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Introduction
The FS_NR_Slice SID objectives states that RAN2 will “study mechanisms to enable UE fast access to the cell supporting the intended slice, including slice based cell reselection under network control” [1].
The FS_NR_Slice SID objectives also states that “This study item should take SA2 output on slicing enhancement into consideration if RAN impacts are identified.”
In R2-2006529 [2], SA2 points out that they are also studying Network Slicing Enhancements in Rel-17 [3] and creating TR 23.700-40 [4]. R2-2006529 [2] included an attached p-CR (S2-2001467) which is a key issue on “Support of 5GC assisted cell selection to access network slice”. This is documented as Key Issue #7 in [4]. The key issue includes the following text.Today, the UE would have to attempt to select 5G-AN with no awareness as to whether a 5G-AN support a S-NSSAI till the S-NSSAI is allowed. We need to study whether and how to support S-NSSAI-aware 5G-AN selection.
This key issue will study how to select a particular cell that can be used to access the network slice(s) when the operator manages a different range of radio spectrums per network slice. In particular, this KI will address:
-	How does 5GS steer UEs to a 5G-AN (e.g. a specific frequency band) that can support the network slices that the UE can use.
-	What information does 5GS need to take a decision to steer UE to a proper 5G-AN.
-	What information should be provided to the UE to select a proper 5G-AN and how it is sent to the UE.
-	Any RAN impacts shall be identified and alignment with RAN WGs shall be pursued if any impacts are identified.
NOTE:	Work on this Key Issue depends on a LS exchange with SA WG1 and RAN WGs.


R2-2006529 [2] was also addressed to SA1 and RAN3. SA1 responded in R2-2006528 [5] and indicated that the use case provided in S2-2001467 is a valid use case. RAN3 also responded in R2-2006513 [6], indicating that Slice based cell reselection under network control is one of the objectives in the SI.
At the R2-111e meeting [7], RAN2 made the following agreements:
Agreements:
1. Scenarios for now to be studied by RAN2: 
· Multiple and different slices can be supported on different frequencies
· Multiple and different slices can be supported in the same frequency layer in different regions.  

2	For each scenario we study both IDLE and INACTIVE and determine whether there is need for a solution and possible solutions.  Connected mode will also be considered but with a lower priority.  

3	RAN2 will study both cell selection and cell re-selection 
Identify the problem with existing mechanisms with dedicated priority and study if some enhancements are needed  
RAN2 will study slice-based RACH resources/configuration and RACH parameters prioritization to enable UE’s fast access for the intended slice.  
Get input during email discussion on valid use cases 

This paper discusses cell (re-)selection issues as it relates to the RAN2 study FS_NR_Slice [1], the SA2 study FS_eNS_ph2 [3] and the LS R2-2006529 [2].
Discussion
[bookmark: _Hlk525905422]One of the objectives of the study item is to study mechanisms to enable UE fast access to the cell supporting the intended slice. But what is the meaning of the intended slice? In our view, the “intended slice” is a network slice that the UE intends to use or is likely to use upon transitioning to connected mode.  An intended slice may correspond to a slice in the Requested NSSAI or the Allowed NSSAI. When in idle/inactive mode, the UE AS could use assistance info (for e.g. the intended slice based on e.g. Requested NSSAI, or Allowed NSSAI) provided by the NAS together with the cell quality to (re-)select a cell that supports the intended slice; i.e. the slice the UE is likely to use upon transition to connected mode.  Similarly, when actually transitioning from idle/inactive to connected mode, the intended slice is the slice that is associated with the activity that triggered the RACH procedure. For example for a MO service, it is possible in Rel-15 in the case of operator-defined access categories, for the UE AS to implicitly get the intended slice info from the operator defined access category, provided the operator has configured the access categories such that they are dependent on the slice that is being accessed.  For MT service, the UE AS and therefore the UE NAS may learn about the intended slice information for example from the paging message.
Observation 1: The “intended slice” is a network slice that the UE intends to use, or is likely to use upon transitioning to connected mode. 
Proposal 1: In case of cell (re-)selection, the intended slice is one or more of the slices from the Requested NSSAI or one or more of the slices from the Allowed NSSAI.
Observation 2: In order to enable UE fast access to the cell supporting the intended slice, the UE needs to know the intended slice (regardless of whether the access is triggered by an MO service or an MT service).
Observation 3: For MO service, the intended slice is already available in NR Rel-15 via traffic indication from NAS to AS, i.e. the access category provided by NAS can be mapped to an S-NSSAI (assuming operator configured access categories are configured).
Observation 4: For MT service, the UE AS and therefore the UE NAS may learn about the intended slice information for example from the paging message. 
Proposal 2: For MO service, the intended slice is already available in NR Rel-15 via traffic indication from NAS to AS, i.e. the access category provided by NAS can be mapped to a slice.
Proposal 3: For MT service, the intended slice information is provided in the paging message.
In the registration procedure, the UE sends a Requested NSSAI to the network.  The Requested NSSAI is a list of S-NSSAIs (i.e. slices) that the UE wants to register with (i.e. a list of slices that the UE wants to use). The network will reply with an Allowed NSSAI.  The Allowed NSSAI is a list of S-NSSAIs (i.e. slices) that the UE could use.
TS 23.501 [8], clause 15.15.5.2.1 states that “The serving AMF shall determine a Registration Area such that all S-NSSAIs of the Allowed NSSAI for this Registration Area are available in all Tracking Areas of the Registration Area”.
TS 38.300 [9] states that “Some slices may be available only in part of the network. The NG-RAN supported S-NSSAI(s) is configured by OAM. Awareness in the NG-RAN of the slices supported in the cells of its neighbours may be beneficial for inter-frequency mobility in connected mode. It is assumed that the slice availability does not change within the UE's registration area.” The assumption that the slice availability does not change within the UE's registration area, can be fulfilled if all cells in a Registration Area support the same slices. However, the assumption can also be fulfilled if all cells of the Registration Area do not support the same slices, but the cells have overlapping coverage such that there is always some cell available to the UE that supports the slices of the UE’s Allowed NSSAI.
Observation 5: The UE may not expect every cell in the UE’s registration area to support slices in the Allowed NSSAI.
Considering observation 5 above, and the objective of the SI [1] on enabling UE fast access to the cell supporting the intended slice, including slice based cell reselection under network control, in Rel-17 there is a need to ensure that a UE camps on the serving cell that supports slices in the Allowed NSSAI in RRC_IDLE or RRC_INACTIVE by performing cell (re-)selection in a way that leads to (re-)selection of a cell that supports slices in the Allowed NSSAI. Avoiding situations where the UE camps on a cell that does not support slices in the Allowed NSSAI will help facilitate fast access to the UE’s allowed slices.
One possibility is that the network controls UE cell reselection by configuring the UE with UE specific cell reselection priorities, without explicitly configuring the UE with the slices supported by each cell.  For example, the RFSP index and/or Allowed NSSAI are provided to RAN and may be used to derive UE specific cell reselection priorities to control idle mode camping. While the network may use cell reselection priorities configuration to steer the UE towards the cell that supports slices in the Allowed NSSAI, it is not clear if such an approach can really work to the granularity level where the UE is able to reselect to a cell that supports a specific S-NSSAI. Additionally, the effectiveness of this approach relies on properly setting the UE specific cell reselection priorities, taking into account the allowed slices.
Observation 6: The use of UE specific cell reselection priorities to control RRC_IDLE or RRC_INACTIVE cell reselection to a cell that supports slices in the Allowed NSSAI relies on properly setting the UE specific cell reselection priorities taking into account the allowed slices, with no guarantee that the reselected cell supports slice(s) in the Allowed NSSAI that the UE intends to use upon transitioning to RRC_CONNECTED.
Another possibility is that the network controls the UE cell (re-)selection by making the UE aware of the slices supported in the cell. This can be done in many ways, for example through an association between carrier frequency and slice(s) configured into the UE, or association between TA and slice(s) configured into the UE, or by having each cell explicitly signal the supported slices. The UE may then use such information to reselect to a cell that supports slices in the Allowed NSSAI. 
Observation 7: If the UE is made aware of slices supported in a cell, the UE may use this information to (re-)select to a cell that supports slices in the Allowed NSSAI.
Proposal 4:  The UE is given awareness of the slices supported in a cell. 
Proposal 5: RAN2 down-selects between the following options to give the UE awareness of the slices supported in the cell:
1. Association between carrier frequency and slice(s) configured via NAS or RRC signaling;
2. Association between TA and slice(s) configured via NAS signaling;
3. Broadcast of slices supported by the cell in System Information.
Exactly how the UE uses this information when making cell (re-)selection decisions is something that should be discussed by RAN2.  If the candidate cells support all the slices in the Allowed NSSAI, then legacy rules for performing cell (re-)selection can be followed.  But if the candidate cells do not support all the slices in the Allowed NSSAI, then additional criteria should be defined.  For example, cells could be ranked according to the number of slices in the Allowed NSSAI that are supported.  Or a priority could be associated with the slices in the Allowed NSSAI and the cells could be ranked according to the priority of the slices they support.
Proposal 6:  RAN2 discusses how awareness of the slices supported in a cell is used in cell (re-)selection decisions, for both RRC_IDLE and RRC_INACTIVE states.
Conclusion
In this contribution, we discuss our views related to how to select a particular cell that can be used to access the network slice(s) when the operator manages a different range of radio spectrums per network slice. We made the following observations and proposals:
Observation 1: The “intended slice” is a network slice that the UE intends to use, or is likely to use upon transitioning to connected mode. 
Proposal 1: In case of cell (re-)selection, the intended slice is one or more of the slices from the Requested NSSAI or one or more of the slices from the Allowed NSSAI.
Observation 2: In order to enable UE fast access to the cell supporting the intended slice, the UE needs to know the intended slice (regardless of whether the access is triggered by an MO service or an MT service).
[bookmark: _Hlk54267811]Observation 3: For MO service, the intended slice is already available in NR Rel-15 via traffic indication from NAS to AS, i.e. the access category provided by NAS can be mapped to an S-NSSAI (assuming operator configured access categories are configured).
Observation 4: For MT service, the UE AS and therefore the UE NAS may learn about the intended slice information for example from the paging message. 
Proposal 2: For MO service, the intended slice is already available in NR Rel-15 via traffic indication from NAS to AS, i.e. the access category provided by NAS can be mapped to a slice.
Proposal 3: For MT service, the intended slice information is provided in the paging message.
Observation 5: The UE may not expect every cell in the UE’s registration area to support slices in the Allowed NSSAI.
Observation 6: The use of UE specific cell reselection priorities to control RRC_IDLE or RRC_INACTIVE cell reselection to a cell that supports slices in the Allowed NSSAI relies on properly setting the UE specific cell reselection priorities taking into account the allowed slices, with no guarantee that the reselected cell supports the slice(s) in the Allowed NSSAI that the UE intends to use upon transitioning to RRC_CONNECTED.
Observation 7: If the UE is made aware of slices supported in a cell, the UE may use this information to (re-)select to a cell that supports slices in the Allowed NSSAI.
Proposal 4:  The UE is given awareness of the slices supported in a cell.
Proposal 5: RAN2 down-selects between the following options to give the UE awareness of the slices supported in the cell:
1. Association between carrier frequency and slice(s) configured via NAS or RRC signaling;
2. Association between TA and slice(s) configured via NAS signaling;
3. Broadcast of slices supported by the cell in System Information.
Proposal 6:  RAN2 discusses how awareness of the slices supported in a cell is used in cell (re-)selection decisions, for both RRC_IDLE and RRC_INACTIVE states.
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