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5.x
Trackside Maintenance Warning System communication

5.x.1
Description

Generally, trackside maintenance occurs during daily train operation. For safety reasons, trackside maintenance staff need to be informed about approaching trains entering the worksite. Thus, the intention of a trackside warning system is to inform trackside staff about the approaching train to keep rail capacity available while working on the tracks.

The trackside maintenance warning system consists of a single or multiple train detector entity(ies) (sensors, lookout man or interlocking station information + communication device), and a single or multiple warning entity(ies). The train detector entity is responsible to detect the approaching train and to trigger the alarm to the warning entities (as an option, the alarm should be triggered to a central/control entity also that relays the alarm to all warning entities). The warning entity indicates trackside workers about the approaching train on existing or adjacent tracks in form of visual signal e.g. flashing light and audio signal e.g. tone/horn. In large worksites or areas of high-speed trains, multiple warning entities can be spread out along the worksite to repeat the train approaching indication. In addition, the trackside maintenance staff will receive the train approaching indication on its FRMCS Equipment (i.e. wearable device). 

When the train has cleared the warning zone, the indication is withdrawn automatically by the warning system, by the interlocking or manually by an authorised operator located inside or at the edge of the warning zone.
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2. Train is detected by stationary trackside warning device (automatically) or look-out man
(manually)

3. Stationary unit or look-out man sends warning to [1..30] worker(s) (via stationary trackside
warning device(s) or via personal UE(s))

4. Warning receives at worksite not less than 25 seconds (time for worker(s) to protect
themselves)




Figure 5.x.1-1: Description of the Trackside Maintenance Warning System

Train detector entities and warning entities constitute the warning system that requires secured/safe continuous radio transmission of data between the sensors and the warning entities (e.g. keep alive messages for robustness and location information of entities/workers to differentiate between the tracks with a lateral distance accuracy of less than 1 meter). In addition, it encompasses the secured/safe radio transmission of the train approaching indication (i.e. start/stop transmitting the indication to the track workers) among the warning system and the FRMCS Equipment of the trackside staff. Train detection is outside scope of the warning system.

Due to the fact that such a warning system deployment is temporary and on-network communication services are not always available at the track, the FRMCS System provides necessary off-network communication services for the trackside warning system. Trackside maintenance warning system in off-network mode is well suited for small, short-term construction sites but should also be relevant for large and long-term construction sites.

The maximum train speed in the warning zone is 500 kmph.

Note: no speed limit applies in worksites in some Countries.

Communications between train detector entities located at both edges of the warning zone are not supported by the Trackside maintenance warning system.

As a deployment option, communication between the approaching train and the trackside warning system should be supported to e.g. avoid train detectors.

Fixed and moving worksites e.g. carrying out inspection work are supported by the Trackside maintenance warning system.

One-way (i.e. one train detector entity) and two-way (i.e. two train detector entities) traffic protection are supported by the Trackside maintenance warning system.

The minimum configuration of a warning system is:

· One train detector entity located closed or inside the worksite (i.e. detection by visual detection)

· One warning entity located inside the worksite

The maximum configuration of a warning system is:

· Two train detector entities located at both edges of the warning zone

· The maximum number of warning entities is 30, located inside the worksite

· The maximum number of workers (e.g. wearing warning devices through FRMCS Equipment) located inside the worksite is 50. 

Different groups of workers can work at the same time along the worksite.

Workers or work group can join/leave the worksite based on their locations.

The warning system shall be flexible enough to easily setup.

Energy efficiency of the warning system for battery-powered entities is not supported.

Configuration and control of the warning system shall be available locally.

Configuration and control of the warning system should be available through on-network communication.

Positioning of the train detectors with accurate distance from the worksite is in the scope of the warning system with distance accuracy of +/- 1 meter.

The trackside maintenance warning system communication shall be reliable in tunnels, in bad weather conditions and in unfavourable geographical conditions.

Multiple and flexible use of spectrum bands shall be supported.

5.x.2
Pre-conditions

The FRMCS Users as part of the warning system are authorised to initiate, transmit/receive data and terminate the trackside maintenance warning system communication.

5.x.3
Service Flows

The entitled FRMCS User initiate, transmit/receive and terminate the trackside maintenance warning system communication.

A secure data communication application is used for the trackside maintenance warming system communication. The communication requests the QoS class which matches the application category of XXX within the FRMCS System.

Editor’s note: applications categories applicable to Off-Network communications will be an outcome of the present study.

The arbitration is managed by the Arbitration application.
Editor’s note: the Arbitration application use case in Off-Network mode is FFS in the context of FS_OFFNETRAIL.

The metadata are recorded by the Data recording application.

Editor’s note: the Data recording application use case in Off-Network mode is FFS in the context of FS_OFFNETRAIL.

The communication is secured by the Assured data communication.
Editor’s note: the Assured data communication use case in Off-Network mode is FFS in the context of FS_OFFNETRAIL.
The identities, presence and functional addressing is managed by the Role management & presence.
Editor’s note: the Role management & presence use case in Off-Network mode is FFS in the context of FS_OFFNETRAIL.
The authorisation of communication is managed by the Authorisation of communication.
Editor’s note: the Authorisation of communication use case in Off-Network mode is FFS in the context of FS_OFFNETRAIL.
The authorisation of application is managed by the Authorisation of application.
Editor’s note: the Authorisation of application use case in Off-Network mode is FFS in the context of FS_OFFNETRAIL.
The location of the FRMCS Equipment is managed by the Location services.
Editor’s note: the Location services use case in Off-Network mode is FFS in the context of FS_OFFNETRAIL.
5.x.4
Post-conditions

The entitled FRMCS User(s) as part of the warning system is able to securely exchange data in the appropriate area to intended FRMCS User(s).

5.x.5
Existing features partly or fully covering the use case functionality

TS 22.280 [x3], 22.179 [x2], 22.281 [x4] and 22.282 [x5] have a set of specific requirements on Off-Network MCX Services (including MCCoRe and MCData Services for Off-Network).

TS 22.289 [x1] has a set of performance requirements for Off-Network communications for Rail to be refined based on outcomes of the present study.

TS 22.261 [x6] has no requirement on 5G Proximity Services.

TS 22.185 [x7] and 22.186 [x8] have a set of specific requirements on 5G Proximity Services to support V2X communications.

5.x.6
Potential New Requirements needed to support the use case

5.x.6.1
Requirements related to the Service layer
Editor’s note : the following potential new MCX requirements are relevant for SA6.
[PR 5.x.6.1-1] The FRMCS System shall be able to initiate data communication for Trackside Maintenance Warning System to FRMCS Users upon a request from a functional identity entitled to initiate such communication.

[PR 5.x.6.1-2] The FRMCS System shall be able to select FRMCS user(s) to deliver the Trackside Maintenance Warning System data based on their functional identity and location either periodically or as a onetime request.

[PR 5.x.6.1-3] The FRMCS System shall allow FRMCS Users to join an ongoing data communication for Trackside Maintenance Warning System based on their functional identity and location.

[PR 5.x.6.1-4] The FRMCS System shall allow FRMCS Users to leave an ongoing data communication for Trackside Maintenance Warning System based on their functional identity and location.

[PR 5.x.6.1-5] The FRMCS System shall be able to terminate data communication for Trackside Maintenance Warning System upon a request received from a functional identity entitled to terminate the communication.
[PR 5.x.6.1-6] The FRMCS System shall allow configuration (e.g. functional identities of maintenance staff and warning entities) and control of the Trackside Maintenance Warning System when the FRMCS Equipment are served by a 3GPP RAT.

[PR 5.x.6.1-7] The FRMCS System shall allow configuration (e.g. functional identities of maintenance staff and warning entities) and control of the Trackside Maintenance Warning System when the FRMCS Equipment are not served by a 3GPP RAT.
5.x.6.2
Requirements related to the Transport layer
Editor’s note : the following potential new requirements are relevant for SA2 and RAN.


[PR 5.x.6.2-1] The FRMCS System shall support the following traffic characteristics of data transfer for data communication for Trackside Maintenance Warning System:

Note: this table is intended to be an enhancement to TS 22.289 table 5.2.2-2 [x1]

	Scenario
	End-to-end latency
	Reliability

(Note 1)
	UE speed
	User experienced data rate (UL and DL)
	Payload

size

(Note 2)
	Area traffic density (UL and DL)
	Overall UE density
	Communication range
(note 6)
	Service area dimension
(note 3)

	Trackside maintenance warning system Communication 
	≤500 ms
	99,9999%
(note 7)
	Stationary (warning system entities) and pedestrians (workers).
Option:  ≤500kmph for train detection via onboard system
	10 kbps up to 

500 kbps
	Small to medium
	Up to 10 Mbps/km
	≤80/worksite
	≥8.5 km along rail tracks including tunnels, bad weather conditions and unfavourable geographical conditions
(note 4)
	≥12 km along rail tracks including tunnels, bad weather conditions and unfavourable geographical conditions
(note 5)

	NOTE 1:
Reliability as defined in TS 22.289 sub-clause 3.1.

NOTE 2:
Small: payload ≤ 256 octets, Medium: payload ≤512 octets; Large: payload 513 -1500 octets.
NOTE 3:
Estimates of maximum dimensions.
NOTE 4: 
Distance is equal to the distance for train of maximum speed of 500 kmph to enter the worksite + the maximum distance of a worksite
NOTE 5: 
Minimum distance of the warning zone

NOTE 6: 
Supported via either a single hop UE-to-UE, or multi hop UE-to-UE relaying, or deployable gNB or any other 3GPP capability of 5GS that best serve these use case in areas with no FRMCS RAN nodes/no FRMCS network coverage (i.e. need a deployable solution using dedicated spectrum).
NOTE 7: 
Reliability figures could be achieved using multiple 3GPP 5GS-compatible spectrum bands simultaneously.


Table 5.x.6.2-1: Traffic characteristics for Trackside Maintenance Warning System 
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