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[bookmark: _Ref165266342]Introduction
The WID of RAN slicing is agreed on RAN#91e meeting, and the detailed objective on slice based cell reselection is as follows[1]:
Support slice based cell reselection, specify mechanisms and signalling including [RAN2]
[bookmark: OLE_LINK7]a.To assist cell reselection, broadcast the supported slice info of the current cell and neighbour cells, and cell reselection priority per slice in system information message. 
b.To assist cell reselection, include slice info (with similar information as in SI message) in RRCRelease message. 
To achieve the objective, we have discussed about the detail of slice info provided to UE and how UE can use it for cell reselection during WI, and we have following agreements at last meeting[2], but there are still some aspects are FFS:
1. [bookmark: OLE_LINK52]Frequency priority mapping for each slice (slice -> frequency(ies) -> absolute priority of each of the frequency) is provided to a UE.
Note: Signaling optimizations are not excluded.
Note: "slice may also mean "slice group"
1b: Frequency priority mapping for each of the slice (slice -> frequency(ies) -> absolute priority of each of the frequency) is part of the “slice info” agreed to be provided to the UE using both broadcast and dedicated signaling.
[bookmark: OLE_LINK3]2: RAN2 kindly allow one more meeting cycle for understanding the necessity of Slice priority along with the following shortlisted solution directions for Idle mode mobility:
Option 4): Slice priority first looping over slice-frequency combination
Option 5): Maximize slice support
Option 6): Frequency priority of highest priority slice with adjustment based on actually supported slice(s) in best ranked cell, without multiple iterations of cell reselection
Option 7): Perform legacy cell reselection mechanism based on slice specific frequency priority
[bookmark: OLE_LINK9]3: RAN2 consider a scenario in its work for slice specific cell (re)selection where it is possible that (Suitable) cells on the same frequency belonging to different TAs support different Slice(s).
4: Working assumption: The Best cell principle according to absolute priority reselection criteria specified in clause 5.2.4.5 of TS38.304 needs to be met also for slice specific cell (re)selection.
[bookmark: OLE_LINK2]6: In addition to proposal 2, following aspects are FFS:
a)	Content of “Slice Info” – to what extent the information needs to be and should be provided to support the Principle in proposal 5
b)	If used, who provides the “Slice priority” (NAS/ AS, UE/ Network)
c)	Can RAN2 continue to use “intended” slice for initial registration and idle-mode mobility
[bookmark: OLE_LINK18]d)	How UE in each of the solutions from proposal 2 uses slice info for cell reselection if both slice info and existing cell reselection priority is signaled (in the SIB and/ or dedicated signaling.
For the solution directions, we have discussed them in detail during last post meeting email discussion[3].
In this contribution, we share our considerations on slice info for slice based cell reselection which is FFS and seems common for all solutions to fulfill the objective of WID.
Discussion
[bookmark: OLE_LINK11]Slice grouping
[bookmark: OLE_LINK8][bookmark: OLE_LINK6]Considering there are hundreds of slices network can support but limited by the payload size of SIB, slice grouping is necessary to be defined, there are some majority candidates as follows:
a. Slice based access category
b. [bookmark: OLE_LINK14]SST
c. New slice grouping mechanism
[bookmark: OLE_LINK1]For a., as the access category is used for access control in UAC, if the access category chosen by NAS is not indicated in the broadcast barring information, UE will consider the related access attempt as allowed, thus if this option is adopted, all slices (i.e. supported and not supported slices) associated operator-defined access categories should be indicated in SIB. However, limited by the number of operator-defined access categories (32-63), hundreds of slices will be allocated into limited number of groups which can lead to imprecise access control for specific slice.
For b., S-NSSAI which can uniquely identify a slice consists of SST and SD. The SST represents slice/service type which is 8 bits and could represent at most 256 type of slice services (now there is only four specified types). The SD means the slices differentiator within the same slice/service type. 
In order to reduce the payload size of SIB, SST can be used as slice group instead of S-NSSAI. But it exists a issue that if the slices with same SST but different SDs have different reselection priority per slice, UE may select a wrong cell only based on SST-specific reselection priority. But it can be solved by well deployment and mapping policy which can assume that slices with the same SST have the same reselection priority.
Compared to c. (i.e. to define a new grouping mechanism), as SST is well-defined global value now, regarding SST as slice group is a straightforward solution and has minor impacts on current spec. It can reduce the payload size of SIB and no need for extra signalling to provide the mapping of slices and slice group.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]For c., it can also be considered to provide a more flexible configuration for allocating slices into a slice group. If it is adopted, extra signalling is necessary to provide the mapping of slice group and slices to UE, before that, UE can not get slice availability info from slice group and perform cell reselection based on the slice availability. Besides, an LS should be sent to CT1 and SA2 as it may have spec impacts on CT1/SA2.
Thus, for slice group mechanism, our proposal is as follows:
Proposal 1: For candidate slice grouping mechanisms, 
- SST is preferred to avoid extra signalling and it is benefit for roaming.
- New slice grouping mechanism can be considered but needs CT1 and SA2 to confirm the impact.
- Slice based access category should be excluded to avoid impact on UAC.
[bookmark: OLE_LINK21]Slice priority
Considering UE may requests more than one intended slice and there may not exist a frequency/cell supporting all UE intended slices, thus, slice priority is necessary to be defined and considered in slice based cell reselection to firstly guarantee the most important slice(s) can be available for UE. Otherwise, even though the target cell can support the maximum number of slices, the most critical service can not be available for UE which will have bad impacts. Thus, we think any solution which can not firstly guarantee the most important slice available can not be considered.
Proposal 2: Slice priority should be defined and considered in slice based cell reselection.
Proposal 3: Solutions of slice based cell reselection which can not firstly guarantee the highest priority slice should not be considered.
As for who provides the “slice priority”, there are some options:
Option1: AS
Option2: NAS 
[bookmark: OLE_LINK4]Option 2a. NAS signalling ( up to SA2/CT1)
Option 2b. UE implementation
[bookmark: OLE_LINK5]In our view, slice priority is used in slice based cell reselection to indicate which slice among the UE intended slices provided by UE NAS layer should be firstly considered to be available to UE. It seems impossible for gNB to have a suitable decision on it. We prefer that slice priority is provided by NAS. And whether to introduce NAS signaling is up to SA2/ CT1. If SA2/CT1 don’t agree to introduce new NAS signaling for slice priority, it can be up to UE implementation.
Proposal 4: An LS should be sent to CT1/SA2 asking for slice priority definition, if disagree, slice priority can be up to UE implementation and provided from NAS to AS.
Slice availability checking
At last meeting, we have agreed the frequency priority mapping for each slice should be provided to UE as part of slice info using both broadcast and dedicated signalling. UE can decide frequency priority based on the frequency priority per slice and the intended slices with slice priority both provided by NAS.
For the intra-frequency slice based cell reselection, we have come to an agreement on maintaining the best cell principle to reduce inter-cell interference. However, there exists a scenario where it is possible that (Suitable) cells on the same frequency belonging to different TAs support different slice, in this case, if the slice based cell reselection is performed without supported slice checking, UE may finally camps on a cell not supporting its intended slices which is opposite to the objective of RAN slicing which is to enable UE fast access to the intended slice. 
Observation 1: Without supported slice checking, UE may finally reselects to a cell not supporting the intended slice which is opposite to the objective of RAN slicing.
Proposal 5: Checking on the supported slice of target cell is necessary to guarantee the intended slice(s) can be available to UE.
For the slice availability checking, there are some options:
[bookmark: OLE_LINK10][bookmark: OLE_LINK16]Option A: Serving cell broadcast slice support of neighbor cells 
Option B: TAC is used as a proxy, this works due to homogeneous slice support principle. 
[bookmark: OLE_LINK20]Option C: Cell needs to broadcast supported slices (or slice group). 
For option A, UE can check if target cell supports the intended slice by acquiring the SIB of serving cell. However, including supporting slices of all neighbour cell will lead to large SIB payload size of serving cell, and for UE, it only needs to check the slice availability of the target cell.
For option B, as we have agreed that all cells in a TA supporting the same slices, in this case, we can check supported slice of a cell by checking its TAC in SIB1, but it requires that the mapping of supported slices and TAC should be provided to UE which has impacts on SA2/CT1.
For option C, it is a straightforward solution and has no impacts on other WGs. 
In legacy cell reselection mechanism, cell reselection info which is broadcast in serving cell is only used to perform reselection evaluation to decide the target cell (i.e. highest ranked cell), once it is decided, UE will require the SIB1 of target cell to get the parameters for suitability check. 
To reduce the impacts on current spec, we can also consider to include supported slices in SIB1 of every cell for final check on supported slice similar to the suitability check in legacy cell reselection procedure. The concern on the payload size of SIB1 can be considered to be resolved by slice grouping mechanism.
[bookmark: OLE_LINK19]Observation 2: Slice availability checking based on serving cell broadcast slice support of neighbor cells may introduce extra signalling overhead as UE only needs to check slice support on the target cell.
[bookmark: OLE_LINK23][bookmark: OLE_LINK15]Proposal 6: If slice availability checking is performed by checking TAC, an LS needs to be sent to SA2/CT1 to request signalling providing UE with the mapping of supported slices and TAC. 
Proposal 7: Slice availability checking can be performed by including its supported slice info in SIB1 of every cell and the concern on the payload size of SIB1 can be resolved by slice grouping.
Slice based cell reselection limitation
In current cell reselection mechanism, once the target cell is decided after cell reselection evaluation, UE will perform final check on the suitability of target cell. If the target cell is suitable cell, it will be reselected, if not, some reselection limitation will be performed, e.g. the target cell or all cells on the same frequency as target cell will be excluded as candidate for 300s. By this way, UE can perform cell reselection on the lower priority frequencies or cells.
For slice based cell reselection, similar cell reselection limitation mechanism should also be considered in order to limit the frequency or cell which can not be reselected but with higher priority or ranked.
[bookmark: OLE_LINK22]Proposal 8: Slice based cell reselection limitation mechanism should be specified.
Conclusions
During the discussion above, we have the following observations and proposals:
Observation 1: Without supported slice checking, UE may finally reselects to a cell not supporting the intended slice which is opposite to the objective of RAN slicing.
Observation 2: Slice availability checking based on serving cell broadcast slice support of neighbor cells may introduce extra signalling overhead as UE only needs to check slice support on the target cell.

Proposal 1: For candidate slice grouping mechanisms, 
- SST is preferred to avoid extra signalling and it is benefit for roaming.
- New slice grouping mechanism can be considered but needs CT1 and SA2 to confirm the impact.
- Slice based access category should be excluded to avoid impact on UAC.
Proposal 2: Slice priority should be defined and considered in slice based cell reselection.
Proposal 3: Solutions of slice based cell reselection which can not firstly guarantee the highest priority slice should not be considered.
Proposal 4: An LS should be sent to CT1/SA2 asking for slice priority definition, if disagree, slice priority can be up to UE implementation and provided from NAS to AS.
Proposal 5: Checking on the supported slice of target cell is necessary to guarantee the intended slice(s) can be available to UE.
Proposal 6: If slice availability checking is performed by checking TAC, an LS needs to be sent to SA2/CT1 to request signalling providing UE with the mapping of supported slices and TAC. 
Proposal 7: Slice availability checking can be performed by including its supported slice info in SIB1 of every cell and the concern on the payload size of SIB1 can be resolved by slice grouping.
Proposal 8: Slice based cell reselection limitation mechanism should be specified.
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