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1 Introduction

At previous RAN3 meeting, the subject of Network Slicing was progressed and the outcome documented in [1], where it can be seen that so far the potential solution has been mainly detailed when it comes to the aspect of CN instance selection, but is still lacking in other aspects.

This contribution aims at progressing the Network Slicing realization description, in particular when it comes to signalling aspects, by complementing the already clarified areas with insights in the areas of UE Context handling, PDU session handling and mobility.

In this contribution we use the term Slice ID as a unique identifier of the relevant (end-to-end) NW Slice, although it is understood that during normative phase, such identifier may be called otherwise.

2 Discussion
2.1 UE Context Handling

2.1.1 General
As already described in the technical report, following the establishment of the RRC connection and the selection of the relevant CN instance, the RAN may be aware of the Slice ID for which the UE has requested and was granted access to the system (this is irrespective of whether a rerouting towards a second CN instance has taken place or not).

At this point RAN expects a (complete) UE context to be established, by means of the NG Initial Context Setup procedure, described in sub clause 7.2.4.1.2 of [1]. 

In the case of Network Slicing, slice awareness needs then to be applied to the establishment and subsequent handling of such UE context.

A UE may though be connected to more than one slice, so RAN needs to get confirmation from CN that the UE context is established for a certain Network Slice (or more than one).

Observation 1: RAN may be aware of which NW Slice the UE has requested access to prior to establishing a complete UE Context, but may, for example, not know about potential other slices the UE may be using. 

Observation 2: Validation of a NW Slice should be up to CN, although RAN may apply provisional policies prior to CN validation.

Observation 3: It is beneficial if CN confirms for which NW Slice/s the UE Context is established, by indicating such information in the Initial Context Setup Request message.

Proposal 1:  Slice awareness should be conveyed from CN to RAN in Initial Context Setup. By getting this information from CN it is also confirmed that the UE is allowed to access that slice/s.
Given the already established concept of a PDU session, a relationship to the concept of NW slice awareness in RAN is also needed, that respects the principles and requirements set forth for NW Slicing, for example:

· RAN shall support QoS differentiation within a slice;

· RAN shall support resource isolation between slices;

· In case a UE is associated with multiple slices simultaneously, only one signalling connection shall be maintained.
Assuming that the granularity of the slice awareness is per PDU session, it can be seen that:

Observation 4: If one Slice ID corresponds to one PDU session, the currently assumed QoS concept allows for QoS differentiation within a slice. 

Observation 5: If one Slice ID corresponds to one PDU session, the currently assumed PDU session concept implies user plane isolation between NW slices, as different PDU sessions would correspond to separate UP tunnels. 

Observation 6: If one Slice ID corresponds to one PDU session, only one signalling connection will be maintained even if the UE is connected to multiple NW slices.

Proposal 2:  Slice awareness per PDU session shall be adopted at RAN level: it implies that all QoS flows within one PDU session must belong to the same NW Slice, but it is possible to have different PDU sessions (for one UE) associated to different NW Slices.
2.1.2 Signalling impacts
The figure below illustrates the expected signalling flow for the establishment of a UE context in RAN, with focus on where slice awareness is conveyed (per PDU session):
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Figure 1: NW Slice-aware Initial Context Setup 
2.2 Slice awareness and PDU Session Handling

2.2.1 General

As a direct consequence of the proposals formulated in the previous sub clause, it can be derived that Slice ID shall also be contained as part of the PDU session description in procedures used to establish/modify/release resources for PDU sessions.
Proposal 3:  Slice awareness should be conveyed from CN to RAN in the procedure/s used to establish/modify/release resources for PDU sessions.

2.2.2 Signalling impacts
The following figure describes the mechanism to convey the Slice ID during PDU session establishment/modification/release:
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 Figure 2: NW Slice-aware PDU Session Setup/Modify/Release 
2.3 Mobility
2.3.1 General

Following the assumptions and proposals for PDU Session handling and UE Context Handling, mobility signalling mechanisms would also be impacted by the introduction of NW Slicing in RAN.
Observation 7: Assuming slice awareness at PDU session level would automatically result in slice awareness in mobility-related signalling by adding the Slice ID information to the PDU session information, thus enabling slice-aware admission and congestion control.

Proposal 4:  Slice awareness should be conveyed from source to target during mobility related procedures as part of the PDU session information.
3 Conclusions and Proposals
In the discussion above, it has been observed that:
Observation 1: RAN may be aware of which NW Slice the UE has requested access to prior to establishing a complete UE Context, but may, for example, not know about potential other slices the UE may be using. 

Observation 2: Validation of a NW Slice should be up to CN, although RAN may apply provisional policies prior to CN validation.

Observation 3: It is beneficial if CN confirms for which NW Slice/s the UE Context is established, by indicating such information in the Initial Context Setup Request message.
Observation 4: If one Slice ID corresponds to one PDU session, the currently assumed QoS concept allows for QoS differentiation within a slice. 

Observation 5: If one Slice ID corresponds to one PDU session, the currently assumed PDU session concept implies user plane isolation between NW slices, as different PDU sessions would correspond to separate UP tunnels. 

Observation 6: If one Slice ID corresponds to one PDU session, only one signalling connection will be maintained even if the UE is connected to multiple NW slices.
Observation 7: Assuming slice awareness at PDU session level would automatically result in slice awareness in mobility-related signalling by adding the Slice ID information to the PDU session information, thus enabling slice-aware admission and congestion control.
Based on the observations, the following proposals are made:
Proposal 1:  Slice awareness should be conveyed from CN to RAN in Initial Context Setup. By getting this information from CN it is also confirmed that the UE is allowed to access that slice/s.
Proposal 2:  Slice awareness per PDU session shall be adopted at RAN level: it implies that all QoS flows within one PDU session must belong to the same NW Slice, but it is possible to have different PDU sessions (for one UE) associated to different NW Slices.
Proposal 3:  Slice awareness should be conveyed from CN to RAN in the procedure/s used to establish/modify/release resources for PDU sessions.

Proposal 4:  Slice awareness should be conveyed from source to target during mobility related procedures as part of the PDU session information.
A text proposal for [1] in line with the conclusions above is contained in [2].
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