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Abstract: This contribution proposes a new service concept of mass transit operation, in which vehicles in close distance moves together without physical coupling. Similar to the vehicle platooning scenario in road, successive vehicles exchange instantaneous control information for autonomous mass transit control to shorten safety margin.
--------------------------------------- Start of Change ----------------------------------------
[bookmark: _Toc466923601][bookmark: _Toc466923602]5.1.x Virtual Coupling
5.1.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 mass transit vehicles so that mass transit interval is reduced. It is difficult to do so in a legacy mass transit control system, because the distance between two successive mass transit vehicles should be larger than the safety braking distance, which is comprised of full braking distance and safety margin.


Figure  9.x.1 Sharing control information to shorten safety margin

[bookmark: _GoBack]This safety margin can be shortened if the successive mass transit vehicles share control information (i.e., velocity, position, acceleration, deceleration, and so on) and apply it to their own mass transit control. As shown in Figure 9.x.1, the safety margin can be shortened if the following mass transit vehicle immediately triggers braking as soon as the leading mass transit vehicle starts braking. This is the fundamental principle of the virtual coupling. Figure 9.x.2 shows the basic concept of the virtual coupling scenario. Multiple mass transit vehicles in proximity move together as they are physically coupled. As two mass transit vehicles get closer, control information of each mass transit vehicle should be delivered to the other vehicles in shorter time.



Figure  9.x.2 The concept of virtual coupling scenario

[bookmark: _Toc466923603]5.1.x.2.	Pre-conditions
[bookmark: _Toc355779206][bookmark: _Toc354586744][bookmark: _Toc354590103]1. The leading and following mass transit vehicles in operation on the same track recognize each other and have just got configured to be coupled virtually.

2. The user equipment for mass transit control is capable of vehicle-to-vehicle (V2V) communications in the perspective of transport layer.



Figure  9.x.3 Overall procedure of virtual coupling

[bookmark: _Toc466923604]5.1.x.3	Service Flows
1. The following mass transit vehicle begins to approach to the leading mass transit vehicle by exchanging control information. The two mass transit vehicles, which are far enough to allow a certain amount of end-to-end latency, are initially connected through the 3GPP network.

2. As the following mass transit vehicle gets closer to the leading mass transit vehicle, each mass transit vehicle starts to control itself while considering the received information from the other one. The two mass transit vehicles, which are still far enough to allow a certain amount of end-to-end latency, keep the connection through the 3GPP network.

3. As the following mass transit vehicle further approaches to the leading mass transit vehicle, the safety margin gets shorter and they are required to have a connection of which end-to-end latency is very short for delicate mass transit control. At this moment, they seamlessly switch the connection from the 3GPP network to PC5 interface.

[bookmark: _Toc355779207][bookmark: _Toc354586745][bookmark: _Toc354590104][bookmark: _Toc466923605]5.1.x.4	Post-conditions
For safe mass transit operation, integrity needs to be checked for mass transit control information delivery in the perspective of application or transport layer. Any error on integrity check shall be immediately reported to the mass transit control application.

[bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106]5.1.x.5	Potential requirements
	Reference Number
	Requirement text
	Application / Transport
	Comments

	Mass Transit 5.1.x.1
	An on-board mass transit UE for automatic mass transit control shall be able to communicate through off-network up to 2km with maximum end-to-end latency of 10 ms.
	T
	[This requirement is not covered yet by existing 3GPP requirements]


	Mass Transit 5.1.x.2
	An on-board mass transit UE for automatic mass transit control shall be able to seamlessly switch the connection between the 3GPP network and off-network.
	T
	[This requirement is not covered yet by existing 3GPP requirements]
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