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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
ELECTRONIC RAILWAY EQUIPMENT –  

TRAIN COMMUNICATION NETWORK (TCN) –  
 

Part 2-5: Ethernet train backbone 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 
rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 61375-2-5 has been prepared by IEC technical committee 9: 
Electrical equipment and systems for railways. 

The text of this standard is based on the following documents: 

FDIS Report on voting 

9/1933/FDIS 9/1961/RVD 

 
Full information on the voting for the approval of this standard can be found in the report on 
voting indicated in the above table. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 

A list of all parts in the IEC 61375 series, published under the general title Electronic railway 
equipment – Train communication network (TCN), can be found on the IEC website. 
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The committee has decided that the contents of this publication will remain unchanged until 
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its contents. Users should therefore print this document using a colour printer. 
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INTRODUCTION 1 

IEC 61375-2-5 defines the Ethernet Train Backbone so as to achieve interoperability 2 
between Consists of different types when coupled in the same train composition.  3 

The standard follows the ISO-OSI model and specifies the whole protocols stack from the 4 
physical layer up to the application layer. 5 

A Protocol Implementation Conformance Statement (PICS) pro-forma allows suppliers to 6 
state their conformity to this standard. The PICS pro-forma specification and the related 7 
conformity test are not in the scope of this standard. 8 

The creation of this second edition of the standard has been motivated by advances in 9 
technology and additonal use cases, namely: 10 

• Improved Quality of Service in Ethernet communication by Strict Priority Queuing 11 
(802.1Q) 12 

• Support of Frame Replication and Elimination for Reliability (802.1CB)  13 

• Extensions for multiple network domains 14 

• Support 1000BASE-T (GbE) and 10BASE-T backbone (e.g. as required for freight 15 
trains)  16 

• Support for extended train composition (e.g., as required for freight trains) 17 

• Extensions needed for reaching a higher safety level in Train inauguration (BEACON 18 
proxy function) 19 

• Extension of ETB Management and monitoring by using NetConf. 20 

• Extensions needed to support Cybersecurity 21 

Furthermore, enhancements in the standard text are made to improve readability and to 22 
lower the risk of misinterpretations by improving clarity. 23 

On the other hand, the IEC 61375-1:202x defines two potential configurations of 24 
transmission medium redundancy:  25 

- Aggregated architecture, which was defined in an earlier version of the standard. 26 
- Segregated architecture, which is a new architecture defined as an option.  27 

Aggregated and segregated architectures are incompatible and cannot be connected to the 28 
same train backbone. As a result, it necessary to adapt some clauses of this document to 29 
identify appropriately the differences and incompatibilities between them. For that, the 30 
following criteria will be used throughout the document: 31 

• If a clause only applies to one architecture, it will be clearly indicated. 32 

• If a clause does not reference either architecture, it applies to both. 33 

Additionally, including certain options and features outlined in this standard may raise 34 
conditions that, in specific instances, lead to interoperability issues. This implies that two 35 
Consists with identical architecture types, but different options may lack interoperability 36 
when coupled within the same train composition. Annex F provides additional insights into 37 
these conditions. 38 

 39 

 40 

41 
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ELECTRONIC RAILWAY EQUIPMENT –  42 

TRAIN COMMUNICATION NETWORK (TCN) –  43 

 44 

Part 2-5: Ethernet train backbone 45 

 46 

 47 

 48 

1 Scope 49 

This part of IEC 61375 defines Ethernet Train Backbone (ETB) requirements to fulfil open 50 
train data communication system based on Ethernet technology. 51 

Respect of this standard ensures interoperability between local Consist subnets whatever 52 
Consist network technology (see IEC 61375-1 for more details). 53 

All Consist network definitions should take into account this standard to preserve 54 
interoperability. 55 

This standard may be additionally applicable to closed trains and multiple-unit trains when 56 
so agreed between purchaser and supplier. 57 

2 Normative references 58 

The following documents, in whole or in part, are normatively referenced in this document 59 
and are indispensable for its application. For dated references, only the edition cited applies. 60 
For undated references, the latest edition of the referenced document (including any 61 
amendments) applies. 62 

IEC 61076-2-101:2012, Connectors for electronic equipment – Product requirements –  63 
Part 2-101: Circular connectors – Detail specification for M12 connectors with screw-locking 64 

IEC 61156-1:2007, Multicore and symmetrical pair/quad cables for digital communications 65 
– Part 1: Generic specification 66 

IEC 61156-5, Multicore and symmetrical pair/quad cables for digital communications – Part 67 
5: Symmetrical pair/quad cables with transmission characteristics up to 1 000 MHz – 68 
Horizontal floor wiring – Sectional specification 69 

IEC 61375-1, Electronic railway equipment – Train communication network (TCN) –  70 
Part 1: General architecture 71 

IEEE 802.1AB, IEEE Standard for Local and metropolitan area networks – Station and 72 
Media Access Control Connectivity Discovery 73 

IEEE 802.1AX:2008, IEEE Standard for Local and metropolitan area networks – Link 74 
Aggregation 75 

IEEE 802.1D:2012, IEEE Standard for Local and metropolitan area networks – Media 76 
Access Control (MAC) Bridges 77 

IEEE 802.1Q, IEEE Standard for Local and metropolitan area networks – Virtual Bridged 78 
Local Area Networks 79 
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IEEE 802.3:2012, IEEE Standard for Information technology – Telecommunications and 80 
information exchange between systems – Local and metropolitan area networks – Specific 81 
requirements – Part 3: Carrier sense multiple access with collision detection (CSMA/CD) 82 
access method and physical layer specifications 83 

3 Terms, definitions, symbols, abbreviations and conventions 84 

3.1 Terms and definitions 85 

For the purposes of this document, the following terms and definitions apply. 86 

ISO and IEC maintain terminology databases for use in standardization at the following 87 
addresses:  88 

• ISO Online browsing platform: available at https://www.iso.org/obp  89 
• IEC Electropedia: available at http://www.electropedia.org 90 

3.1.1  91 
application layer 92 
upper layer in the OSI model, interfacing directly to the application 93 

3.1.2  94 
application process 95 
element within a real open system which performs the information processing for a particular 96 
application 97 

[SOURCE: IEC 60050-811:2017, 811-37-05] 98 

3.1.3  99 
bridge <in a train communication network> 100 
device which stores and forwards frames from one bus to another on the base of their Link 101 
Layer addresses 102 

[SOURCE: IEC 60050-811:2017, 811-37-09] 103 

3.1.4  104 
broadcast 105 
nearly simultaneous transmission of the same information to several destinations 106 

Note 1 to entry: broadcast in the TCN is not considered reliable, i.e. some destinations can receive the 107 
information and others not. 108 

[SOURCE: IEC 60050-811:2017, 811-37-10] 109 

3.1.5  110 
Bus <in a train communication network> 111 
communication medium which broadcasts the same information to all attached participants 112 
at nearly the same time, allowing all devices to obtain the same sight of its state, at least 113 
for the purpose of arbitration 114 

[SOURCE: IEC 60050-871:2018, 871-05-02] 115 

3.1.6  116 
closed train 117 
train composed of one or a set of Consists, where the train composition does not change 118 
during normal operation 119 

EXAMPLE  Metro, sub-urban train, or high-speed train unit. 120 

Note 1 to entry: Consists are coupled in a workshop to establish a closed train for operation. 121 
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[SOURCE: IEC 60050-811:2017, 811-37-17] 122 

3.1.7  123 
communication device 124 
devices connected to the consist Network or Train Backbone with the ability to source and 125 
sink data 126 

3.1.8  127 
composition 128 
number and characteristics of the vehicles forming a train 129 

[SOURCE: IEC 60050-811:2017, 811-37-18] 130 

3.1.9  131 
configuration 132 
definition of the topology of a network, the devices connected to it, their capabilities and the 133 
traffic they produce; by extension, the operation of loading the devices with the configuration 134 
information before going to regular operation 135 

3.1.10  136 
consist 137 
single vehicle or a group of vehicles which are not separated during normal operation.  138 

Note 1 to entry: A consist can contain no, one or several consist networks 139 

[SOURCE: IEC 60050-811:2017, 811-37-20] 140 

 141 

3.1.11  142 
Consist Network 143 
CN 144 
communication network interconnecting communication devices in one Consist 145 

Note 1 to entry: Consist networks do not spread beyond consist boundaries. 146 

“[SOURCE: IEC 60050-811:2017, 811-37-21, modified – The definition has been replaced 147 
with “communication network interconnecting communication devices in one consist”] 148 

3.1.12  149 
cybersecurity <in railway application> 150 
set of activities and measures taken with the objective to prevent, detect, react to 151 
unauthorized access or cyberattack which could lead to an accident, an unsafe situation, or 152 
railway application performance degradation 153 

[SOURCE: EN TS 50701:2017] 154 

3.1.13  155 
Domain 156 
Network subnet associated to a well-defined set of functionalities, such as TCMS, OMTS. 157 

3.1.14  158 
End Device 159 
ED 160 
unit connected to one Consist Network or to one set of Consist Networks prepared for 161 
redundancy reasons 162 

[SOURCE: IEC 60050-811:2017, 811-37-33] 163 

3.1.15  164 
end node 165 
node which terminates the Train Backbone 166 

Full document details: 24/30495055 DC

http://www.avadocuments.com/doc/24-30495055-dc
http://www.avadocuments.com/doc/24-30495055-dc


IEC CD 61375-2-5 © IEC 2024 – 15 – 9/3147/CD 

[SOURCE: IEC 60050-811:2017, 811-37-34] 167 

 168 

3.1.16  169 
function <in a train communication network> 170 
application process which exchanges messages with another Application Process 171 

3.1.17  172 
Gateway <in a train communication network> 173 
connection between different communication technologies busses at the application layer 174 
requiring application-dependent data analysis and protocol conversion 175 

[SOURCE: IEC 60050-811:2017, 811-37-44] 176 

3.1.18  177 
group address 178 
address of a multicast group to which a device belongs 179 

[SOURCE: IEC 60050-811:2017, 811-37-45] 180 

 181 

3.1.19  182 
host 183 
any addressable unit connected to the network: End Devices, Network Devices, etc. 184 

3.1.20  185 
integrity, <in a train communication network> 186 
property of a system to recognize and to reject wrong data in case of malfunction of its parts 187 

3.1.21  188 
intermediate node 189 
node which establishes continuity between two bus sections connected to it, but does not 190 
terminate them 191 

[SOURCE: IEC 60050-811:2017, 811-37-49] 192 

 193 

3.1.22  194 
linear topology 195 
topology where the nodes are connected in series, with two nodes each connected to only 196 
one other node and all others each connected to two other nodes (i.e. , connected in the 197 
shape of a line) 198 

[SOURCE: IEC 60050-811:2017, 811-37-51] 199 
 200 

3.1.23  201 
Local Area Network, <in a train communication network> 202 
part of a network characterized by a common medium access and address space 203 

[SOURCE: IEC 60050-811:2017, 811-37-60] 204 

 205 

3.1.24  206 
Medium Access Control, <in a train communication network> 207 
sublayer of the Link Layer, which controls the access to the medium (arbitration, mastership 208 
transfer, polling) 209 
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3.1.25  210 
medium, <in a train communication network> 211 
physical carrier of the signal: electrical wires, optical fibers, etc. 212 

3.1.26  213 
message, <in a train communication network> 214 
information which is transmitted in one or several packets from a sender to one or more 215 
receivers[SOURCE: IEC 60050-821:2017, 821-37-29] 216 

3.1.27  217 
multicast 218 
transmission of the same message to a group of receivers, identified by their Group Address 219 

Note 1 to entry: The word "multicast" is used even if the group includes all receivers. 220 

[SOURCE: IEC 60050-811:2017, 811-37-66] 221 

3.1.28  222 
multimedia data 223 
data used for onboard multimedia and telematic services (OMTS), like video/audio streams 224 
or file transfer 225 

3.1.29  226 
multiple unit train 227 
train comprising one or more consist-units which can be controlled simultaneously from one 228 
cab and able to operate at normal speed in either direction without re-marshalling  229 

[SOURCE: IEC 60050-811:2017, 811-02-12] 230 

3.1.30  231 
network, <in a train communication network> 232 
set of possibly different communication systems which interchange information in a 233 
commonly agreed way 234 

[SOURCE: IEC 60050-811:2017, 811-37-68] 235 

 236 

3.1.31  237 
network address 238 
address which identifies a communication device on network layer 239 

[SOURCE: IEC 60050-811:2017, 811-37-69] 240 

 241 

3.1.32  242 
network device 243 
ND 244 
components used to set up Consist Networks and Train Networks 245 

Note 1 to entry: these can be passive components such as cables or connectors, active unmanaged 246 
components such as repeaters, media converters or (unmanaged) switches, or active managed components 247 
such as gateways, routers and (managed) switches. 248 

3.1.33 [SOURCE: IEC 60050-811:2017, 811-37-70] 249 
network layer 250 
layer in the OSI model responsible for routing between different busses 251 

[SOURCE: IEC 60050-811:2017, 811-37-72] 252 
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3.1.34  253 
network management, <in a train communication network> 254 
operations necessary to remotely configure, monitor, diagnose and maintain the network 255 

[SOURCE: IEC 60050-811:2017, 811-37-73] 256 

3.1.35  257 
node, <in a train communication network> 258 
device on the Train Backbone that acts as a gateway between Train Backbone and Consist 259 
Network 260 

[SOURCE: IEC 60050-811:2017, 811-37-74] 261 

3.1.36  262 
octet 263 
byte 264 
ordered set of eight binary digits, operated on as an entity  265 

[SOURCE: IEC 60050-171:2019, 171-02-12] 266 

3.1.37  267 
open train 268 
train composed of one or a set of consists, where the configuration can change during 269 
operation  270 

EXAMPLE Locomotive-hauled international UIC (International Union of Railways, the international railways 271 
operators association) trains 272 

3.1.38 [SOURCE: IEC 60050-811:2017, 811-37-79] 273 
operator 274 
enterprise or organization which operates trains 275 

3.1.39  276 
packet, <in a train communication network> 277 
unit of a message (information, acknowledgement or control) transmitted by protocols on 278 
network or transport layer 279 

3.1.40  280 
receiver, <in a train communication network> 281 
electronic device which can receive signals from the physical medium 282 

3.1.41  283 
repeater 284 
connection at the Physical Layer between bus segments, providing an extension of the bus 285 
beyond the limits permitted by passive means 286 

Note 1 to entry: The connected segments operate at the same speed and with the same protocol. The delay 287 
introduced by a repeater is in the order of one bit duration. 288 

[SOURCE: IEC 60050-811:2017, 811-37-90] 289 

3.1.42  290 
ring topology  291 
active network where each node is connected in series to two other nodes 292 

Note 1 to entry Ring can also be referred to as loop. 293 

[SOURCE: IEC 60050-811:2017, 811-37-91] 294 
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3.1.43  295 
router, <in a train communication network> 296 
connection between two busses at the Network Layer, which forwards datagrams from one 297 
bus to another on the base of their Network Address 298 

3.1.44  299 
service, <in a train communication network> 300 
capabilities and features of a sub-system (e.g. a communication layer) provided to a user 301 

[SOURCE: IEC 60050-811:2017, 811-37-93] 302 

3.1.45  303 
switch, <in a train communication network> 304 
MAC bridge as defined in IEEE 802.1D 305 

Note 1 to entry: MAC means "Medium Access Control", a sub-layer within the Link Layer ruling which device is 306 
entitled to send on the bus. 307 

[SOURCE: IEC 60050-811:2017, 811-37-101] 308 

3.1.46  309 
topology 310 
possible cable interconnection and number of devices a given network supports 311 

[SOURCE: IEC 60050-811:2017, 811-37-106] 312 

3.1.47  313 
topology counter 314 
counter in a node which at each Train inauguration memorises CRC of Train Network 315 
Directory 316 

3.1.48  317 
train 318 
combination of rolling stock coupled together 319 

Note 1 to entry: Rolling stock includes banking locomotives. 320 

[SOURCE: IEC 60050-811:2011, 811-01-08]  321 

3.1.49  322 
train communication network 323 
data communication network for connecting programmable electronic equipment on-board 324 
rail vehicles 325 

[SOURCE: IEC 60050-811:2017, 811-37-108] 326 

 327 

3.1.50  328 
train backbone, <in a train communication network> 329 
train bus 330 

bus connecting the consists of a train, in particular the wire train bus, and which conforms 331 
to the TCN 332 

[SOURCE: IEC 60050-811:2017, 811-37-107] 333 

3.1.51  334 
train backbone node, <in a train communication network> 335 
node  336 
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device on the Train Backbone that acts as a gateway between the train backbone and the 337 
consist network 338 

[SOURCE: IEC 60050-811:2017, 811-37-74] 339 

3.1.52  340 
train backbone node number 341 
node address 342 
node number 343 
unique number assigned to a node during train inauguration indicating the position of the 344 
train backbone node on the train backbone 345 

Note 1 to entry: this number can be used as part of the train network address for addressing devices in the 346 
consist, the train backbone node belongs to, from any location in the train.   347 

3.1.53  348 
train composition 349 
sequence, orientation and characteristics of consists which represent a train 350 

3.1.54  351 
train inauguration 352 

operation executed in case of train composition change, which gives all nodes of the train 353 
backbone their train backbone node number, their orientation and information about all 354 
named nodes on the same backbone, and which determines the actual train composition 355 
 356 

3.1.55  357 
train network address 358 
dynamic network address, which is used to address communication devices in other consist 359 
networks  360 

Note 1 to entry: this address can change after each train inauguration.  361 

[SOURCE: IEC 60050-811:2017, 811-37-109] 362 

3.1.56  363 
train network directory 364 
data structure which describes the sequence of train backbone nodes, the sequence of 365 
consist networks and the orientation of the consists, in which the nodes are located in. 366 

3.2  367 

3.2.1  368 
transport layer 369 
layer of the OSI model responsible for end-to-end flow control and error recovery 370 

[SOURCE: IEC 60050-811:2017, 811-37-113] 371 

 372 

3.3 Symbols and abbreviations 373 

CAN Controller Area Network 374 

CCTV  Closed Circuit Television 375 

CIDR Classless Inter Domain Routing 376 

CN Consist Network 377 

CRC Cyclic Redundancy Check 378 

CSTINFO ConSisT INFOrmation 379 

CstUUID Consist Universally Unique IDentifier 380 

DHCP Dynamic Host Configuration Protocol 381 

DNS Domain Name System 382 
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ECN Ethernet Consist Network 383 

ED End Device 384 

EMC Electro Magnetic Compatibility 385 

ETB Ethernet Train Backbone 386 

ETBN Ethernet Train Backbone Node 387 

FLR Frame Loss Rate 388 

FQDN Fully Qualified Domain Name 389 

GbE Gigabit Ethernet 390 

IEEE Institute of Electrical and Electronics Engineers 391 

IETF Internet Engineering Task Force 392 

IH Inner-Consist HELLO 393 

IP Internet Protocol 394 

LACP Link Aggregation Control Protocol 395 

LAG Link Aggregation Group 396 

LLDP Link Layer Discovery Protocol 397 

LLDPDU LLDP Data Unit 398 

MAC Medium Access Control 399 

MCG Mobile Communication Gateway 400 

MDI Media Dependent Interface 401 

MTU Maximum Transmission Unit 402 

MVB Multifunction Vehicle Bus 403 

NAT Network Address Translation 404 

ND Network Device 405 

NTP Network Time Protocol 406 

OSI Open System Interconnection 407 

PCS Physical Coding Sublayer 408 

PD Powered Device (about PoE) 409 

PD/MD Process Data/Message Data 410 

PICS Protocol Implementation Conformance Statement 411 

PMA Physical Medium Attachment 412 

PMD Physical Medium Dependent 413 

PoE Power Over Ethernet 414 

PSE Power Source Equipment (about PoE) 415 

RFC Request For Comments 416 

TBN Train Backbone Node 417 

TCMS Train Control and Management System 418 

TCN Train Communication Network 419 

TCP Transport Control Protocol 420 

TLV Type/Length/Value 421 

TNDir Train Network Directory 422 

TSN Time Sensitive Network 423 

TTDP Train Topology Discovery Protocol 424 

UDP User Data protocol 425 
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UML Unified Modeling Language 426 

VLAN Virtual Local Area Network 427 

WTB Wire Train Bus 428 

XML  eXtensible Markup Language 429 

3.4 Conventions 430 

3.4.1  Base of numeric values 431 

This standard uses a decimal representation for all numeric values unless otherwise noted.  432 

Analog and fractional values include a comma.  433 

EXAMPLE The voltage is 20,0 V. 434 

Binary and hexadecimal values are represented using the ASN.1 (ISO/IEC 8824) convention. 435 

EXAMPLE Decimal 20 coded on 8 bits = ‘0001 0100’B = ‘14’H. 436 

3.4.2  Naming conventions 437 

Keywords are written with a capital letter at the beginning.  438 

If the keyword name is composed, the different parts of the name are united with a space, 439 
and all parts begin with a capital letter. 440 

EXAMPLES “Train Backbone”, “Consist”, “Consist Network”. 441 

Parameters are written with a capital letter at the beginning.  442 

If the parameter name is composed, the different parts of the name are united without a 443 
space, and all parts begin with a capital letter. 444 

EXAMPLE “NumberOfConsists“. 445 

3.4.3  State diagram conventions 446 

State diagrams are defined following the notation of UML state machines. 447 

3.4.4  Annotation of data structures 448 

Data structures are defined following ISO ASN.1 syntax. A superset of ASN.1 defined in 449 
IEC 61375-2-1:2012, 6.4 ”Presentation and encoding of transmitted and stored data” is also 450 
used. 451 

4 ETB physical layer 452 

4.1 Train regions 453 

ETB use physical lines along the train to connect the active network devices together (ETBN, 454 
Repeater, etc.). These lines are also called physical segments, and shall use passive 455 
components such as cables and connectors, dedicated to Ethernet. 456 

Along the train, three regions shall be distinguished for the ETB network (see Figure 1 457 
below): 458 

– Intra Vehicle: Passive components (cabling) and active network devices inside a 459 
vehicle (or locomotive, etc.). 460 

Full document details: 24/30495055 DC

https://doi.org/10.3403/30205447?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/24-30495055-dc
http://www.avadocuments.com/doc/24-30495055-dc


9/3147/CD – 22 – IEC CD 61375-2-5 © IEC 2024 

– Inter Vehicle : Passive components (cabling) at the interface between 2 vehicles. This 461 
category refers also to optional active network devices outside the vehicle (such as 462 
under body, etc.). 463 

– Inter Consist: Passive components (cabling) at the interface between 2 Consists using 464 
a manual coupler, or auto coupler. This category refers also to optional active network 465 
devices outside the vehicle. 466 

These regions are characterized by different train contexts and environments (mechanical, 467 
thermal, EMC, etc.). As a consequence, cabling (cables and connectors) are different on 468 
these 3 regions. 469 

 470 

Figure 1 – ETB train regions 471 

4.2 Physical characteristics 472 

4.2.1  General 473 

The following tables summarize network physical layer requirements for passive 474 
components (cables and connectors) and active network devices (ETBN, Repeater,etc.) 475 
depending on the 3 regions defined. For each region, three mutually exclusive options of 476 
physical network layers are defined. 477 

4.2.2  Intra vehicle physical layer 478 

Table 1, Table 2 and Table 3 below define each alternative option of the physical layer 479 
requirements that shall be considered as a whole. 480 

(M: Mandatory, O: Optional, C: Conditional, X: Prohibited) 481 

  482 

IEC 

 Intra vehicle   
Inter consist Inter consist Inter vehicle Inter vehicle  
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B 
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Table 1 – ETB Intra vehicle 100 BASE TX physical layer interface  483 

ETB Intra vehicle physical layer interface 

OSI Layers Requirements Type Description 

Physical
Data

Transport
Network 

Session
Presentation
Application

 

100 BASE TX Physical 
Layer Coding, Medium 
attachment and 
Medium Dependent 
Access (PCS, PMA, 
PMD) for Copper 
cables 

M Conformance to IEEE 802.3:2012, Clauses 24 and 25 

Full Duplex Mode M Conformance to IEEE 802.3:2012, Clause 25 

Bidirectional data flow at the same time on TX and RX 
double pair Ethernet  

Physical Layer auto-
Negotiation 

X Conformance to IEEE 802.3:2012, Clause 28 

Prohibited on the ETB backbone. 

Physical Layer 
crossover 

M Conformance to IEEE 802.3:2012,25.4.8 

Just one crossover shall be made on a line between 2 
ports (ETBN,etc.) 

Physical layer auto-
polarity/auto-sensing 

X Prohibited due to fixed cabling, and non-normalized 
solution 

By-pass relay on ETBN 
ports 

M/X Mandatory for aggregated architecture; 

segregated architecture not supported 

Power over Ethernet 
(PoE) 

O Conformance to IEEE 802.3:2012, Clause 33 

Called also: Data terminal equipment (DTE) Power via 
Medium Dependent Interface (MDI) 

PSE or PD mode supported 

See 4.3 for more details 

 Connector for active 
Network Devices M12 
D coded 

M Crimped contacts recommended 

Female connector on active network device, male 
connector on train cable  

Conformance to 61076-2-101, which defines the pin out:  

 

NOTE: It is possible to use push-pull connectors (IEC 
61076-2-010), keeping the above pinout. 

Connector for interior 
cabling (between walls, 
cabinets, container, 
etc.) 

O Ethernet circular cell arranged in a quartet distribution. 

Pin out distribution identical to M12: 

TD+: Contact 1,TD-: Contact 3 

RD+: Contact 2, RD-: Contact 4 
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ETB Intra vehicle physical layer interface 

OSI Layers Requirements Type Description 

Cables CAT5e M Conformance to ISO/IEC 11801 and IEC 61156-5 

Two pairs shielded or unshielded: See screening 
practices ISO/IEC 11801:2002,Clause 11. 

The conductor shall be an annealed copper stranded 
conductor, in accordance with 5.2.1 of IEC 61156-
1:2007 and should have a nominal diameter between 0,5 
mm and 0,65 mm. A conductor diameter of up to 0,8 mm 
may be used if compatible to connecting hardware 

 Segment performance M Segment (D-class) include cables, connectors, and port 
devices 

– EMC IEC 62236-3-2  for immunity and emission 
referred to rolling stock apparatus; Criteria 
acceptance type A: During test, Frame Loss Rate 
(FLR) shall be below a trigger value. To be defined 
depending on application. 

– Ethernet Certification compliant to ISO/IEC 11801 
(conformance test category) 

• Cables shall be compliant with Clause 9 of 
ISO/IEC 11801:2002 

• Connectors shall be compliant with Clause 10 of 
ISO/IEC 11801:2002 

• ;The Telecommunication outlet (TO) is the M12 
instead of the RJ45 

• Channel shall be compliant with Clause 6 of 
ISO/IEC 11801:2002. 

Channel comprises sections of cable, connecting 
hardware, work area cords, equipment cords and patch 
cords. 

 484 

  485 
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Table 2 – ETB Intra vehicle 1000BASE-T physical layer interface 486 

ETB Intra vehicle physical layer interface 

OSI Layers Requirements Type Description 

Physical
Data

Transport
Network 

Session
Presentation
Application

 

1000 BASE TX 
Physical Layer Coding, 
Medium attachment 
and Medium 
Dependent Access 
(PCS, PMA, PMD) for 
Copper cables 

M Conformance to IEEE 802.3:2012, Clauses 40 

Full Duplex Mode M Conformance to IEEE 802.3:2012, Clause 25 

Bidirectional data flow at the same time on TX and RX 
double pair Ethernet  

Physical Layer auto-
Negotiation 

M Conformance to IEEE 802.3:2012, Clause 28 

 

Physical Layer 
crossover 

M Conformance to IEEE 802.3:2012,25.4.8 

Just one crossover shall be made on a line between 2 
ports (ETBN,etc.) 

Physical layer auto-
polarity/auto-sensing 

M Conformance to IEEE 802.3:2012, Clauses 40 

 

By-pass relay on ETBN 
ports 

M/X Mandatory for aggregated architecture; 

Segregated architecture not supported 

NOTE recovery time of 1000BASE-T (>2 seconds) is 
probably unrealistic for some ETB error scenarios, in 
particular when bypass relays of intermediate ETBNs are 
activated/deactivated. 

Power over Ethernet 
(PoE) 

O Conformance to IEEE 802.3:2012, Clause 33 

Called also: Data terminal equipment (DTE) Power via 
Medium Dependent Interface (MDI) 

PSE or PD mode supported 

See 4.3 for more details 

 Connector for active 
Network Devices M12 
X coded 

M Crimped contacts recommended 

Female connector on active network device, male 
connector on train cable  

Conformance to IEC 61076-2-109, which defines the pin 
out:  

 

NOTE: It is possible to use push-pull connectors (IEC 
61076-2-010), keeping the above pinout. 
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ETB Intra vehicle physical layer interface 

OSI Layers Requirements Type Description 

Connector for interior 
cabling (between walls, 
cabinets, container, 
etc.) 

O Ethernet circular cell arranged in a quartet distribution. 

Pin out distribution identical to M12: 

TDa+: Contact 1,TDa-: Contact 2 

RDb+: Contact 3, RDb-: Contact 4 

TDc+: Contact 8,TDc-: Contact 7 

RDd+: Contact 5, RDd-: Contact 6 

Cables  CAT5e or 
higher 

M Conformance to ISO/IEC 11801 and IEC 61156-5 

Four pairs shielded or unshielded: See screening 
practices ISO/IEC 11801:2002,Clause 11. 

The conductor shall be an annealed copper stranded 
conductor, in accordance with 5.2.1 of IEC 61156-
1:2007 and should have a nominal diameter between 
0,14 mm and 0,25 mm. 

 Segment performance M Segment (D-class) include cables, connectors, and port 
devices 

– EMC IEC 62236-3-2  for immunity and emission 
referred to rolling stock apparatus; Criteria 
acceptance type A: During test, Frame Loss Rate 
(FLR) shall be below a trigger value. To be defined 
depending on application. 

– Ethernet Certification compliant to ISO/IEC 11801 
(conformance test category) 

• Cables shall be compliant with Clause 9 of 
ISO/IEC 11801:2002 

• Connectors shall be compliant with Clause 10 of 
ISO/IEC 11801:2002 

• ;The Telecommunication outlet (TO) is the M12 
instead of the RJ45 

• Channel shall be compliant with Clause 6 of 
ISO/IEC 11801:2002. 

Channel comprises sections of cable, connecting 
hardware, work area cords, equipment cords and patch 
cords. 

 487 
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Table 3 – ETB Intra vehicle 10 MBit (10BASE-T1L) physical layer interface 489 

ETB Intra vehicle physical layer interface 

OSI Layers Requirements Type Description 

Physical
Data

Transport
Network 

Session
Presentation
Application

 

10BASE-T1L Physical 
Layer Coding, Medium 
attachment and 
Medium Dependent 
Access (PCS, PMA, 
PMD) for Copper 
cables 

M Conformance to IEEE 802.3:20XX, Clause 146. If not 
otherwise defined, 2.4 Vpp operating mode shall be 
configured by default 

Full Duplex Mode M Conformance to IEEE 802.3:2012, Clause 25 

Bidirectional data flow at the same time on TX and RX 
double pair Ethernet  

Physical Layer auto-
Negotiation 

X Conformance to IEEE 802.3:2012, Clause 28 

Prohibited on the ETB backbone. 

Physical Layer 
crossover 

- Not applicable 

Physical layer auto-
polarity/auto-sensing 

X Prohibited due to fixed cabling, and non-normalized 
solution 

By-pass relay on ETBN 
ports 

M/X Mandatory for aggregated architecture; 

Segregated architecture not supported 

Power over Dataline 
(PoDL) 

O Conformance to IEEE 802.3:20XX, Clause 104 

PSE or PD mode supported 

Connector for active 
Network  d 

M Crimped contacts recommended 

Female connector on active network device, male 
connector on train cable  

Conformance to IEC63171-6:20XX 

Connector for interior 
cabling (between walls, 
cabinets, container, 
etc.) 

O Ethernet2-pole plug connector. 

Pin out distribution : DA+: Contact 1,DA-: Contact 2 

 

Cables   M  Conformance to IEC 61156-13 

 

Segment performance M Segment (D-class) include cables, connectors, and port 
devices 

EMC IEC 62236-3-2  for immunity and emission referred 
to rolling stock apparatus; Criteria acceptance type A: 
During test, Frame Loss Rate (FLR) shall be below a 
trigger value. Depending on application. 

Ethernet Certification compliant to ISO/IEC 11801-1 
Amendment 1. 

Channel comprises sections of cable, connecting 
hardware, work area cords, equipment cords and patch 
cords. 

490 

Full document details: 24/30495055 DC

http://www.avadocuments.com/doc/24-30495055-dc
http://www.avadocuments.com/doc/24-30495055-dc


9/3147/CD – 28 – IEC CD 61375-2-5 © IEC 2024 

It has to be noted that the number of connectors on an Ethernet physical segment and the 491 
length of the cable are not indicated in the table. Instead, a minimum requirement of electric 492 
performance and compliance to ISO/IEC 11801 is defined. It means that the electric 493 
parameters of a cabling depend not only on the number of connectors and the cable length, 494 
but also on some more complex parameters like shield, type of connectors, quality of cabling, 495 
installation,etc. As a consequence, it is proposed a global concept of verification in being 496 
compliant to the electric Ethernet parameters ISO/IEC 11801. 497 

Inside a vehicle, all shields of cables and connectors shall be connected to the mechanical 498 
earth of the vehicle. To prevent EMC influences, a cable shield shall be connected on a 499 
360° circular basis in the connector. 500 

4.2.3  Inter vehicle physical layer 501 

4.2.3.1 General 502 

 Table 4, Table 5, and Table 6 below define each alternative option of the physical layer 503 
requirements that shall be considered as a whole. 504 

(M: Mandatory, O: Optional, C: Conditional, X: Prohibited) 505 

  506 
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Table 4 – ETB Inter vehicle 100 BASE TX physical layer interface 507 

ETB Inter vehicle physical layer interface 

OSI Layers Requirements Type Description 

Physical
Data

Transport
Network 

Session
Presentation
Application

 

100 BASE TX Physical 
Layer Coding, Medium 
attachment and 
Medium Dependent 
Access (PCS, PMA, 
PMD) for Copper 
cables 

M Conformance to IEEE 802.3:2012, Clauses 24 and 25 

Full Duplex Mode M Conformance to IEEE 802.3:2012, Clause 25  

Bidirectional data flow at the same time on TX and RX 
double pair Ethernet  

Physical Layer auto-
Negotiation 

X Conformance to IEEE 802.3:2012, Clause 28. 

Prohibited on the ETB backbone 

Physical Layer 
crossover 

M Conformance to IEEE 802.3:2012, 25.4.8 

Just one crossover shall be made on a line between 2 
ports (ETBN,etc.) 

Physical layer auto-
polarity/auto-sensing 

X Prohibited due to fixed cabling, and non-normalized 
solution 

Power over Ethernet 
(PoE) 

O IEEE 802.3:2012, Clause 33 

Called also: Data terminal equipment (DTE) Power via 
Medium Dependent Interface (MDI)  

PSE or PD mode supported. 

See 4.3 for more details. 

Connector for inter 
vehicle 

O Specific connector different from M12 connector.  

Ethernet circular cell arranged in a quartet. 

Pin out distribution identical to M12: 

TD+: Contact 1,TD-: Contact 3 

RD+: Contact 2, RD-: Contact 4 

Cables  CAT5e M Conformance to ISO/IEC 11801, IEC 61156  

Shielded or unshielded: See screening practices 
ISO/IEC 11801:2002, Clause 11. 

The conductor shall be an annealed copper stranded 
conductor, in accordance with 5.2.1 of IEC 61156-
1:2007 and should have a nominal diameter between 0,5 
mm and 0,65 mm. A conductor diameter of up to 0,8 mm 
may be used if compatible to connecting hardware. 
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ETB Inter vehicle physical layer interface 

OSI Layers Requirements Type Description 

 Segment performance M Segment (D-class) includes cables, connectors, and 
port devices 

– EMC IEC 62236-3-2   for immunity and emission 
referred to rolling stock apparatus; Criteria 
acceptance type A: During test, Frame Loss Rate 
(FLR) shall be below a trigger value. To be defined 
depending on application. 

– Ethernet Certification compliant to ISO/IEC 11801  
(conformance test category) 

• Cables shall be compliant with Clause 9 of 
ISO/IEC 11801:2002 

• Connectors shall be compliant with Clause 10 
of ISO/IEC 11801:2002; The 
Telecommunication outlet (TO) is the inter-
vehicle connector  instead of the RJ45 

• Channel shall be compliant with Clause 6 of 
ISO/IEC 11801:2002 

Channel comprises sections of cable, connecting 
hardware, work area cords, equipment cords and patch 
cords. 

 508 
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 510 

Table 5 – ETB Inter vehicle 1000BASE-T physical layer interface 511 

ETB Inter vehicle physical layer interface 

OSI Layers Requirements Type Description 

Physical
Data

Transport
Network 

Session
Presentation
Application

 

1000 BASE TX 
Physical Layer Coding, 
Medium attachment 
and Medium 
Dependent Access 
(PCS, PMA, PMD) for 
Copper cables 

M Conformance to IEEE 802.3:2012, Clauses 40 

Full Duplex Mode M Conformance to IEEE 802.3:2012, Clause 25 

Bidirectional data flow at the same time on TX and RX 
double pair Ethernet  

Physical Layer auto-
Negotiation 

M Conformance to IEEE 802.3:2012, Clause 28 

 

Physical Layer 
crossover 

M Conformance to IEEE 802.3:2012,25.4.8 

Just one crossover shall be made on a line between 2 
ports (ETBN,etc.) 

Physical layer auto-
polarity/auto-sensing 

M Conformance to IEEE 802.3:2012, Clauses 40 

 

Power over Ethernet 
(PoE) 

O Conformance to IEEE 802.3:2012, Clause 33 

Called also: Data terminal equipment (DTE) Power via 
Medium Dependent Interface (MDI) 

PSE or PD mode supported 

See 4.3 for more details 

Connector for inter 
vehicle 

O Ethernet circular cell arranged in a quartet distribution. 

Pin out distribution identical to M12: 

TDa+: Contact 1,TDa-: Contact 2 

RDb+: Contact 3, RDb-: Contact 4 

TDc+: Contact 8,TDc-: Contact 7 

RDd+: Contact 5, RDd-: Contact 6 

Cables CAT5e or 
higher 

M Conformance to ISO/IEC 11801 and IEC 61156-5 

Four pairs shielded or unshielded: See screening 
practices ISO/IEC 11801:2002,Clause 11. 

The conductor shall be an annealed copper stranded 
conductor, in accordance with 5.2.1 of IEC 61156-
1:2007 and should have a nominal diameter between 
0,14 mm and 0,25 mm. 
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ETB Inter vehicle physical layer interface 

OSI Layers Requirements Type Description 

 Segment performance M Segment (D-class) include cables, connectors, and port 
devices 
– EMC IEC 62236-3-2  for immunity and emission 

referred to rolling stock apparatus; Criteria 
acceptance type A: During test, Frame Loss Rate 
(FLR) shall be below a trigger value. To be defined 
depending on application. 

– Ethernet Certification compliant to ISO/IEC 11801 
(conformance test category) 

• Cables shall be compliant with Clause 9 of 
ISO/IEC 11801:2002 

• Connectors shall be compliant with Clause 10 of 
ISO/IEC 11801:2002 

• ;The Telecommunication outlet (TO) is the M12 
instead of the RJ45 

• Channel shall be compliant with Clause 6 of 
ISO/IEC 11801:2002. 

Channel comprises sections of cable, connecting 
hardware, work area cords, equipment cords and patch 
cords. 

 512 

  513 

Full document details: 24/30495055 DC

http://www.avadocuments.com/doc/24-30495055-dc
http://www.avadocuments.com/doc/24-30495055-dc


IEC CD 61375-2-5 © IEC 2024 – 33 – 9/3147/CD 

Table 6 – ETB Inter vehicle 10 MBit (10BASE-T1L) physical layer interface 514 

ETB Inter vehicle physical layer interface 

OSI Layers Requirements Type Description 

Physical
Data

Transport
Network 

Session
Presentation
Application

 

10BASE-T1L Physical 
Layer Coding, Medium 
attachment and 
Medium Dependent 
Access (PCS, PMA, 
PMD) for Copper 
cables 

M Conformance to IEEE 802.3:20XX, Clause 146. If not 
otherwise defined, 2.4 Vpp operating mode shall be 
configured by default 

Full Duplex Mode M Conformance to IEEE 802.3:2012, Clause 25 

Bidirectional data flow at the same time on TX and RX 
double pair Ethernet  

Physical Layer auto-
Negotiation 

X Conformance to IEEE 802.3:2012, Clause 28 

Prohibited on the ETB backbone. 

Physical Layer 
crossover 

- Not applicable 

Physical layer auto-
polarity/auto-sensing 

X Prohibited due to fixed cabling, and non-normalized 
solution 

Power over Dataline 
(PoDL) 

O Conformance to IEEE 802.3:20XX, Clause 104 

PSE or PD mode supported 

Connector for inter 
vehicle 

O Ethernet 2-pole plug connector.. 

Pin out distribution DA+: Contact 1,DA-: Contact 2 

. 

Cables   M  Conformance to IEC 61156-13. 

 

 Segment performance M Segment (D-class) include cables, connectors, and port 
devices 
– EMC IEC 62236-3-2  for immunity and emission 

referred to rolling stock apparatus; Criteria 
acceptance type A: During test, Frame Loss Rate 
(FLR) shall be below a trigger value. Depending on 
application. 

– Ethernet Certification compliant to ISO/IEC 11801-1 
Amendment 1. 

Channel comprises sections of cable, connecting 
hardware, work area cords, equipment cords and patch 
cords. 

 515 

It has to be noted that the number of connectors on an Ethernet physical segment and the 516 
length of the cable are not indicated in the table. Instead, a minimum requirement of electric 517 
performance and compliance to ISO/IEC 11801 is defined. It means that the electric 518 
parameters of a cabling depend not only on the number of connectors and the cable length, 519 
but also on some more complex parameters like shield, type of connectors, quality of cabling, 520 
installation,etc. As a consequence, it is proposed a global concept of verification in being 521 
compliant to the electric Ethernet parameters ISO/IEC 11801. 522 

Two use cases have to be considered: 523 

– The two adjacent vehicles are at the same potential. 524 
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– The two adjacent vehicles are at a different potential. 525 

4.2.3.2 Inter Vehicle at same potential 526 

For information only: 527 

A braid connects two adjacent vehicles which therefore are at the same potential. The 528 
Ethernet shield could have the continuity from vehicle N to vehicle N+1; in this case, no 529 
interruption of shielding is necessary (see Figure 2). 530 

 531 

Figure 2 – ETB Inter vehicle at same potential 532 

4.2.3.3 Inter Vehicle not at the same potential 533 

For information only: 534 

In some cases, the inter vehicle cannot be at the same potential: Refurbishment, etc. 535 
Therefore, the Ethernet cable shield could be interrupted to avoid ground current flowing 536 
between vehicles (see Figure 3). 537 
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 538 

Figure 3 – ETB Inter vehicle not at the same potential 539 

NOTE The implementation of the shielding solution is not in the scope of this standard. 540 

4.2.4  Inter Consist physical layer 541 

Table 7, Table 8, and Table 9 below define each alternative option of the physical layer 542 
requirements that shall be considered as a whole. 543 

(M: Mandatory, O: Optional, C: Conditional, X: Prohibited) 544 

  545 
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Table 7 – ETB Inter consist 100 BASE TX physical layer interface 546 

ETB Inter consist physical layer interface 

OSI Layers Requirements Type Description 

Physical
Data

Transport
Network 

Session
Presentation
Application

 

100 BASE TX Physical 
Layer Coding, Medium 
attachment and 
Medium Dependent 
Access (PCS, PMA, 
PMD) for Copper 
cables 

M Conformance to IEEE 802.3,  Clauses 24 and 25 

Full Duplex Mode M Conformance to IEEE 802.3,  Clause 25  

Bidirectional data flow at the same time on TX and RX 
double pair Ethernet  

Physical Layer auto-
Negotiation 

X Conformance to IEEE 802.3,  Clause 28. 

Prohibited on the ETB backbone 

Physical Layer 
crossover 

M Conformance to IEEE 802.3, 25.4.8 

Just one crossover shall be made on a line between 2 
ports (ETBN, etc.) 

Straight (MDI) on the male connector auto coupler side, 
crossover (MDI-X) on the female connector auto coupler 
side 

Physical layer auto-
polarity/auto-sensing 

X Prohibited due to fixed cabling, and non-normalized 
solution 

Power over Ethernet 
(PoE) 

O IEEE 802.3, Clause 33 

Called also: Data terminal equipment (DTE) Power via 
Medium Dependent Interface (MDI)  

PSE or PD mode supported. 

See  4.3 for more details. 

Connector for inter 
Consist 

O Specific connector different from M12 connector. 
Ethernet circular cell arranged in a quartet. 

Pin out distribution identical to M12: 

TD+: Contact 1,TD-: Contact 3 

RD+: Contact 2, RD-: Contact 4 

Cables  CAT5e M Conformance to ISO/IEC 11801, IEC 61156 

Shielded or unshielded: See screening practices 
ISO/IEC 11801, Clause 11. 

The conductor shall be an annealed copper stranded 
conductor, in accordance with 5.2.1 of IEC 61156-1 and 
should have a nominal diameter between 0,5 mm and 
0,65 mm. A conductor diameter of up to 0,8 mm may be 
used if compatible with connecting hardware 
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ETB Inter consist physical layer interface 

OSI Layers Requirements Type Description 

 Segment performance M Segment (D-class) includes cables, connectors, and 
port devices 
– EMC IEC 62236-3-2   for immunity and emission 

referred to rolling stock apparatus; Criteria 
acceptance type A: During test, Frame Loss Rate 
(FLR shall be below a trigger value. To be defined 
depending on application. 

– Ethernet Certification compliant to ISO/IEC 11801  
(conformance test category) 

• Cables shall be compliant with Clause 9 

• Connectors shall be compliant with Clause 10; 
The Telecommunication outlet (TO) is the inter-
Consist connector  instead of the RJ45 

• Channel shall be compliant with Clause 6 

Channel comprises sections of cable, connecting 
hardware, work area cords, equipment cords and patch 
cords. 

Consist orientation 
Reversing 

C Refers to the change of orientation of a Consist 

In order to provide Consists reversing capability, 
physical connection between two Consists requires two 
lines (see Figure 4 below). 

 547 
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Table 8 – ETB Inter consist 1000BASE-T physical layer interface 549 

ETB Inter consist physical layer interface 

OSI Layers Requirements Type Description 

Physical
Data

Transport
Network 

Session
Presentation
Application

 

1000 BASE TX 
Physical Layer Coding, 
Medium attachment 
and Medium 
Dependent Access 
(PCS, PMA, PMD) for 
Copper cables 

M Conformance to IEEE 802.3:2012, Clause 40 

Full Duplex Mode M Conformance to IEEE 802.3:2012, Clause 25 

Bidirectional data flow at the same time on TX and RX 
double pair Ethernet  

Physical Layer auto-
Negotiation 

M Conformance to IEEE 802.3:2012, Clause 28 

 

Physical Layer 
crossover 

M Conformance to IEEE 802.3:2012,25.4.8 

Just one crossover shall be made on a line between 2 
ports (ETBN,etc.) 

Straight (MDI) on the male connector auto coupler side, 
crossover (MDI-X) on the female connector auto coupler 
side 

Physical layer auto-
polarity/auto-sensing 

M Conformance to IEEE 802.3:2012, Clauses 40 

 

Power over Ethernet 
(PoE) 

O Conformance to IEEE 802.3:2012, Clause 33 

Called also: Data terminal equipment (DTE) Power via 
Medium Dependent Interface (MDI) 

PSE or PD mode supported 

See 4.3 for more details 

Connector for inter 
Consist 

O Ethernet circular cell arranged in a quartet distribution. 

Pin out distribution identical to M12: 

TDa+: Contact 1,TDa-: Contact 2 

RDb+: Contact 3, RDb-: Contact 4 

TDc+: Contact 8,TDc-: Contact 7 

RDd+: Contact 5, RDd-: Contact 6 

Cables  CAT5e or 
higher 

M Conformance to ISO/IEC 11801 and IEC 61156-5 

Four pairs shielded or unshielded: See screening 
practices ISO/IEC 11801:2002,Clause 11. 

The conductor shall be an annealed copper stranded 
conductor, in accordance with 5.2.1 of IEC 61156-
1:2007 and should have a nominal diameter between 
0,14 mm and 0,25 mm. 
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ETB Inter consist physical layer interface 

OSI Layers Requirements Type Description 

 Segment 
performance 

M Segment (D-class) include cables, connectors, and port 
devices 
– EMC IEC 62236-3-2  for immunity and emission 

referred to rolling stock apparatus; Criteria 
acceptance type A: During test, Frame Loss Rate 
(FLR) shall be below a trigger value. To be defined 
depending on application. 

– Ethernet Certification compliant to ISO/IEC 11801 
(conformance test category) 

• Cables shall be compliant with Clause 9 of 
ISO/IEC 11801:2002 

• Connectors shall be compliant with Clause 10 of 
ISO/IEC 11801:2002 

• ;The Telecommunication outlet (TO) is the M12 
instead of the RJ45 

• Channel shall be compliant with Clause 6 of 
ISO/IEC 11801:2002. 

Channel comprises sections of cable, connecting 
hardware, work area cords, equipment cords and patch 
cords. 

 Consist orientation 
Reversing 

C Refers to the change of orientation of a Consist 

In order to provide Consists reversing capability, 
physical connection between two Consists requires two 
lines (see Figure 4 below). 

 550 

  551 
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Table 9 – ETB Inter consist 10 MBit (10BASE-T1L) physical layer interface 552 

ETB Inter consist physical layer interface 

OSI Layers Requirements Type Description 

Physical
Data

Transport
Network 

Session
Presentation
Application

 

10BASE-T1L Physical 
Layer Coding, Medium 
attachment and 
Medium Dependent 
Access (PCS, PMA, 
PMD) for Copper 
cables 

M Conformance to IEEE 802.3:20XX, Clause 146. If not 
otherwise defined, 2.4 Vpp operating mode shall be 
configured by default.  

Full Duplex Mode M Conformance to IEEE 802.3:2012, Clause 25 

Bidirectional data flow at the same time on TX and RX 
double pair Ethernet  

Physical Layer auto-
Negotiation 

X Conformance to IEEE 802.3:2012, Clause 28 

Prohibited on the ETB backbone. 

Physical Layer 
crossover 

- Not applicable 

Physical layer auto-
polarity/auto-sensing 

X Prohibited due to fixed cabling, and non-normalized 
solution 

Power over Dataline 
(PoDL) 

O Conformance to IEEE 802.3:20XX, Clause 104 

PSE or PD mode supported 

Connector for inter 
Consist 

O 2x2 contact pins in automatic coupler. 

 

Cables   M To be defined cable type. 

 

 Segment performance M Segment (D-class) include cables, connectors, and port 
devices 
– EMC IEC 62236-3-2  for immunity and emission 

referred to rolling stock apparatus; Criteria 
acceptance type A: During test, Frame Loss Rate 
(FLR) shall be below a trigger value. Depending on 
application. 

– Ethernet Certification compliant to ISO/IEC 11801-1 
Amendment 1. 

Channel comprises sections of cable, connecting 
hardware, work area cords, equipment cords and patch 
cords. 

 Consist orientation 
Reversing 

C Refers to the change of orientation of a Consist 

In order to provide Consists reversing capability, 
physical connection between two Consists requires two 
lines (see Figure 4 below). 

 553 

It has to be noted that the number of connectors on a physical Ethernet segment and the 554 
length of the cable are not indicated in the table. Instead, a minimum requirement of electric 555 
performance and compliance to ISO/IEC 11801 is defined. It means that the electric 556 
parameters of a cabling depend not only on the number of connectors and the cable length, 557 
but also on some more complex parameters like shield, type of connectors, quality of cabling, 558 
installation, etc. As a consequence, it is proposed a global concept of verification in being 559 
compliant to the electric Ethernet parameters ISO/IEC 11801. 560 
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Figure 4 below illustrates the Consist reversing connection constraint: connectors shall be 561 
placed on Consist extremities with a central symmetry. When using male/female connectors, 562 
they shall be placed in an alternate / inversed way and be an even number. 563 

 564 

Figure 4 – ETB Consist reversing 565 

For information only: 566 

Typically, the same potential between 2 Consists cannot be ensured. In this case, the 567 
interruption of the Ethernet cable shield could be required (see Figure 5). 568 

 569 

Figure 5 – ETB Inter Consist segment 570 

NOTE The implementation of the shielding solution is not in the scope of this standard. 571 

4.3 Power over Ethernet (PoE) 572 

Figure 6 and Figure 7 give some use cases of PoE usage in ETBN: 573 

 

Train A Train B
Not the same equipotentiality

Autocoupler
Discontinuity of the 

shielding

 
 

 

As short as possible

Network
cableInter-consist Contacts

Peripheral connection of the 
shielding directly to the 
mechanical earth of the train B 
through the autocoupler

Peripheral connection of the 
shielding directly to the 

mechanical earth of the train 
A through the autocoupler

Male Male

Male Male

Female

Female

Female

Female

Consist 1 Consist 2
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 574 

Figure 6 – ETBN PSE PoE use case 575 

 576 

Figure 7 – ETBN PD PoE use case 577 

In intra-vehicle PoE could be used to power an ED (CCTV, etc.). The ND Ethernet port acts 578 
as a PSE (Power Source Equipment). 579 

In inter-vehicle and inter-Consist, PoE could be used to power a ND. A PSE interface shall 580 
be connected to a PD interface. In case of ETB link redundancy, PSE and PD interfaces 581 
shall be alternated in order to keep a symmetrical rotation of vehicle (see Figure 8 below). 582 
PSE interfaces shall be associated with female connectors and PD interfaces shall be 583 
associated with male connectors if male/female connectors are used for inter-Consist 584 
interface (see Figure 4). 585 

 586 

Figure 8 – PoE in inter-Consist 587 

Figure 9 shows the connection between PSE and PD. The alternative A of PoE IEEE 802.3 588 
Clause 33 shall be used because only two pairs are used (Tx/Rx). 589 
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 590 

Figure 9 – PoE PSE alternative A 591 

4.4 ETB physical architecture and redundancy 592 

4.4.1  General 593 

IEC 61375-1 describes two potential architectures applicable to ETB depending on the 594 
configuration of transmission medium redundancy (see 5.2.3 “Train Backbone based on 595 
switched technology“). These architectures are named as aggregate architecture, described 596 
in IEC61375-2-5:2015, and segregated architecture, defined for the first time in this version 597 
of the standard.  598 

Both architectures are incompatible and cannot be connected to the same train backbone. 599 
It means two Consist with different architecture types will not be interoperable when coupled 600 
in the same train composition. To detect this incompatibility, during the inauguration process, 601 
ETBNs can identify the type of architecture through the version of TTDP HELLO frames, 602 
specifically the HELLO-TLV version field (see 8.7.5). If TTDP HELLO frames are not the 603 
same version, the inauguration process will fail. For more details about potential 604 
incompativilities see Annex F 605 

On top of that, the term “domain” is introduced along with its identification “domain id”, 606 
replacing legacy term “backbone id”, moving from a mandatory physical separation of ETBs, 607 
identified by legacy term “backbone”, to a logical separation – physical or not – identified 608 
by “domain”. 609 

An illustration of aggregated architecture is shown on Figure 10 below: 610 

 611 

Figure 10 – Redundant train backbone architecture (aggregated architecture) 612 

The general requirements for the ETB physical layer for aggregated architecture are the 613 
following: 614 
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• As a switched technology is used, nodes shall provide a data transmission medium to 615 
each of their direct neighbour nodes, if present. Each ETBN has at least one ETB 616 
forward port and one ETB backward port statically defined. 617 

• When optional redundancy is required, data transmission medium shall be at least 618 
doubled. 619 

• Even without redundancy requirement, the link between 2 ETBNs shall be doubled using 620 
normal switch ports when Consist reversing capability is required. Physical connection 621 
between two Consists needs two cables in this case (see 4.2.4). 622 

• A bypass relay function shall bridge a node if the node is powerless or not operating. 623 

• Architecture suitable for the following train compositions (see 6.3.3) : 624 

- Regular train composition are typically used for passenger trains with a maximum of 625 
63 consists. 626 

- Extended train composition are often used for freight trains with a maximum of 127 627 
consists  628 

 629 

• Domains approach may be supported, with the following considerations: 630 

- It is optional for regular train composition where « reserved bit » should remain 631 
unused for IP addressing (See Section 6.4). 632 

- It is mandatory for extended train composition as IP addressing rules for consist id 633 
are required 634 

- Regarding Domains naming and concept, it is consistently used throughout the 635 
document, but the following equivalences are established should the older 636 
nomenclature from previous revisions of this part of the standard be preferred. 637 

o « Domain Id » is equivalent to « Backbone Id », liberating the rule of explicitly 638 
using [b] bits as identification for backbone id, indicating physical network 639 
separation 640 

o « Consist Id » is equivalent to « Subnet Id », liberating the rule of explicitly 641 
using [s] bits as identification for consist id  642 

o In spite of the above equivalences, the usage and rules remain different.  643 

 644 

An illustration of aggregated architecture is shown on Figure 11 below: 645 

 646 

node

node

node

node

node

node

node

node  647 

Figure 11 – Redundant train backbone architecture (segregated architecture) 648 

The general requirements for the ETB physical layer for segregated architecture are the 649 
following: 650 

• Redundancy is inherent in this architecture having two independent Ethernet Train 651 
Backbone (ETB) data transmission lines to create redundant communication channels. 652 
For this purposes, A-Plane/B-Plane concept is introduced in clause 4.4.3.1, and allow 653 
having redundancy in the following functions:  654 

- Train Inauguration process (see 8.4.1.3). 655 

- Data transmision using frame replication (802.1CB) – option –  656 

- Best effort traffic or non-critical data. 657 
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• Bypass relay function is prohibited. 658 

• Architecture suitable for the following train compositions (see 6.3.3) : 659 

- Regular train composition are typically used for passenger trains with a maximum of 660 
32 consists. 661 

- Extended train composition are not supported.  662 

• Domains approach is mandatory. 663 

 664 

4.4.2 Aggregated architecture 665 

4.4.2.1 Link aggregation architecture 666 

When there are multiple lines between 2 ETBNs (e.g. when redundancy or Consist reversing is 667 
required), link aggregation layer from IEEE 802.1AX shall be used. 668 

As having a single, non-redundant line for ETB communications can be considered as a 669 
degraded mode of link aggregation, it will be assumed (and so described) in the rest of this 670 
standard that link aggregation is used. 671 

Link aggregation described in IEEE 802.1AX is managed at OSI layer 2, and allows one or more 672 
lines to be aggregated together to form a logical group, able to manage the link redundancy 673 
(see Figure 12 below). 674 

Link aggregation combines several individual lines, each having a physical and MAC layer. 675 
From the MAC client, a single MAC interface is provided. 676 

 677 

Figure 12 – Link aggregation model 678 

On an ETB node, up to four physical ports are allowed to provide redundancy for a 679 
communication link, and will be defined as a link aggregation group (also called hereinafter 680 
logical link). 681 

When Consist reversing is required, for symmetry reasons (see 4.2.4), 2 or 4 physical lines 682 
shall be used in each aggregation group. As stated before, the special case of a single line (no 683 
symmetry needed when Consist reversing not required) is considered as a degraded mode of 684 
link aggregation. So, a link aggregation group on ETB may contain 1, 2 or 4 physical lines. 685 

Between 2 ETB nodes, there is only one link aggregation group which contains the redundant 686 
Ethernet segments. The link aggregation process is only defined as a relation between 2 ETB 687 
nodes. 688 
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In some cases, due to the specific railway context, some repeaters could be placed on lines 689 
between two ETBNs (e.g. to regenerate electric signal). This requires the use of a protocol that 690 
can take into account this architecture (see Figure 13 below and 4.4.2.2.2), because the only 691 
use of the “line status” becomes insufficient: only a frame exchange can solve this problem. 692 
According to IEEE 802.1AX, the usual way to perform this function is to implement LACP (Link 693 
Aggregation Control Protocol). For this ETB specification, and in order to limit network load, 694 
instead of using LACP, line port statuses are managed by Train Topology Discovery Protocol 695 
(TTDP) described below using LLDP frame with a specific organizational HELLO TLV (TTDP 696 
HELLO frame). 697 

A logical link is usable as long as at least one of its physical lines is ok (as in standard link 698 
aggregation). The degraded state information of a link when it loses a physical line can be 699 
retrieved by SNMP (see 13.5.2.1 for details) or NetConf (see 13.5.2.2 for details). 700 

An intermediate repeater Network Device shall transfer LLDP frames without any change 701 
between these two interfaces. 702 

 703 

Figure 13 – Link aggregation group 704 

NOTE Link aggregation supports the way to optionally add ports and lines between ETBNs, in order to improve 705 
reliability and performances (allocating more bandwidth). 706 

4.4.2.2 Functions 707 

4.4.2.2.1 Data flow principles 708 

A load sharing is supported on the train backbone, meaning that MAC client traffic is distributed 709 
across the lines. 710 

IEEE 802.1AX does not specify any particular distribution algorithm. To ensure interoperability 711 
between different systems, this algorithm shall cause neither disordering of any given 712 
conversation (TCP, IP, etc.), nor duplication of frames. 713 

Each conversation uses only one line at a time. This ensures the interoperability between 2 train 714 
nodes even with different algorithms. Figure 14 below illustrates different conversations, but 715 
each on the same line: 716 
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 717 

Figure 14 – Conversations over LAG 718 

4.4.2.2.2 Configuration 719 

Link aggregation configuration is set statically at initialisation time of ETBN. Configuration shall 720 
follow link availability.  ETB line status is computed using TTDP HELLO frame and Ethernet 721 
port status, see 8.6.4 for details. 722 

4.4.2.2.3 Reconfiguration 723 

The reconfiguration of the redundant lines shall be made in case of change of physical 724 
connectivity (failover). The link aggregation process shall quickly converge to a new 725 
configuration of the redundant lines in a time below  200 ms (see 8.9.1). 726 

. Reconfiguration is managed by observing the ETB line statuses (see 8.6.4 for details) of all 727 
ports in an aggregate. 728 

4.4.2.2.4 Compliance 729 

Link aggregation shall never add or change the content of frames exchanged between devices. 730 

Compliance is defined in PICS, coming from IEEE 802.1AX: 2014, A.2. Applicable sections 731 
include A.2.4, A.2.5, A.2.7 and A.2.8,. Requirements on handling incoming marker packets 732 
should be optional (A.2.7), and use of destination MAC address, packet type and control 733 
protocol (A.2.7 and A.2.8) , should be adapted inline with specification of TTDP HELLO in 61375 734 
- 2 -5 (this document) 735 

4.4.3 Segregated architecture 736 

4.4.3.1 A-Plane/B-Plane concept 737 

A-Plane/B-Plane concept Consists on creating two virtual planes (A-Plane and B-Plane) on top 738 
of the physical ETB network as shown in Figure 15, where each Consist direction is represented 739 
as IEC61375-1 defines.  740 
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 741 

Figure 15 – Train-wide A-Plane/B-Plane definition 742 

Each plane constitutes a set of VLANs, and all Ethernet ports assigned to a plane become 743 
member of that set. However, to clearly distinguish the two trainwide ETB lines, an extension 744 
is made by assigning a side direction (left/right). That means it is distinguished between a left-745 
side ETB-L(eft) and a right-side ETB-R(ight). 746 

Within Consists, the two ETB lines are still assigned to Consist sides A (ETB line A) and B (ETB 747 
line B) as this is statically defined during Consist design. But when Consists are coupled, those 748 
Consist sides are mapped to the corresponding train sides (left/right). This can be seen in 749 
Figure 15, where the two Consists have different orientations. 750 

Since this architecture splits ETB lines, each one for a virtual plane, link aggregation used in 751 
the aggregated architecture (4.4.2.1) is not applicable here.  However, for simplicity, the two 752 
ETB lines at one Consist side is still called the ETB aggregate, while the exchange of TTDP 753 
HELLO frames has a bit different from the aggregated architecture (see 8.4.2). 754 

Communication in the trainwide planes follows the same principles as Consist plane 755 
communication: critical data traffic is confined to the respective plain, and this is implemented 756 
with VLANs.  757 

 758 

5 ETB data link layer 759 

Table 10 summarizes network data link layer requirements for a switch device connected to the 760 
train backbone subnet. 761 

(M: Mandatory, O: Optional, C: Conditional, X: Prohibited) 762 

 763 

  764 

Full document details: 24/30495055 DC

http://www.avadocuments.com/doc/24-30495055-dc
http://www.avadocuments.com/doc/24-30495055-dc

