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Introduction

Based on responses from SA2[1] and SA5[2], this contribution provides our view on impact of CN and UE and OAM for slice remapping solutions.
Discussion
Response from SA5
SA5 discussed slice service continuity and provided the LS reply in [2]. The text is captured below for easy reference.
	SA5 thanks 3GPP RAN3 for the LS on “Response to LS Reply on Enhancement of RAN Slicing” and would like to provide the following feedback to the solutions for supporting scenario 1 and scenario 2 in TR 38.832-030.

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.


Solutions for slice remapping in the latest version (Version 0.5) of TR falls into four categories. These categories are “Re-mapping decision in NG-RAN node” in section 6.2.1, “Partially slice re-mapping in NG-RAN” in section 6.2.2, “Resource management in NG-RAN node” in section 6.2.3, “Slice Remapping decision in 5GC” in section 6.2.4.

It is noting the version discussed in SA5 is TR38.832-030 which has different text structure as in latest version 050. Candidate solution 6.2.3 and solution 6.2.5 in TR38.832-030 equals to solution 6.2.3.1 and 6.2.3.2 in TR38.832-050 respectively. Form SA5 point of view, therefore solution 6.2.3.1 and 6.2.3.2 in TR38.832-050 are feasible.
Observation 1: Form SA5 point of view, solution 6.2.3.1 and 6.2.3.2 in TR38.832-v1 are feasible.
Response from SA2

SA2 also discussed slice service continuity and provided the LS reply in [1]. The text is captured below for easy reference.
	SA2 has examined the candidate solutions described in RAN3 TR 38.832 for slice service continuity from a feasibility and preference standpoint and would like to give the following feedback:
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.


Solutions in section 6.2.3 including 6.2.3.1, 6.2.3.2 have no CN and UE impact and these solutions are feasible from views of both SA2 and SA5.

Solution 6.2.3.3 also has no CN and UE impact and the solution is feasible from views of both SA2 and SA5.
Proposal 1: From SA5 and SA2 point of views, solutions in section 6.2.3.1, 6.2.3.2, 6.2.3.3 are feasible. It is propose to let SA5 decide whether to takes these candidate solutions in normative stage.
While for other solutions, SA2 has shown concerns on the CN or UE impact. More investigate is needed and the following discussion provide our view on these solutions.The corresponding solutions in the TR are in the section 6.2.1(Re-mapping decision in NG-RAN node),6.2.3 (Resource management in NG-RAN node) and 6.2.4 (Slice Remapping decision in 5GC). In the fallowing, We provide further analysis in terms of CN&UE impact for each of them.
Analysis solutions in 6.2.1 for Intra-RA scenario 1,3,5,6

Solution impact analysis for Re-mapping decision in NG-RAN node
Analysis for Slice Re-mapping policy 
In current TR, there are three approaches for Slice Re-mapping policy generation including :
Approach 1: Slice Re-mapping policy configured by OAM (Section 6.2.1.1.1)
Approach 2: Slice Re-mapping policy configured by CN (during NG setup) (Section 6.2.1.1.2)
Approach 3: Slice Re-mapping policy configured by CN (during PDU session setup) (Section 6.2.1.1.3)

For approach 1, the policy is provided by RAN OAM, therefore there is no impact on CN and UE. 

However, approach 1 can only provide per slice mapping policy and cannot provide per UE remapping policy. Therefore, the gNB cannot provide flexible configuration when deciding on slice remapping for a UE.

For approach 2&3, CN needs to provide slice remapping policy which has impact on CN. Based on the LS response, SA2 prefer solutions without or limiting CN and UE impact. 

An alternative interpret of these approach is RAN to use legacy information which provide by CN as “policy” for RAN remapping, e.g., allowed NSSAI list. The Allowed NSSAI list is defined for a UE, indicating the slices the UE could use in the Serving PLMN for the current Registration Area. While in Intra-RA scenario 1,3, the Allowed NSSAI is possible to be taken as slice remapping policy provided from CN, which means that UE is allowed to access the slice with S-NSSAI in the list, all the slices are allowed to be remapped when needed.  
Alternatively, if CN provides a separate allowed re-mapping list for the UE, CN also needs to take the UE’s Allowed NSSAI into account. When target NG-RAN node makes the remapping decision, the node can use this information and together with other RRM policy (e.g. From OAM) to select the appropriate slice for remapping. 

According to above analysis, the solution proposed as reusing the allowed NSSAI has limited impact on CN and UE. It is also applied to scenario 5 & 6. 

Based on above analysis, it is proposed to introduce the 4th solution for Slice Re-mapping policy generation. 

Approach 4: Slice Re-mapping policy provide by CN (during Initial Context Setup )

Observation 2: NG-RAN node takes remapping policy from CN, e.g. reusing/enhancing Allowed NSSAI, approach 4 in section 6.2.1.1.4 has no impact on UE and limit impact on CN. 

Proposal 2: For policy generation in section 6.2.1.1.4, it is proposed to specify it in normative phase.
Analysis for Slice Re-mapping Message Sequence Charts
It is noting in many charts, target gNB shall send the slice re-mapping/fallback decision to the AMF via e.g. PATH SWITCH or HANDOVER REQUEST ACKNOWLEDGE.

In general, Intra-RA mobility is actually radio resource pool management - i.e. originally RAN node has a set of logical resource pools (i.e. DRBs) allocated for different S-NSSAIs within the policy. When the logical resource pool corresponding to the current S-NSSAI becomes congested, the serving RAN node will then offload the PDU session to its neighbor target RAN node by borrowing the resources from the resource pool pre-allocated for the other S-NSSAI. Therefore, for Intra-RA scenario, there is no need to bother the UE and the CN because the resources are still belong to the same S-NSSAI in the CN.

Given the fact that RAN node alone can do the slice re-mapping, it is not necessary to request CN node do the remapping of CN slice. Form CN point of view, the slice for each PDU session in CN still keep it as it is. In addition, intra-RA HO does not change AMF node. And also from UE point of view, the slice is same in the source gNB and target gNB.

Therefore, We propose: 

Proposal 3: Providing slice remapping/fallback information to CN should be removed from figure 6.2.1.2.1.1-1,figure 6.2.1.2.1.2-1, figure 6.2.1.2.2.1-1 and figure  6.2.1.2.2.2-1, the corresponding descriptions are also need to be removed. With this change, the message sequences in these figures can be candidate for slice remapping solutions in intra-RA scenario 1,3,5,6.
While for “Slice Remapping decision in 5GC and target gNB at NG based handover” 6.2.1.2.1.3 and “5GC Solution based on SSC-mode 3 ” in section 6.2.1.2.1.4, further evaluation are needed from SA2 point of view due to these sequences have impact on CN behavior.

Observation 3: “Slice Remapping decision in 5GC and target gNB at NG based handover” 6.2.1.2.1.3 and “5GC Solution based on SSC-mode 3 ” in section 6.2.1.2.1.4 need further evaluation from SA2.
Analysis solutions for Inter-RA scenario 1,3,5,6
For Inter-RA mobility case, the legacy information from CN (e.g Allowed NSSAI) is not valid anymore. Because Allowed NSSAI is only valid in the same Registration area. Therefore in order to avoid impact on CN, RAN node is only able to acquire the remapping policy from RAN OAM. RAN node can do slice remapping based on it’s policy. After handover, UE triggers RA update procedure based on NAS specification, during registration update, CN has to update RA related configuration for the UE including the new Allowed NSSAI list for UE. If the remapped slice’s S-NSSAI still not valid, the PDU session has to be delete after RAN receives new Allowed NSSAI from CN. 

If the new slices allocated in the core network still include the slices of the remapping at the target gNB side, the remapping at the target gNB will not be affected and the continuity of service among slices will be ensured. Otherwise, the core network will initiate the PDU session deletion request for the slice not allowed, and the PDU session in the remapped Slice will also be deleted at the target gNB. In the latter case, the remapping behavior at the target gNB does not ultimately guarantee the mobility of the UE, but this behavior has no bad effect on CN and UE.

Based on above analysis, it can be seen there is no big advantage for these solutions apply to inter-RA scenario 1,3,5,6. Therefore, the evaluation can be continue in the WI stage.
Proposal 4：Slice remapping solutions for inter-RA scenario 1,3,5,6 may need further evaluation in WI stage or postpone to later releases.
Analysis solutions for scenario 2,4
Analysis for Partially slice re-mapping in NG-RAN in section 6.2.2
The solution with CN involved requires SA2 to provide more impact analysis.

The solution without CN involved affects UEs, for example, UEs need to support multiple connections. Compared with other solutions, the signaling complexity and data transmission delay of this solution need to be further analyzed.

Observation 4: Due to the impact upon UE and CN, Partially slice re-mapping in NG-RAN in section 6.2.2 requires further analysis which is out the scope of R17 normative phase.
Analysis for Slice Remapping decision in 5GC

The impacts of upon CN includes the following aspects: the CN is required to provide policy, the CN performs the remapping action according to the instruction of the RAN, and the CN makes the remapping decision. In order to make remapping decision, the CN needs to obtain a lot of information, for example, the slice related load information from the RAN side. This will greatly increase the signaling overhead between RAN and CN. Therefore, this solution has a lot of impact on the CN and UEs.

Observation 5: Solution of Slice Remapping decision in 5GC has a lot of impact on the CN and UEs.

Solution proposed for the normative stage 

Based on above analysis, in order to have no/limited impact on CN and UE, it is propose to leverage legacy information from CN (e.g Allowed NSSAI list) for slice remapping policy in RAN node. And slice remapping in RAN side may need to inform CN side for charging purpose. 

The corresponding signalling flows for Xn based Handover, NG based Handover and MR-DC are shown as below:

6.2.1.2
Slice Re-mapping Message Sequence Charts
6.2.1.2.1
Slice Remapping decision in target gNB at Xn based handover
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Figure 6.2.1.2.1.1-1: Slice re-mapping/fallback determined by the T-gNB

The AMF sends the Initial context setup message to the S-gNB including the Allowed NSSAI. Here the Allowed NSSAI is used for slice re-mapping.
The S-gNB sends the HANDOVER REQUEST message to the T-gNB including the Allowed NSSAI.
If the UE’s ongoing slice(s) is rejected in the target gNB, the target gNB takes the local slice load and the Allowed NSSAI into account and makes the slice re-mapping/fallback decision. .

The T-gNB send the PATH SWITCH REQUEST message to the AMF which may include the slice remapping/fallback decision.

The AMF responds the PATH SWITCH REQUEST ACKNOWLEDGE message. 
Note:  The slice remapping/fallback decision contained in Path Switch Request message provides information for Core network, e.g. for Billing.

6.2.1.2.2
Slice Remapping decision in target gNB at NG based handover
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Figure 6.2.1.2.1.2-1: Slice re-mapping/fallback determined by the T-gNB

The AMF sends the Initial context setup message to the S-gNB including the Allowed NSSAI. Here the Allowed NSSAI is used for slice re-mapping.
The S-gNB sends the HANDOVER REQUIRED message to the AMF including the Allowed NSSAI. 
The AMF sends the HANDOVER REQUEST message to the T-gNB including the Allowed NSSAI.
If the UE’s ongoing slice(s) is rejected in the target gNB, the target gNB takes the local slice load and the Allowed NSSAI into account and makes the slice re-mapping/fallback decision. The T-gNB may include the re-mapped/fallback decision in the HANDOVER REQUEST ACKNOWLEDGE message to the AMF.
The AMF sends the HANDOVER COMMAND message to the S-gNB.

Note:  The slice remapping/fallback decision contained in Path Switch Request message provides information for Core network, e.g. for Billing.

.
6.2.1.2.3
Slice Remapping decision in SN for MR-DC case
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Figure 6.2.1.2.2.1-1: Slice re-mapping/fallback determined by the SN 

The MN sends the SN Addition Request message to the SN with the Allowed NSSAI. Here the Allowed NSSAI list is used for slice re-mapping. 
If the UE’s ongoing slice(s) is rejected by the SN, the SN takes the local slice load and the Allowed NSSAI into account and makes the slice re-mapping/fallback decision. The SN shall include the slice re-mapping/fallback decision in the SN Addition Request Acknowledge message to the MN.
The MN may send the slice re-mapping/fallback decision to the AMF through the PDU Session Modification Indication message.
The AMF responds the PDU Session Modification Confirmation message. 

Note:  The slice remapping/fallback decision contained in Path Switch Request message provides information for Core network, e.g. for Billing.

6.2.1.2.4
Slice Remapping decision in MN for MR-DC case
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Figure 6.2.1.2.2.2-1: Slice re-mapping/fallback determined by the MN 

The MN makes the slice re-mapping/fallback decision and include the decision in the SN Addition Request message to the SN.
The SN confirms the slice re-mapping/fallback decision made by the MN with the SN Addition Request Acknowledge message. 

The MN may send the slice re-mapping/fallback decision to the AMF through the PDU Session Modification Indication message.
The AMF responds the PDU Session Modification Confirmation message.
Note:  The slice remapping/fallback decision contained in Path Switch Request message provides information for Core network, e.g. for Billing.

6.2.1.2.5
Slice Remapping Solution for Scenario 6
At the same time the NG-RAN node may notice that another slice 2 which is not overloaded has resources available and is still compatible with the SLA of slice 1. 

In short, there is a potential that some unloaded but "good enough or better" alternative slices in the RAN could be used for the subscriber to continue to receive service.

NG-RAN node may send the slice re-mapping/fallback decision to the AMF for e.g. billing.
In addition to reuse legacy IE (e.g. Allowed NSSAI) , it is also possible to introduce more information into Allowed NSSAI IE to support more flexible slice remapping configuration. For example, for each items in Allowed NSSAI, CN can provide a list of S-NSSAIs for slice remapping. 

According to the above analysis, the solutions described above can mitigate or limit impact of CN and need to be specified in R17.  
Proposal 5: The solutions described in section 2.3.4 need to be included in R17 Slice WI.
3. Conclusion

In this contribution, the observations and proposals are provided as below:

Observation 1: Form SA5 point of view, solution 6.2.3.1 and 6.2.3.2 in TR38.832 are feasible.

Observation 2: NG-RAN node takes remapping policy from CN, e.g. reusing/enhancing Allowed NSSAI, approach 4 in section 6.2.1.1.4 has no impact on UE and limit impact on CN.

Observation 3: “Slice Remapping decision in 5GC and target gNB at NG based handover” 6.2.1.2.1.3 and “5GC Solution based on SSC-mode 3 ” in section 6.2.1.2.1.4 need further evaluation from SA2.

Observation 4: Due to the impact upon UE and CN, Partially slice re-mapping in NG-RAN in section 6.2.2 requires further analysis which is out the scope of R17 normative phase.

Observation 5: Solution of Slice Remapping decision in 5GC has a lot of impact on the CN and UEs.

Proposal 1: From SA5 and SA2 point of views, solutions in section 6.2.3.1, 6.2.3.2, 6.2.3.3 are feasible. It is propose to let SA5 decide whether to takes these candidate solutions in normative stage.

Proposal 2: For policy generation in section 6.2.1.1.4, it is proposed to specify it in normative phase.

Proposal 3: Providing slice remapping/fallback information to CN should be removed from figure 6.2.2.1-1,figure 6.2.2.2-1, figure 6.2.2.6-1 and figure 6.2.2.7-1, the corresponding descriptions are also need to be removed. With this change, the message sequences in these figures can be candidate for slice remapping solutions in intra-RA scenario 1,3,5,6.

Proposal 4：Slice remapping solutions for inter-RA scenario 1,3,5,6 may need further evaluation in WI stage or postpone to later releases.

Proposal 5: The solutions described in section 2.3.4 need to be included in R17 Slice WI.

Proposal 6: Corresponding update for TP can be found in [4].
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