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********************************************************************************************
Start of 1st change

********************************************************************************************
12.x
Automatic Train Control data communication

12.x.1
Introduction
Railway undertakings in one country may have to share the same FRMCS System infrastructure. Furthermore different categories of applications (critical, performance, business) of a railway undertaking may have to share the same FRMCS System infrastructure. In this context keeping the separation between communications is a fundamental requirement.

Rail applications which are critical for rail operation require dedicated FRMCS system radio access and transport resources. 

FRMCS System’s End-to-End network slices will allow the allocation of dedicated End-to-End transport resources as well as guarantee the communication separation among railway undertakings and among categories of applications belonging to one railway undertaking.

End-to-End network slicing of the FRMCS System will provide scalability and flexibility to enable new, today still unknown applications. For that reason  End-to-End network slicing encompassing 3GPP radio access (4G and beyond) as well as core network functions including session, mobility and transport management functions has to be supported by the FRMCS system. 

It is required, that each End-to-End network slice can be treated independently in terms of FRMCS System functionality, priority, data rate (guaranteed and maximum bitrate), latency and communication reliability. A FRMCS system End-to-End network slice is able to allocate the totality or parts of available radio resources. 

Radio spectrum applicable for rail communication purposes is limited and might vary among the regions. Accordingly some types of rail communication require the use of other radio access resources than the ones dedicated to the FRMCS System. To close the gap between FRMCS System limited radio resources and the necessary radio access bandwidth, public provider networks as well as non-public provider networks can be used simultaneously as long as a 3GPP system is used. For that reason, the FRMCS UE has to support designated public and non-public radio spectrum applicable for 3GPP Radio Access Technologies (4G and beyond). The radio access resources received from other networks can be aggregated and managed by the FRMCS System. Related functions, e.g. mobility are managed by the FRMCS System.
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Figure 12.x.-1 Network Slicing in a rail context
12.x.2
Use case: Initiation of an Automatic Train Control data communication

12.x.2.1
Description
End-to-End Network slicing is supported by the FRMCS system.

End-to-End Network slicing is supported by the other system networks (e.g. Public Operators).

Various parts of the frequency spectrum belonging to dedicated FRMCS access (allocated FRMCS spectrum) and public operators are assigned to the used End-to-End network slices.

A train is operated in Automatic Train Operation Mode GoA3 / GoA4 (Grade of Operation) that encompasses continuous communication of ATO  application.

On demand, video communication can be added if the train stopped at the track due to safety reasons. At this point in time, the FRCMS User at the ground has to ability to use the video camera on-board for a safe movement of the train e.g. to the nearest station.
12.x.2.2
Pre-conditions
End-to-End Network slicing is supported by the FRMCS system.

End-to-End Network slicing is supported by the other system networks (e.g. Public Operators).

Various parts of the frequency spectrum belonging to dedicated FRMCS access (allocated FRMCS spectrum) and public operators are assigned to the used End-to-End network slices.

A train is operated in Automatic Train Operation Mode GoA3 / GoA4 (Grade of Operation) that encompasses continuous communication of ATO  application.

On demand, video communication can be added if the train stopped at the track due to safety reasons. At this point in time, the FRCMS User at the ground has to ability to use the video camera on-board for a safe movement of the train e.g. to the nearest station.
12.x.2.3
Service flows
Communications for the ATO becomes established before the train departs. For the ATO communication the FRMCS dedicated spectrum is allocated as part of the used End-to-End network slice.

The train departs in ATO mode GoA4 and stops after some time in rural area due to a train safety reason.

The Ground FRMCS User starts the train on-board video camera to observe the situation ahead the train. For this kind of the communication, the public operator spectrum is allocated as part of another  used End-to-End network slice .

The Ground FRMCS User moves the train to the nearest safe location based on the video camera observation support.
12.x.2.4
Post-conditions
The train has been moved safely by the Ground FRMCS User to the nearest safe location. From there the video camera observation is no longer needed.
12.x.2.5
Potential requirements and gap analysis

	Reference Number
	Requirement text
	Application / Transport
	SA1 spec covering
	Comments

	[R-12.x.2.5-001]
	A FRMCS System shall be able to support End-to-End network slices that encompass the transport of user data as well as the associated resource control applicable for the bearer service.
	A/T
	
	[Need analysis]

	[R-12.x.2.5-002]
	A FRMCS End-to-End network slice shall encompass the radio access, core network and the corresponding network functions of the FRMCS system.
	T
	
	[Need analysis]

	[R-12.x.2.5-003]
	FRMCS End-to-End network slices shall be separated from each other.
	T
	
	[Need analysis]

	
	
	
	
	

	[R-12.x.2.5-004]
	The FRMCS System shall support dedicated QoS handling to each End-to-End network slice.
	T
	
	[Need analysis]

	[R-12.x.2.5-005]
	The FRMCS System shall support dedication of bandwidth that corresponds to an End-to-End network slice.
	T
	
	[Need analysis]

	[R-12.x.2.5-006]
	The FRMCS System shall be able to complement a dedicated bandwidth by additional bandwidth.
	T
	
	[Need analysis]

	[R-12.x.2.5-007]
	The FRMCS System shall allow the simultaneous use of the dedicated FRMCS System access, the access network of Public Land Mobile Networks as well as others e.g. Public Safety networks.
	T
	
	[Need analysis]

	[R-12.x.2.5-008]
	The FRMCS System shall be able to map specific traffic types to the available End-to-End network slice(s) or to a specific spectrum portion type of an End-to-End network slice.
	T
	
	[Need analysis]

	[R-12.x.2.5-009]
	The FRMCS System shall be able to map specific network functions to the available End-to-End network slice(s).
	T
	
	[Need analysis]

	[R-12.x.2.5-010]
	The FRMCS System shall be able to implement network functions in the control and user plane at optimized locations within the network topology
	T
	
	[Need analysis]

	[R-12.x.2.5-011]
	The FRMCS system shall not restrict mobility when using End-to-End network slices.
	T
	
	[Need analysis]

	[R-12.x.2.5-012]
	Each End-to-End network slice as part of the FRMCS System shall be able to provide the facility to log FRMCS User communication and their related information.
	T
	
	[Need analysis]

	[R-12.x.2.5-013]
	The FRMCS System security framework shall be able to protect services provided by the FRMCS System in the case of end-to-network network slicing.
	T
	
	[Need analysis]

	[R-12.x.2.5-014]
	The FRMCS System security framework shall be able to protect:

•
Access to end-to-end network slices by FRMCS users;

•
Separation between end-to-end network slices;

•
Necessary communication between end-to-end network slices;

•
Slice management (e.g. deletion of an end-to-end network slice).
	T
	
	[Need analysis]

	[R-12.x.2.5-015]
	The FRMCS System security framework shall be able to provide security functions dedicated to individual end-to-end network slices.
	T
	
	[Need analysis]

	[R-12.x.2.5-016]
	FRMCS End-to-End Network slicing and the related functions shall be supported by a standalone FRMCS UE (i.e. different slices at the same time by one UE).
	T
	
	[Need analysis]


********************************************************************************************
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