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1
Scope

The railway service is one of the most important public transport system which provides massive, economical and environment-friendly service. The railway service is also an essential part of urban infrastructure as many forms of subway and high-speed train.

The current railway service is getting enhancement by adapting various sensors, devices and services on its trains and stations to get more speed and more intelligence and to provide more easy and convenient service to its users. 

This technical report is intended to: 

· Provide railway and cross domain use cases to introduce IoT enabled services
· Find potential requirements of services and gaps between the railway domain and oneM2M system

· Define a high level conceptual architecture
· Identify key issues and consider potential solutions to support the railway domain
· Introduce standardization organization activities on railway domain
2
References

The following text block applies. 

References are either specific (identified by date of publication and/or edition number or version number) or non‑specific. For specific references,only the cited version applies. For non-specific references, the latest version of the referenced document (including any amendments) applies.

2.1
Normative references

As a Technical Report (TR) is entirely informative it shall not list normative references.
The following referenced documents are necessary for the application of the present document.
Not applicable.

2.2
Informative references
Clause 2.2 shall only contain informative references which are cited in the document itself.

The following referenced documents are not necessary for the application of the present document but they assist the user with regard to a particular subject area.
[i.1]
oneM2M Drafting Rules  (http://member.onem2m.org/Static_pages/Others/Rules_Pages/oneM2M-Drafting-Rules-V1_0.doc)
[i.2]
3GPP TR22.889 Technical Specification Group Services and System Aspects; Study on Future Railway Mobile Communication System; Stage 1

[i.3]
TTAK.KO-06.0438 LTE based Railway Communication System Architecture (Conventional and High Speed Railway)
[i.4] UIC FU-7100 Future Railway Mobile Communication System - User Requirements Specification
[i.5]
Photo from an article “Air quality sensing device – MonAir” from Wadiz (https://www.wadiz.kr/web/campaign/detail/18739)

3
Definitions, symbols and abbreviations

Delete from the above heading the word(s) which is/are not applicable.
3.1
Definitions

Clause numbering depends on applicability.

· A definition shall not take the form of, or contain, a requirement. 

· The form of a definition shall be such that it can replace the term in context. Additional information shall be given only in the form of examples or notes (see below). 

· The terms and definitions shall be presented in alphabetical order. 
For the purposes of the present document, the [following] terms and definitions [given in ... and the following] apply:

Definition format

<defined term>: <definition>

If a definition is taken from an external source, use the format below where [N] identifies the external document which must be listed in Section 2 References.
<defined term>[N]: <definition>

example 1: text used to clarify abstract rules by applying them literally

NOTE:
This may contain additional information.

3.2
Symbols

Clause numbering depends on applicability.

For the purposes of the present document, the [following] symbols [given in ... and the following] apply:

Symbol format

<symbol>
<Explanation>

<2nd symbol>
<2nd Explanation>

<3rd symbol>
<3rd Explanation>

3.3
Abbreviations

3GPP
3rd Generation Partnership Project

ATC
Autonomous Train Control

ATO
Autonomous Train Operation

CCTV
Closed Circuit TeleVision
DSD
Driver Safety Device
FRMCS
Future Railway Mobile Communication System

GSM-R
Global System for Mobile communications for Railway

JRU
Juridical Recorder Unit
MONASTERY
Mobile Communiation System for Railway

MCPTT
Mission Critical Service Push-to-Talk

MCX
Mission Critical Service Push-to-Talk/Video/Data

RAILSS
Railway Smart Station Service

TRS
Terrestrial Radio communication System

TTA
Telecommunications Technology Association

UE
User Equipments

UIC
Union Internationale des Chemins de fer, International Union of Railways
4
Conventions, 

The key words “Shall”, ”Shall not”, “May”, ”Need not”, “Should”, ”Should not” in this document are to be interpreted as described in the oneM2M Drafting Rules [i.1]
5
Introduction to Railway Domain
<Text>

5.1
Introduction
<Text>

6
Railway Domain Use Cases

<Text>

6.1
Accessing devices based on time schedule

6.1.1
Description

The railway service is operated during 24 hours a day, 7 days a week. In the daytime, trains give a ride to passengers, and in the night, the railway workers check trains, railway tracks and related machines. To provide this continuity, the railway workers are in shift work based on operation time schedule. For example, a worker is in duty in daytime and in off-duty in night, and next day, the worker is in off-duty in daytime and on duty at night. As the duty status, a worker could be granted access rights to railway devices.
6.1.2
Source
RDM-2019-0054R01 Railway usecase
6.1.3
Actors

· Railway Worker: A works to maintain the railway service.
· Trainborne Terminal: It is a communication device and has data of train operation which is physically installed in a train specially locomotive.
· Railway Operation System: It is a M2M application to manage railway operation.

Editor’s Note:

· Handheld PTT Terminal: It is a communication device which is handhelded by a railway worker.
· Test Device: It is a device to check the train operation data of a Trainborne Terminal
6.1.4
Pre-conditions

· Trainborne Terminal is installed in trains.

· The operation schedule is pre-defined in Railway Operation System.
· Trainborne Terminal reports train operation data to Railway Operation System periodically.
6.1.5
Triggers

· Railway Operation System indicates abnormal data of a train and sends an operation message to Railway Worker A who is in the operation schedule.
6.1.6
Normal Flow
1) Railway Worker A is on duty. The worker has a Handheld PTT Terminal and received a message that a train is needed to check.
2) The worker A goes to the platform and get in the train.
3) The worker A requests authorization of accessing a Trainborne Terminal in the train and a Test Device to Railway Operation System.
4) The Railway Operation System checks the operation schedule and the worker’s identification, and grants access rights of the Trainborne Terminal to the worker.
5) The worker A connects his Test Device to the Trainborne Terminal and makes checking operation data of the train.
6) The worker A reports the result to Railway Operation System.
6.1.7
Alternative Flow
None

6.1.8
Post-conditions

None
6.1.9
High Level Illustration
[image: image2.emf]Locomotive

Train 

Operation 

Data

Connection

Track

Trainborne

Terminal

Railway Worker A

Test Device

Railway Operation

System

Access Rights reques/responset

Report results

Operation Schedule

Access Rights response

Handheld PTT 

Terminal

Send Operation Message


Figure 6.1.9-1 : High Level Illustration - Accessing devices based on time schedule
6.1.10
Potential requirements
1)     The oneM2M System shall support access control and authorization mechanisms for the M2M Service Subscriber or M2M Service User information, based on time schedule and location.
2)     The oneM2M System shall be able to access M2M Service Subscriber information or M2M Service User information based on time schedule and location from M2M Applications.
6.2
Automatic Train Control

6.2.1
Description

For the automaton of driving train, the train is need to send its information periodically to a control center, RBC(Radio Block Center), such as location and speed. The RBC decides the trains movement and gives movement authority to the train using the received information.
6.2.2
Source
RDM-2019-0101-Railway_Usecase_Control
6.2.3
Actors

· Train: A train is currently running on a railway track. It has Automatic Train Control function and has a communication channel to RBC.
· Train Driver : A person who drives the Train.
· RBC: It is a control center for train operation specially controls movement of trains.
6.2.4
Pre-conditions

· Train is running on a track.

· Between the train and RBC, a communication channel has been established.
· A time period is defined to use by train to send its information to RBC periodically.
6.2.5
Triggers

· Train sends its information including its location and speed to RBC in a pre-defined period.
6.2.6
Normal Flow
7) Train is running on a railway track and the time period is come.
8) Train gets its information including location and speed from its locomotive vehicle computer.
9) Train sends the information to RBC and waits response from RBC.
10) RBC receives the information and refers its Train Operation Information repository which has other train’s movement information, situation of the railway track and so on.
11) RBC decides the train’s movement and sends a movement authority and train operation information such as weather type, temperature, humidity and visibility to the Train.
12) Train receives the movement authority and runs more till the time period is come again.
13) Train Driver referes the train operation information and takes more care for train driving.
6.2.7
Alternative Flow
RBC decides the train stop due to indicate some dangerous situation by referring the train operation information repository. RBC does not give the movement authority to the Train.

The Train could not receive the movement authority in the time period, the Train stops running.
6.2.8
Post-conditions

Train informs RBC on its situation information.
6.2.9
High Level Illustration
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Figure 6.2.9-1 : High Level Illustration – Automatic Train Control
6.2.10
Potential requirements
14) The oneM2M System shall be able to provide highly-accuracy location information of a M2M device in a pre-defined time period.

15) The oneM2M System shall be able to provide speed information of a M2M device in a pre-defined time period.

16) The oneM2M System shall be able to provide weather condition such as weather type, temperature, humidity, visibility of a M2M device which are related to the location of the M2M device.

17) The oneM2M System shall be able to provide speed information related a track section or a location or a geometric block to M2M device.

18) The oneM2M System shall be able to provide a method to trigger a specified action in pre-defined time period.
6.3
Platform Screen Door

6.3.1
Description

For the safety of a platform, there is the need of screen doors placed on the edge of  the platform to prevent dangerous situation when the train approaching the platform and passengers getting on and off the train. The screen doors are opened before the opening of train doors, and are closed after the closing of train doors.
6.3.2
Source
RDM-2019-0122R03-Railway_Smart_Station_Usecase1
6.3.3
Actors

· Train Driver: A person who drives the train
· Trainborne System : A trainborne system controls the train doors.
· Screen Door Controller: A system controls the platform screen doors 
· CCTVs: CCTVs installed in the train and the platform to video-record for safety reason.
6.3.4
Pre-conditions

· Train is approaching a station.

· The train doors and screen doors are  controlled by their control systems..
6.3.5
Triggers

· A train stops and the Trainborne System and Screen Door Contoller are detected that the train has stopped in right place. 
6.3.6
Normal Flow
19) The CCTVs in the train and in the platform, start video-recording each doors and displays the videos on the Train Driver’s screen.
20) Trainborne System notices the Screen Door Controller to open the train doors. 
21) Screen Door Controller announces the screen door opening to the passengers in the platform.
22) Screen Door Controller opens screen doors and notices to the Trainborne System.
23) Trainborne System makes announcement for the train door opening to the passengers in the train.
24) Trainborne System opens the train doors.
25) During a pre-defined time, train door sensors and screen door sensors detect passenger’s moving.
26) The time is up, Trainborne System and Screen Door Controller announce to passengers the doors are closing.
27) Trainborne System notices the train doors closing to the Screen Door Controller and closes the train doors.
28) Screen Door Contoller closes the screen doors and notices the completion of closing door to the Trainborne System.
29) Trainborne System notices ready-to-go to the Train Driver.
6.3.7
Alternative Flow
Train Driver finds abnormal status during monitoring the videos from the CCTVs, the Train Driver could open or close all the doors manually.

During the doors are closing, the sensors detected passengers in the door area, the doors are stopped closing and re-opened by the Trainborne System and Screen Door Controller.

During the getting on and off, passengers could keep the doors open through pushing an emergency button. In this case, a notice is sent to the Train Driver or the staff of the station to let them know this situation.
6.3.8
Post-conditions

All the doors are closed and the train is ready to move to the next station.
6.3.9
High Level Illustration
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Figure 6.3.9-1 : High Level Illustration – Platform Screen Door
6.3.10
Potential requirements
30) The oneM2M System shall be able to provide functions to assist delivering CCTV videos to Train Driver such as displaying CCTV video on a console monitor of train.
31) The oneM2M System shall be able to provide functions to control movement of a CCTV or a group of CCTVs (e.g. panning, tilting and zooming).
32) The oneM2M System shall be able to provide functions for switching the video streams of CCTVs to support effective monitoring.
33) The oneM2M System shall provide a mechanism to trigger one or a group of functions based on pre-defined scenarios.
34) The oneM2M System shall be able to provide functions to manage a group of devices (e.g. group of train doors). The manage functions can be defined according to the information of device location, designated area, unit of passenger car or a whole train, time (e.g. start and end time, specific duration) and situation (e.g. during stay in specific railway station).
35) The oneM2M System shall be to control and monitor groups of devices (e.g. group of train doors).
6.4
Air Quality Monitoring via Passenger’s device

6.4.1
Description

Most of urban metro services are placed in underground. To managing air quality of underground station of urban metro service, monitoring is one of the most important process.  However, monitoring wide area of underground needs huge budget and workforce. The status of air quality is changing and the underground area to monitor is wide enough.  To cover all area of underground station, there are good helpers with widely spread through the area, passengers. The passengers could provide the air quality data of their current places including underground area of metro stations and even inside of moving trains. 
6.4.2
Source
RDM-2019-0123R02-Railway_Smart_Station_Usecase2
6.4.3
Actors

· Passenger: A person who go through the underground area of metro station. 
· Station Positioning System: A station system provides position information of underground area of the station.
· Station Data Server: A server receives the air quality data from passengers.
· Trainborne System : A trainborne system provides location information of railway carriage.
6.4.4
Pre-conditions

· Passenger walks through some underground area of railway staton.
· The smart phone of Passenger has an active air quality sensing device such as a device in Figure 6.x.9-1.
· The smart phone of the passenger runs an application to monitor air quality.
· The application has set to provide air quality data to the station data server periodically.
[image: image5.png]



Figure 6.4.9-1 : An example of Air Quality Monitoring device for Passenger’s device[i.5]

6.4.5
Triggers

· A time period of monitoring is coming.
6.4.6
Normal Flow
36) Passenger walks through some underground area of railway station.
37) The smart phone of the Passenger senses the air quality data including density of ultrafine particles.
38) The smart phone gets its position information from Station Positioning System.
39) The time period is come, the smart phone sends the air quality and position information to the Station Data Server.
40) Passenger gets on a train.
41) The smart phone of the Passenger gets the air quality data of inside of the train.
42) The smart phone gets its postion information from the Trainborne System.
43) The time period is come, the smart phone sends the air quality and position information to the Station Data Server.
6.4.7
Alternative Flow
The Passenger gets out of railway station. The smart phone stops to sense and to send the air quality to the Station Data Server. 
6.4.8
Post-conditions

The Station Data Server has air quality data of underground area of railway station.
6.4.9
High Level Illustration
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Figure 6.4.9-2 : High Level Illustration – Air Quality Monitoring via Passenger’s device

6.4.10 Potential requirements
44) The oneM2M System shall be able to obtain location information from other positioning systems.
45) The oneM2M System shall be able to map a pre-defined geo-fencing area with train information such as a passenger car number.
<Text>
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11
External Organization Activities on Railway Domain

<Text>

11.1
3GPP

11.1.1
Introduction
The railway industry is beginning to consider the next generation communication system, as known as “Future Railway Mobile Communication System”.  Korea railway industry is building its communication system with LTE technology and named “LTE-R”. UIC will start its first FRMCS trial implementations expected to start around 2020.

To support these moving, 3GPP have set numbers of Work Items support the railway vertical domain. 3GPP SA WG1 focuses requirements of railway domain and SA WG6 considers systematic issues such as system architecture and functionality of railway communication system.

11.1.2
Activities
In 3GPP, the following Work Items are approved to support railway domain.

For Release 17:

· FS_FRMCS3: Study on Future Railway Mobile Communication System Phase 3 (SA WG1)

· MONASTERYEND: Complete Gap Analysis for Railways Mobile Communication System  (SA WG1)
· eMONASTERY2 - Enhancements to Application Architecture for the Mobile Communication System for Railways Phase 2 (SA WG6)
For Release 18:
· FS_RAILSS: Study on supporting Railway Smart Station Service (SA WG1)
The relations between Work Items and Releases of 3GPP are depicted in Figure 11.1.2-1.
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Figure 11.1.2-1. Relations between Railway Domain Work Items and Releases in 3GPP

The starting point of considering railway domain in 3GPP is TR22.889[i.2] technical report is consisted of various use cases, potential requirements and gap analysises between the requirements and existed 3GPP specification.

The use cases are categorized as follows:

· Basic functionalities

· Critical communication applications
· Performance communication applications
· Business communication applications
· Critical support applications
· Performance support applications
· Business support applications
· FRMCS System principles
TR22.889 will adapt 3GPP transport to provide communication to railway users. It eventually will resemble GSM-R and will additionally provide communication capabilities beyond what GSM-R has been able to. It will provide higher data rates, lower data latencies, multimedia communication, and improved communication reliability. FRMCS considers end-to-end use cases and also provides requirements that might or might not be in scope of 3GPP existing specifications. To facilitate smooth migration from legacy communication systems (e.g. GSM) to FRMCS, interworking requirements between legacy communication systems and FRMCS are provided. 
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Figure 11.1.2-2. High-level relation of FRMCS and legacy systems
In the persfact of IoT, the FS_RAILSS covers usecases on smart station services which are consisted of various sensors, actuators and components to implement IoT services for railway.

Mostly, 3GPP specifications which related to railway domain, focuses communication functions, but also handles basic considerations for IoT functions as well.

11.2
UIC

11.2.1
Introduction
The UIC is an association of railway companies all over the world. The specifications from UIC are mainly focusing European Railways but also used or referenced in other regions including Asia and America.

UIC FRMCS WG is considering the next generation communication system, as known as “Future Railway Mobile Communication System”.  The WG has published a user requirements specification for FRCMS[i.x]

In the specification, numbers of use cases and flows for railway services are defined. The specification affects 3GPP railway works and widely referenced within railway industries.

11.2.2
Activities
The user requirments of FRMCS are as follows:
· 31 use cases and their service flows for Critical Communication Applications

· 21 use cases and their service flows for Performance Communication Applications

· 4 use cases and their service flows for Business Communication Applications

· 11 use cases and their service flows for Critical Support Applications

· 1 use cases and their service flows for Business Support Applications
The specification provides Application Layer Relationship Diagram of FRMCS as in Figure 11.2.2-1.

[image: image9.emf]
Figure 11.2.2-1. Application Later Relationship Diagram of  FRMCS

FRMCS defines fundamental principles  that shall be considered throughout the development of voice and data applications defined in the document as follows:

· Pr1. The FRMCS shall satisfy the communication needs of the railway operation.
· Pr2. FRMCS shall support the applications independently of the used FRMCS networks and radio access technologies by any of the users. Transition of a user to or from other FRMCS networks or radio access technologies shall not lead to interruption of the usage of the applications.

· Pr3. The FRMCS shall place the human being at the centre of the design.
· Pr4. The FRMCS shall support the application of the harmonised operational rules and principles where available.

· Pr5. The FRMCS shall support the exchange of information and performance of actions without the manual assistance of humans (machine to machine communication) both for operational and maintenance purposes.

· Pr6. The FRMCS shall mitigate the risk of miscommunication.
· Pr7. The FRMCS shall be cost effective.
· Pr8. The FRMCS shall provide precautionary measures to prevent unauthorised access.

The applications in FRMCS are defined with the headings, such as description, rationale, users, functional attributes, usability criteria, related application interfaces and communication attributes.
11.3
TTA

11.3.1
Introduction
Korea has launched LTE-based railway communication system as an infrastructure for railway services and expands the scope into IoT converged smart services such as railway smart station.

TTA is the standard development organization of Korea and is developing railway domain standards focuses on LTE-based communication. WG9051 (Railway Communication Work Group) under the PG905(ITS and vehicle ICT Project Group) of TTA leads the railway standardization.

TTA defines specifications on railway domain which are related to requirements on railway communication, railway operation and maintenance and railway smart services in specific area such as smart station.

11.3.2
Activities
TTA WG9051 has published following specifications:

· TTAR-06.0175 On-Board Unit of LTE based Railay Communication System
· TTAK.KO-06.0437 LTE based Railway Communication System Requirements (Conventional and High Speed Railway)

· TTAK.KO-06.0438 LTE based Railway Communication System Architecture (Conventional and High Speed Railway)
· TTAK.KO-06.0457 Specification of Interoperability Methods between LTE Based Railway Communication systems and existing communication systems(VHF, TRS-ASTRO/TETRA)
· TTAR-06.0205 Configuration of Base station for LTE-R system of railway communications (Technical Report)

In the TTAK.KO-06.438[i.3] describes a structure for FRMCS as Figure 11.3.2-1.
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Figure 11.3.2-1. Structure FRMCS system of TTA 

TTA has plan to consider on requirements of information model for railway IoT.

11.4
ITU

<Text>

Annex <A>:
oneM2M Data Model for Railway Domain
A.1
Annex

<Text>

A.1.1
First subdivided clause of the annex

<Text>

<PAGE BREAK>
Annex <y>:
Bibliography

The annex entitled "Bibliography" is optional.
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