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1	Introduction
At RAN2#113bis-e the following agreement on slice specific cell Re-selection Rel-17 have been made: 
Agreements

1	RAN2 aligns with SA2 assumption that support of slices in a TA is homogenous also for Rel-17 (i.e. all cells within a TA supports the same slice availability). If SA2 decides to support heterogeneous deployments, RAN2 can revisit this. 
2	The criteria for determining the cell reselection priority for inter-frequency cell reselection should not be left to UE implementation, but should be defined in the specification (just like cell reselection priorities currently). The details of slice info and how the UE determines its priority list from slice info is FFS. 
2b	FFS how to define slice priorities for reselection and how to handle conflicts between different priorities (e.g. broadcast vs. dedicated slice-specific priorities)
5	UE is only configured with either the existing dedicated priority configuration or the slice info in RRC Release.
3	In the case that slice info is also provided to the UE in the RRC Release message while SIB also provides the slice info, UE follows the dedicated slice info from RRC Release while T320-like timer is running and only if it expires that it follows the slice info in the SIB
4	In the case that existing dedicated priority configuration is provided to the UE in the RRC Release message while SIB also provides the slice info, UE follows the dedicated priority configuration while T320 is running as per legacy and only if it expires that it follows the slice info in the SIB
6	 For UE supporting slice based cell reselection, the UE should use slice info in the SIB for cell reselection if both slice info and existing cell reselection priority is broadcast in the SIB.	 

1: With regard the main solution for prioritisation for slice based cell reselection, the following topics to be the initial focus for discussion: Details of slice availability in terms of Slice grouping and frequency priority information for broadcast and RRC Release message,  usage of “intended slice” (FFS whether we use this term in specification), UE prioritisation of slice when there is more than one intended slice and how UE determines frequency priority for inter-frequency cell reselection based on these.
2: Following topics are only considered after some progress on the main solution for prioritisation for slice based cell reselection: which SIB(s) to carry slice availability, whether an LS to SA3 is needed (if SST/SD is agreed for slice info), whether SIB segmentation/on-demand is required (if new SIB is defined).
3: Other topics that have some support and could be discussed further depending on companies providing more details on the motivation and level of support: slice based reselection for MO, different RSRP/RSRQ thresholds for inter and intra-frequency slice based cell reselection, need for Validity area in RRC Release

This paper aims to provide details related to modification for slice specific cell re-selection and slice group index.
2	How to modify the cell re-selection procedure
2.1	Cell re-selection procedure
When UE is camping a cell in RRC Inactive/Idle state, UE performs regular cell re-selection. The procedure of cell reselection can be depicted (see also Figure 2.1-1):
1	Selecting one or more frequencies with respect to frequency priorities for cell reselection for scanning (see clause 5.2.4.1 of 38.304 for details)
2	Perform measurements on the selected frequency or frequencies (considering clause 5.2.4.2 of 38.304)
3	Check if any cell fulfilling the cell reselection criteria (clause 5.2.4.5) is found; if not then go back to step 1 
4	Selecting the highest ranked cell among measured cells (clause 5.2.4.6 of 38.304) 
5	Check if the highest ranked cell is a suitable cell (clause 5.3.1 and 5.2.4.4 of 38.304). If yes then camp on the cell, otherwise exclude the cell or the frequency and go back to step 3.


Figure 2.1-1: Overview of cell re-selection procedure
The frequency priorities and white/black lists are provided to the UE as follows:
· In SIB2, priority for the serving frequency, 
· In SIB3, black/white PCI list for the current frequency,
· In SIB4, priority and black/white PCI list for other frequencies,
· With RRCRelease, priority per frequency.
Dedicated frequency priority information provided in RRCRelease is used if present until T320 expires. A UE shall only apply the priorities provided by system information from current cell. When the UE has only dedicated priorities other than for the current frequency, the UE shall consider the current frequency to be the lowest priority frequency (i.e. lower than any of the network configured values). Cell reselection to a higher priority frequency shall take precedence over a lower priority frequency if multiple cells of different priorities fulfil the cell reselection criteria.
2.2	Broadcasting slice information of the cell itself
The UE needs to acquire the SIB of the cell to obtain the slice information broadcast about the cell itself. During the cell reselection procedure (see step 5 of in Figure 2.1-1) the UE only acquires the SIB of the candidate cell at the last step before the cell is selected for camping. Acquiring SIB1 and other SIBs from a cell requires some time and processing efforts from the UE. The background assumption in the current cell reselection procedure is that the suitability checking fails rarely, and usually the UE does not need to acquire SIB1 of cells that are not selected. If the slice-based cell reselection is based on the slice information broadcast about the cell itself, then this assumption will not be valid anymore, and it may become common that the UE will need to acquire SIBs of cells that are not selected. This will lead increased cell reselection time and the UE power consumption. 
Observation 1.1: Use of the slice information broadcast about the cell itself during cell reselection requires the UEs to acquire SIBs of cells that are not selected.
Furthermore, the cells that are not found suitable have to be excluded from cell re-selection for a certain amount of time. The typical value used currently is 300 sec. In case UE can find no suitable cell with this type of slice-based cell reselection procedure, should fall back to the normal cell reselection without considering slice information. This will require another round of neighbour cell measurements and candidate cell evaluation. This will further increase the cell reselection time and the UE power consumption. 
Observation 1.2: Use of the slice information broadcast about the cell itself during cell reselection will lead an increased cell reselection time and UE power consumption.
Proposal 1.1: The slice information broadcast about the cell itself is not used for cell reselection. 
2.3	Slice Group ID based frequency prioritization 
One of the solution approaches that was agreed at the previous RAN2 meetings is when the basic cell reselection procedure depicted in Section 2.1 is kept, but the frequency priorities are assigned considering slices. The rest of the procedure (e.g. measurements, suitable cell criteria) remains the same. Note the target of the slice based cell reselection is not to guarantee that the selected cell supports all slices but trying to find a cell that supports all of them or a part of them based on the priorities given by NAS if possible.
The solution depicted in this section based on the following enhancements:
· Additional broadcasting information per Slice Group ID: 
1)	CellReselectionPriority in SIB2 (for current band), in SIB4 for other bands per Slice Group ID
· Additional information in RRCRelease:
1)	frequency priorities per Slice Group ID
· Additional information to be provided to UE: 
1)	Mapping rules of S-NSSAIs to Slice Group IDs (a single S-NSSAI may be mapped to several Slice Group IDs)
· Additional information provided by NAS to AS for cell reselection: 
1)	A list of prioritized Slice Group IDs (each Slice Group ID has its own priority) is provided to AS to be used for cell reselection
The solution does not assume any specific details on slice grouping, it can work with any types of slice grouping. This solution does not limit how the mapping of slices to slice groups is provided, e.g. it can happen via NAS or via RRC signalling. Details of slice grouping are discussed in section 3. The solution assumes only that the slice information of neighbour cells/frequencies are provided.
The cell reselection procedure works similar as the current cell reselection procedure, but the frequency priorities are assigned in a different way (see also Figure 2.3-1) (differences from the current cell reselection procedure indicated by red):
0	The AS in the UE selects the next highest Slice Group ID for cell reselection. If there is no next Slice Group ID then the rest of the procedure is performed without a Slice Group ID, i.e. the normal frequency priorities are used.
1	Use cell reselection frequency priorities for the selected Slice Group ID (if no Slice Group ID is provided use the non-slice specific frequency priorities) to set frequency priorities. After priorities are assigned, the normal way of frequency selection is used. 
2	Perform measurements on the selected frequency or frequencies. Note that the UE may re-use the measurement results obtained during the cell reselection with another Group ID.
3	Check if any cell fulfilling the cell reselection criteria (clause 5.2.4.5) is found; if not then go back to step 6. 
4	Select the highest ranked cell among measured cells.
5	Check if the highest ranked cell is a suitable cell (clause 5.3.1 and 5.2.4.4 of 38.304). Note that the UE may re-use the SIB1 acquired during the cell reselection performed with another Group ID.
If yes then camp on the cell, otherwise exclude the cell or the frequency and go back to step 6.
6	Check if there is any more frequency to be measured with the selected Slice Group ID. If no other frequency exists, then exclude this Slice Group ID from cell reselection and go back to step 0. Otherwise continue cell reselection based on this group ID. 



Figure 2.3-2: Slice-based cell reselection based on slice-group based frequency priorities
An example would be that UE is signalled in a dedicated manner a mapping of S-NSSAIs to slice groups and related priorities:
{Priority 3: SG-3 (S-NSSAI 1 + S-NSSAI 2), Priority 2: SG-2 (S-NSSAI 1), Priority 1: SG-3 (S-NSSAI 2)} (highest priority value means higher priority).
When the UE is camping in a cell in RRC Idle or Inactive, the UE has acquired the frequency priority per slice group (through RRCRelease or SIB):
{Frequency 1: Priority 3 SG-2, Priority 2 SG-3}
{Frequency 2: Priority 5 SG-1, Priority 3 SG-3}
{Frequency 3: Priority 5 SG-2}
The performs the cell reselection in the following way:
Step 0: UE selects the highest priority slice group – SG-3
Step 1: UE selects the frequency with respect to frequency priorities of SG-3: Frequency 2
Step 2: UE does measurement and cell search on Frequency 2.
Step 3: No cell fulfils the cell selection criteria, so UE choses Frequency 1 with respect to frequency priorities of SG-3 and does measurements again.
Step 4: UE does measurement and cell search on Frequency 1.
Step 5: No cell fulfils the cell selection criteria with the frequencies for SG-3, the UE selects next highest priority slice group: SG-2.
Step 6: UE starts using SG-2 priorities, and thus UE choses Frequency 3 with respect to frequency priorities of SG-2 and does measurements again.
Other steps would follow the normal cell re-selection procedure until a suitable cell is found.
We think that the using the above depicted slice-based cell reselection procedure is good baseline, as it requires no fundamental change in the current cell reselection mechanism.
Proposal 1.2: Use the following slice-based cell reselection procedure as baseline:
1)	Additional broadcasting information per Slice Group ID: 
-	CellReselectionPriority in SIB2 (for current band), in SIB4 for other bands per Slice Group ID
2)	Additional information in RRCRelease:
-	frequency priorities per Slice Group ID
3)	Additional information to be provided to UE: 
-	Mapping rules of S-NSSAIs to Slice Group IDs (a single S-NSSAI may be mapped to several Slice Group IDs)
4)	Additional information provided by NAS to AS for cell reselection: 
-	A list of prioritized Slice Group IDs (each Slice Group ID has its own priority) is provided to AS to be used for cell reselection
5)	Procedure changes in cell reselection:
a)	Cell reselection is performed considering the frequency priorities provided to the highest priority Slice Group ID
b)	If the cell reselection with that Slice Group ID fails then the step 1 is performed with the next highest priority Group ID. If there is no more Slice Group ID, then the non-slice specific cell reselection procedure is followed.

2.3.4 Solution extension with Cell Lists
It is possible that the cells on a frequency band supports different slices. In that scenario it is worth considering providing Slice Group ID specific cell lists to the UE. One option is to use the legacy white or black cell list mechanism. In that case the solution depicted in the previous section can be extended in the following way:
1)	Slice Group ID specific white or black list for current band (SIB2) and for other bands (SIB4) is broadcast
2)	When a Slice Group ID specific cell reselection priorities are used and Slice Group ID specific white or black cell list is provided for the selected Slice Group ID then it is used to limit measurements to specific cells.
An additional option is to introduce a new type of Slice Group ID specific cell list: a list of cells prioritized for the given Slice Group ID. In that case the solution extension would be:
1)	"PriorityCellList" per Slice Group ID per frequency (similar to white/black lists) for current band (SIB2) and for other bands (SIB4) is broadcast
2)	For the selection of a best cell on a frequency that is selected for a selected Slice Group ID, a cell listed in the "PriorityCellList" for the given Slice Group ID may be prioritized for the best cell selection for that frequency (details are FFS).
RAN2 should discuss whether this type of extension of the baseline solution depicted in the previous section is beneficial.
Proposal 1.3: Discuss whether Slice Group ID based cell lists are beneficial extension for the slice-based cell reselection solution proposed in Proposal 2.2.
3	Slice group ID index
[bookmark: _Hlk70953124]During the previous meetings it was found that it is not feasible to provide specific information about individual slices, but some type of slice groups should be introduced. In the email discussion at RAN2#113bis the following options were discussed (R2-2104321):
1	SST
2	Access Category (used for UAC)
3	TAC as a slice group index
4	A new slice group index, no details are provided
Table 3-1: Comparison of discussed slice group indices
	Index
	Flexible 
	Number of groups per PLMN
	Number of groups per cell
	Mapping

	SST
	No
	256
	256
	S-NSSAI id definition

	Access Category
	Yes
	32
	32
	Signal Slice to UAC association

	TAC
	Yes, due to homogenous slice support in TA
	64K or 16M
	1
	Signal Slice to TAC association

	New slice group index
	Yes
	2^A
(length of A bits)
	To be specified
	Signal Slice to Group association


3.1 SST as a slice group index	
The S-NSSAI may include both the SST and SD fields (in which case the S-NSSAI length is 32 bits in total), or the S-NSSAI may just include the SST field (in which case the S-NSSAI length is 8 bits only).
An advantage would that the mapping of slices to SST is not needed as this mapping is done through the definition of S-NSSAI as shown above. This mapping is fixed through id definition. There are possible 2^24 slices covered by an SST value. So, it is impossible for UE to understand if its allowed S-NSSAI is supported by the cell if it only reads the SST value. 
Observation 2.1: Standalone SST cannot be used as a slice group index.
Possible solutions to this issue is also SD value is broadcast. This then fallbacks to slice information broadcast while it is agreed that slice group information should be broadcast.
Observation 2.2: Broadcasting of SD with SST would fallback to slice index broadcast that was found infeasible.
Proposal 2.1: Do not consider SST as a slice grouping index for cell re-selection.
3.2 AC as a slice group index for cell reselection	
In principle Access Categories for UAC are advertised for the cell itself. As we have found (see section 2.2) that the use of the slice information broadcast about the cell itself during cell reselection is not beneficial, the use of Access Categories does not provide any advantage in terms of existing broadcast information. On the other hand, it introduces restrictions, such as the maximum number of Operator defined access categories (ODAC) are 32. Currently, access categories are not used for cell re-selection this may cause other issues for ACs. It may also create conflict if an operator intends to use to some other purposes than providing slice information for reselection.
Observation 2.3: Using ODAC for cell re-selection has limitation on the number of slice groups and the use of Access Categories for other purposes.
Proposal 2.2: Do not consider ODAC under UAC as a slice group index for cell re-selection.
3.3 TAC as a slice group index	
Tracking area is used to track UE location at a granular level and directly used for procedures such as idle paging of the UE. TA already effects RRC Idle/Inactive procedures as such it affects the correct RRC state for cell re-selection procedure. 
Following the SA2 agreement on homogenous slice support in a TA, using TAC as a slice group index does not impose any extra limitation.
Proposal 2 incurs that for any slice group index, the neighbour slice group is to be broadcast by any cell. With increasing number of neighbour cells this is an issue for all slice group index solutions.
For any neighbour cell of a cell, it is highly likely that this cell has the same TA as the current cell. Only a limited number of neighbour cells (N1) belong to different TA. It is also highly likely that the number of neighbouring TAs are small, either 1, 2 and rarely more. As such using the TAC to indicate slice group index for neighbour cells minimizes the signaling load.
Observation 2.4: If Proposal 2.2 is agreed, TAC as a slice group index would minimize the signaling load considering the neighbour slice group support. 
TACs are represented with 2 or 3 octets in extended form. Network can adjust tracking area of a cell to conform with the SA2 agreement of homogenous slice support in a TA. Cell re-selection is a cell specific procedure, it is not needed that a multiple slice groups are indicated per cell. Currently, only a single TAC is allocated per cell per PLMN. As such it is sufficient for cell re-selection procedure.
Observation 2.5: A single slice group index per cell is sufficient for cell re-selection procedure.
With the registration procedure, UE is configured with a registration area that incurs a list of TACs and allowed S-NSSAIs in those tracking areas. This means that already a NAS signaling exists that can be extended to provide mapping to slice groups.
Observation 2.6: Mapping of slices to slice group index can be done easily by extending the registration procedure.
Proposal 2.3: In case Proposal 2.2 is agreed, agree on using TAC as the slice group index. 
3.5 A new index as a slice group index	
The introduction of new identifier as slice group index requires the following: 
-	an agreement on the size of the slice group index based on the assumption how many slice group indices could be supported in a PLMN;
-	agreements on the scope of the slice group index values; e.g., a slice group index value can be unique in a PLMN, or in ePLMNs, in a TA of a PLMN, in a Registration Area of the UE.
-	new signaling mechanism to provide the mapping of slices to the slice group indices.
-	introduction of a new NAS and AS interaction to provide the slice groups from NAS to AS for cell reselection;
In principle none of the issues listed above are showstoppers, but it requires RAN2 and other WG discussions to find the good solutions and additional specification work to document these agreements. Note that some of these issues are not solely in the scope of RAN2, and thus requires cross WG agreements.
Observation 2.7: The definition of a new slice group index requires many considerations that are already there with existing indices, such as TAC.
Proposal 2.4: To avoid unnecessary specification work (and to reduce the workload in 3GPP) do NOT introduce a new type of index value as slice group index.
4	Conclusion
Observation 1.1: Use of the slice information broadcast about the cell itself during cell reselection requires the UEs to acquire SIBs of cells that are not selected.
Observation 1.2: Use of the slice information broadcast about the cell itself during cell reselection will lead an increased cell reselection time and UE power consumption.
Proposal 1.1: The slice information broadcast about the cell itself is not used for cell reselection. 
Proposal 1.2: Use the following slice-based cell reselection procedure as baseline:
1)	Additional broadcasting information per Slice Group ID: 
-	CellReselectionPriority in SIB2 (for current band), in SIB4 for other bands per Slice Group ID
2)	Additional information in RRCRelease:
-	frequency priorities per Slice Group ID
3)	Additional information to be provided to UE: 
-	Mapping rules of S-NSSAIs to Slice Group IDs (a single S-NSSAI may be mapped to several Slice Group IDs)
4)	Additional information provided by NAS to AS for cell reselection: 
-	A list of prioritized Slice Group IDs (each Slice Group ID has its own priority) is provided to AS to be used for cell reselection
5)	Procedure changes in cell reselection:
a)	Cell reselection is performed considering the frequency priorities provided to the highest priority Slice Group ID
b)	If the cell reselection with that Slice Group ID fails then the step 1 is performed with the next highest priority Group ID. If there is no more Slice Group ID, then the non-slice specific cell reselection procedure is followed.
Proposal 1.3: Discuss whether Slice Group ID based cell lists are beneficial extension for the slice-based cell reselection solution proposed in Proposal 2.2.

Observation 2.1: Standalone SST cannot be used as a slice group index.
Observation 2.2: Broadcasting of SD with SST would fallback to slice index broadcast that was found infeasible.
Proposal 2.1: Do not consider SST as a slice grouping index for cell re-selection.
Observation 2.3: Using ODAC for cell re-selection has limitation on the number of slice groups and the use of Access Categories for other purposes.
Proposal 2.2: Do not consider ODAC under UAC as a slice group index for cell re-selection.
Observation 2.4: If Proposal 2.2 is agreed, TAC as a slice group index would minimize the signaling load considering the neighbour slice group support. 
Observation 2.5: A single slice group index per cell is sufficient for cell re-selection procedure.
Observation 2.6: Mapping of slices to slice group index can be done easily by extending the registration procedure.
Proposal 2.3: In case Proposal 2.2 is agreed, agree on using TAC as the slice group index. 
Observation 2.7: The definition of a new slice group index requires many considerations that are already there with existing indices, such as TAC.
Proposal 2.4: To avoid unnecessary specification work (and to reduce the workload in 3GPP) do NOT introduce a new type of index value as slice group index.
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