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Introduction

Enhancement of RAN slicing SI [1] was approved with objectives related to RAN3 list below.
	The study item aims to investigate enhancement on RAN support of network slicing. Detailed objectives of the study item are:
Study necessity and mechanisms to support service continuity, including [RAN3]

For intra-RAT handover service interruption, e.g. target gNB doesn’t support the UE’s ongoing slice, study slice re-mapping, fallback, and data forwarding procedures. Coordination with SA2 is needed. 
Note: This study item should take SA2 output on slicing enhancement into consideration if RAN impacts are identified.


This contribution provides our view on these working objectives related to RAN3.
Discussion
Revisit Slice re-mapping discussion in Rel-15.
It is noting Slice re-mapping topic has already discussed in Rel-15. Before R17 SI start, it is benefit to revisit the discussion and result relate to the same topic. 

In stage2 description, the slice availability is described as below:

	TS 38.300
Slice Availability

-
Some slices may be available only in part of the network. The NG-RAN supported S-NSSAI(s) is configured by OAM. Awareness in the NG-RAN of the slices supported in the cells of its neighbours may be beneficial for inter-frequency mobility in connected mode. It is assumed that the slice availability does not change within the UE's registration area.

-
The NG-RAN and the 5GC are responsible to handle a service request for a slice that may or may not be available in a given area. Admission or rejection of access to a slice may depend by factors such as support for the slice, availability of resources, support of the requested service by NG-RAN.


Based on the at ,it is clear that some networks slices may not be available everywhere.The question arises in Rel-15 is on how mobility across registration areas should be supported between the CN and RAN in case the slice support changes when the UE crosses a registration area boundary.

In this context RAN3 had discussed slice re-mapping solutions during connected mode mobility The solutions discussed consist of re-allocating the PDU sessions associated with a slice no longer supported at target gNB onto another slice during the handover procedure. This would apply:

A: Either at NG-based handover where 5GC could indicate the new PDU session to slice mapping in the HO REQUEST message,

B: at Xn-based handover where source or target gNB could be e.g. pre-configured with slice re-mapping information and where the 5GC could confirm or change the PDU session to slice mapping during Path Switch procedure.

PDU sessions are assumed continued at target gNB and synchronization of supported slices between UE and 5GC is assumed to take place at TAU following inter-registration area mobility.

UE is assumed re-synchronized with the slice support at the TAU following this inter-registration area.

The answer from SA2 in Rel-15 was “SA2 understanding is that PDU Session removal of non-supported slices shall be supported in Rel-15.”

Observation 1: The Rel-15 Slice re-mapping discussion focus on inter registration mobility scenario and focus on service discontinuity due to slice not supported in the target RAN node.

Observation 2: The Rel-15 Slice re-mapping discussion was not consider RAN side re-mapping without impact CN and UE.

Observation 3: The Rel-15 Slice re-mapping discussion was not consider service discontinuity due to slice resource shortage. 
Observation 4: The Rel-15 Slice re-mapping discussion did not consider the solution that source RAN node re-mapping before mobility.
 Re-consideration on slice re-mapping scenario.
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As shown in the above figure, network slice may deployed in different RAN node. In RAN node 1 and RAN node 3, base on the SLA(Service level agreement) , MNO (Mobile Network Operator ) provides two different slice in one RAN node. The slices are isolated from each other. Which means source in one Slice is dedicated the UEs served by the Slice. The UE ‘s PDU session (i.e. service)  in one Slice is not allowed to use resource in another Slice. It is noting in the figure, Slice 1 is not supported in RAN node 2. 
As shown in the figure, a UE access to the network via RAN node 1 as its access point. The UE start to request a PDU session to provide data transmission service. The PDU session request message sent from UE to CN node. As shown in the figure CN selects Slice 1 to provide network side resource for the PDU session. 

Due to mobility reason , the UE moves from the cell of RAN node 1 to a cell in RAN node 2 which does not support slice 1. In this case, the PDU session need terminated based on current technology. UE ‘s PDU session terminated due to no slice supported , service continuity not be able to guarantee.

In another case, assume an another UE setup a PDU session using Slice 2 via RAN node 2 and moves to RAN node 3. It is possible the Slice 2 in RAN node 3 may be in shortage. In this case, the UE’s PDU session in slice 2 is also need to be terminated even slice 2 is already supported in the RAN node. UE ‘s PDU session terminated due to no slice resource , service continuity not be able to guarantee.

Observation 5: The issue of service discontinuity due to Slice not support or Slice resource shortage should both be mitigated.

In some mobility scenarios, the UE moves outside the slicing area deployed by the mobile operator, in this case service discontinuity is on purpose and can be acceptable. However, in some certain mobility scenarios, the NG RAN node and the core network have sufficient resources, but because these resources belong to different slices, these resources cannot be used. 

Therefore, one thing worth investigating is to identify these mobile scenarios where network has sufficient resource but with slice isolation limitation.
Slice isolate 

Before study mobility scenario, it is worth check the requirements on slice isolation in RAN side. It is already in the stage 2 description that slice isolation in RAN side is based on SLA and implementation dependent. With extra SLA, slice re-mapping in RAN side does not breaks the resource isolation principal defined in Rel-15.    
	TS 38.300
Resource isolation between slices

-
The NG-RAN supports resource isolation between slices. NG-RAN resource isolation may be achieved by means of RRM policies and protection mechanisms that should avoid that shortage of shared resources in one slice breaks the service level agreement for another slice. It should be possible to fully dedicate NG-RAN resources to a certain slice. How NG-RAN supports resource isolation is implementation dependent.


Observation 6: The RAN side slice-remapping does not breaks the resource isolation principal.
Scenario 1: Intra-registration mobility with Xn based handover
[image: image2.jpg]{ource RAN node {arget RAN nod|

HANDOVER REQUES

Select R{-mapping Slice

HANDOVER REQUEST ACKNOWLEDGE





AS shown in the figure, In an intra registration area scenario, the source RAN node and the target NG RAN node use Xn based Handover.

Step 1: The source NG RAN node sends a Handover Request message to the target NG RAN node;

Step 2: The target NG RAN node performs RAN slice re-mapping;

The target NG RAN node support slice re-mapping function and find out that the slice resources of the slice are insufficient.The target NG RAN node selects a suitable slice for the PDU session.

Step 3: The target NG RAN node sends a Handover Request acknowledge message to the source NG RAN node to complete the following handover procedure .
In this case, due to intra-registration Handover, the TA list in source cell and target cell is same. Which means all slice supported in source cell and target cell. And due to Xn based handover, the AMF does not change therefore the same slice also supported in the Core network. And due to intra-Registration mobility ,UE will not trigger NAS RAU procedure due to mobility reason.
The ONLY reason for service discontinuity in this case is due to no slice resource in the target Cell. 

Therefore in this case it is benefit to investigate how to re-mapping slice.  
Proposal 1: Identify the Service discontinuity due to no slice resource in case Intra-registration mobility with Xn based handover in the scope of Rel-17.
 Scenario 2: Intra-registration mobility with NG based handover inside AMF SET.
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As shown in the figure, the the source RAN node and target RAN node connected to the same AMF set. Which means the slice(s) is same in the Core network part. And due to intra registration handover, the slice is same at source cell and target cell. 
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In this scenario, the source NG RAN node and the target NG RAN node use NG based Handover, and 
Step 1: The source NG RAN node sends a Handover Required message to the core network;

Step 2: The core network sends a Handover Request message to the target NG RAN node;

Step 3: The target NG RAN node performs RAN slice re-mapping;

The target NG RAN node supports slice re-mapping and find out the slice requested with out enough resource support. According to the above information, the target NG RAN node selects a slice with sufficient resources for re-mapping.

Therefore in this case it is benefit to investigate how to re-mapping slice.  
Proposal 2: Identify the Service discontinuity due to no slice resource in case Intra-registration mobility with NG based handover within AMF SET in the scope of Rel-17.
Scenario 3: Intra-registration mobility with NG based handover across AMF SET.
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As shown in the figure, the the source RAN node and target RAN node connected to the different AMF set. The different AMF set support a overlapping slice(s) same as source RAN node and target RAN node. Which means the slice(s) is same in the Core network part. And due to intra registration handover, the slice is same at source cell and target cell.

The signaling procedure is same as scenario 2.

The main challenge to solve the issue in this scenario is RAN node may not able to aware the slice supported situation in different AMF SET.
Proposal 3: RAN3 to discuss whether Service discontinuity due to no slice resource in case Intra-registration mobility with NG based handover across AMF SET in the scope of Rel-17.
Scenario 4: Inter-registration mobility with Xn based handover
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As shown in the figure, the the source RAN node and target RAN node connected to the same AMF. Which means the slice(s) is same in the Core network part. 

And due to inter registration handover, the slice may not supported or no slice resource at target cell.

Since the slice in Core network is same and target has sufficient resource belong to different slice. It is benefit to investigate this scenario into R17 scope.

The signalling procedure is similar as in scenario 1. 

Proposal 4: Identify the Service discontinuity due to no slice resource or slice not supported in case Inter-registration mobility with Xn based handover in the scope of Rel-17.
Scenario 5: Inter-registration mobility with NG based handover
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As shown in the figure, the the source RAN node and target RAN node connected to the different AMF. In this case, source AMF set and target AMF set support overlapping slice(s). 

And due to inter registration handover, the slice may not supported or no slice resource at target cell.

The signalling procedure is similar as in scenario 2. 

The main challenge to solve the issue in this scenario is source RAN node and target RAN node may not able to aware slice supported situation in source AMF set and target AMF set. 

In addition, due to inter registration mobility, UE sends RAU to the new AMF set and probably re-assign new allowed S-NSSAI for the UE. 

Proposal 5: RAN3 to discuss whether Service discontinuity due to no slice resource or no slice in case Inter-registration mobility with NG based handover in the scope of Rel-17.
Based on Scenario analysis, it can be observed that in Scenario 1,2&4, the slice supported in Core network is same and target has sufficient resource belong to different slice, we propose RAN3 to consider these scenarios for slice continuity in Rel-17 normative stage. 

For scenario 3 and 5, although benefit of mitigate service discontinuity be seen, but due to slice supported in Core network could be change, this scenario need further check in Study stage.
3. Conclusion

In this contribution , observations and proposals are:
Observation 1: The Rel-15 Slice re-mapping discussion focus on inter registration mobility scenario and focus on service discontinuity due to slice not supported in the target RAN node.

Observation 2: The Rel-15 Slice re-mapping discussion was not consider RAN side re-mapping without impact CN and UE.

Observation 3:  The Rel-15 Slice re-mapping discussion was not consider service discontinuity due to slice resource shortage. 

Observation 4: The Rel-15 Slice re-mapping discussion did not consider the solution that source RAN node re-mapping before mobility.

Observation 5: The issue of service discontinuity due to Slice not support or Slice resource shortage should both be mitigated.

Observation 6: The RAN side slice-remapping does not breaks the resource isolation principal.

Proposal 1: Identify the Service discontinuity due to no slice resource in case Intra-registration mobility with Xn based handover in the scope of Rel-17.

Proposal 2: Identify the Service discontinuity due to no slice resource in case Intra-registration mobility with NG based handover within AMF SET in the scope of Rel-17.

Proposal 3: RAN3 to discuss whether Service discontinuity due to no slice resource in case Intra-registration mobility with NG based handover across AMF SET in the scope of Rel-17.

Proposal 4: Identify the Service discontinuity due to no slice resource or slice not supported in case Inter-registration mobility with Xn based handover in the scope of Rel-17.

Proposal 5: RAN3 to discuss whether Service discontinuity due to no slice resource or no slice in case Inter-registration mobility with NG based handover in the scope of Rel-17.

Proposal 6: To capture TP [2]for TR38.832.
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