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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 immediately knows that the leading train starts braking and also triggers braking

. This is the fundamental principle and the main purpose of virtual coupling. Figure 5.x.1-2 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.

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.1-2 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 3GPP 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 3GPP 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 3GPP network to PC5 interface

.
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 be 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

[PR 5.x.6.1-1] The 3GPP system shall provide a mechanism in the application layer to support service continuity between on-network based connection and off-network based connection.
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.

[PR 5.x.6.2-2] The 3GPP system shall support service continuity 

between on-network based connection and off-network based connection in the transport layer.

[PR 5.x.6.2-3] FRMCS UEs for train control shall communicate through off-network, where the FRMCS UEs’ relative speed is less than 50km/h

.
�Any difference in starting braking and triggering braking?


�Here, braking corresponds to T1, and triggered braking corresponds to T2.


�Via on-network?


�Basically, it can be achieved via on-network but is not limited to. For example, both of on-network and off-network can be used simultaneously.


�Same figure number as previous figure. To be corrected.


There is no reference in the text to this figure. To be added.


�Ok, I will correct it. Thank you for your concrete comment.


�If I understand it well, switching to off-network is required because of low latency requirement in off-network mode, right? 


You consider off-network even when network coverage is available, right?


�Exactly, we use both of on-network and off-network. Corresponding requirement is [PR 5.x.6.1-1].


�What is the estimated distance when trains have to switch to off-net? 


What is the maximum train speed supported by virtual coupling when trains have to switch to off-net?


Recommendation is to add a table of traffic characteristics for virtual coupling as already provided in TR 22.990 clause 5.


�The estimated distance should be within 3km in my view. Thus, I added the coverage requirement as [PR 5.x.6.2-1]. For the maximum train speed, I am not ready to declare the corresponding requirement, which is a further work. For the table, I am not ready to declare specific figures for traffic characteristics, which is a further work. I will consider it later. Thank you.


�Requirement on E2E latency should be added in section 5.x.6. 


Recommendation is to add a table of traffic characteristics for virtual coupling as already provided in TR 22.990 clause 5.


�For the specific figures for virtual coupling such as E2D latency and so on, I am not ready for now. I will consider those issues as a further work. I appreciate your sincere comments.


�You mean “direct communication”? Reference to technology should be removed in the study.


FYI Off-Network is considered in the study as communication need between UEs without network coverage, either through ProSe/Off-Network MCX Service or Satellite or deployable networks or …


�For clarification, I will use the terms ‘on-network’ and ‘off-network’ for consistency.


�Requirement on information integrity should be added in section 5.x.6.


�I appreciate your comments. I will add it.


�Could you please summarise traffic characteristics/performance requirements for ATC/ATO in a table?


And my questions related to performance requirements:


Max. convoy speed?


Min. convoy speed?


Max. number of trains in a convoy?


Max. length of a train in a convoy?


Max. distance between 2 successive trains in a convoy?


Which (communication) entities are part of the virtual coupling system?


Where (communication) entities of the virtual coupling system are located? E.g. Front + end units for each train? Any relays between front and end units? i.e. what is the network topology?


Does virtual coupling include manoeuvres to join/leave the convoy on the move? If yes, max. speed of each train? 


�I am sorry for being not ready to declare specific figures for suggesting features. I will consider them in later meeting.


�This requirement is not described in the service flows. To be added.


Recommendation is to add a table of traffic characteristics for virtual coupling as already provided in TR 22.990 clause 5.


�Implicitly, the requirement corresponds to service flow 3, which is related to coverage issue.


�Do we call it “service continuity” or “access continuity”?


�Actually, both of them. The service continuity includes access continuity implicitly.


�This requirement is not described in the service flows. Recommendation is to add a table of traffic characteristics for virtual coupling as already provided in TR 22.990 clause 5.


I assume that this scenario is only valid for urban rail e.g. metro. UC #34 in FU shall support high-speed trains:


� HYPERLINK "https://uic.org/spip.php?action=telecharger&arg=3056" �https://uic.org/spip.php?action=telecharger&arg=3056�





�The requirement is related with service flow 3. In case of using off-network, relative speed of adjacent trains is one of key performance indicator. That’s why I describe the requirement for operating off-network more stably in an environment that the two trains are in different speed.
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