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Abstract: Introduction of a use case in which the availability of communication services is used for the anticipatory control of mass transit trains.
Proposal
------------------------- START OF PROPOSED CHANGES ----------------------------

------------------------- Start of Change 1 ----------------------------
5.1.X	Anticipatory train control
[bookmark: _Toc481075813][bookmark: _Toc500492733]5.1.X.1	Description
MTTC relies on continuous run-time connectivity between train and track side. This connectivity is currently typically realised by aid of wireless technologies such as Wireless LAN and LTE (R11). In case the connectivity between an "MTTC train" and the track side becomes unavailable, the train stops. Rather tedious procedures have to be executed before the train may continue its journey. These procedures can take up to several minutes. Also—if more than one train shares the same line—one train's emergency stop will bring all trains on this line to a halt. For these reasons, solutions are sought in which the loss of connectivity between track and track side is alleviated.
[bookmark: _Toc481075814]5.1.X.2	Preconditions
A "MTTC train" is connected to a 5G system that provides the mandatory connectivity to the track side. The "MTTC train" provides passenger service along a mass transit line.
[bookmark: _Toc481075815]5.1.X.3	Service flows
The 5G system informs the "MTTC train" of degraded connectivity in a radio cell of the 5G system down the train line. This information includes the (approximate) size and intersection of the radio cell with the train line. The degraded connectivity will result in the loss of connectivity between the train control and the track side. The train control utilises this information for compensatory changes to its travel profile and/or the consumed radio connectivity.
Changes to the travel profile
The train reacts to the degradation of the radio connectivity down the train line through anticipatory changes to the travel profile. For instance, the train (progressively) lowers the train speed. In case connectivity in the affected radio cell is recovered the train can (progressively) increase its speed again. By so doing, emergency brakes and lengthy stand stills are avoided. Also, since the ratio of released power vs. usable mechanical power (used for propelling and controlling the train) decreases concavely with train speed, substantial amounts of power can be saved in case the train partially decelerates instead of coming to a complete halt. Partial deceleration is in essence more readily and easily reversible than a "go-no-go" pattern. Thus, a slightly decelerating train will be more energy efficient than one coming to intermittent full stops. The change in velocity and thus the predicted route can also be exchanged with other trains on the same line (and the same direction of travel), so that they can adapt their travel profile in a suitable way. This exchange can, for instance, take place via a central instance or between adjacent trains.
Adaptation of the radio connectivity
In case the radio channel degrades gracefully, and in case more than one communication relationship exists between track-side and train, the train can evaluate whether an intermittent discontinuation of a lower-priority service is possible, so that the degraded channel capacity is reserved for mission-critical communication. For instance, if the train currently offloads archived video footage, the train control can decide to intermittently discontinue the related communication service.
Another potential adaptation is the exploitation of receiver diversity. Trains are equipped with a least two UEs (at opposite ends of the train), and for long trains the link budget for these UEs can be quite different. In that case, the UEs with the better link budget can be chosen as primary receiver.
[bookmark: _Toc481075816]5.1.X.4	Post-conditions
Connectivity is restored in the radio cell in question and the train control is appraised of this change. The train control takes appropriate actions. 
5.1.X.5	Challenges to the 5G system
- Inference of communication service availability in radio cells.
- Signalling of communication service availability to users and a dedicated interface for so doing.
- Mapping of (dynamic) radio cells and the availability of communication services onto spatial artefacts such as train lines.
- Prediction of communication service availability.
[bookmark: _Toc481075818]5.1.X.6	Potential requirements
	Reference Number
	Requirement text
	Application / Transport
	Comments

	Mass Transit Y.1
	The 5G system shall know the geographic location and extend of its radio cell sector coverage and be able to expose this information to authorised users.
	T
	

	
	
	
	

	Mass Transit Y.2
	The 5G system shall provide a user, upon request, with information of the current availability for a specific communication service, for this user, in a specific radio cell sector.
	T
	This will help the train control to decide whether, for instance, it should reduce its step. 

	
	
	
	

	Mass Transit Y.3
	The 5G system shall expose an user interface through which the interaction and information exchange in Mass Transit Y.2 can be facilitated for an authorised users.
	A
	




------------------------- End of Change 1 ----------------------------
------------------------- END OF PROPOSED CHANGES ----------------------------

