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Introduction
Network Slice remapping has been discussed during the course of Rel15, where a short description of remapping solutions was added to TR38.801. The discussion triggered a series of LSs between RAN3 and SA2, where the last response from SA2 can be found in S2-174019. The content of this LS is reported below for convenience:
SA WG2 thank RAN WG3 for the LS in S2-172933 on slice re-mapping during connected mode mobility. SA WG2 discussed the issue of slice availability at the target cell at a NG and Xn handover and want to provide the answers to the questions asked by RAN WG3.

From LS in S2-172933:
Question 1: 
· Will re-mapping of PDU sessions to new slices be supported in these scenarios or only removal of PDU session / slices?

Answer 1: SA2 understanding is that PDU Session removal of non-supported slices shall be supported in Rel-15. 

Question 2:
· For NG(N2) based handover will removal (or re-mapping) of slice resources at AS level be performed as part of the handover preparation signalling, i.e. triggered by the CN?

Answer 2: SA2 understanding is that at NG(N2) handover, slice removal shall be included in the handover preparation signaling by the CN. CN will subsequent to handover perform NAS level signaling informing the UE about the changes in the slice and PDU Session configuration.

Question 3:
· For Xn based handover where it is not feasible to perform re-mapping prior to UE arriving in target node, what shall the RAN do with PDU session which are associated with slices which are not supported by target RAN node?

Answer 3: It is SA2 understanding that in case of Xn handover the source cell/RAN is aware of the slices supported by the target cell/RAN. If a handover needs to be performed to a target cell/RAN that does not support all slices currently having RAN resources setup in the source cell, it shall trigger a NG(N2) handover.

The reply LS above points at the fact that CN based re-mapping is a better design approach than slice remapping at RAN. This can be deduced by Answers 2 and Answer 3. Especially in Answer 3 it is clearly expressed that
 If a handover needs to be performed to a target cell/RAN that does not support all slices currently having RAN resources setup in the source cell, it shall trigger a NG(N2) handover.

 Therefore, the following can be concluded:
Conclusion 1: If slice remapping is found to be beneficial, remapping should happen at the CN.
Conclusion 2: during mobility to a target cell/RAN that does not support all slices currently having RAN resources setup in the source cell, an NG based handover should be performed if slice remapping has to take place

Background
As it has been agreed in RAN3 and confirmed in LS from SA2 (R3-170316) some networks slices may not be available everywhere, however the slice configuration that the UE has been assigned should be supported within the UE registration area. 
The open issue is what happens when the UE moves across a registration area boundary with different slice support. In the LS from SA2 (R3-170316) it is stated that the assumption is the TAU procedure during active mode mobility is used to “align the set of slices supported in the new TA(list) between UE and network.”. This is possible since it is expected that the UE will always perform a TAU or some other NAS signalling procedure when a registration area border is crossed. 
What has not been discussed in detail however is how this is handled between the CN and RAN in the case when not all slices are supported in the target RAN node. This topic is further explored in this paper. 
Scenarios for re-mapping or removal
The first analysis that needs to be carried out is on whether slice remapping is necessary. 
With 5GS specifications reaching a good level of maturity (which was not the case in Rel15, when slice remapping was first discussed), it is clear that:
· A slice/set of slices is always available within a Registration Area
· At RA borders the UE triggers a registration update, where a new Allowed NSSAI will be signalled to the UE, indicating the slices that are available in the new RA

With this in mind, it is plausible to ask why slice remapping should ever take place. In fact, an operator can plan slice availability there where UEs need/are allowed to access the slice. If a slice is not accessible in a given area it is because of planned reasons. On the contrary, if a service belonging to a given slice is provisioned outside the area where the slice is available, this may breach the original slice availability planning deployed by the operator. 
Conclusion 3: RAN3 should determine in which scenarios slice remapping is essential, given the possibility of slice availability planning in 5G systems 
Assuming that slice remapping is needed, the section below discusses different scenarios and solutions for re-mapping between slices or removal of slices during mobility. 
NG based handover
For NG based handover it may be possible for the CN nodes to initiate a re-mapping or removal as part of the handover procedure. In this case the target RAN node will be informed in the HANDOVER REQUEST message of which PDU Session to be established at target and of the mapping between slices and PDU Sessions (i.e. S-NSSAI per PDU Session). The source RAN node does not need to be aware of which slices are used in the target RAN node. The Figure 1 below shows a simplified procedure. 


Figure 1 example of re-mapping at NG handover
The NG based handover for slice remapping is the solution with least RAN impacts, as well as the solution recommended by SA2 in S2-174019. It needs to be noted that the NG Handover Request can have the same format as today, even though a PDU Session is remapped to another slice.
[bookmark: _Ref47542070]Observation 1	For NG based HO, slice re-mapping can be performed without RAN impact.

Xn based handover
For Xn based handover it is not feasible for the CN to perform re-mapping or removal during the handover procedure (or before UE arrive in target RAN node). This is because such a-priori remapping would imply extra delays in HO preparation and execution, causing suboptimal HO performance. 
Hence, the CN is informed of the HO and possible need of slice remapping afterward in a Path Switch procedure. The CN could remap the slice at that point. The procedure is shown in figure 2. However, if the Path Switch procedure has to be kept unchanged, slice remapping would occur after the PDU session is rejected and the DRB’s closed, so the PDU session would need to be re-established, involving extra delay. 
In the figure below a possible solution based on Xn HOs is presented.



Figure 2 example of re-mapping at Xn handover

In this solution,  The RAN performs an Xn Ho as per current specifications. 
In Message 5, target RAN signals to the CN the PDU Session Resource Failed to Setup Item IE, which includes a Cause value for each PDU Session failed to setup. 
Message 6 confirms establishment of PDU Sessions that were not failed.
After path switch is completed, CN can setup new PDU Sessions remapping the PDU Sessions that failed to setup to slices that are available in the target RAN node.


Observation 2: For Xn based HO, slice re-mapping can be performed without RAN impact. However, such solution would require to tear down and re-setup PDU Sessions with a new mapping to S-NSSAIs


Registration area change during RRC_INACTIVE mobility
For RRC_INACTIVE mobility with registration area change it is expected that the UE will perform NAS signaling (e.g. a NAS TAU procedure) and renew the Allowed NSSAI. As part of the procedure the UE will try to resume the RAN context which will cause the target gNB to fetch the RAN context of the UE from the source gNB. In this case it may be so that not all slices supported in the source gNB will be supported in the target gNB. Most likely though it is not so urgent for this scenario to resume data transmission so it should be possible for the new gNB to remove the PDU sessions, for those slices not supported in the resume gNB, and wait for the CN to perform re-mapping/removal (e.g. after Path Switch procedure, similarly to the Xn HO scenario). Figure 3 shows example procedure. 
 



Figure 3 example of re-mapping for UEs in RRC_INACTIVE

Observation 3: For Resume procedures with Registration Area changes, slice re-mapping can be performed without RAN impact. Such solution would require to re-setup PDU Sessions with a new mapping to S-NSSAIs at the time of resuming

Conclusion
[bookmark: _In-sequence_SDU_delivery][bookmark: _Hlk508794470]In this contribution, the following observations and conclusions are captured:
Conclusion 1: If slice remapping is found to be beneficial, remapping should happen at the CN.
Conclusion 2: during mobility to a target cell/RAN that does not support all slices currently having RAN resources setup in the source cell, an NG based handover should be performed if slice remapping has to take place
Conclusion 3: RAN3 should determine in which scenarios slice remapping is essential, given the possibility of slice availability planning in 5G systems 

Observation 1	For NG based HO, slice re-mapping can be performed without RAN impact.
Observation 2: For Xn based HO, slice re-mapping can be performed without RAN impact. However, such solution would require to tear down and re-setup PDU Sessions with a new mapping to S-NSSAIs
Observation 3: For Resume procedures with Registration Area changes, slice re-mapping can be performed without RAN impact. Such solution would require to re-setup PDU Sessions with a new mapping to S-NSSAIs at the time of resuming

The following is proposed:
Proposal: It is proposed to capture the solutions described in this paper as part of  TR 38.832
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