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1. Introduction

In RAN3#111-e, an evaluation of the solutions and some conclusions were agreed for TR38.832, but the study has been kept open pending further feedback from SA2 and SA5.

Such LSs have now been received [1,2]. This document analyzes these and provides further input for the evaluations and conclusion. A Text Proposal is provided in the Annex.
2. LS feedback
It is worth recalling that SA2 had previously communicated the following to RAN3 [3]:
In the most recent LS [1], SA2 informs RAN3 that 

SA5 [2] has provided the following response:


At a high level, the feedback could be summarized as follows:

· SA2 encourages solutions that have no CN/UE impacts (and states that such solutions are feasible); whether CN/UE impacting solutions are feasible would require further study

· SA5 provides constructive comments on solutions 6.2.3, 6.2.5 and 6.2.6, and is open to providing support as needed
We can take this as inputs for further analysis and discussion of the solutions.
3. Discussion: revisiting the solutions

The following addresses briefly each proposed solution in the light of the feedback above.

6.2.1 Remapping decision in RAN node

In the first two variants (policy configured in CN or OAM) the key common points are:

· There is a reconfiguration of the slice associated with a PDU session

· This reconfiguration involves unknown CN procedures since the slice is an end-to-end concept (the CN is taken as a black box)

· The UE also needs to be reconfigured (no current procedure)
According to the SA2 LS, further study is needed to evaluate whether both these variants are feasible.

It could perhaps be argued that “remapping” in this context only applies to RAN resource, but if so, these solutions are just variations on the family of “resource management in NG-RAN node” i.e. no further discussion is needed.
Observation 1: For 6.2.1.1.1/2/3 (policy configured in CN or OAM), it seems that according to the SA2 LS, further study is needed to evaluate whether these variants are feasible.

Similar observations apply to the “5GC Solution based on SSC-mode3”. Although this uses in part an existing procedure, the details of the usage and some of the signalling and behaviour raise the same issues as the above and would also require further study in SA2 to evaluate feasibility.
Observation 2: For 6.2.1.1.4 (5GC Solution based on SSC-mode 3), it also seems that according to the SA2 LS, further study is needed to evaluate whether it is feasible.
6.2.2 Partially slice re-mapping in NG-RAN 
Although this is treated within a separate group, the first variant (“with CN involvement”) is very closely linked to the family of solutions in 6.2.1 considered above. In fact there is very little detail provided but what is for sure is that the solution is applied to scenario 2, and involves a change of slice for the PDU session as part of inter-RA handover. Therefore, all the above considerations apply, i.e. the end-to-end aspects would require detailed SA2 study, and the feasibility cannot be analyzed in RAN3.

 Regarding the solution “without CN involvement”, the solution seems to avoid usage of the direct user plane path from the CN to the gNB in the new TA. However, all resources of the gNB are still used including frequency resources, and so it does not seem to solve the underlying problem (i.e. no resources configured for the slice). 
In fact, the solution lacks many details. If it is assumed that there is actual mobility between NG-RAN nodes (i.e. this is not an overlapping coverage DC scenario which would be trivial), then there is an inconsistency between the UE’s perceived RA, and that perceived by the CN. The UE would trigger a registration update, which would be inconsistent with the N2 instance seen at the CN. For example, the CN would not provide the current slice in the list of “Allowed S-NSSAI”.
Observation 3: The solution with CN involvement (partially slice re-mapping in NG-RAN) also involves re-mapping, and therefore according to the SA2 LS, further study is needed to evaluate whether it is feasible.

Observation 4: The solution without CN involvement seems not to require re-mapping; however, there is an inconsistency between registration areas as perceived at the UE and CN, which would need to be studied by SA2. The solution also seems problematic as it requires slice support by a non-supporting gNB, and it is limited since it relies on Xn connection between last gNB in old RA, and any subsequent gNB in new RA.
6.2.3 Resource management in NG-RAN node
In our understanding, all the solutions in this category are RAN-internal and have no impact on the UE or CN from a signalling or behaviour point of view. Therefore, no impact on SA2 is expected.
For 6.2.3.1 and 6.2.3.2, SA5 indicated that they can be supported by the concept of RRMPolicy defined in TS 28.541, and that a study in SA5 may be needed if further capabilities are deemed required by RAN. It seems reasonable to assume therefore that the solutions are feasible as they stand, and that any detailed enhancements can be considered in the normative phase, if applicable.
Observation 5: Based on the feedback from SA5, “Configuration based solution” and “Slice Resource Re-partitioning” are both feasible, and any detailed enhancements can be considered in the normative phase, if applicable, including possible impact to SA5.

Note that the description of the Configuration based solution refers to slice remapping, and in fact originally it was claimed that this could also be extended to inter-RA mobility. However, SA5 makes clear that this is not the case. In fact, such an extension would immediately open up SA2 impact.
Observation 6: It seems that “slice remapping” as mentioned in the “Configuration based solution” refers to remapping of the resources and not remapping of the slice associated with a PDU session. Also, it appears that this solution does not (as suggested) apply to scenario 2.
Regarding 6.2.3.3 (Multi-carrier radio resource sharing), this seems to raise no issues with either SA2 or SA5, although it is possible that some enhancements might be needed within SA5 scope.
Observation 7: The multi-carrier radio resource sharing solution seems to raise no issues with either SA2 or SA5, although it is possible that some enhancements might be needed within SA5 scope.

6.2.4 Slice remapping decision in 5GC

This covers a single solution, which covers scenario 2. Regardless of which function makes the remapping decision, this has the same requirements for further SA2 study as e.g. solutions in 6.2.1.

Observation 8: For 6.2.4 (Slice remapping decision in 5GC), it also seems that according to the SA2 LS, further study is needed to evaluate whether it is feasible.
Based on the above observations, the attached TP provides some small changes to the evaluation table, capturing the main point of the feedback received from SA2 and SA5.
Proposal 1: Modify the evaluation table according to the feedback received from SA2 and SA5, as per text in the Annex.

4. Discussion: revisiting the conclusions

Based on the SA2 feedback, it seems reasonable to assume that in general any solution impacting the CN and UE would require further SA2 study, which makes it unlikely in release 17.

In particular, all solutions based on re-mapping of the PDU session’s slice (as opposed to re-mapping of the resource) appear to follow into this bracket. Therefore, any solutions that include re-mapping appear not to be feasible in release 17.

Observation 9: Solutions that use PDU session slice re-mapping do not appear feasible without SA2 study, and so are not expected to be feasible in rel-17.

It is already understood that solutions in 6.2.3 do not impact the UE/CN. Apart from these, the only solution that does not involve remapping is the “solution without CN involvement” in 6.2.2. However, in spite of its name, the CN and UE behaviour would anyway need to change because the slice would be signalled as “not allowed” in the new RA, and generally there is an inconsistency between the RA seen by the UE at NAS level, and the TA seen by the AMF at NGAP level. 

In addition, the applicability of this solution is relatively narrow since only “border” RAN nodes could be used, as Xn links are required. And finally, the solution seems self-defeating since in the end most of the gNB resources including spectrum resources are used by the not-allowed slice; in which case the tracking area might as well have been re-dimensioned.
Observation 10: If we rule out solutions that involve slice re-mapping and/or have CN/UE impacts, only solutions in 6.2.3 remain. This also implies that scenarios 2 and 4 cannot be addressed in release 17.

Considering solutions in 6.2.3, it should also be pointed out that the normative gap is not clear, and particularly it is not clear whether such gap is only in SA5’s domain. However, it seems reasonable to consider the remaining scenarios (e.g. resource shortage in case of Intra-RA mobility, slice resource shortage for MR-DC and slice overload in RAN node in absence of mobility), and develop details and/or OAM requirements based on the solutions in 6.2.3 (i.e. based on resource re-allocation).

Based on the above observations, the attached TP provides some small changes to the conclusions section, capturing the main point of the feedback received from SA2 and SA5.

Proposal 2: Modify the conclusions section according to the feedback received from SA2 and SA5, as per text in the Annex.

Proposal 3: The main recommendation should be to develop details of solutions in 6.2.3 (including OAM requirements if applicable) to the remaining scenarios (e.g. resource shortage in case of Intra-RA mobility, slice resource shortage for MR-DC and slice overload in RAN node in absence of mobility).
5. Conclusions

In this document we analysed the recently received LSs from SA2 and SA5 and provide further input for the evaluations and conclusion, including a Text Proposal in the Annex.

In summary, the document makes the following observations and proposals:

For the evaluation:

Observation 1: For 6.2.1.1.1/2/3 (policy configured in CN or OAM), it seems that according to the SA2 LS, further study is needed to evaluate whether these variants are feasible.
Observation 2: For 6.2.1.1.4 (5GC Solution based on SSC-mode 3), it also seems that according to the SA2 LS, further study is needed to evaluate whether it is feasible.
Observation 3: The solution with CN involvement (partially slice re-mapping in NG-RAN) also involves re-mapping, and therefore according to the SA2 LS, further study is needed to evaluate whether it is feasible.

Observation 4: The solution without CN involvement seems not to require re-mapping; however, there is an inconsistency between registration areas as perceived at the UE and CN, which would need to be studied by SA2. The solution also seems problematic as it requires slice support by a non-supporting gNB, and it is limited since it relies on Xn connection between last gNB in old RA, and any subsequent gNB in new RA.
Observation 5: Based on the feedback from SA5, “Configuration based solution” and “Slice Resource Re-partitioning” are both feasible, and any detailed enhancements can be considered in the normative phase, if applicable, including possible impact to SA5.
Observation 6: It seems that “slice remapping” as mentioned in the “Configuration based solution” refers to remapping of the resources and not remapping of the slice associated with a PDU session. Also, it appears that this solution does not (as suggested) apply to scenario 2.

Observation 7: The multi-carrier radio resource sharing solution seems to raise no issues with either SA2 or SA5, although it is possible that some enhancements might be needed within SA5 scope.
Observation 8: For 6.2.4 (Slice remapping decision in 5GC), it also seems that according to the SA2 LS, further study is needed to evaluate whether it is feasible.
Proposal 1: Modify the evaluation table according to the feedback received from SA2 and SA5, as per text in the Annex.

For the conclusion: 

Observation 9: Solutions that use PDU session slice re-mapping do not appear feasible without SA2 study, and so are not expected to be feasible in rel-17.

Observation 10: If we rule out solutions that involve slice re-mapping and/or have CN/UE impacts, only solutions in 6.2.3 remain. This also implies that scenarios 2 and 4 cannot be addressed in release 17.

Proposal 2: Modify the conclusions section according to the feedback received from SA2 and SA5, as per text in the Annex.

Proposal 3: The main recommendation should be to develop details of solutions in 6.2.3 (including OAM requirements if applicable) to the remaining scenarios (e.g. resource shortage in case of Intra-RA mobility, slice resource shortage for MR-DC and slice overload in RAN node in absence of mobility).
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7. Text Proposal
Table 6.3-1: Evaluation of the solutions
	Criteria

Solution
	RAN impact
	Core impact
	OAM impact
	UE impact
	Effectiveness
	Applicable scenarios

	6.2.1: Re-mapping decision in NG-RAN node
	6.2.1.1.1: Policy configured by OAM
	RAN is configured with re-mapping policy from the OAM. 

FFS if RAN needs to signal the slice remapping decision to CN.
	CN is configured with re-mapping policy from the OAM. 

FFS if the CN needs to be notified in case of any slice-remapping, e.g. for charging purpose. 

CN performs slice remapping.
CN reconfigures UE with NAS signalling to associate an ongoing PDU Session to a new S-NSSAI. Feasibility would require SA2 study.


	OAM configures slice re-mapping policy to the NG-RAN, CN (if verification is needed).


	UE needs to be reconfigured at NAS level to associate an ongoing PDU Session to a new S-NSSAI. Feasibility would require SA2 study.

	Solution at the cost of CN, OAM, RAN and UE impact
Required procedures in UE and CN are not supported. Feasibility would require SA2 study.

	1, 2, 3, 4, 5, 6



	
	6.2.1.1.2/6.2.1.1.3: Policy configured by CN
	RAN is signalled with the remapping policy from CN/the source RAN node. 

FFS if RAN needs to signal the slice remapping decision to CN.
	CN is configured with remapping policy from the OAM, and signals the re-mapping policy to the NG-RAN.

FFS if the CN needs to be notified in case of any slice-remapping, e.g. for charging purpose.
CN performs slice remapping.
CN reconfigures UE with NAS signalling to associate an ongoing PDU Session to a new S-NSSAI. Feasibility would require SA2 study.

	OAM configures slice re-mapping policy to the CN.


	UE needs to be reconfigured at NAS level to associate an ongoing PDU Session to a new S-NSSAI. Feasibility would require SA2 study.
	Solution at the cost of CN, OAM, RAN and UE impact

Required procedures in UE and CN are not supported. Feasibility would require SA2 study.

	1, 2, 3, 4, 5, 6



	
	6.2.1.2.1.4: 5GC Solution based on SSC-mode 3
	RAN is signalled with the remapping policy from CN/the source RAN node if this option is used.

It requires support of updated “SSC-mode 3”, e.g., the target node needs to temporarily accept the PDU session even if slice is not supported in the cell. 


	CN is configured with remapping policy from the OAM, and signals the re-mapping policy to the NG-RAN if this option is used. It requires modification of the “SSC mode 3” procedure in CN.

Feasibility would require SA2 study.
.
	OAM configures slice re-mapping policy to the RAN if this option is used. 
	The update of  “SSC-mode 3”. 

Feasibility would require SA2 study.

	Solution with OAM, CN, RAN and UE impact

Required procedures in UE and CN are not supported. Feasibility would require SA2 study.

	2, 4

	6.2.2: Partially slice re-mapping in NG-RAN
	Solution with CN involvement
	Same as 6.2.1:  Signalled from 5GC/source RAN node

 
	Same as 6.2.1: Signalled from 5GC/source RAN node
	Same as 6.2.1: : Signalled from 5GC/source RAN node
	Same as 6.2.1:  Signalled from 5GC/source RAN node
	Same as 6.2.1: Signalled from 5GC/source RAN node
	Same as 6.2.1: Signalled from 5GC/source RAN node

	
	Solution without CN involvement
	RAN is configured with re-mapping policy from the OAM. 

New functionality to support semi-handover case.

New behaviour in new gNB (allow usage by non-supported slice even though gNB does not support slice).

Requires Xn support from inside old RA to any node inside new RA (unless continuity is broken later)
 
	New functionality to support the new handover case, where the UE is connected to target but source maintains UE signalling connection with CN. 
It is FFS how the CN handles RA update from UE.

	OAM configures slice re-mapping policy to the NG-RAN.


	New functionality to support the new handover case, where the UE is connected to target but source maintains UE signalling connection with CN. RA procedure and consistency between allowed S-NSSAI in new RA are FFS. 

	Solution at the cost of CN, OAM, RAN and UE impact.  

Feasibility would require SA2 study.


	2, 4



	6.2.3: Resource management in NG-RAN node
	6.2.3.1: Configuration based Solution 
	RAN is configured with re-mapping policy from the OAM. 

RAN may possibly signal the RAN-internal slice resource change to CN.


	FFS if the CN needs to be notified in case of any RAN-internal slice resource change e.g., for charging purpose.


	OAM configures slice resource policy to the NG-RAN. 

A study in SA5 may be needed if further capabilities are deemed required by RAN beyond those already supported.
	No impact


	Simple and effective solution at the main cost of the OAM impact. 


	1, 3, 5, 6.



	
	6.2.3.2: Slice resource re-partitioning
	RAN is configured with re-mapping policy from the OAM. 

RAN may possibly signal the RAN-internal slice resource change to CN


	FFS if the CN needs to be notified in case of any RAN-internal slice resource change e.g., for charging purpose. 


	OAM configures slice resource re-mapping policy to the NG-RAN. 

A study in SA5 may be needed if further capabilities are deemed required by RAN beyond those already supported.
	No impact
	Simple and effective solution at the main cost of the OAM impact


	1, 3, 5, 6

	
	6.2.3.3: Multi-carrier radio resource sharing
	No impact. 


	No impact
	No impact
SA5 noted that the concept of RRMPolicyRatio is configurable per cell, but not per frequency.
	No impact
	Simple and effective solution. 

It requires the same slice coverage across different frequencies. 


	1, 3, 5, 6

	6.2.4: Slice Remapping decision in 5GC
	No impact


	CN is configured with remapping policy from the OAM.

New intra-CN procedure is needed to change the slice for an ongoing PDU session. 

Feasibility would require SA2 study 

	OAM configures slice re-mapping policy to the CN.
	UE needs to be reconfigured at NAS level to associate an ongoing PDU Session to a new S-NSSAI.  

Feasibility would require SA2 study . 
	Solution with OAM, CN and UE impact

.

Feasibility would require SA2 study Required procedures in UE and CN are not supported.
	2, 4


7
Conclusion

7.x
Conclusion on service continuity
Conclusions on Scenarios:

Scenario 3-6 can be regarded as the extension of Scenario 1-2, where Scenario 1,3,5,6 are caused by slice resource shortage, while Scenario 2 and 4 are caused by non-supported slice.
For those scenarios caused by slice resource shortage, the situations of resource shortage or overload may exist in RAN, provided that pre-configured policies allow serving this slice even when slice resources are exhausted, Under such conditions, Scenario 1,3,5,6 are valid scenarios.
For those scenarios caused by non-supported slice, scenarios 2 and 4 are valid if there is a specific pre-configured policy, where the original slice is required to be available in a specific geographical area and its slice services are required to have continuity even outside of such geographical area.
Conclusions on Solutions for Scenarios 1, 3, 5, 6:
The solutions to support following RAN slicing scenarios are recommended by RAN3 to be specified in normative phase:
-
Resource shortage in case of Intra-RA mobility
-
Slice resource shortage for MR-DC
-
Slice overload in RAN node in absence of mobility
For release 17, it is recommended that normative work is based on solutions that address the above without PDU session slice remapping in order to avoid CN and UE impacts (i.e., solutions described in 6.2.3, with details adapted as needed for application to the above scenarios). 
In future releases, solutions that include slice remapping may be considered if supported by SA2..
Conclusions on Solutions for Scenarios 2, 4:
RAN3 is not able to make any recommendations on solutions to support scenario 2 and 4 during the Study Item. All solutions addressing these scenarios have been found to have both UE and CN impacts that would require future study by SA2..
It should be noted a Network Slice has end to end significance, hence this should be kept into account in the development of solutions.





The scenarios described in the TR are valid.


From SA2 standpoint, solutions with no CN and UE impact are feasible, and can address scenarios 1, 3, 5, 6. 


Regarding CN/UE impacting solutions addressing any scenario would require SA2 study and specification for the end to end solutions. RAN3 is encouraged to find alternative solutions without or limiting such impacts. Any further progress in RAN3 for CN and UE impacting solutions would need to be coordinated with SA2.





Regarding candidate solutions 6.2.1, 6.2.2 and 6.2.4, the need for and enforcement of remapping of S-NSSAI is outside the scope of SA5 and has not been discussed, but the management support needed can be provided as required.


Regarding candidate solution 6.2.3 (Configuration Based Solution), the concept of RRMPolicyRatio is available as defined by SA5. It may be modified to accommodate for local traffic situations. Shared resources are always available for contention. Resources with priority for certain slices are shared when not used. Dedicated resources cannot currently be shared outside the assigned group of slices. A study in SA5 may be needed if further capabilities are deemed required by RAN. Pre-emption is primarily a question for RAN3, where SA5 will provide management capabilities as required. RRMPolicy defined in TS 28.541 can therefore be useful for scenario 1 (Slice resource shortage in case of Intra-RA mobility and Inter-RA mobility) without needing remapping between different S-NSSAIs but is not useful for scenario 2 (Non-supported slice in case of Inter-RA mobility).


Regarding candidate solution 6.2.5 (Slice resource re-partitioning), the concept of RRMPolicyRatio is available as defined by SA5. It may be dynamically modified to accommodate for local traffic situations, therefore re-partitioning resources (a.k.a reconfiguring ratios) between groups of network slices is possible. Shared resources are always available for contention. Resources with priority for certain slices are shared when not used, i.e. making the partition soft. A study in SA5 may be needed if further capabilities are deemed required by RAN.


Regarding solution 6.2.6, the concept of RRMPolicyRatio is configurable per cell, but not per frequency, as defined by SA5. Setting up DC or CA is outside the scope of SA5, but the management support needed can be provided as required by RAN.


Regarding solution 6.2.7 and 6.2.8, they are considered outside the scope of SA5 work









