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Introduction
R18 RAN Slicing WI has been approved in RP-230787 [1] wherein the objectives are as follows,
- Investigate the enhancement on RAN to support Network Slice Service continuity scenario.
- Specify the solotion to support Partially Allowed NSSAI in RRC_Connected mode.
This contribution primarily discusses the enhancement of RAN slicing.
Discussion
The discussion on RAN slicing starts from R17, and one Study Item has been carried out to investigate the enhancement of the RAN slicing for NR. Based on the discussion of the R17 SI, TR 38.832 has been produced to capture the use cases and solutions with regard to enhancement of RAN slicing.
2.1 Slice Service Continuity
In TR 38.832, one of the essential issues is to study the necessity and mechanisms to support service continuity, and multiple solutions in terms of slice remapping have been captured to support the service continuity in both slice shortage scenario and non-supported slice scenario. However, in R17 WI, the slice remapping mechanism was not introduced in the spec because such mechanism might have high impact to CN and UE and SA2 did not investigate the solutions to support the end-to-end slice remapping mechanism. As a result, such discussion is postponed until SA2 has a clear solution.
Up to now, the SA2 has had a thorough discussion on solutions of slice remapping in R18, and SA2 has newly introduced the network slice replacement feature to the CN to support the slice service continuity. So it is a proper time for RAN3 to reopen the discussion on slice remapping depending on SA2 progress.
According to the latest CR approved by SA2 in S2-2303882 [2], in order to support slice service continuity, a new term ‘Alternative S-NSSAI’ has been defined as follows,
Alternative S-NSSAI: Indicating a compatible S-NSSAI for an S-NSSAI in the Allowed NSSAI that the AMF uses to replace an S-NSSAI when the S-NSSAI is not available or congested, as specified in clause 5.15.x.
In addition, SA2 also adds the sub-clause on support of network slice replacement in the approved CR in [2], which has provided detailed descriptions on how the network slice replacement feature works by introducing Alternative S-NSSAI. In clause 5.15.x in [2], the following behaviour has been clearly defined,
The SMF proceeds with the PDU Session establishment using the Alternative S-NSSAI. The SMF sends the Alternative S-NSSAI to NG-RAN in N2 SM information and to UE in PDU Session Establishment Accept message.
For existing PDU Session associated with an S-NSSAI that is replaced with the Alternative S-NSSAI, after the AMF sends mapping of the S-NSSAI to the Alternative S-NSSAI to the supporting UE in UE Configuration Update message, the AMF sends updates to the SMF of the PDU Session, e.g. triggering Nsmf_PDUSession_UpdateSMContext service operation, that the PDU Session is to be transferred to Alternative S-NSSAI and includes the Alternative S-NSSAI as follows (see details in clause 4.3.5.x of TS 23.502 [3]):
-	If the SMF determines that the PDU Session needs to be retained (e.g. if the anchor UPF can be reused with the alternative S-NSSAI and SSC mode 1), the SMF sends the Alternative S-NSSAI to the UPF in the N4 message, to the NG-RAN in N2 message and to the supporting UE in PDU Session Modification Command message.
The above quoted paragraphs have clearly indicated that,
- The Alternative S-NSSAI should be included in N2 SM information from AMF to NG-RAN for newly established PDU sessions.
- The Alternative S-NSSAI should be signalled from AMF to NG-RAN when CN determines that the PDU Session needs to be retained for existing PDU sessions.
As a result, it is clear enough to add Alternative S-NSSAI information in Initial Context Setup procedure or PDU Session Resource Setup procedure for newly established PDU sessions, or in PDU Session Resource Modify procedure for existing PDU sessions.
Proposal 1: At least add Alternative S-NSSAI information in the following NGAP messages,
· PDU SESSION RESOURCE SETUP REQUEST
· PDU SESSION RESOURCE MODIFY REQUEST
· INITIAL CONTEXT SETUP REQUEST
Another aspect related to the service continuity is in case of mobility, i.e. how to perform network slice replacement during handover, e.g. when UE moves to an area where zero resources are allocated to a network slice. According to the discussion in RAN3 two meetings ago, there’s no consensus on whether the PDU session resources should be released or can be retained upon UE moving to an area where zero resources are allocated to a network slice.
First of all, it should be decided whether the currently defined slice replacement feature can also be applied to the mobility case, especially to the handover case. SA2 has already defined that several entities including NSSF/PCF/OAM can detect and notify the AMF that an S-NSSAI becomes unavailable or congested, so from end-to-end perspective, there’s possibility that a PDU session associated with an S-NSSAI needs to be retained by using an Alternative S-NSSAI in order to maintain slice service continuity. As a consequence, our understanding is that RAN needs to be enhanced to satiate the requirement of end-to-end slice service continuity as much as possible, so the slice replacement feature should also be applied to the handover cases.
To be more specific, the discussion can be split into two cases: Xn-based handover, and NG-based handover.
In case of NG-based handover, the HANDOVER REQUIRED message containing the PDU session resource list is sent from the source node to AMF, and then it could be up to AMF to decide whether the PDU session could be retained or released if the associated S-NSSAI is encountered with slice resource shortage or not supported by the target cell. In such case, we can also add Alternative S-NSSAI information to specific PDU session(s) in the NGAP HANDOVER REQUEST message to indicate that such PDU session(s) should be retained, and subsequently the target cell should prepare the corresponding PDU session resources for such PDU session using Alternative S-NSSAI.
In case of Xn-based handover, it is a ground truth that the target gNB needs to perform admission control on the PDU sessions to be setup before it interacts with the Core Network. Therefore, for those PDU session already using Alternative S-NSSAI BEFORE the handover, it would imply that such PDU session has the requirement to maintain end-to-end slice service continuity, so it would be beneficial for the source node to also include Alternative S-NSSAI information in the XnAP HANDOVER REQUEST message to indicate that such PDU session should still be retained by using the Alternative S-NSSAI. While for those PDU session using S-NSSAI but the target cell is encountering slice shortage or cannot support such slice, it would be suitable for the target node to decide whether to temporarily admit such PDU sessions or directly reject such PDU sessions by implementation/OAM configuration/NGAP signalling; if such PDU sessions are temporarily admitted, the target node needs to coordinate with AMF using the subsequent Path Switch Request procedure to ask for the Alternative S-NSSAI. 
Proposal 2: RAN3 is kindly asked to discuss whether and how the slice replacement feature is applied to the mobility case.
2.2 Partially Allowed NSSAI
RAN3 discussed whether to provide partially allowed NSSAI from AMF to NG-RAN two meetings ago based on an LS received from SA2. At that time, some companies still have concern on the usage of partially allowed NSSAI especially on how the partially allowed NSSAI works with the existing Allowed NSSAI and Target NSSAI, so RAN3 asked a bunch of questions to SA2 for further clarification. This meeting RAN3 has received the reply LS in [3] from SA2 with the feedback as follows,

· Whether and how the Partially Allowed NSSAI would work together with the slice-based cell reselection? 

SA2 reply:

It is expected that the Partially Allowed NSSAI is indeed given as input into the cell reselection algorithm. The current text in TS 23.501 reads (the red text is the new text added by SA#99 approved CRs):

“The UE NAS provides to the UE AS the NSAG Information as received from the AMF and the S-NSSAIs in the Allowed NSSAI and any Partially Allowed NSSAI as input to cell reselection, except when the UE intends to register with a new (including any S-NSSAIs rejected partially in the RA) set of S-NSSAIs with a Requested NSSAI different from the current Allowed NSSAI, and any Partially Allowed NSSAI, in which case the UE NAS provides to the UE AS layer the NSAG Information as received from the AMF and the S-NSSAIs in the Requested NSSAI, and this may trigger a cell reselection, before sending the Registration Request including the new Requested NSSAI.”

· Whether the Partially Allowed NSSAI would be associated with its own RFSP and if yes, how would this relate to existing information signalled today?  
How would the RFSP(s) related to other information, e.g. Allowed NSSAI signaled today, relate to the Partially Allowed NSSAI? 

SA2 reply:

It is expected that the AMF provides the RAN with a single RFSP index, taking the Allowed and the Partially Allowed NSSAI into account. The RFSP is handled like any RFSP signalled to the NG-RAN from AMF. It logically relates to both the Allowed NSSAI and Partially allowed NSSAI as the current text in TS 23.501 reads as follows (the red text is the new text added by SA#99 approved CRs):

“In order to enable UE idle mode mobility control and priority-based reselection mechanism considering availability of Network Slices at the network and the Network Slices allowed for a UE, an RFSP is derived as described in clause 5.3.4.3, considering also the Allowed NSSAI, and any Partially Allowed NSSAI for the UE”.

From the above reply, we can observe that,
· The Partially Allowed NSSAI is sent together with Allowed NSSAI.
· The Partially Allowed NSSAI does not have a separate RFSP index.
As a result, our understanding is that the Partially Allowed NSSAI is complementary to the Allowed NSSAI in functionality, so the Partially Allowed NSSAI should be included in those messages that has already included the Allowed NSSAI over NGAP and XnAP.
Proposal 3: Add the Partially Allowed NSSAI IE in those messages that has already included the Allowed NSSAI IE over NGAP and XnAP.

Conclusion
In this contribution, we have the following proposals:
Proposal 1: At least add Alternative S-NSSAI information in the following NGAP messages,
· PDU SESSION RESOURCE SETUP REQUEST
· PDU SESSION RESOURCE MODIFY REQUEST
· INITIAL CONTEXT SETUP REQUEST
Proposal 2: RAN3 is kindly asked to discuss whether and how the slice replacement feature is applied to the mobility case.
Proposal 3: Add the Partially Allowed NSSAI IE in those messages that has already included the Allowed NSSAI IE over NGAP and XnAP.
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