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Abstract: This change request provides a use case related to switching over ETCS level 2 and Ground to Train Radio service while trains cross borders.

x.1	Use case on ETCS and GTR service continuity at border crossing
[bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101]x.1.1	Description
This use case deals with service continuity of European Train Control System and of Ground to Train Radio at border crossing. 
The European Train Control System (ETCS) is a Control-Command system associated with train speed control. It allows for the regulation of train spacing and ensures protection of the train and its passengers at specifically dangerous places. Its aim is to replace the various national systems for automatic train protection in high-speed transportation and thus:
-	Enable interoperability of European high-speed lines
-	Increase line capacity
-	Improve the average speed of transportation.
In this use case, the ETCS Level 2 system is based on 5G technology, it allows to displays railways signaling and traffic authorizations in the driver’s cabin. The train sends data to the Radio Block Center (RBC) through the on-board European Vital Computer (EVC). Euro-tags positioned at regular intervals on the rails serve as passive positioning beacons that are used by the on-board EVC to report exact train’s location and direction. This location can be further refined using additional sensors and systems such as accelerometers, odometers, or radar.
For clarity, the situation is depicted on the below picture:
[image: ]
In parallel, the Train to Ground Radio critical voice service shall remain active along the path from the station to the maintenance center. This service is mainly used on electrified tracks, for a total of about 16,000 km of lines in France. It enables communication between ground-based agents/equipment and those on board trains and is specifically in charge of carrying radio alerts, point to point calls, group calls, geo-fencing, train location …
The train position is communicated to the remote driving agent and is also used to integrate him into the group call corresponding to the area where the train is located.
In summary, the communication flows are characterized as follow:
	Flow type
	DL throughput
	UL throughput
	Latency
	Availability
	

	Flow CTR/CMD
	<10 kbps
	<10 kbps
	<100ms
	99,99%
	

	Location
	Few bps
	2 kbps
	<100ms
	99,9%
	

	General Messages
	Few kbps
	Few kbps
	<100ms
	99, 99%
	

	Radio Alerts
	WB-AMR : 24 kbps
	WB-AMR : 24 kbps
	<100ms
	99.9%
	MOS >= 3

	Voice calls
	WB-AMR : 24 kbps
	WB-AMR : 24 kbps
	<100ms
	99%
	MOS >= 3



In today’s implementations, the border crossing can be transparent if a “buffer” area is assigned for it. In this “buffer” area, the passage on a specific beacon triggers the switch of the on-board UE and EVC on the visited FRMCS network. So for a short period of time, in the “buffer” area, the train is temporarily offline and follows instructions that are sent in advance by the home RBC. When the modem registers to the visited network, the visited RBC takes over and updates the on-board instructions.
The active Ground to Train Radio service shall be maintained in the buffer area and is seamlessly switched over at the border crossing. A less demanding implementation allows 5s service interruption time allowing the on-board UE to select the new FRMCS network, register itself, and establish a PDU session with suitable QoS policies. Once done, the MCX client has to subscribe to the Ground to Train Radio service in the new network.
The overall connectivity situation is represented on the picture below:
[image: ]
[bookmark: _Toc355779205][bookmark: _Toc354586743][bookmark: _Toc354590102]x.1.2	Pre-conditions
The UE on-board the train is loaded with a USIM that is registered on the FRMCS network 1.
The two FRMCS networks have overlapping radio coverage in the buffer area.
There are roaming agreements in place between the two FRMCS networks.
The MCX Client in the train’s cabin has all needed credentials to access services offered by MCX servers in the FRMCS network 1.
[bookmark: _Toc355779206][bookmark: _Toc354586744][bookmark: _Toc354590103]x.1.3	Service Flows
1) The train is progressing under FRMCS 1 coverage. The on-board UE is registered to FRMCS 1 and has established PDU sessions allowing the on-board MCX client to communicate with the MCData and MCPTT servers located in network 1. The active data flows are those related to ETCS2 and Ground to Train Radio services described in sections above and are associated with suitable quality of service parameters by PCF of network 1.
2) The train enters the “buffer” area, the passage on a specific beacon triggers the UE to stop all operations on the FRMCS network 1 and to select FRMCS network 2. The UE registers to the FRMCS network 2 and the onboard MCS client registers to the MCX servers in the FRMCS network 2 using same USIM/MCX credentials thanks to the roaming agreements that are in place between the two 5G/MCX networks. In this process, the two networks coordinate themselves to check UE and MCX client’s credentials, and make sure home subscribed quality of service can be delivered in the new network.
3) The PDU sessions supporting the active MCX services are re-established in the new network with quality of services policies that are suitable to the criticality of the delivered services.
4) ETCS2 and Ground to Train Radio services are re-established in the new network with less than 5s interruption time.
[bookmark: _Toc355779207][bookmark: _Toc354586745][bookmark: _Toc354590104]x.1.4	Post-conditions
The train continues safely its way on the new railways network beyond the border.
[bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106]x.1.5	Existing features partly or fully covering the use case functionality
Editor’s note : section left for further study
x.1.6	Potential New Requirements needed to support the use case
[PR.5.x.6-001]: The 5G system shall be able to support roaming procedures with local breakout connectivity scenarios between standalone non-public networks.
[bookmark: _GoBack][PR.5.x.6-002]: The 5G system shall be able to support roaming of MCX clients between standalone non-public MCX networks.
[PR.5.x.6-003]: The 5G system shall be able to support roaming of users between standalone non-public networks in less than 5s service interruption time.

Editor’s note : Performance requirements left for further study
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