to chapter 7 of SUBSET-026 [N8] the EOLM sends the Q_SSCODE before the begin-
ning Loop section to the On-board Equipment to prepare it for the reception of the Loop telegrams.

7.4.4 Timing Requirements

The timing requirements on system level are specified in the Performance Requirements for Inter-
operability, SUBSET-041 [N16].
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7.5 Interface V.’ — Test Interface

7.5.1 Overview

This is an interface used for testing various properties of the LTM function. In particular, it includes
a specific subset designed for testing the On-board functionality of the Euroloop. The interface is
not required to be integrated in the operational equipment. If the interface is not integrated into the
operational equipment, a company specific adapter (allowed to be external to the operational
equipment) shall be used for providing the standardised interface. A detailed description of Inter-
face V| is given in “Test Specification for Euroloop” SUBSET-103 [N5].

This Interface incorporates the subsequent signals:

e Demodulated output data of the Loop Receiver with associated clock signal.

e Transmit (LR_TXD) and receive (LR_RXD) control line signals between the LTM Function
and the ERTMS / ETCS Kernel Function allowing to instruct the Loop Receiver about the
Q_SSCODE to be used.

Figure 7-5 shows the location of the Interface V.’ of the On-board Equipment.
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Loop Decoder | <] Loop Receiver ‘ I

(LD) Function (LR) Function
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I
I
Antenna Unit :
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Figure 7-5: Interface V.’ of On-board Equipment

7.5.2 Receiver Performance Requirements
The receiver performance parameters apply for all SSCodes listed in Table F- 1 of Annex F.
Additionally, all receiver parameters apply for the full dynamic range of the On-board Equipment as

specified in sub-clause 7.5.2.1.2 and 7.5.2.1.3 for the z-component H_,.euroio0p Of the wanted Eu-
roloop signal.

The magnetic field strengths of the wanted and unwanted Euroloop signal shall be measured
within the 3 dB resolution bandwidth of 3 MHz centred on the centre frequency f. of the Euroloop
signal.
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7.5.2.1 Dynamic Range of On-board Equipment

7.5.2.1.1 General

The dynamic range of the On-board Equipment is defined by the range of the received magnitudes
of the z-component of the magnetic field strength in the air gap of a properly modulated Euroloop
signal which will, without interference, produce after demodulation a data signal with a BERpg of

1 x 104 or smaller.

7.5.2.1.2 Sensitivity
The On-board Equipment’s sensitivity shall be Hggyg < 23 dBpA/m (see also sub-clause 7.3.2).

7.5.2.1.3 Error Behaviour at High Wanted Input Signal Level

The upper limit for the dynamic range of the On-board Equipment shall be Hy. > 76 dBpA/m (see
also sub-clause 7.3.2).

7.5.2.2 Distortion Immunity

The Distortion Immunity (DI) is a requirement for the On-board Equipment to receive a wanted dis-
torted Euroloop signal without exceeding a given degradation. This measurement is in terms of the
type of signal distortion encountered within the trackside environment and the magnitude of the
magnitude of the z-component of the magnetic field strength of the wanted Euroloop signal.

The degradation limit is defined by the Bit Error Ratio BERp, = 2.0 x 10™ which shall not be ex-
ceeded.

7.5.2.3 Inter-modulation Immunity

The Inter-Modulation Immunity (IMI) is a requirement for the On-board Equipment to receive a
wanted modulated Euroloop signal without exceeding a given degradation due to the presence of
two or more unwanted signals with specific and different frequency relationships to the wanted Eu-
roloop signal frequency. This measurement is in terms of the magnitude of the z-component of the
magnetic field strength of the wanted and unwanted signals.

For the purpose of the present test exactly two (2) unwanted monochromatic signals shall be con-
sidered. The frequencies f,; and f,, of the two unwanted monochromatic signals shall be f,; =

4.5 MHz and f,; = 27.095 MHz. The magnitude H of the z-component H, of the magnetic field
strength, H,, i, Of the two unwanted monochromatic signals shall be equal.

The degradation limit is defined by the Bit Error Ratio BERy, = 2.0 x 10™ which shall not be ex-
ceeded.

The inter-modulation immunity level shall be H,, v > 76 dBpA/m.
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7.5.2.4 Co-Channel Rejection

7.5.2.4.1 General

The co-channel rejection is a requirement for the On-board Equipment to receive a wanted modu-
lated Euroloop signal without exceeding a given degradation due to the presence of one (1) un-
wanted signal located within the same frequency band as the wanted signal. This measurement is
in terms of magnitude of the z-component of the magnetic field strength of the wanted and un-
wanted Euroloop signals.

7.5.2.4.2 Co-Channel Rejection for Narrowband Signal

The unwanted signal shall be a monochromatic signal whose frequency f, equals the centre fre-
quency f. of the Euroloop system. This signal shall be represented by the magnitude of the z-
component of the magnetic field strength H,, crns-

The degradation limit is defined by the Bit Error Ratio BERcgng = 2.0 X 10 which shall not be ex-
ceeded.

The co-channel rejection for narrowband signals Acgng is defined by H,y.crne / Haw guroloop Of the
wanted and unwanted signals. The interferer level shall be within the specified dynamic range.

The Co-channel Rejection for Narrow Band (CRNB) signals shall be

Acrns 2 25 dB.

7.5.2.4.3 Co-Channel Rejection of Other Euroloop Signal

The unwanted signal shall be an undistorted Euroloop signal with an SSCode that differs from the
wanted Euroloop signal. This signal shall be represented by the magnitude of the z-component of
the magnetic field strength H,,-euroloop-

For the purpose of the present document only one (1) unwanted Euroloop signal shall be consid-
ered.

The degradation limit is defined by the Bit Error Ratio BERcgrws = 2.0 X 10 which shall not be ex-
ceeded.

The co-channel rejection for wideband signals Acrwe is defined as the ratio of

H_u-Euroloop / Haw-guroloop
of the wanted and unwanted signals.
The Co-channel Rejection for Wideband (CRWB) signals shall be
Acrwe =1 dB.
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The blocking is a requirement for the On-board Equipment to receive a wanted modulated Eu-
roloop signal without exceeding a given degradation due to the presence of an unwanted modu-
lated or un-modulated signal at any other frequency outside an exclusion band of 13.0 MHz below
and above the centre frequency f. of the wanted Euroloop signal. This measurement is in terms of
magnitude of the z-component of the magnetic field strength of the wanted (H.u,_guroloop) and un-
wanted (H.y_giocking) Signals.

For the purpose of testing only one (1) unwanted monochromatic signal in the frequency-range
27.115 MHz to 30 MHz shall be considered.

The degradation limit is defined by the Bit Error Ratio BERg/ocking = 2.0 10 which shall not be
exceeded.

The blocking capability shall be H,, giocking = 80 dBpA/m.

7.5.2.6 Dynamic Receiver Performance

The Dynamic Receiver Performance (DRP) is a requirement for the On-board Equipment to re-
ceive a wanted modulated Euroloop signal without exceeding a given degradation provided that
the amplitude of the wanted Euroloop signal fluctuates periodically with a linear triangular shape
between 2239 pA/m and 40pA/m with a fundamental frequency of 25 Hz. Additionally, the receiver
shall cope with unintentional amplitude modulation of at least 8 %.

The degradation limit is defined by the Bit Error Ratio BERpgp = 2.0 x 10 which shall not be ex-
ceeded.

7.5.2.7 Multipath Dynamic Performance

The Multipath Dynamic Performance is a requirement for the On-board Equipment to receive a
wanted modulated and dynamically distorted Euroloop signal without exceeding a given degrada-
tion.

The dynamically distorted Euroloop signal shall contain two copies of identically modulated and
coded Euroloop signals that feature propagation delays of 0 ns and 500 ns. The z-component of
the magnetic field strengths of these two Euroloop signals shall fluctuate periodically as specified
in Figure 7-6.

z-Component of Magnetic Field

Strength
A Time Period Typ
2239 A/m % N | _ N v N
Multipath -
\ Signal Nr. 1 / \
500 ns \ SIghat T & / \
giyANE i X \
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Figure 7-6: Time-Varying Multipath Signals

The degradation limit is defined by the Bit Error Ratio BERpgp = 2.0 x 10 which shall not be ex-
ceeded.
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7.5.2.8 Tolerable Centre Frequency Error

The centre frequency error Afimax Of the On-board Equipment is defined as the difference between
the nominal centre frequency f.= 13.54750 MHz of the Euroloop signal and the corresponding ac-
tual centre frequency f,. of the modulated Euroloop signal at the input of the On-board Equipment.

The Tolerable Centre Frequency Error (TCFE) is a requirement for the On-board Equipment to re-
ceive a wanted Euroloop signal with the maximum allowed centre frequency error Afgmax Without
exceeding a given degradation.

The degradation limit is defined by the maximum allowed BERtcge = 2.0 x 10™.
The maximum centre frequency error Af.,.x shall not exceed Af nax = fc £fc - 30 ppm.

7.5.2.9 Tolerable Chip Rate Error

The chip rate error of the On-board Equipment is defined as the difference between the nominal
chip rate R. of the Euroloop signal and the corresponding actual chip rate R, of the modulated Eu-
roloop signal at the input of the On-board Equipment.

The Tolerable Chip Rate Error (TCRE) is a requirement for the On-board Equipment to receive a
wanted Euroloop signal with the maximum allowed chip rate error without exceeding a given deg-
radation.

The degradation limit is defined by the maximum allowed BERtcge = 2.0 x 10™.
The maximum Chip Rate (CR) error Afcrmax Shall not exceed Afcrmax = Re 2R - 70 ppm.

7.5.2.10 Tolerable MTIE of the Chip Rate

The tolerable MTIE of the chip rate is a requirement for the On-board Equipment to receive a
wanted Euroloop signal with an MTIE according to sub-clause 6.7.4 without exceeding a given
degradation.

The degradation limit is defined by the maximum allowed BERcge = 2.0 x 10™.
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7.6 Power Supply of the On-board Equipment

The On-board Equipment shall be powered from a power supply of the vehicle. The interface for
the power supply is not standardized. The power supply of the vehicle and of the On-board Equip-
ment is assumed to comply with EN 50155 [N18].

7.7 Environmental Requirements

7.7.1 On-board Equipment

The On-board Equipment shall comply with the applicable environmental requirements of
EN 50125-1 [N24] and EN 50155 [N18].

7.7.2 Environmental Conditions for the Antenna Unit Function

In case the Eurobalise antenna is used for reception of the Euroloop Up-link signal, the environ-
mental conditions for the Antenna Unit function shall be according to SUBSET-036 [N6].

7.8 Installation Constraints for the Antenna Unit Function

If a common Antenna Unit is used for the Euroloop and Eurobalise system, the installation con-
straints of the Eurobalise system apply.

The Antenna Unit function shall be installed on the train to allow for

e the reception of the up-link Euroloop signal by the LTM function from Interface ‘A 1’, and

e the transmission of the activation signal into the air gap Interface ‘A 4’ complying with the
requirements specified in sub-clause 7.3.3.

7.9 Specific Electrical Requirements

The On-board Equipment shall comply with the applicable electrical requirements of EN 50155
[N18].
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7.10 Test Requirements

7.10.1 General

This sub-clause lists the test tools required to test the On-board Equipment. The specifications of
these test tools are provided in the SUBSET-103 entitled “Test Specification for Euroloop” [N5].

7.10.2 Test Signals
The Test Signals for the On-board Equipment are defined in SUBSET-103 [N5].

7.10.3 Test Tools

7.10.3.1 Euroloop Reference Antenna

For interoperability reasons within the ELS, the Euroloop Reference Antenna (ERA) shall be stan-
dardised as a laboratory equivalent for the ELC in trackside environment. The ERA shall allow the
transmission of the Euroloop signal and the required interfering test signals specified in sub-
clause 7.10.2 within laboratory environment.

7.10.3.2 Magnetic Field Probe

Measurements of the magnetic field strength shall be performed with the Magnetic Field Probe
(MFP) detailed in sub-clause 6.12.3.1.
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7.11 EMC Requirements

7.11.1 Emission

7.11.1.1 Aspects Not Related to the Air Gap
The applicable EMC standard for On-board Equipment (OE) is the EN 50121-3-2 [N2].

The corresponding emission requirements are specified in clause 7 of EN 50121-3-2 [N2].

The On-board Equipment shall comply with the emission requirements stated in Table 7-1.

Table 7-1: Emission Requirements for On-board Equipment

Topic Standard Reference

AC or DC terminals, EN 50121-3-2 [N2] Table 5
Signal lines

Enclosure EN 50121-3-2 [N2] Table 6

7.11.1.2 Aspects Related to the Air Gap

7.11.1.2.1In-band Emission

The emission from the Euroloop On-board Equipment shall comply with EN 302 609 [N26], and the
activation signal frequency mask defined in FFFIS for Eurobalise [N6].

7.11.1.2.2 Out-band Emission
The emission from the Euroloop On-board shall comply with EN 302 609 [N26].
7.11.2 Immunity

7.11.2.1 Aspects Not Related to the Air Gap
Immunity requirements for On-board Equipment (OE) are specified in EN 50121-3-2 [N2].

The On-board Equipment shall comply with the immunity requirements state in Table 7-2.

Table 7-2: Immunity Requirements for On-board Equipment

Topic Standard Reference
Power Ports EN 50121-3-2 [N2] Table 7
Signal Ports EN 50121-3-2 [N2] Table 8
Case EN 50121-3-2 [N2] Table 9

This requirement does not apply for the frequency range +500 kHz centred on the nominal fre-
quency of 27.095 MHz of the activation signal.
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7.11.2.2 Aspects Related to the Air Gap

7.11.2.2.1In-band Susceptibility

The Euroloop On-board Equipment shall be able to operate compliantly with this Standard, when
being exposed to the radiated noise of transient burst nature that is typically present in the air-gap
during the normal train operation, due to emission from electrical traction drives, cables, and en-
gines.

Shape of such noise bursts, time duration, and frequency distribution are among the most promi-
nent features affecting the susceptibility characteristics of the On-board Equipment. They are
strongly dependent on the type of electrification and of the electrical/electronic devices in actual
use.

The noise level in the air-gap zone is generally dependent on the geometry and the position of the
possible noise sources (radiating cables, reflecting surfaces, etc.), with respect to the position cho-
sen for the Antenna Unit installation.

No harmonised standards exist to date on this kind of susceptibility issue. Therefore, each supplier
of On-board Equipment shall responsibly define suitable models representing worst case suscepti-
bility conditions and modes (with reference to the recalled ones) that may be possible within the
range of application cases of his commercial interest. The definition of the noise environment and
the suitability of the elaborated models are a matter of shared responsibility between suppliers of
On-board Equipment, rolling stock devices, and infrastructure devices. Specific compatibility cases
may be needed (to be decided on a case by case basis).

The supplier of the On-board Equipment shall then coherently prove the fulfilment of the functional-
ity and the availability requirements for the On-board Equipment, as defined in this Norm, by ade-
quate simulation of such worst case susceptibility conditions and modes during functional Labora-
tory Tests.

7.11.2.2.2 Out-band Susceptibility
Radiated immunity requirements shall comply with the applicable items of Table 9 in clause 8 of
EN 50 121-3-2 [N2]. This requirement does not apply
e for the frequency range 27.095 MHz + 500 kHz centred on the carrier frequency of the acti-
vation signal.
e for the frequency range between DC and 36 MHz of Euroloop up-link signal.
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Annex A INFORMATIVE REFERENCES

Remarks:
o References are either specific (identified by data of publication, edition number, version
number, etc.) or non-specific.

e For a specific reference, subsequent revisions do not apply.

e For a non-specific reference, the latest version applies. In the case of a reference to a EN,
CENELEC, IEC or ICNIRP document, a hon-specific reference implicitly refers to the latest
version of that document.

e See sub-clause 3.2 for normative references.
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Annex B DIRECT SEQUENCE SPREAD SPECTRUM MODULA-
TION (INFORMATIVE)

B.1 Multi Path Environment for Euroloop Subsystem

The Euroloop signal received by the Antenna Unit (AU) function is made up of replicas of the
transmitted signal. These replicas have different amplitudes and delays as they reach the AU along
different propagation paths. This leads to constructive and destructive interference of the signal
components at the AU. Due to the frequency selectivity of this effect, narrowband signal suffer lar-
ger variations of their received signal amplitudes than their wideband signal counterparts as the
destructing interference is limited to fractions of the whole signal bandwidth and therefore has only
a minor influence on the transmission quality.

B.2 DSSS Principles

Direct Sequence Spread Spectrum (DSSS) modulation with Code Division Multiple Access
(CDMA) scheme is used to transmit the Euroloop signal from the Trackside to the On-board
Equipment.

Spread spectrum waveforms are modulated twice. Once by using traditional modulation techniques
such as PSK, FSK, etc. and then, for a second time with the wideband modulation of choice, i.e.,
Frequency Hopping (FH), Direct Sequence (DS) or Hybrid (FHDS). The wideband modulation
tends to spread the signal energy over a wide range of frequencies.

CDMA denotes a scheme to distinguish different information channels in the code domain rather
than in the time (Time Division Multiple Access, TDMA) or frequency (Frequency Division Multiple
Access, FDMA) domain. This is equivalent in saying that information channels are distinguished by
different spreading codes rather than by time slots or frequency channels. Hence, every channel
simultaneously uses the full available spectrum.

Data H@—» Baseband CDMA-Signal —»@—» Data

SSCode SSCode

Figure B- 1: CDMA Modulator and Demodulator

B.3 Basic Transmitter Functionality
Spread Spectrum Coding

The DSSS modulator multiplies each bit of the data stream with a period of the spreading code, the
SSCode, which has a length of N, chips. This is a multiplication (binary EXNOR-operation) of two
bit-streams where the SSCode has an N, times higher bit rate than the data stream (see Figure B-
1). The resulting bandwidth of the modulated signal is much wider than the bandwidth of the origi-
nal data signal.

Distinction has to be made between the chip rate R, of the spreading sequence and the data rate
Ry of the binary bit stream of the data signal.
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The SSCoded data signal is a base band signal. For transmission to the air gap (via Euroloop
Leaky Cable) it is necessary to shift its spectrum to RF.

Modulation

The base band signal for the ELS has a nominal chip rate of R, = 4.51583 Mchip/s. This signal is
multiplied by a Raw Carrier RC of frequency f., which results in a shift of the signal spectrum to this
centre frequency. In the case of the ELS, the centre frequency f. is equal to three (3) times the chip
rate R. (i.e. f, = 13.54750 MHZz). Then the signal is band pass filtered to attenuate signal compo-
nents above the frequency f. + R, and below the frequency f. - R.. This signal is then amplified and
filtered before it is fed into the Euroloop Leaky Cable (ELC).

B.4 Basic Receiver Functionality
Demodulation and Decoding Implementation

The following part of this sub-clause provides a functional description of the DSSS demodulation in
the form of a block diagram (Figure B- 2). The block diagram does not stipulate a mandatory way
to realize the DSSS demodulation. Various arrangements of such a demodulator may be used to
recover the transmitted signal.

Loop Receiver (LR) Function |
SSCode [— SetSSCode I

Generator [«—— Set Delay of Path of Signal to be recovered
Function |4—— Clock

Despreading Signal
(with Power Pc.)

> Correlator / DD | Differential Data | D
Distorted Loop Signal BPSK Demodulator Function ——m| Demodulator ———® Data
(received from AU) | (Multiply & Average) Function :
|
L e

Figure B- 2:Functions Associated with Demodulation

SSCode Generator Function

The SSCode generator function provides the SSCode required to de-spread the received Loop
signal, the selection of the appropriate SSCode and its delays. The delays are synchronous to the
ones of the received multi-path signals. The determination of the delay values usually require an
acquisition and tracking algorithm (not shown in Figure B- 2). The acquisition performs the initial
search of the SSCode delay(s). The tracking maintains synchronization between the delay(s) of the
received SSCode(s) and the internally generated SSCode(s).

De-spreading

De-spreading denotes the process of removing the spread spectrum code from the data stream.
This is performed by multiplying each demodulated signal (see above) with the same spreading
code used for the generation of the transmitted Euroloop signal. For the purpose of obtaining the
originally transmitted data stream, the locally generated spreading code must be synchronous to
the one of the received signal. Therefore, an acquisition and tracking circuit is required within the
Loop Receiver (LR) to accomplish this task. Finally, the product of the two signals is summed up
over the duration of the period of the spreading code to obtain the original data stream (see Figure
B- 1).
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This operation corresponds to what is commonly called a correlation process and therefore the re-
ceiver is called a correlation receiver. The reference SSCode defines the channel which the re-
ceiver is expected to receive.

The correlator/BPSK demodulator function performs two tasks. It de-spreads the received Loop
signal, and removes the BPSK modulation from the Euroloop signal received at the air gap Inter-
face ‘A 1’. The result is the Differential Data signal DD as shown in Figure 6-12 and Figure 6-13.

Demodulation

The demodulation process is performed in two steps. First the received signal is multiplied by a
signal identical to the RC in the transmitter. The resulting signal is then passed through a low-pass
filter to get rid of the harmonics. This well known process shifts the signal spectrum back to base
band.

The differential data demodulator function recovers the serial Data stream D from the Differential
Data signal DD as shown in Figure 6-12 and Figure 6-13.

B.5 Robustness against Interference

Figure B- 3 depicts signal spectra before and after the dispreading process within the receiver.
Three cases are distinguished:

e de-spreading of a noisy Euroloop signal,
e de-spreading of a noisy Euroloop signal in the presence of a narrowband interferer, and
e de-spreading of a noisy Euroloop signal in the presence of an other Euroloop signal.
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Before Demodulation After Demodulation
(Antenna Signal) (Data Signal)
Case A: signal

No Interferences

. Signal .
Noise Noise
ﬁ DS Receiver [—m»

>

Frequency f Frequency f

Case B:
Interference of a Narrowband Signal

Signal

Interference

Noise Signal
DS Receiver —p»
Interference
> >
Frequency f Frequency f
Case C:
Interference of Signal B with another SSCode Signal
Noise Signal Noise
il f‘—\/_\/ﬂ:—h\/_\f-——\
. Signal B
Signal B > >
Frequency f Frequency f

Figure B- 3: Spectral Behaviour of CDMA Signals

The left side of Figure B- 3 shows the spectrum of the received signal at the input of the AU. The
right side shows the spectrum of the demodulated data signal.

Case A: Normal operation without interference of other signals

Case B: A narrowband interfering signal is present within the band of the spread spectrum sig-
nal. The DSSS demodulation spreads the power of the narrowband interfering signal
over the whole receiver bandwidth while the spectrum of the wanted signal collapses to
a narrow frequency range. The subsequent narrowband low-pass filter passes the
whole power of the wanted signal but only a fraction of the power of the unwanted inter-
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fering signal. This causes the signal-to-interference signal power to increase at the out-
put of the correlator accordingly.

Case C: This time, the interfering signal is another DSSS signal with a different SSCode (Inter-
fering Signal B on a different “Code”-Channel). Proper selection of the spreading codes
allows keeping the cross-correlation between different spreading codes to a minimum.
Accordingly the interfering DSSS signal with a different spreading code than the one
used for generating the wanted signal will be very much attenuated. This feature allows
sharing the RF frequency band simultaneously among different users as the distinction
between the channels is based on the orthogonality of the codes rather than time or
frequency slots.

B.6 Processing Gain

For a DSSS, random binary data with a rate Ry bits per sec (bps) is multiplied (e.g. realised with an
EXOR Gate) by a pseudorandom binary waveform, which is at much higher rate and it provides the
frequency spreading operation. This Pseudo-Noise (PN) binary source outputs symbols called
chips at a constant chip rate R. chips per sec (cps). This is a random noise like signal, and hence
the name PN signal. The chip rate is always higher than the bit rate, and the ratio of the chip rate
to the bit rate in dB is defined as the Processing Gain PG.

PG =R¢/Ry i.€., 26.7 dB.

The PG can be viewed as Signal-to-Interference Ratio (SIR) at the receiver after the de-spreading
operation (removal of PN). The larger the overall bandwidth used, the higher the PG assuming a
constant data rate. A higher PG implies greater immunity against interference. Direct sequence
spread spectrum signals can actually operate at negative signal to interference ratios given that the
processing gain is large enough.

B.7 Properties of Spreading Codes

In general, the CDMA chip sequences are assumed to be statistically independent, and identically
distributed random processes, i.e. Bernoulli sequences. Thus the sequences used for the genera-
tion of spread spectrum signals should have the same key “randomness" properties as a truly ran-
dom Bernoulli sequence. These key properties, the three randomness postulates of Golomb can
be characterised as follows:

Balance Property: Relative frequencies of “0" and “1" are each 1/2.
Run Property: Run lengths (of zeros or ones) are as expected in a Bernoulli sequence.

Shift Property: If the random sequence is shifted by any nonzero number of elements, the
resulting sequence will have an equal number of agreements and disagree-
ments with the original sequence.

In practice, especially the short code period CDMA sequences are designed to have low time
cross-correlation, so they are only quasi-orthogonal and thus the sequences in short code CDMA
systems are not statistically independent. With longer code period, the CDMA sequences behave
more like Bernoulli sequences. The long-code CDMA systems are in fact sometimes called
(pseudo)random (R-CDMA) systems as opposed to short-code deterministic (D-CDMA) systems.

The above three properties of spreading codes are usually not met completely. The remaining
amount of DC (balance property) within the spreading codes limits the dynamic range of the re-
ceiver. The degree of orthogonality (run and shift property) of the chosen spreading codes limit the
co-channel rejection and by this the receiver’s ability to discriminate between different Euroloop
signals.
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B.8 Orthogonality

Orthogonal codes have zero cross-correlation! They may seem to be attractive to replace PN
codes which have non-zero cross-correlations but in practice the situation is quite different. The
cross-correlation value is zero only when there is no offset between the codes. In fact, they have
large cross-correlation values with different offsets, much larger than PN codes. The autocorrela-
tion property is usually not good either. Orthogonal codes have an application in perfectly synchro-
nized environments such as in the forward link of mobile communications.

B.9 Even and Odd Cross Correlation

The difference between even and odd cross-correlation becomes clear if one considers a spread
spectrum system where a sequence is produced from a PN sequence through modulation by a
data sequence. Then the odd (resp. even) cross-correlation occurs when the consequent data bits
are the different (resp. the same).

B.10 Receiver Performance
Two types of unwanted signals may compromise the co-channel characteristic of the receiver:

e Insertion / cross talk of an Euroloop signal from a parallel Euroloop.

o Expected Euroloop signal with a different delay with respect to the wanted signal caused by
multi-path propagation.
The processing gain and the degree of orthogonality characterise the achievable co-channel rejec-
tion between Euroloop signals transmitted in the vicinity of one another using different spreading
codes. Larger PG and the better orthogonality between the spreading codes increases the co-
channel rejection ratio of the receiver.

This translates into requirements for auto- and cross correlation properties within the used set of
SSCodes and all pairs of SSCodes within this set:

e For each possible pair of spreading code the values of the even and odd cross correlation
functions should be as low as possible for all delay offsets.

e For each SSCode itself the autocorrelation function should be as low as possible for all de-
lay offsets, except for a delay offset zero where the value is maximum and amounts to the
power of the SSCode signal.

B.11 Methods for SSCode Evaluation

Arbitrary Gold Codes

There are several possibilities to find a set of spreading codes with suitable correlation and cross
correlation properties. Arbitrary Gold Codes Given a preferred pair of sequences of period n =

2" — 1 where N denotes the number of stages of the shift register used to generate the code. We
can construct a new family of sequences by taking the modulo-2 sum of the pair of sequences with
the n cyclically shifted versions of one sequence or vice versa. Thus, we obtain n new periodic se-
gquences with period n. If we include also the original sequences we obtain a family of n + 2 se-
guences. The resulting sequences are called Gold sequences.

The cross-correlation function for any pair of sequences in the family of Gold Sequences gener-
ated with a given preferred pair was proven by Gold to be three-valued with possible values {-1,
-2z _q M2 41 The gold codes from “different” Gold code groups have bad correlation
properties, even when synchronised.

© This document has been developed and released by UNISIG

SUBSET-044 Page 85/102
Issue 2.4.0 FFFIS for Euroloop



UNISIG

The rules to generate so-called Arbitrary Gold-Codes would guarantee such properties, but only for
sets of codes with lengths of 2" -1 (N = integer). Unfortunately for the ELS such lengths are not
suitable. The code length was decided to be N, = 472. Furthermore the inverse of each code (so-
called odd code) has also to be accepted as a suitable code. This is due to the fact that modulation
of a binary data bit 1 leads to the code itself and modulation of a 0 leads to the inverse code (EX-
NOR-operation of data bit and code).

The rules for finding arbitrary Gold-Codes are therefore not sufficient.

A Method for finding SSCodes with good odd behaviour in addition to the other requirements is to
generate different Gold-Codes and to pick a sub-set of these codes by random search within the
code-set of spreading codes.

Kasami Algorithm

A similar procedure used in the generation of Gold sequences can be applied to generate a
smaller set of M = 2™ binary sequences of period n = 2™-1, where m is even. In this procedure, we
begin with an m-sequence s and we form a binary sequence r by taking every 2™ + 1 bit of s. In
other words, the sequence r is formed by decimating s by 2™ + 1. It can be verified that the result-
ing r is periodic with period 2™ - 1. Now, by taking n = 2™ - 1 bits of the sequences s and r, we
form a new set of sequences by adding, modulo-2, the bits from s and all 2™ - 2 cyclic shifts of the
bits from r. By including s in the set, we obtain a set of 2™ binary sequences of length n = 2™ - 1.
These are called the (small set of) Kasami sequences.

The autocorrelation and cross-correlation functions of these sequences take on values from the set
{-1, -(2™2+1), 2™2-1} . Hence, the maximum cross-correlation value R.. for any pair of sequences
from the set is

R = 2™2 + 1.

Genetic Algorithm

To find spreading codes with the desired length of N. for ELSs, a large set of arbitrary spreading
codes was generated and then tested for the different requirements. A genetic algorithm was used
for extracting favourable spreading codes. Due to the fact, that the algorithm can evaluate the re-
quired properties, the spreading codes found by this random approach are equally well suited for
the use in a DSSS-System as a Kasami-Code. But they may be designed to the required Code
length.

B.12 Distortions of the Euroloop Signal in the Air Gap
Although the current in the Euroloop Leaky Cable directly transforms into magnetic field and its
coupling factor hardly depends on frequency, the shape of the spectrum of the magnetic field in the
air gap strongly depends on

e the propagation environment,

e the position (x) along the track,

e the spreading code of the Loop signal,

e the type of the Euroloop Leaky Cable, and

e the positioning of the Euroloop Leaky Cable along the track.

As a consequence, the spectrum of the magnetic field in the air gap is distorted. Therefore, the un-
distorted spectrum of the Euroloop signal can only be measured at Interface ‘CA,’.
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Annex C  INFLUENCE OF DEBRIS (INFORMATIVE)

C.1 Introduction

An evaluation of the influence of debris on the level budget of the Eurobalise up-link is straight for-
ward, since both the Balise and the On-board AU are small and can thus easily be immersed, cov-
ered with dirt and so on. For the TE of the Euroloop, this is much more difficult if not impossible,
due to the distributed nature of the Loop with lengths up to 1 km.

Despite this fact, margins in decibels for the influence of debris have been assumed in sub-
clause 6.8.3.2. For the trackside equipment, a margin of 6 dB is foreseen between the lower limit of
the magnetic field strength at installation and the lower limit after installation.

C.2 Considered Debris

The types of debris to be expected for the Euroloop TE and OE are basically the same as for the
class B Eurobalise system, as specified in [N6].

Table C- 1: Debris Layers on Top of the ELC

Material Description Layer on Top of
ELC [mm]
water clear 100
0.1% NacCl (weight) 10
snow fresh, 0°C 300
wet, 20% water 300
ice non porous 100
ballast stone 100
sand dry 20
wet 20
mud without salt water 50
with salt water, 0.5% NaCl (weight) 10
iron ore hematite (Fe,Os) 20
magnetite (Fe;0,) 2
iron dust braking dust 10
coal dust 8% sulphur 10
oil and grease 50

Debris conditions for the On-board Equipment are manufacturer dependent, but some examples

are given in [N6].
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C.3 Measurement Results

The effect of several of the listed debris conditions have thoroughly been evaluated by CEDEX
during the measurement campaign in March 2003. The measurements pertained the Eurobalise
system at the frequency of 4.2 MHz (Eurobalise up-link) and 27.095 MHz (Tele-powering signal).

A subset of these measurement results are reproduced in Table C- 2 below.

Table C- 2: Effects of Debris Measured by CEDEX

Matter Rel. Signal Level at 4.2 MHz Rel. Signal Level at 27.095 MHz
Free Air -34.33 dB -19.21 dB
Clear Water -34.31 dB -19.48 dB
Metal Plate -34.33 dB -18.64 dB

The results reveal that the difference of the attenuations of among the different types of debris
amount only to 0.02 dB, and 0.84 dB at the frequencies of 4.2 MHz, and 27.095 MHz, respectively.

C.4 Conclusion
The results provided in sub-clause C.3 above justify that the considered debris conditions

¢ have an insignificant effect on the link budget of the Euroloop system,

e and make up only a small part of the + 6 dB margin attributed to the z-component of the
magnetic field of the Euroloop signal at the reference position on the air gap Interface ‘A_1’
(see sub-clause 6.8.3.2.2).

Additionally, there is a definite advantage of the Euroloop link budget regarding its sensitivity to
debris, as compared to the Eurobalise system:

e The Euroloop signal is transmitted from an non-resonant (aperiodic) antenna (the Euroloop
Leaky Cable (ELC)), whereas the transmit antenna of the Balise is resonant. In general,
resonant antennas may be detuned by debris or close-by conducting objects to a larger ex-
tent than non-resonant antennas.
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Annex D  GENERAL INSTALLATION RULES (INFORMATIVE)

In order to maintain a working Loop Transmission System the magnetic field strength at the refer-
ence position in the air gap must stay within the limits stated in sub-clause 6.8.3.2. Various imper-
fections and non-uniformities in the surrounding of the leaky cable can result in variations of the
magnetic field strength. These sources of this disturbance are for example:

o feeding point of the leaky cable,

e isolation joints along the track,

e cable crossovers,

e z-connections,

e transitions between track sections made of metal and wooden or concrete sleepers,

e wood, metal or concrete transitions under the tracks,

e variation of height of the tracks, height changes etc.,

e excursions of the cable laying with respect to the rails,

e metal bridges,

e track switches, and

e track crossings.

There are no additional specific installation restrictions in a dual/multi gauge rail configuration.

The above sources of disturbances can lead locally to either an increase or (more commonly) re-
duction of the magnetic field strength. To counteract these excursions of the magnetic field
strength measures might be taken such as

e additional mounting of the clamps to improve the straight laying of the cable in the foot of
the rail,

e adjust distance between leaky cable and the rail,

e mounting the Loop cable in the inner or outer foot of the rail,

e utilisation of common mode chokes at the feeding point, isolations joints, etc.,

e utilisation of a hon-radiating jumper cable at isolation joints or transitions between metal,
wooden or concrete sleepers, and

o utilisation of other type of leaky cable with less or more coupling.
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Annex E = TELEGRAM TRANSMISSION TIME (INFORMATIVE)

For the Euroloop, a short telegram with Ls = 341 data bits and a long telegram with L, = 1023 data
bit is defined in accordance with [N6].

Considering the data bit rate Rq of approx. 9567.4 bit/s, the achieved number of telegrams per
second is

Ry / (Ls + 121 bit) ~ 20.7 telegrams / s for short telegrams, and
Rq/ (L. + 77 bit) ~ 8.7 telegrams / s for long telegrams
which in turn yields a minimum telegram transmission time of
(Ls + 121 bit) / Ry ~ 48.3 ms for a short telegram, and
(L, + 77 bit) / Ry = 115.0 ms for a long telegram, respectively.

The required transmission time is related to both, the requirements defined by the coding strategy
where 341 + 121 bits, and 1023 + 77 bits are needed to decode a short, and long Euroloop tele-
gram, respectively, and also to the extra reception time needed to achieve availability. The re-
quired transmission time need be realated to avalibility as defined in sub-clause 5.4.4.2.
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Annex F  EUROLOOP SPREAD SPECTRUM CODES (NORMA-
TIVE)

The SSCode length shall be N, = 472 bits or chips. Euroloop shall use the 16 standardised
SSCodes defined in Table F- 1. In this table one column is used for each SSCode.

An SSCode Number 0 through 15 (see top line of Table F- 1), the so-called Q_SSCODE, identifies
each SSCode. The SSCode Number is identical with the variable called Spread Spectrum Code for
Euroloop and abbreviated by Q _SSCODE of [N9]. Its value is part of the EOLM Packet transmitted
by Eurobalise.

The chips of the Q_SSCODE fifteen (15) are shaded in Table F- 1 to emphasise that this SSCode
shall be used exclusively for testing purposes. This is required to prevent accidental error indica-
tion by the On-board Equipment within a train which runs along a Loop section currently being
tested with Q_SSCODE fifteen (15).

The time sequence of the SSCode chips is from top to bottom (chip no. 0 to chip no. 471).

Table F- 1: Set of Sixteen (16) Euroloop SSCodes of Length N. = 472 with Associated Q_SSCODE

Numbers
SSCode Nr. (Q_SSCODE)
ChipNo. | 0 | 1 | 2 [ 3 ] 4|5 [ 6|7 | 8] 9 [10]11]12][13]14]15
SSCode
0 o]ojJoJ1][ofloJof[o]o|J1r]o]1]l1]1]o]o
1 olof[o]Jr1][1]o]rf]1]ar][1]o]lof]olofo]a1
2 t]lofJof1]ar]oJo]ofJo|laf[a]lo]1]1]o]u1
3 1t/1]1JofJofol1]1]1]1]o]lo]1]o]1]o0
4 t/1]ofJoJof1]1]1]oflof1]o]ol1]1]1
5 0o l1[1]Jof1]1]r1]ofJofoJo]1[1]1][o]1
6 olof[o]Jar1[1]1]of1]ar]o]Jo]1]o]lofo]1
7 ol1f[oJofJofar]ofJarlof1]r]1]1]arf[1]a
8 olof[1]a1f1]1]ofJolarf[1]1]1]o]l1[o]o
9 t]lofl1]oflarf[1]Jo]l1]oflofJo]lar]o]1]1]o0
10 1t/ofl1]o]Jof1]o]1]o]lofJo]ar]1]1]o]o0
11 1t/1]of1]r]oJo]ofJolarf]olr]ol1]o]ua
12 1/ol1]o]lof1]o]ofJo|lof1]1]o0o]1]0]0O
13 t/1]Jof1]arfa]1]ofJolarf1]o]1]1]o]o0
14 t/1]12Jofar]o]1r1]of1]ofo]1]o]o]o]oO
15 olofolarf1]ar]of1]arfol1r]ofJolar[1]1
16 0] o |l1]o|1|1]of[o]ojJo|o]|o0|1]o0]1][]z1
17 t/1]of1]Jofolar]of1]arfa]o]1s]1]o]ua
18 t/1]1[1]ar[1]o]lofJofofJoJo]1]1]o]u1
19 ol1[o]Jr]ofar]of1]ar][o]l1r]of]ol1[o]1
20 t/lojJof1|ar]ol1r]1]oflarfolr]o1]1]1
21 1t/1]1]1]ofoJo]ofJ1]ar]o]Jo]1]o]o]u1
22 1t/1]ofJoJofJ1]Jo]1]o]JofJo]1]1]o]l1]o0
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