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Abstract: This contribution proposes a new use case for rail-bound mass transit, in which trains in close distance moves together without any mechanical coupling in order to increase transport capacity and operational efficiency. The communication between virtually coupled trains for control, operational, and passenger services is provided through both on-network and off-network communication links.
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[bookmark: _Toc481075810][bookmark: _Toc483545563][bookmark: _Toc466923601]5.1	Rail-bound mass transit
5.1.x Wireless communication between virtually coupled trains
5.1.x.1 Description
One of the important missions that the future railway service should achieve is to increase its transport capacity and operational efficiency. A straight-forward solution is to minimize the distance between successive mass transit trains so that mass transit interval is reduced. It is difficult to do so in a legacy mass transit system, because the distance between two successive mass transit trains should be larger than the safety braking distance.

The distance between successive trains can be shortened if the following mass transit train immediately triggers braking as soon as the leading mass transit train starts braking. This is the fundamental principle of the virtual coupling. Figure 9.x.1 shows the basic concept of the virtual coupling. Multiple mass transit trains in proximity move together as if they are mechanically coupled. As two trains get closer, trains need to communicate each other more frequently through a very-low-latency off-network communication link for control, operational, and passenger services. The communication between the virtually coupled trains is provided through both on-network and off-network communication links simultaneously for complementary use of both links.

[image: ]
Figure  9.x.1 The concept of virtual coupling 

[bookmark: _Toc466923603]5.1.x.2.	Pre-conditions
1. Control, operational, and passenger services are running in both leading and following mass transit trains. Both trains are configured to be coupled virtually.

2. Two mass transit trains are connected through an on-network (e.g., Uu interface). Each mass transit train is capable of off-network communications (e.g., PC5 interface).

[bookmark: _Toc466923604]5.1.x.3	Service Flows
1. As the following train approaches the leading train, a very-low-latency off-network communication link is established between two trains. Two mass transit trains are still connected through the on-network communication link for complementary use of both links. 

[bookmark: _Toc355779207][bookmark: _Toc354586745][bookmark: _Toc354590104][bookmark: _Toc466923605]5.1.x.4	Post-conditions
1. Control, operational, and passenger communication services between virtually coupled trains are established through both on-network and off-network communication links simultaneously.

5.1.x.5	Challenges to the 5G system
· Guarantee of very long communication range for off-network communication link  
· Very low end-to-end latency for off-network communication link
· Service continuity in the application layer between on-network and off-network

[bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106]5.1.x.6	Potential requirements
	Reference Number
	Requirement text
	Application / Transport
	Comments

	Mass Transit 5.1.x.1
	The 3GPP system shall support off-network communication up to 3km in the line of sight (LOS) channel environment.
	T
	

	Mass Transit 5.1.x.2
	The end-to-end latency through off-network communication shall be less than or equal to 10 ms.
	T
	

	Mass Transit 5.1.x.3
	The 3GPP system shall support off-network communication, where the UEs’ relative speed is less than 50km/h.
	T
	

	Mass Transit 5.1.x.4
	The 3GPP system shall support simultaneous use of on-network and off-network communication when distance between the virtually coupled trains is less than or equal to 3km in the LOS channel.
	T
	

	Mass Transit 5.1.x.5
	The 3GPP system shall support service continuity in the application layer between on-network based connection and off-network based connection when distance between the virtually coupled trains is less than or equal to 3km in the LOS channel.
	A/T
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