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Abstract: FRMCS envisages bearer flexibility to allow a certain level of independence between Railway Applications and the underlying transport system. FRMCS includes wireless and wireline access. It comprises multiple access systems and shall support various voice and data applications.

The rationale behind these requirements is that the lifecycle of railway applications is in general much longer than the lifecycle of telecommunication access/transport systems. Moreover, bearer flexibility aims at improving service availability and performance.
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12.X
Use case: Bearer flexibility

12.X.1
Description

FRMCS envisages bearer flexibility to allow a certain level of independence between Railway Applications and the underlying transport system. FRMCS includes wireless and wireline access. It comprises multiple access systems and shall support various voice and data applications.

The rationale behind these requirements is that the lifecycle of railway applications is in general much longer than the lifecycle of telecommunication access/transport systems. Moreover, bearer flexibility aims at improving service availability and performance.

The characteristics of bearer flexibility are:

1. A Railway Application may use one or several access systems as appropriate.

2. Connection of FRMCS equipment to different access systems is dynamic (i.e. the most appropriate 3GPP or non-3GPP access technologies are selected automatically, potentially using multiple access technologies for one or more Railway Applications).

3. The set of access systems chosen meets the defined QoS and the service requirements e.g. mobility and connectivity which are necessary to guarantee the functionality. 

4. The introduction of a new access system should not negatively impact existing Railway Applications.

The approach taken within FRMCS allows the integration of 3GPP and non-3GPP radio access evolution.

IPv6 is used as a generic interface towards Railway Applications, facilitating connectivity, quality of service control, security and the separation of transport system and applications. IPv4 shall be supported for legacy.

12.X.2
Pre-conditions

The FRMCS system is able  to make use of one or more of the following:

1. 3GPP radio access (i.e. 4G and/or 5G) through railway-dedicated licensed spectrum

2. 3GPP radio access (i.e. 4G and/or 5G) provided by public providers

3. 3GPP radio access (e.g. LTE-U) through unlicensed spectrum

4. Non-3GPP radio access (e.g. IEEE 802.11 based and/or satellite based)

5. Wireline access
GSM-R is not considered as a radio access technology of FRMCS.

The Railway Adaptation Sub-System which is embedded between the Railway Applications and the Multi Access Core Network (MACN), enables the access system independence towards those applications. This Sub-System adapts application characteristics to the  access systems. It manages e.g. QoS, address conversion, functional roles and train location information.

The MACN has the ability to manage and interwork with wireless access systems (i.e. 3GPP and non-3GPP) as well as with wireline access systems. It encompasses for example the management of FRMCS user mobility, FRMCS user session/communication handling and control of end-to-end communication prioritisation. The MACN interworks with legacy communication systems and other FRMCS systems.

The Access Control & Management function of the FRMCS equipment is able to manage the different access systems as well as access via GSM-R (for roaming and simultaneous operation).

12.X.3
Service flows

Case 1 (data communication)

As an example the Automatic Train Control (ATC) application of a train establishes a data communication session with the applicable ground communication entity which is connected via the fixed network service. For ATC message exchange, the on-board system encompasses a railway operated private 3GPP 4G access system and a public 3GPP 5G access system (e.g. a VPN service) as part of the FRMCS system. ATC periodically reports train position information and receives Control Command instructions from the ground communication entity. The FRMCS equipment is registered to both access systems and uses these simultaneously if applicable.
Simultaneous use of radio access systems may improve communication resilience, availability, QoS and increases bandwidth.

The concept as described here can generally be extended to other data communication applications and (non-)3GPP access systems.

Case 2 (voice railway emergency communication)
The on-board FRMCS users are registered to the FRMCS system. An on-board FRMCS user establishes a Railway Emergency Communication (REC) from a specific location in the FRMCS network. This particular communication request takes into account the most appropriate radio access system, for example the railway-operated private 3GPP network. The FRMCS system  notifies the applicable users determined by the location of the initiator of the communication by using all available access system(s) e.g. 3GPP (public and private), WLAN or wireline. The applicable controller is notified via the wireline access system. The intended recipients of the call may be using different access systems.

The concept as described here can in general be extended to other voice group communication applications and point to point communication services.

Case 3 (telemetry operation at a railway depot)
A train is located in a railway depot where only WLAN coverage (non-3GPP access) as part of the FRMCS system is provided. FRMCS users of this train are attached to the FRMCS system. An FRMCS user starts a data session towards the applicable vehicle diagnostic entity. At that point in time WLAN provides the radio access system for this telemetry communication. Once the train leaves the depot and enters into a 3GPP coverage area, the FRMCS equipment adapts the transmission of the telemetry data session to the most QoS effective radio access system (3GPP access). The telemetry session continues uninterrupted when the train changes its location.

The concept as described here can in general be extended to other voice and data applications where other combinations of access systems at specific locations are possible.

Case 4 (Backup operation/resilience)

In a certain area with dedicated 3GPP access, coverage fails. Despite unavailability of the  dedicated railway 3GPP access, FRMCS users have the capability to continue communications by using public 3GPP access using an access system  which may support the required or some degraded form of QoS and which is provided in the area and which serves as a backup or complementary system. Communication applications on trains continue to operate, service continuity is preserved. When the functionality of the dedicated 3GPP access system is restored, the FRMCS equipment resumes operation on that system.

The concept as described here can generally be extended to any combination of access systems, e.g. WLAN and private 3GPP access.

12.X.4
Post-conditions

Case 1 (data communication)
The train controlled by ATC arrives on time without service interruptions of the communication .

Case 2 (voice railway emergency communication)
Railway emergency voice communication is established to all FRMCS-users in the designated area independent of the used access network.

Case 3 (telemetry operation at a railway depot)
Telemetry communication continued while relocating the train/vehicle.

Case 4 (Backup operation/resilience)
Communication continued when the private 3GPP access is unavailable in an area.

12.X.5
Potential requirements and gap analysis

	Reference Number
	Requirement text
	Application / Transport
	SA1 spec covering
	Comments

	[R-12.X-001]
	The FRMCS system shall be able to manage 3GPP and non-3GPP access systems simultaneously.
	A/T
	
	[Needs analysis]

	[R-12.X-002]
	If provided by the FRMCS equipment, the FRMCS application on the FRMCS equipment shall be able to make use of 3GPP and non-3GPP access systems simultaneously.
	A
	
	[Needs analysis]

	[R-12.X-003]
	The FRMCS user shall not experience service interruptions in the usage of applications due to a discontinuation of an access system.
	A
	
	[Needs analysis]

	[R-12.X-004]
	The FRMCS transport system including 3GPP and non-3GPP access shall be agnostic to Railway Applications.
	T
	
	[Needs analysis]

	[R-12.X-005]
	New access technology shall not require changes in the pre-existing application layer  to be able to make use of this new access technology as a transport in order to match the existing QoS requirements.

Note: 
Changes are required if the application layer wants to make use of the new capabilities of a new access technology.
	A/T
	
	[Needs analysis]

	[R-12.X-006]
	The transport layer shall allow using IPv6 (and IPv4 legacy support) as a generic interface.
	T
	
	[Needs analysis]

	[R-12.X-007]
	The FRMCS system shall be able to record user level communication as well as associated control plane information.
	A
	
	[Needs analysis]
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