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Abstract: Train, user and device positioning in a railway environment is already used by the legacy GSM-R system to route communication to the appropriate controller. Location dependent addressing will be continued in FRMCS but requires a higher level of positioning accuracy. Also further automation in the railway environment demands high precision in positioning of trains and objects.
================================First change=================================
12.X
Use Case: FRMCS Positioning Accuracy
12.X.1
Introduction

This system principle use case describes the positioning accuracy requirements to position a train, track side worker as well as other stationary and non-stationary object inside the track system. In general, positioning accuracy will become a major building block to increase the automation level of train operation. The main purpose is to specify the accuracy parameter values.
12.X.2
Use case: Quality of Service and railway environment

12.X.2.1
Description

Today fixed mounted balise are used to derive the train position inside the track-system. This kind of train positioning is precise enough when the train is moving. Static conditions like in stations, push-pull train operation or the frequent change between static and dynamic conditions during shunting operation require hundreds of fixed mounted balise. Thus, a balise without stationary reference shall overcome this circumstance.
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According to Figure 12.x-1,individual coaches, trains, track side worker get equipped which such devices that report continuously the process status towards the applicable control centre enriched with the actual position information.

Figure 12.x-1 Positioning application areas
Tracks/lines or shunting areas are subdivided into autonomous hazard areas (red blocks see Figure 12.x-1). The continuous processing of positioning information allows the control centre to detect when hazard areas start to overlap. Based on the computed risk integral, the control centre is able to instruct the vehicles or trains in the concerned area to lower the speed up to a full stop.

To guarantee fail-safe operation in deriving the position of the vehicle, track-side worker etc.,  and independent positioning sources need to be provided. Beside inertial navigation, GNSS and others, the FRMCS system is required to be part of the positioning data acquisition process. This results from rather low predictable availability of satellite systems especially in mountain regions, multilevel railway station as well as in tunnels. In the worst case, “rough” positioning information only derived from the FRMCS – Land Mobile Network is present.

The combination of 3GPP radio access network and the train on-board system is able to support mechanisms that can be used to locate an entire train, stationary as well as non-stationary objects. Together with the positioning information of other sources (see Figure12.x-2) e.g. inertial navigation and GNSS, consolidated positioning information of the train/object will be computed that is able to fulfil higher accuracy of the positioning information. Train Onboard system as well as FRMCS location information system will receive the consolidated location positioning information for further processing by the train safety applications and/or FRMCS location information system.
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Figure 12.x-2 Consolidation of positioning source information
The subject described is applicable to other FRMCS functional use cases. The resulting positioning requirements in this use case are relevant for the FRMCS system.
12.X.2.2
Pre-conditions 

Railway line consist of station A, B and C. Station B is between station A and C.

FRMCS user 1 is used by an InterRegio train that stops in station A, B and C.

FRMCS user 2 is used by a high speed train that stops in station A and station C.

FRMCS user 3 is used on a parked train in station B.

FRMCS user 4 is used by mobile warning equipment located in station B.

Ground FRMCS user processes the received positioning information of the different train FRMCS users for safety purposes.

FRMCS users on the train  (safety application) established the communication to the ground FRMCS user (safety application) that is responsible for train safety purposes on the line between the stations A and C including station B.

Base stations are covering the line between station A and station C. The structure of the base station along the line is linear. In some cases dual base stations per site can be used. The distance between adjacent base stations various between 1 and 10km.

Train  speed profile ranges between 0 - 500kmh-1.

The base stations covering the line between station A and C are enhanced cellular base stations that are able to form a carrier grade positioning network.

A positioning signal is to be provided by the enhanced cellular base stations, which allow deriving the accurate position of the UE / FRMCS equipment.
12.X.2.3
Service flows

Train FRMCS user 1 (safety application) as part of the InterRegio train approaches station B coming from station A.

Train FRMCS user 2 (safety application) as part of a high speed train passes station B coming from station C.

Train FRMCS user 3 (safety application) as part of the parked train in station B that continuous later.

Train FRMCS user as part of a mobile warning system protects a line section that is under construction.

All train FRMCS users (safety application) periodically report their current position to the ground FRMCS user (safety application).
12.X.2.4
Post-conditions

Every train approached his final destination.

No harm to the ongoing construction work in station B.

12.X.2.5
Potential requirements and gap analysis

	Reference Number
	Requirement text
	Application / Transport
	SA1 spec covering
	Comments

	[R-12.X.2-001]
	The consolidated positioning information shall support following absolute positioning accuracy based on the train speed at 90% of the occasions:

0 - 40kmh-1

Longitudinal: ≤1 m
lateral: 1 - 3 m

Up to 120kmh-1

Longitudinal: ≤34m
lateral: 1 - 3 m

Up to 160kmh-1

Longitudinal: ≤45m
lateral: 1 - 3 m

Up to 320kmh-1

Longitudinal: ≤89m
lateral: 1 - 3 m

Up to 500kmh-1

Longitudinal: ≤200m 
lateral: 1 - 3 m
	A/T
	
	[Needs analysis]

	[R-12.X.2-002]
	FRMCS system shall be able to support an initial positioning fix time of ≤5s.
	A/T
	
	[Needs analysis]

	[R-12.X.2-003]
	To avoid large offsets between adjacent hazard areas due to limited track space in a railway station, FRMCS system shall be able to support a sampling interval between two positioning cycles of <1s.
	A/T
	
	[Needs analysis]

	[R-12.X.2-004]
	FRMCS equipment power consumption due to the use of positioning capabilities shall be minimised.
	A/T
	
	[Needs analysis]


==================================End of changes==================================
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