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Introduction 
In the TR [1], the following scenario was identified as the typical scenario where slice availability can be different for different frequency in different areas:


Scenario 1: Multiple and difference slices are on the same frequencies in different area

RAN2 is asked in an SA2 LS [3] whether each cell in the tracking area supports the same S-NSSAI(s).  During the last RAN2 meeting #112e, the company opinions were mixed on whether it can be supported and no conclusion could be made.    In this contribution, we discuss the data handling of a slice for scenario 1 where Area 1 and Area 2 are in a common UE registration area to understand better what is supported in RAN2 spec in Rel-16 and what needs to be done in Rel-17.
Discussion
Current specification support for Scenario 1
Can Area 1 and 2 be in the same registration Area?
RAN2 is asked in an SA2 LS [3] whether each cell in the tracking area supports the same S-NSSAI(s).  It is in our understanding, the quoted sentence in 38.300 “it is assumed that the slice availability does not change within the UE’s registration area” implies that RAN2 specs require that the same slices are available in the whole registration area.  Note that the UE’s registration area is always larger than a broadcast registration area.  The quoted sentence above is a stage 2 text indicates what is supported at the system level.  That is, RAN2 spec do not support the scenario where a slice is only available in some areas of the registration area and the slice is not supported in another area of the registration area.  
RAN2 Rel-15/16 stage 2 specifications require all the cells of a registration areas to support the same slices  
Now considering the above scenario 1, since the slice availability in cells of Area 1 and Area 2 changes, this also implies that we do not support Area 1 and Area 2 being in same registration areas.
For scenario 1, RAN2 Rel-15/16 stage 2 specifications do not allow Area 1 and Area 2 being in same registration areas
We now look closer at the specifications to better understand where this restriction comes from and what is actually supported in stage 3 specifications.  
Deployment A: Cells 1 and 2 in Area 1 supports different set of slices
Consider the Area 1 of scenario 1.  Here the cell 1 supports both slices but cell 2 only supports slice 1.  


If a UE that requires slice 2, it can be moved to frequency F2 by handover, re-direction or dedicated priority.  Hence all UEs can obtain the intended slice even if all the cells of the area does not uniformly support all slices. 
RAN2 specifications can support the scenario when the slices are available in the entire registration area, even if all the cells do not uniformly support all the slices.
Deployment B: Common registrations areas for Area 1 and 2 of scenario 1
One of the issues to discuss here is how the UE handles the data of the intended slice when it moves between Area 1 and Area 2. For example, when the UE is in Area 1 and the UE moves to Area 2 where the Slice 2 is no longer available and has data for intended Slice 2 - how the UE handles the data for slice 2 while in Area 2 has not been discussed.  Does the UE:
1) buffer the data and try continuously to obtain the intended Slice 2 and discard the data when the discard timer runs out? Or
2) Is it required to ‘release’ the Slice 2 such that the higher layers are aware that the slice is not available to not generate data for Slice 2?
If the Slice 2 is ‘released’ as in 2), the UE has to ‘re-establish’ the Slice 2 when it moves back to Area 1. If the Slice 2 is ‘released’, then it may not provide fast access when the UE moves back to Area 1 since the Slice 2 needs to be ‘re-established’. 
Further, when the UE moves back to Area 1, how the UE aware of Slice 2 availability to re-establish Slice 2 will also need to be discussed.
Another issue is how to prevent the UE from initiating Slice 2 in Area 2.  Currently, it is based on updating the allowed NSSAI.  However, with Area 1 and 2 in the same UE registration area, the allowed NSSAI is not updated.
In the current mechanism, when the UE has active slice (say Slice 2 in Area 1) and the UE is Connected and moves to Area2 that does not have Slice 2, the target RAN decides on whether it can handle the slice. If it can’t, it will request the CN to release PDU session after the handover procedure.  If the UE is in IDLE and Area 1 and Area 2 are in different registration areas, the CN can use the TAU procedure to release the PDU session related to the slice that is not available in Area 2. If Slice 2 is no longer available in Area 2, the allowed NSSAI will be updated (with Slice 2 removed from the allowed NSSAI) so that UE will not initiate Slice 2 in Area 2. Once the UE moves back to Area 1, UE will trigger TAU which will allow the UE to request Slice 2 which will be included in the Allowed NSSAI if accepted by network. UE can then establish the PDU session for Slice 2. However, this does not allow for fast access.  
If Area 1 and Area 2 are part of the same registration area, UE in Idle will not initiate the registration area update when moving between Area 1 and Area 2 and the release/setup of the PDU session or allowed NSSAI will not be possible.   Hence the current RAN2 stage 3 spec does not handle such data handling yet. 
Current mechanism uses different registration areas for Area 1 and 2 to release the PDU session of a Slice 2 via TAU when the UE moves to Area 2 and also to update the Allowed NSSAI (i.e. removal of Slice 2) which prevent the UE from initiating data or establishing the PDU session for Slice 2 in Area 2.
 RAN2 specifications does not support Area 1 and Area 2 of scenario 1 being in the same registration area.  That is, RAN2 specifications do not support the scenario where a slice is not available in any of the inter-frequency cells of a geographical region of a registration area.  
If the scenario where Area 1 and Area 2 being in the same registration area should be supported, RAN2 should address the following issues:
RAN2 is requested to solve the following issues if Area 1 and 2 are in the same registration areas (i.e. where none of the cells of a geographical region in a registration area support one of the slices):
Issue 1: How the data for the non-available slice is handled at the UE when UE moves from Area 1 to Area 2 
Issue 2: How to prevent UE initiating a slice that is not available in an area.
Issue 3: How the data for the slice is handled at the UE when UE moves back to Area 1.  In the case the slice is ‘released’, how to ‘re-establish’ the slice when the UE enters an area where the slice becomes available.
Solution to solve the problem for Scenario 1
Issue 1: How the data for the slice is handled at the UE when UE moves from Area 1 to Area 2
As mentioned in 2.1.3, with the current mechanism, when the UE moves from Area 1 to Area 2, the active slice is ‘released’ as part of the TAU after the handover. This problem is related to the SA2 LS where currently in SA2 and CT1, it is assumed all cells advertised the same slices in the same UE registration, this data handling issue is addressed by performing UE registration update. 
With Area 1 and 2 in the same registration area, the existing mechanism based on the TAU to handle the data for a slice cannot be used. Some new mechanism at the NAS level is needed to release the active slice when it is no longer available in the same registration area and this will require coordination with SA2.
New mechanism is needed at the NAS level is needed to release the active slice when it is no longer available in the same registration area and this will require coordination with SA2
Issue 2: How to prevent UE initiating a slice that is not available in an area.
In current mechanism, the Allowed NSSAI will be updated during the TAU when the UE moves from Area 1 to Area 2. So if Slice 2 is in the Allowed NSSAI in Area 1, it will be removed from the Allowed NSSAI when UE moves to Area 2 without Slice 2 and thus prevent the UE establishing the PDU session for Slice 2 in Area 2. 
With Area 1 and 2 in the same registration area, providing slice availability of the serving cell may assist the UE in deciding whether to perform the establishment of the PDU session for Slice 2.
With the same registration area for Area 1 and 2, UE will need another mechanism to prevent the UE from establishment of slice 2 in Area 2 (e.g. via broadcasting the slice availability per frequency/cell).  
Issue 3: How the data for the slice is handled at the UE when UE moves back to Area 1
When the UE moves back to Area 1, if Slice 2 is ‘released’ in Area 2, UE may need to know whether it can re-establish Slice 2 when it moves back to Area 1.  To facilitate this, providing slice availability of the serving and neighbour frequency/cell may assist the UE in deciding whether to perform the establishment of the PDU session for Slice 2 again.
With the same registration area for Area 1 and 2, UE will need another mechanism to trigger the reestablishment of slice 2 such as the intended slice is available when it enters Area 1 (e.g. via broadcasting the slice availability per frequency/cell).  
Additional aspects to consider on cell reselection for intended slice based on broadcast slice availability
In the last meeting, the following definition of intended slice were agreed:
0: RAN2 common understanding is that intended slice is based on the information AS receives from NAS for the particular use case. This may be different in different cases:
2.1: In case of cell selection/reselection, the intended slice means the allowed or requested S-NSSAI(s).
-	For the initial registration, and requesting new S-NSSAI(s): intended slices = Requested S-NSSAI(s)
-	For idle-mode mobility: intended slices = allowed S-NSSAI(s)
2.2: In case of MO traffic, the intended slice means the S-NSSAI associated with MO traffic based on indication from NAS to AS.
FFS whether UE needs to know the intended slice for MT service.

With broadcast of the slice availability, and if UE performs cell reselection to the cell where the intended slice is available at the time of data arrival, UE will not have the SIBs of this cell and it has acquire the SIB before it can access the cell.  This SIB acquisition will have additional delay and this needs to be addressed in any solution. 
 If UE performs cell reselection to a cell providing the intended slice at the time of data arrival, this will incur additional SIB acquisition delay.
Additional delay will also occur for the initial registration.  Instead of UE performing access immediately decoding SIB1, the UE will have to read the SIB containing the slice availability of the serving and neighbour cell before it can perform the access. If it happens that the serving cell does not support the intended slice, the UE has to perform cell reselection to a neighbour cell where the access of intended slice is possible. This introduces additional delay compared to performing registration as per current cell selection/reselection principles.  
For scenario 1, when the Area 1 and Area 2 are part of the same registration area, for the MO traffic case, in the current mechanisms using dedicated priority, when the UE moves back to Area 1, UE may initially camp in cell 2 based on the dedicated priority provided in Area 2 and hence not be able to get fast access to slice 2 in cell 1.  But this is only for the first access after UE enters an area that the UE may not have the right frequency priority configuration.  For this case, the UE can still request the intended slice as in Rel-15 and the network can use Rel-15 mechanisms such as handover, redirection, CA and DC to provide the service for the intended slice for this first access. After the first access in an area (Area 1 or 2), the UE can be provided with the right frequency priority configurations for that area as long as the slices are in UEs allowed list, and thus will camp on the right cell without additional delay and will not need additional signalling.  
If this first access is also considered a problem, then a new mechanism may need to be introduced to allow for different frequency priority configuration for Area 1 and 2. For example the slice availability information per frequency needs to be broadcast in the SIB or dedicated RRC message (e.g. RRC Release) so that the UE can use it to manipulate the frequency priority configuration to move the UE to the appropriate frequency layer for the intended slice.
RAN2 should consider mechanisms to avoid additional SIB acquisition delay with cell reselections based on intended slice.
Summary
Based on the above observations, we make the following proposal: 
If RAN2 agrees to Proposal 1 and 2:
Capture proposal 1 and 2 in the conclusion of the TR
Respond to SA2 that RAN2 Rel-15/16 specifications require uniform slice availability in the cells of a registration area.  And RAN2 is discussing scenarios in Rel-17 where this is not required.
Conclusion
It is requested that RAN2 discussed the following observations and proposals:
Observation 1:	RAN2 Rel-15/16 stage 2 specifications require all the cells of a registration areas to support the same slices  
Observation 2:	For scenario 1, RAN2 Rel-15/16 stage 2 specifications do not allow Area 1 and Area 2 being in same registration areas
Observation 3:	RAN2 specifications can support the scenario when the slices are available in the entire registration area, even if all the cells do not uniformly support all the slices.
Observation 4:	Current mechanism uses different registration areas for Area 1 and 2 to release the PDU session of a Slice 2 via TAU when the UE moves to Area 2 and also to update the Allowed NSSAI (i.e. removal of Slice 2) which prevent the UE from initiating data or establishing the PDU session for Slice 2 in Area 2.
Observation 5:	 RAN2 specifications does not support Area 1 and Area 2 of scenario 1 being in the same registration area.  That is, RAN2 specifications do not support the scenario where a slice is not available in any of the inter-frequency cells of a geographical region of a registration area.  
Observation 6:	New mechanism is needed at the NAS level is needed to release the active slice when it is no longer available in the same registration area and this will require coordination with SA2
Observation 7:	With the same registration area for Area 1 and 2, UE will need another mechanism to prevent the UE from establishment of slice 2 in Area 2 (e.g. via broadcasting the slice availability per frequency/cell).  
Observation 8:	With the same registration area for Area 1 and 2, UE will need another mechanism to trigger the reestablishment of slice 2 such as the intended slice is available when it enters Area 1 (e.g. via broadcasting the slice availability per frequency/cell).  
Observation 9:	 If UE performs cell reselection to a cell providing the intended slice at the time of data arrival, this will incur additional SIB acquisition delay.
Proposal 1:	RAN2 is requested to solve the following issues if Area 1 and 2 are in the same registration areas (i.e. where none of the cells of a geographical region in a registration area support one of the slices):
Issue 1: How the data for the non-available slice is handled at the UE when UE moves from Area 1 to Area 2 
Issue 2: How to prevent UE initiating a slice that is not available in an area.
Issue 3: How the data for the slice is handled at the UE when UE moves back to Area 1.  In the case the slice is ‘released’, how to ‘re-establish’ the slice when the UE enters an area where the slice becomes available.
Proposal 2:	RAN2 should consider mechanisms to avoid additional SIB acquisition delay with cell reselections based on intended slice.
Proposal 3:	Capture proposal 1 and 2 in the conclusion of the TR
Proposal 4:	Respond to SA2 that RAN2 Rel-15/16 specifications require uniform slice availability in the cells of a registration area.  And RAN2 is discussing scenarios in Rel-17 where this is not required.
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