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Abstract: This contribution proposes virtual coupling requirements to enhance the virtual coupling use case in chapter 5 of TR22.990. We propose the requirements for urban railways.
1. Discussion 
Section 5.8 discusses virtual coupling use cases where Off-network communication is used even when the network is available. The current description does not have details on the following aspect:

· Latency: For virtual coupling, it is very important to communicate acceleration/deceleration and braking information in a very short time. Currently, the control period of ECU(Electric Control Unit) for braking systems is commonly 100 ms so that the latency should be less than 100ms since the in-train network and associated control devices will add delays. In addition to that, the control period of 100ms has been used without the consideration of virtual coupling. If the virtual coupling is used, it would be beneficial to decrease the control period of the ECU. Thus, we propose that the latency should be in the range of 10-100 ms.

· Reliability: Safety is a critical issue for railways. Thus, the reliability should be very high if the distance between trains is smaller than the braking distance. In our point of view, the communication reliability between virtually coupled trains should be comparable with the reliability of physically coupled trains when the distance between virtually coupled trains is short. Thus, we propose that the reliability should be 99.9999% for short distances (e.g. less than 300 m). The detailed reasons are as follows:
· Reason: Train backbone is a network to connect different cars in a train and coupled trains. WTB(Wire Train Bus) of IEC 61375-2-1 is a kind of train backbone in IEC standard, which is widely used. The reliability required in the conformance testing of WTB is 99.9999%

· UE speed: The train speed for urban railways in Korea is normally 80~90km/h. Thus, we propose the UE speed of 100km/h for urban railways.

·  Communication range for high reliability(d1): It can be obtained under the assumption that the braking rate is 1m/s2[1], the train speed is 100km/h, the maximum allowable relative UE speed is 50km/. The braking distances of trains stopping from 100km/h and 50km/h are respectively about 390 m and 100 m. Thus, the braking distance difference is about 290 m. It means that the trains should break almost at the same time to avoid a collision when the distance is within 290 m.  Thus we propose the communication range for high reliability as 300 m.
2. Proposal 
--------------------------------------- Start of Change ----------------------------------------
5.8
Virtual Coupling

5.8.1
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 5.8.1‑1 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 5.8.1-1, 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 5.8.2 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 5.8.1-2 The concept of virtual coupling scenario
5.8.2
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 5.8.1-3 Overall procedure of virtual coupling
5.8.3
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.
4. As the following train even further approaches the leading train so that the distance between the tail-end of the leading train and the front-end of the following train becomes shorter than the safe braking distance, the off-network connection requires extremely high reliability as well as short end-to-end latency to prevent potential accidents. In this case, two trains can be regarded as if they are physically coupled, communicating via wireless train backbone (WLTB).
5.8.4
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.

5.8.5
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 5.8.6.2-1]) regarding off-network coverage was fully covered in [2].
5.8.6
Potential New Requirements needed to support the use case

5.8.6.1
Requirements related to the Service layer

NOTE: Off-network is used even when network coverage is available.
[PR 5.8.6.1-1] The 3GPP system shall be able to provide integrity protection for offnet train control communication

5.8.6.2
Requirements related to the Transport layer


[PR 5.8.6.2-1] The 3GPP system shall be able to provide integrity protection for offnet train control communication
[PR 5.8.6.2-2] The FRMCS Service in Off-Network mode shall support the following traffic characteristics of data transfer for direct communication for virtual coupling: 
Note: this table is intended to be aligned with TS 22.289 table 5.2.2-2 [x1]
	Scenario
	End-to-end latency
	Reliability

(Note 1)
	UE speed
	UE Relative

Speed
	User experienced data rate (UL and DL and SL)
	Payload

size

(Note 2)
	Area traffic density (UL and DL and SL)
	Overall UE density
	Communication range
	Service area dimension
(Note 3)

	Virtual coupling, critical data communication (Korea, urban railway)
	[100] ms
	[99.99]% 
	≤100 km/h
	≤ 50km/h
	TBD
	Small to large
	TBD
	TBD
	3000 m 
(Note 6)
	≤3 000 m 

along rail tracks including bad weather conditions 

	Virtual coupling, 

Very critical data communication
(Korea, urban railway)

(Note 5)
	[10-100] ms
	99.9999%

	≤100 km/h
	≤ 50km/h
	TBD
	Small to large
	TBD
	TBD
	[300]  m
(Note 6)
	≤[300] m 

along rail tracks including bad weather conditions 

(Note 4)

	
	NOTE 1:
Reliability as defined in TS 22.289 sub-clause 3.1.

NOTE 2:
Small: payload ≤ 256 octets, Medium: payload ≤512 octets; Large: payload 513 -1500 octets.

NOTE 3:
Estimates of maximum dimensions.

NOTE 4:
Non-Line-of-Sight (NLOS) between UEs shall be supported.
NOTE 5:     Data link between trains can work as like wireless train backbone 
NOTE 6:     UEs are assumed to be located at the tail of the leading train and the front of the following train


Table 5.8.6.2-1: Traffic characteristics for Virtual coupling communication
[PR 5.8.6.2-3] The FRMCS System shall establish an immediate communication session between entities for virtual coupling, as defined in TS 22.289 sub-clause 5.2.3.
--------------------------------------- End of Change ----------------------------------------
3. References 

[1] 


MOVINGRAIL D3.1: “Virtual Coupling Communication Solutions Analysis”.

