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Abstract: This contribution proposes a new service concept of train operation, in which vehicles in close distance moves together without physical coupling. Similar to the platooning scenarios in road, successive vehicles exchange instantaneous control information for autonomous train control within a long braking distance.
--------------------------------------- Start of Change ----------------------------------------
5.x.
Virtual Coupling
5.x.1
Description

One of the important missions that the future railway service should achieve is to increase its transport capacity. A straight-forward solution is to minimize the distance between successive trains so that train interval is reduced. It is difficult to do so in a legacy train control system, because the successive trains need to have distance as much as a safety margin, which should be larger than the full braking distance.
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Figure 5.x.1‑1 Sharing acceleration and braking control information to shorten safety margin
This safety margin can be further shortened if the successive trains share control information (acceleration and braking) and apply it to its own train control. As shown in Figure 5.x.1-1, the safety margin can be shortened if the following train (T1) immediately knows that the leading train (T2) starts braking and also triggers braking. This is the fundamental principle and the main purpose of virtual coupling. Figure 9.x.2 shows the basic concept of the virtual coupling scenario. Multiple trains which are in close distance move together as they are physically coupled. As the distance between two trains gets smaller, the control information of a train should be delivered to the other in shorter time.
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Figure 5.x.1-2 The concept of virtual coupling scenario
5.x.2
Pre-conditions

1. The leading and following trains in operation recognize each other and have just got configured to be coupled virtually. Here, the recognition is achieved by on-network or off-network.
2. The user equipments for train control support device to device communications in the perspective of transport layer.
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Figure 5.x.1-3 Overall procedure of virtual coupling
5.x.3
Service Flows

1. The following train begins to approach to the leading train by exchanging the information about their position. The two trains, which are far enough to allow a certain amount of end-to-end latency, are initially connected through the on-network.

2. As the following train approaches to the leading train, they start exchanging the information about movement control and each train then controls itself while considering the control of the other train. The two trains, which are still far enough to allow a certain amount of end-to-end latency, keep the connection through the on-network.

3. As the following train further approaches to the leading train, the safe braking distance gets shorter and they are required to have a connection of which end-to-end latency is very short for delicate train control. At this moment, they seamlessly switch the connection from the on-network to off-network.
5.x.4
Post-conditions

For safety train operation, integrity needs to be checked for train control information delivery in the perspective of application or transport layer. Any error on integrity check shall be immediately reported to the train control application.
5.x.5
Existing features partly or fully covering the use case functionality
The potential new requirement in the followings have been considered only in TR 22.989 V18.0.0. Among the requirement, the requirement ([PR 5.x.6.2-1]) regarding off-network coverage was fully covered in [2].
5.x.6
Potential New Requirements needed to support the use case
5.x.6.1
Requirements related to the Service layer


NOTE: Off-network is used even when network coverage is available.
[PR 5.x.6.1-2] The 3GPP system shall be able to provide integrity protection for offnet train control communication
5.x.6.2
Requirements related to the Transport layer

[PR 5.x.6.2-1] An On-board 

FRMCS UE for automatic train control shall be able to communicate through off-network up to 3km in the line of sight channel environment.

 
 
3GPP system shall be able to provide integrity protection for offnet train control communication
[PR 5.x.6.2-4] FRMCS UEs for train control shall communicate through off-network

, where the FRMCS UEs’ relative speed is less than 50km/h.
�I tend to disagree that this should be solved by 3GPP. This is an application layer functionality. 


3GPP does not preclude a UE to have Uu and PC5 connectivity at the same time. So when the trains are closing up they can establish PC5 in parallel to Uu and decide on their own which type of data to exchange on what link.


Service continuity would be a very steep requirement probably no chipset will implement solely for rail.


Further service contionuity does not specify how much communication outage when switching would be acceptable.


Better have Uu and PC5 (when in reach) in parallel, so one link adds redundancy and resilience to the other one


�


�Relevant? Is it required that the 3GPP system has to check it is an on-board device?


�For escaping misleading, I removed the wording. Thank you for enhancing the readability and understanding.


�See my first comment above


�Use  PR 5.x.6.1-2


�You want to force UEs to communicate offnet when speed is lower than 50km/h or you want to allow the UEs to do that?


�Thank for useful question. The answer is the latter. It’s about the requirement for off-net under the mobility. I complemented the requirement for more clarification.
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