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Introduction
At RAN#99, a new WID was approved on “further enhancement of RAN Slicing for NR”. The detailed objectives of the WID are as follows:
1. Evaluate the impact, if any, on RAN to support Network Slice Service continuity scenario. [RAN3]
2. Evaluate the impact, and specify the solution, if needed, to support Partially Allowed NSSAI in RRC_Connected Mode. [RAN3]
This contribution will evaluate the RAN3 specification impact on enhancement of RAN slicing issues.
Discussion
[bookmark: _Hlk134566839]Network Slice Service Continuity
The network slice service discontinuity may exist where a UE initiates the handover from a specific place supported by a particular slice, e.g., a factory, to a public network handling eMBB users which supported by another slice. Network slice service discontinuity may occur when target NG-RAN node does not support the slice supported by source node. In order to solve this issue, SA2 decides to introduce network slice replacement feature. From S2-2303882, as the CR for SA2 TS 23.501, support of network slice replacement are described as follows:
	[bookmark: _Toc114665317]5.15.x	Support of Network Slice Replacement
The Network Slice Replacement feature is used to replace an S-NSSAI with an Alternative S-NSSAI when an S-NSSAI becomes unavailable or congested. The Network Slice Replacement may be triggered in the following cases:
-	If the NSSF detects that an S-NSSAI becomes unavailable or congested (e.g., based on OAM or NWDAF analytics output), it sends network slice availability notification for the S-NSSAI to the AMF. The notification may include an Alternative S-NSSAI which can be used by the AMF to replace the S-NSSAI. The NSSF notifies the AMF when the S-NSSAI is available again.
-	If the PCF detects that an S-NSSAI becomes unavailable or congested for a UE (e.g., based on OAM or NWDAF analytics output), it sends access and mobility related policy notification to the AMF. The notification may include an Alternative S-NSSAI which can be used by the AMF to replace the S-NSSAI. The PCF notifies the AMF when the S-NSSAI is available again for the UE.
-	The OAM sends notification to AMF when an S-NSSAI becomes unavailable or congested (and also when this S-NSSAI becomes available again) and provides the Alternative S-NSSAI to AMF.
Based on the notification above from NSSF or PCF or OAM, the AMF may determine that an S-NSSAI is to be replaced with Alternative S-NSSAI. For roaming case, the AMF may receive network slice availability notification of the HPLMN S-NSSAI from NSSF in the HPLMN via NSSF in VPLMN, to trigger the Network Slice Replacement of the HPLMN S-NSSAI as described in clause 5.15.6.
NOTE 1:	It is recommended that, the operator configures to use only one mechanism when triggering the Network Slice Replacement for S-NSSAI.


From the SA2 specification, it is found that the Network Slice Replacement feature is used to replace an S-NSSAI with an Alternative S-NSSAI when an S-NSSAI becomes unavailable or congested. Based on the notification originated from NSSF, PCF and OAM, AMF may replace the S-NSSAI with Alternative S-NSSAI. For existing PDU Session associated with an S-NSSAI, after the AMF sends mapping of the S-NSSAI to the Alternative S-NSSAI to the supporting UE, the AMF sends updates to the SMF of the PDU session and the PDU Session is to be transferred to Alternative S-NSSAI and includes the Alternative S-NSSAI as follows: 
	-	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.


Observation 1: Based on the notification originated from NSSF, PCF and OAM, AMF may replace the S-NSSAI with Alternative S-NSSAI.
If the PDU session needs to be retained, the SMF sends the Alternative S-NSSAI to the NG-RAN with an existing PDU session modification procedure which has some impact on the NG interface. From our view, the PDU SESSION RESOURCE MODIFY REQUEST message could be reused to request the NG-RAN node to update the S-NSSAI for already established PDU session resources for a given UE. Thus, it seems that no need to introduce a new procedure to send the Alternative S-NSSAI.
Proposal 1: The PDU SESSION RESOURCE MODIFY REQUEST message could be reused to request the NG-RAN node to update the S-NSSAI for already established PDU session resources for a given UE.
[bookmark: _Hlk134566990]Considered the handover scenario, the service discontinuity may exist during the handover where target NG-RAN node does not support the S-NSSAI within the source NG-RAN node. Thus, network slice replacement should be performed during handover and SA2 is still discussing the potential solutions. As the first meeting in RAN3, we think there is no hurry to work out a reliable solution. From our perspective, it is proposed to confirm the network slice replacement would be performed during the handover, how to perform during the handover depends on the progress from SA2.
Proposal 2: It is proposed to confirm the network slice replacement would be performed during the handover, how to perform during the handover depends on the progress from SA2.
Partially Allowed NSSAI
From SA2 specification TR 23.700-41, the key issue 5 provides a scenario where UE initiates a registration for an S-NSSAI which was rejected for the RA when the UE enters a TA that is part of the RA and the TA supports this S-NSSAI. The background of this key issue is shown as follow:
	When the AMF creates a Registration Area (RA) with one or more Tracking Areas (TAs), all the S-NSSAIs of the S-NSSAIs in the Allowed NSSAI need to be available in all the TAs of the RA. If the UE requests an S-NSSAI that is not available in current TA, with current specifications this S-NSSAI is rejected with an indication that the S-NSSAI is not available in the RA. This cause code indicates to the UE that the UE is not allowed to try to register the S-NSSAI again in any of the TAs of the RA. This restriction is placed on the UE even if some of the TAs in the RA do support the S-NSSAI. This then creates the need to choose between optimal RA (considering the trade-off between paging load vs. the load generated due to Mobility Registration Update (MRU) requests) and the goal to allow the UE to register as soon as possible with the S-NSSAI that was not supported in the TA where the S-NSSAI was not available and therefore not allowed.


After the completion of SI, SA2 provides the partially allowed S-NSSAI to solve the above issue. The definition of partially allowed S-NSSAI is shown below:
	Partly allowed S-NSSAI:
-	If a requested S-NSSAI is not supported in the current TA but supported in other TAs part of the RA, or the requested S-NSSAI is supported in the current TA but not supported in all other TAs of the RA, the AMF (for supporting UEs) may indicate to the UE that some S-NSSAIs are allowed only in some TAs of the RA by indicating the TAs where these are supported and also registered. If so, the UE assumes it can use the connectivity for the slices in the TAs where it is indicated to be supported. In this approach, the Allowed NSSAI is still uniformly supported in the RA but the additional IE sent to the UE e.g. Partially Allowed S-NSSAI is not uniformly supported in the RA. The AMF sends the Partially/Conditionally Allowed S-NSSAI to NG-RAN in the same messages as the Allowed NSSAI is sent.


Compared with the Allowed NSSAI uniformly supported in the RA, Partly allowed S-NSSAI is supported by some TAs part of the RA. 
Observation 2: Compared with the Allowed NSSAI uniformly supported in the RA, Partly allowed S-NSSAI is supported by some TAs part of the RA.
During the WI phase in SA2, the conclusion from SA2 TS 23.502 states as follow:
	[bookmark: _Hlk125035533][bookmark: _Hlk125125044]-	If one or more of the requested S-NSSAI(s) are supported in a subset of the TAs of the (potential) Registration Area, the AMF may include such S-NSSAI(s) in the Partially Allowed NSSAI and corresponding mapping information of the S-NSSAI(s) of the Partially Allowed NSSAI to the HPLMN S-NSSAI(s). For each S-NSSAI of the Partially Allowed NSSAI the AMF provides a list of TAs where the S-NSSAI is supported. The UE is considered registered with the S-NSSAI in the whole Registration area. The AMF also provides the Partially Allowed NSSAI (without indication of the TA list where the partially allowed S-NSSAIs are supported) to the NG-RAN together with the UE's context. 


Likewise, from the yellow highlight part shown in TS and TR, it is found that AMF shall provide the Partially Allowed NSSAI to the NG-RAN together with the UE’s context. We can conclude that there has RAN3 impact on NGAP where the AMF would send the Partially Allowed S-NSSAI to NG-RAN.
Proposal 3: There has RAN3 impact on NGAP where the AMF would send the Partially Allowed S-NSSAI to NG-RAN.
Regard to the signalling impact over NG, a new IE for Partially Allowed NSSAI should be introduced. It is noted that there are two potential options provided by companies for decoding the IE. 
Option 1: Encode the Partially Allowed NSSAI IE within the Allowed NSSAI IE;
Option 2: Introduce a separate IE for Partially Allowed NSSAI IE;
For those two options, we slightly prefer to introduce a separate IE for Partially Allowed NSSAI IE. If adopting the option 1, it will limit the usage scope of Partially Allowed NSSAI IE and lead to lack of flexibility. 
Observation 2: Encoding the Partially Allowed NSSAI IE within the Allowed NSSAI IE will limit the usage scope of Partially Allowed NSSAI IE and lead to lack of flexibility.
Proposal 4: It is proposed to introduce a separate IE for Partially Allowed NSSAI IE.
Conclusions
In this paper, we provide our initial consideration on RAN slicing. The proposals are listed below:
Observation 1: Based on the notification originated from NSSF, PCF and OAM, AMF may replace the S-NSSAI with Alternative S-NSSAI.
Observation 2: Encoding the Partially Allowed NSSAI IE within the Allowed NSSAI IE will limit the usage scope of Partially Allowed NSSAI IE and lead to lack of flexibility.
Proposal 1: The PDU SESSION RESOURCE MODIFY REQUEST message could be reused to request the NG-RAN node to update the S-NSSAI for already established PDU session resources for a given UE.
Proposal 2: It is proposed to confirm the network slice replacement would be performed during the handover, how to perform during the handover depends on the progress from SA2.
Proposal 3: There has RAN3 impact on NGAP where the AMF would send the Partially Allowed S-NSSAI to NG-RAN.
Proposal 4: It is proposed to introduce a separate IE for Partially Allowed NSSAI IE.
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