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1	Introduction
A new work item on further enhancement of RAN Slicing for NR has been agreed at RAN-99 in RP-230787.
The objectives of this WI 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]

In this paper Objective 1 will be discussed and a way forward will be derived.
2 Discussion

Objective 1 in RP-230787 tasks RAN3 to investigate whether there is any impact on RAN coming from the solution defined by SA2 on Network Slice Replacement. 

This is described in TS23.501, section “5.15.19	Support of Network Slice Replacement” and it is still under discussion within SA2.

The parts from 23.501 that are relevant to the NG-RAN are reported below:

-------------------------------------------------------------------Excerpt from TS23.501-------------------------------------------------------------------
During a new PDU Session establishment procedure towards an S-NSSAI,
-	if the UE is provided with the mapping of the S-NSSAI to an Alternative S-NSSAI, the UE provides both the Alternative S-NSSAI and the S-NSSAI in the PDU Session Establishment message. When the AMF receives the Alternative S-NSSAI and the S-NSSAI in the PDU Session Establishment message, or when the AMF receives only the S-NSSAI in PDU Session Establishment message the AMF determines that the S-NSSAI is to be replaced with the Alternative S-NSSAI, the AMF includes both the Alternative S-NSSAI and the S-NSSAI to the SMF.
-	if the UE is not provided with the mapping of the S-NSSAI to the Alternative S-NSSAI, the UE provides the S-NSSAI in the PDU Session Establishment message. When the AMF determines that the requested S-NSSAI is to be replaced with the Alternative S-NSSAI and if the UE supports Network Slice Replacement, the AMF performs UE Configuration Update procedure to reconfigure the UE with the Alternative S-NSSAI. The AMF continues the PDU Session establishment procedure with the Alternative S-NSSAI and provides both the Alternative S-NSSAI and the S-NSSAI to the SMF.
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.
-	If the SMF determines that the PDU Session needs to be re-established, the SMF sends the Alternative S-NSSAI to the supporting UE either in PDU Session Modification Command if the PDU Session is of SSC mode 3, or in PDU Session Release if the PDU Session is of SSC mode 2 or SSC mode 1, to trigger the re-establishment of the PDU Session. The UE includes both, the S-NSSAI and the Alternative S-NSSAI in the PDU Session Establishment message.
Editor's note:	How to use the existing NG-RAN resource of the replaced S-NSSAI is for FFS.
When the AMF is notified that the S-NSSAI is available again or the congestion of the S-NSSAI has been mitigated, if the AMF has configured the supporting UE with the Alternative S-NSSAI, and the AMF determines for the UE to use the S-NSSAI again, the AMF reconfigures the supporting UE (e.g. by using UE Configuration Update message) to use the S-NSSAI. If there is an existing PDU Session associated with the Alternative S-NSSAI, 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 the S-NSSAI.
Editor's note:	How to perform Network Slice Replacement during handover is FFS.

-------------------------------------------------------------------End of Excerpt from TS23.501-------------------------------------------------------------------

The text from TS23.501 above is quite clear in stating that the Alternative S-NSSAI is communicated from the SMF to the NG-RAN (via the AMF) over NGAP signalling, in cases where a new PDU Session is established with an alternative NSSAI or in cases where an existing PDU Session is associated to an S-NSSAI that is replaced with the Alternative S-NSSAI. 

Observation 1: Network Slice Replacement use cases covered in SA2 concern scenarios where a new PDU Session is established with an Alternative S-NSSAI or where an existing PDU Session is associated to an S-NSSAI that is replaced with the Alternative S-NSSAI

2.1 Use Case 1: Establishment of a new PDU Session with alternative S-NSSAI

For the NG-RAN a newly established PDU Session is associated to an S-NSSAI and there is no need for the NG-RAN to understand whether this S-NSSAI is an Alternative NSSAI. That is because, before the PDU Session is established at NG-RAN level, there is no context for it, hence there is no need to highlight to the NG-RAN that the S-NSSAI associated to the new PDU Session is an Alternative S-NSSAI.
During any procedure establishing new PDU Session resources at a serving cell/NG-RAN node, the NG-RAN will receive the S-NSSAI associated to the PDU Session and it will be able to determine which RRM-Policy applies to the S-NSSAI. Namely, once the S-NSSAI of the PDU Session is known, the NG-RAN node is able to select the resources to use for serving the PDU Session out of the RRM Policy for which the S-NSSAI is member (as described in TS28.541).
Over the NGAP, every procedure that enables the establishment of PDU Session resources carries a mandatory S-NSSAI IE. As an example, the following IEs are included in the NG: PDU Session Resource Setup Request

	PDU Session Resource Setup Request List
	
	1
	
	
	YES
	reject

	>PDU Session Resource Setup Request Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>PDU Session NAS-PDU
	O
	
	NAS-PDU
9.3.3.4
	
	-
	

	>>S-NSSAI 
	M
	
	9.3.1.24
	
	-
	

	>>PDU Session Resource Setup Request Transfer
	M
	
	OCTET STRING
	Containing the PDU Session Resource Setup Request Transfer IE specified in subclause 9.3.4.1.
	-
	




It is important to stress that an NG-RAN node receiving a message that establishes new PDU Session resources does not need to know that the S-NSSAI associated to the PDU Session is an Alternative S-NSSAI. The NG-RAN node purely needs to check what RRM-Policy is associated to the S-NSSAI corresponding to the new PDU Session and to determine whether the PDU Session resources can be admitted or not, on the basis of whether there are sufficient resources in the RRM Policy resource pool.

Conclusion 1: For new PDU Session establishment, the NG-RAN does not need to know whether the PDU Session is associated to an Alternative NSSAI. The NG-RAN serves the PDU Session with resources from the RRM Policy for the S-NSSAI assigned to the PDU Session. 
Conclusion 2: No impacts on the NG-RAN specifications is foreseen for cases of new PDU Session establishments with an Alternative S-NSSAI

2.2 Use Case 2: Existing PDU Session is associated to an S-NSSAI that is replaced with the Alternative S-NSSAI

In this case TS23.501 states that: 
“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 can be already achieved via the NG: PDU SESSION RESOURCE MODIFY REQUEST. In this message the AMF can, after being instructed by the SMF, replace the S-NSSAI of an existing PDU Session and signal it to the NG-RAN. TS38.413 procedure text states the following:

“For each PDU session, if the S-NSSAI IE is included in the PDU Session Resource Modify Request Item IE contained in the PDU SESSION RESOURCE MODIFY REQUEST message, the NG-RAN node shall replace the previously provided S-NSSAI by the received S-NSSAI for the concerned PDU session and use it as specified in TS 23.502 [10].”

Therefore, upon updating of an S-NSSAI with an Alternative S-NSSAI for an existing PDU Session, the NG-RAN can perform the following steps 
1) after receiving the S-NSSAI IE included in the PDU Session Resource Modify Request Item IE contained in the PDU SESSION RESOURCE MODIFY REQUEST message, the NG-RAN can check if there are enough resources within the resource pool of the RRM-Policy associated to the new (Alternative) S-NSSAI 
2) If there are sufficient resources, the NG-RAN can include the modified PDU Session in the PDU Session Resource Modify Response List IE included in the NG: PDU SESSION RESOURCE MODIFY RESPONSE message. The modified PDU Session will be served via resources in the RRM Policy corresponding to the new S-NSSAI.
3) If the RRM-Policy for the new (Alternative) S-NSAI is subject to resource limitations that prevent the admission of the modified PDU Session, the NG-RAN will include the modified PDU Session in the PDU Session Resource Failed to Modify List IE contained in the PDU SESSION RESOURCE MODIFY REQUEST message and include with it an appropriate cause value such as “Resources not available for the slice(s)”. 

Conclusion 3: For existing PDU Sessions associated to an S-NSSAI that is replaced with the Alternative S-NSSAI, the NG-RAN can already be informed of the changes in the S-NSSAI by means of the NG: PDU Session Resource Modify procedure. The NG-RAN serves the PDU Session with resources from the RRM Policy for the new S-NSSAI assigned to the PDU Session. 

From the above, it can be seen that the NG-RAN specifications are already prepared to support the case of S-NSSAI changes for existing PDU Sessions.

Conclusion 4: No impacts on the NG-RAN specifications is foreseen for cases of existing PDU Sessions associated to an S-NSSAI that is replaced with the Alternative S-NSSAI

2.3 Editor´s Notes in SA2 specifications

It is evident that section “5.15.19	Support of Network Slice Replacement” of TS23.501 contains editor´s notes that may result into impacts on the NG-RAN. Namely:

Editor's note:	How to use the existing NG-RAN resource of the replaced S-NSSAI is for FFS.
Editor's note:	How to perform Network Slice Replacement during handover is FFS.

We would like to firstly point out that SA2´s way of working consists of keeping Editor´s Notes for topics where SA2 still has ongoing discussions and where convergence on the topic has not been achieved.
RAN3 should not spend time in trying to resolve such Editor´s Notes, unless SA2 explicitly asks for it. SA2 will certainly either ask for RAN3´s feedback on the Editor´s notes (if they cannot be resolved internally to SA2) or they will resolve the issues relative to the note and remove the Editor´s Note in their specifications.

When looking at the Editor´s notes above, the first preliminary opinion can be given:

Editor's note:	How to use the existing NG-RAN resource of the replaced S-NSSAI is for FFS.

This note is ambiguous, and it lacks meaning. The note asks how to use the resources of an S-NSSAI that has been replaced by an Alternative S-NSSAI. The answer seems to be obvious: the resources of the replaced S-NSSAI belong to a resource pool corresponding to the RRM Policy to which the replaced S-NSSAI is associated. Therefore, such resources will be used as per RRM Policy specifications in TS28.541.

If this note hides any other meaning, it shodl not be for RAN3 to tell. SA2 should provide a better explanation for the note and contact RAN3 with any issue that RAN3 should resolve.

Editor's note:	How to perform Network Slice Replacement during handover is FFS.

Concerning the Editor´s Note above, SA2 is having discussions on Network Slice replacement during handovers and this note is currently under discussion in SA2. The meeting minutes from SA2-156e capture the status of this discussion as follows:

	9.11.2
	S2-2304521
	CR
	Approval
	23.501 CR4335 (Rel-18, 'B'): Support of network slice replacement for handover
	Huawei, HiSilicon
	Rel-18
	
	Dongeun (Samsung) comments 
Haiyang (Huawei) clarifies to Dongeun (Samsung)
Peter Hedman (Ericsson) provides r01
Jinguo(ZTE) is ok with r01
Dongeun (Samsung) comments and provides r02
Genadi (Lenovo) provides r03.
Alessio(Nokia) would like to understand the problem space before agreeing to any solution... what is the problem we solve? For now we do not agree any solution till we know the use case we are addressing here
Peter Hedman (Ericsson) provides reply
Haiyang (Huawei) is OK with r03.
== Revisions Deadline ==
Myungjune (LGE) supports r03 and wants to cosign.
Alessio(Nokia) comments that this basically instructs implementors to not delay the handover if there is right at decision to replace time the Handover in preparation phase (HO already started?). noting that there can also be intra-gNB Handovers the only thing to say is ' network slice replacement does not impact ongoing Handovers'. This is even easier. However this CR text assumes the AMF is always involved in handover - Now the question is whether the AMF can see there is intra-gNB HO and unwantedly it impacts the handover by replacing slice? Maybe we postpone this paper to discuss this more. We Propose to postpone this paper to have a complete solution.
Haiyang (Huawei) provides reply
Alessio(Nokia) comments that there seems no clarity on the use case/scenario then as I got two different answers on the scenario. One more reason to postpone.
Peter Hedman (Ericsson) ok with r03
Genadi (Lenovo) provides comments to Alessio (Nokia).
Alessio(Nokia) I would be ok with r03 if we make a generic statement which is independent on type of handover like:
'Ongoing handover procedures for PDU sessions of a S-NSSAI shall not be interrupted when this S-NSSAI replacement occurs in the 5GC'.
Then remove
'During UE mobility in CM-CONNECTED state, when the AMF determines that the PDU Session to be switched in the Target NG-RAN is associated with an S-NSSAI that is to be replaced with the Alternative S-NSSAI, the following applies:
- During the handover procedure, the (T-)AMF may still continue the handover procedure using the original S-NSSAI even if this S-NSSAI is to be replaced, e.g. due to unavailable or congested.
- After the completion of the handover procedure, the (T-)AMF performs Network Slice Replacement for the existing PDU session as described above.
'Haiyang (Huawei) provides comments
	POSTPONED




It is rather evident that there are different opinions in SA2 on how network slice replacement should be supported during handovers, hence it is appropriate for RAN3 not to discuss this topic until SA2 concludes on it and sends an LS to RAN3 notifying of any impact on the NG-RAN or requesting feedback.

Conclusion 5: RAN3 shall not spend time discussing Editor´s Notes in the SA2 specifications unless SA2 contacts RAN3 asking for specific feedback on them.


Conclusion
In this paper, the topic of Network Slice Replacement has been analysed, taking into account the current state of discussions in SA2. 
The following observations and conclusions were derived:
Observation 1: Network Slice Replacement use cases covered in SA2 concern scenarios where a new PDU Session is established with an Alternative S-NSSAI or where an existing PDU Session is associated to an S-NSSAI that is replaced with the Alternative S-NSSAI
Conclusion 1: For new PDU Session establishment, the NG-RAN does not need to know whether the PDU Session is associated to an Alternative NSSAI. The NG-RAN serves the PDU Session with resources from the RRM Policy for the S-NSSAI assigned to the PDU Session. 
Conclusion 2: No impacts on the NG-RAN specifications is foreseen for cases of new PDU Session establishments with an Alternative S-NSSAI
Conclusion 3: For existing PDU Sessions associated to an S-NSSAI that is replaced with the Alternative S-NSSAI, the NG-RAN can already be informed of the changes in the S-NSSAI by means of the NG: PDU Session Resource Modify procedure. The NG-RAN serves the PDU Session with resources from the RRM Policy for the new S-NSSAI assigned to the PDU Session. 
Conclusion 4: No impacts on the NG-RAN specifications is foreseen for cases of existing PDU Sessions associated to an S-NSSAI that is replaced with the Alternative S-NSSAI
Conclusion 5: RAN3 shall not spend time discussing Editor´s Notes in the SA2 specifications unless SA2 contacts RAN3 asking for specific feedback on them.
It is proposed to agree to the conclusions above.
