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[bookmark: _Hlk70498098]In RAN2#113bis-e[1], the following agreements were achieved:
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.	 

[bookmark: _Hlk70498178]As the outcome of offline discussion "[AT113b-e][251][NR] Slice-specific cell reselection (Intel)" , the proposals in R2-2104321[2] related to cell reselection were created. 
	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 contribution will focus on the issues related to the above proposals. 

Discussion
Slice info in SIB
Issue #1: Slice grouping mechanism
In R2-2104321[2], some potential solutions (e.g., Slice access category, SST and possibly SD, Slice group, TA list based, encoded slice info) were discussed, and slice grouping had been supported by most companies considering security and SIB payload issues, but the details need to be further discussed. 
The main motivation for SST or access category as a kind of slice grouping was that this grouping mechanism already exists and hence leads to lower specification impact. However, there are some problems for above two solutions.
1) Providing only SST: 
a) If only SST is provided in the system information, UEs subscribed to the same SST but different SDs cannot distinguish slices as there would be at most 224 slices with different SD for each SST.
b) gNB may not support all S-NSSAIs belonging to one SST.
2) Slice associated access category:
a) Access category was not designed to indicate slice info. So, there is not 1:1 mapping. 
b) Not all the S-NSSAIs belonging to one access category can be supported by gNB, which may cause misunderstanding between UE and gNB on the supported slice.
c) UE’s Access category may not be available when cell reselection is triggered unless TAU/RNAU.
d) The slice associated UAC is not suitable for indicating the slice related cell reselection information of neighbour cells.
Compared with providing only SST and slice associated access category, a new slice grouping mechanism is a better solution to address the issues of security and SIB payload size. A slice group which may be uniquely identified by a Slice Group ID can include one or more slices. That is, a slice group ID can be associated with one or more S-NSSAIs. Therefore, the size of the slice group ID will be much smaller than S-NSSAI, and slice info will not be directly exposed. Broadcasting slice group IDs instead of S-NSSAIs can address security and SIB payload size issues simultaneously.
Proposal 1: Introduce a new slice grouping mechanism to address security and SIB payload size issues. The solutions of broadcasting SST and access category are not pursued.
Furthermore, the mapping between slice group ID and S-NSSAIs needs to be sent to the UE. It can be configured by RAN or CN. 
1) Option 1: configured by RAN
If the mapping is configured by RAN, it can be transmitted to the UE via RRC or SIB. But if it is sent by SIB, the slice info will still be exposed. So, it is better to use dedicated RRC signalling which is UE-specific with security protection. 
2) Option 2: configured by CN
If the mapping is configured by CN via NAS message, it will have some impacts on SA2/CT1 specs.
Due to lack of SA2/CT1 TU in WI, we prefer to option 1 in this release.
Proposal 2: The mapping between slice group ID and S-NSSAI(s) can be configured by RAN via RRC signalling.

Issue #2: Slice related cell reselection info
According to WID, RAN should broadcast the supported slice info of the current cell and neighbour cells, and cell reselection priority per slice in system information message to assist cell reselection. In RAN2#113bis-e, RAN2 agreed to align 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). 
In the offline discussion (R2-2104321[2]), most companies commented that it is only useful to provide slice availability for neighbour cells/frequency belonging to different TA(s) and it is not necessary to provide slice availability for the cells within the current TA. But when UE is moving and performing cell reselection ranking, UE has no idea which cells belong to the current tracking area. So RAN should provide slice availability of all the neighbour cells/frequency so that the UE can perform cell reselection according to the information.
For intra-frequency, since there is the case that different slices can be deployed on the same frequency, slice info needs also be considered.  
Proposal 3: Each cell should broadcast the supported slice info of all the neighbour cells/frequency (including intra-frequency and inter-frequency) regardless of TA.
It’s not clear that which information should be included in “slice info”. According to section 5.1.1 of TR 38.832[3], “Multiple and different slices can be supported on different frequencies, Multiple and different slices can be supported on the same frequency in different regions”, and combined with slice grouping mechanism, we suggest that slice info should include slice group ID and frequency/cell ID and optional cell reselection priority per slice group. The slices within the same slice group have the same priority on a certain frequency in a specific region.
Proposal 4: RAN2 clarify that slice info consists of slice group ID and frequency/cell ID and optional cell reselection priority per slice group.

Slice info in RRCRelease
During SI phase, whether additional information in RRCRelease such as validity area should be supported was discussed but was not agreed for normative phase. And we are worrying that would be too complex for network to configure the validity area for each UE. We think the same information agreed in SIB can be included in RRCRelease.
Another open issue is whether a T320 like timer is needed. The answer should be yes. Since homogeneous slice deployment within TA is agreed in last meeting, it is clear that the slice availability change may only happen at the TA boundary. In the scenario that two different frequencies supporting different slices, the two frequencies have to be configured with different TA. UE camping on one of the frequencies still needs a timer to figure out the validity of the slice information on the other frequency.
Proposal 5: The same information agreed in SIB can be included in RRCRelease, as well as a T320 like timer.

Definition of intended slices 
In section 5.1.1 of TR 38.832[3], there are some definitions for intended slices in different cases:
	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:
-	In case of cell selection and 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)
-	In case of MO traffic, the intended slice means the S-NSSAI associated with MO traffic based on indication from NAS to AS. For MO service, UE is aware of the intended slice.
-	In case of MT traffic, UE is unaware of the slice for the paged service in current NR specification.



However, there is only agreement for the intended slices for UE in RRC_IDLE as mentioned above, i.e. intended slices = allowed S-NSSAI(s). According to TS 38.331[4], upon the UE receives the RRCRelease message including suspendConfig, the UE shall suspend all DRB(s) and enter RRC_INACTIVE and perform cell selection. For UE in RRC_INACTIVE, it may have suspended DRB(s) for some slices. When the UE receives the RRCResume message, the UE shall resume all DRB(s) including DRB(s) for some slices. 
	[bookmark: _Toc60776816][bookmark: _Toc60867597]5.3.8.3	Reception of the RRCRelease by the UE
The UE shall:
<omitted>
1>	if the RRCRelease includes suspendConfig:
<omitted>
2>	suspend all SRB(s) and DRB(s), except SRB0;
<omitted>
2>	indicate the suspension of the RRC connection to upper layers;
2>	enter RRC_INACTIVE and perform cell selection as specified in TS 38.304 [20];
1>	else
2>	perform the actions upon going to RRC_IDLE as specified in 5.3.11, with the release cause 'other'.



Based on the above analysis, it may be more suitable to specify the intended slices = suspended slices for inactive-mode mobility. And it’s beneficial that the inactive UE selects or reselects to a cell which supports suspended slices for fast resume the corresponding slice services.
Proposal 6: For inactive-mode mobility, intended slices = suspended slices.
Proposal 7: The UE in RRC_INACTIVE should reselect to a cell which supports suspended slices.
Proposal 8: The definition for intended slices should be captured in the stage-2 specs, i.e., TS 38.300, taking the definition in TR 38.832 as baseline.

Prioritisation mechanism in UE 
According to TS 38.413[5], the maximum number of allowed S-NSSAI is 8. Depending on the definition of intended slices, it is possible that UE may have more than one intended slices (for example, if intended slices are the allowed slices). In this scenario, the UE needs to pick one of these intended slices to use for prioritisation for slice specific cell reselection.
As the allowed slices are configured by CN via NAS message, it is reasonable that CN indicates priority order of slices to the UE based on the relevant information (e.g. performance of the slices or the behaviour data of the UE). Then the UE can perform cell reselection based on this priority order. Another possible solution is up to UE implementation.
Proposal 9: If the intended slices contain multiple slices, UE may follow the order of the configured allowed S-NSSAI list as the priority of the slices or it is up to UE implementation to choose a prioritized slice for slice specific cell reselection. 

UE behaviour of cell reselection 
Since RAN2 agreed to align with SA2 assumption on homogeneous assumption, and we may have lots of slices in some deployments, the number of TAs may be increased and TA boundaries may be a common scenario. The issue is that how the UE reselects to a cell when the allowed S-NSSAIs include multiple slices.
For example, in below Figure 1, UE1’s allowed S-NSSAI(s) = {slice 1, slice 2, slice 3, slice 4} in TA0, the supported slices of cell1/FR1 = {slice 1, slice 3}, the supported slices of cell2/FR2 = {slice 1, slice 2}, the supported slices of cell3/FR3 = {slice 2, slice 3, slice 4}. Based on the allowed S-NSSAIs, the UE can’t reselect to a cell supporting all of slices.
[image: ]
Figure 1
Apparently, if a cell/frequency supports all of the allowed S-NSSAI(s), the UE should consider this cell/frequency to be the highest priority. If there is no cell/frequency supporting all of the allowed S-NSSAI(s), there may be several potential solutions:
1) Solution 1: Based on the priority order of allowed S-NSSAI(s).
As mentioned in proposal 9, if there is a priority order in the allowed S-NSSAI(s), then the UE can perform cell reselection based on the priority order.  If a cell/frequency supports the most advanced slices of the allowed S-NSSAI(s), the UE should consider this cell/frequency to be the highest priority.
Taking the Figure 1 as an example, the intended slices of UE1= {slice 1, slice 2, slice 3, slice 4} with priority descending order, as shown in Table 1, UE1 firstly checks which cell supports slice 1 which is the highest priority slice, both cell1/FR1 and cell2/FR2 support slice 1; then UE1 checks them whether to support slice 2, only cell2/FR2 supports slice 2. After the two rounds of checks, only cell2/FR2 is selected, so there may be no need to continue to check whether slice 3 is supported in cell2/FR2. Therefore, UE1 should consider cell2/FR2 to be the highest priority based on the priority order of intended slices. 


Table 1: An example for solution 1
	UE’s allowed S-NSSAI(s) 
in descending order 

Candidate cell
	Slice 1
	Slice 2
	Slice 3
	Slice 4

	Cell 1 / FR1
	Supported
	Not supported
	-
	-

	Cell 2 / FR2
	Supported
	Supported
	Not supported (optional check)
	-

	Cell 3 / FR3
	Not supported
	-
	-
	-


In another example, the supported slices of cell1/FR1 = {slice 1, slice 2}, the supported slices of cell2/FR2 = {slice 1, slice 2}, the supported slices of cell3/FR3 = {slice 2, slice 3, slice 4}. As shown in Table 2, after the three rounds of checks, cell1/FR1 and cell2/FR2 are selected. Then if cell reselection priority is provided in system information, the cell with higher priority will be selected. If it is assumed that the cell reselection priority of cell1/FR1 is higher than cell2/FR2, UE1 should consider cell1/FR1 to be the highest priority in cell reselection. If cell reselection priority is not provided in system information, then the UE should reselect the highest ranked cell according to cell reselection criteria.
Table 2: An example for solution 1
	UE’s allowed S-NSSAI(s) 
in descending order 

Candidate cell
	Slice 1
	Slice 2
	Slice 3
	Slice 4

	Cell 1 / FR1
(higher cell reselection priority)
	Supported
	Supported
	Not supported 
	-

	Cell 2 / FR2
	Supported
	Supported
	Not supported 
	-

	Cell 3 / FR3
	Not supported
	-
	-
	-



2) Solution 2: Based on the number of supported slices in allowed S-NSSAI(s).
In this solution, the UE will consider the cell that supports the maximum number of slices in allowed S-NSSAIs as the highest priority in cell reselection.
Taking the Figure 1 as an example, based on the solution 2, both cell1/FR1 and cell 2/FR2 support two slices of allowed S-NSSAIs, while cell3/FR3 supports three slices of allowed S-NSSAIs. Therefore, UE1 should consider cell3/FR3 to be the highest priority. 
Table 3: An example for solution 2
	Candidate cell

UE’s allowed S-NSSAI(s) 
in descending order
	Cell 1 / FR1
	Cell 2 / FR2
	Cell3 / FR3

	Slice 1
	Supported
	Supported
	Not supported

	Slice 2
	Not supported
	Supported
	Supported

	Slice 3
	Supported
	Not supported
	Supported

	Slice 4
	Not supported
	Not supported
	Supported

	Number of supported slices 
	2
	2
	3


Similar to the example of Table 2, if there are at least two cells that support the same maximum number of slices, then UE can reselect a cell based on cell reselection priority (if provided in system information) or based on the cell reselection criteria (i.e. the highest ranked cell) or based on the priority order of allowed S-NSSAIs. 
Table 4.1: An example for solution 2 (cell reselection priority is provided in system information)
	Candidate cell

UE’s allowed S-NSSAI(s) 
in descending order
	Cell 1 / FR1
	Cell 2 / FR2
(higher cell reselection priority)
	Cell3 / FR3

	Slice 1
	Supported
	Supported
	Not supported

	Slice 2
	Not supported
	Supported
	Supported

	Slice 3
	Supported
	Supported
	Supported

	Slice 4
	Not supported
	Not supported
	Supported

	Number of supported slices 
	2
	3
	3



Table 4.2: An example for solution 2 (based on the priority order of allowed S-NSSAIs)
	Candidate cell

UE’s allowed S-NSSAI(s) 
in descending order
	Cell 1 / FR1
	Cell 2 / FR2
	Cell3 / FR3

	Slice 1
(the highest priority slice)
	Supported
	Supported
	Not supported

	Slice 2
	Not supported
	Supported
	Supported

	Slice 3
	Supported
	Supported
	Supported

	Slice 4
	Not supported
	Not supported
	Supported

	Number of supported slices 
	2
	3
	3



Based on the above analysis, the following proposal is provided:
Proposal 10: If there are multiple slices in allowed S-NSSAIs, the UE can perform cell reselection using the following candidate solutions:
1) Solution 1: Based on the priority order of allowed S-NSSAIs;
a) the UE should consider the cell/frequency which supports the most advanced slices of the allowed S-NSSAI(s) to be the highest priority; 
b) if there are at least two cells that support the same most advanced slices, then UE can reselect to a cell based on cell reselection priority (if provided in system information) or based on the cell reselection criteria (i.e. the highest ranked cell).
2) Solution 2: Based on the number of supported slices in allowed S-NSSAIs;
a) the UE should consider the cell/frequency which supports the maximum number of slices in the allowed S-NSSAI(s) to be the highest priority; 
b) if there are at least two cells that support the same maximum number of slices, then UE can reselect to a cell based on cell reselection priority (if provided in system information) or based on the cell reselection criteria (i.e. the highest ranked cell) or based on the priority order of allowed S-NSSAIs.

Conclusion
Here are the proposals for slice-based cell reselection.
Proposal 1: Introduce a new slice grouping mechanism to address security and SIB payload size issues. The solutions of broadcasting SST and access category are not pursued.
Proposal 2: The mapping between slice group ID and S-NSSAI(s) can be configured by RAN via RRC signalling.
Proposal 3: Each cell should broadcast the supported slice info of all the neighbour cells/frequency (including intra-frequency and inter-frequency) regardless of TA.
Proposal 4: RAN2 clarify that slice info consists of slice group ID and frequency/cell ID and optional cell reselection priority per slice group.
Proposal 5: The same information agreed in SIB can be included in RRCRelease, as well as a T320 like timer.
Proposal 6: For inactive-mode mobility, intended slices = suspended slices.
Proposal 7: The UE in RRC_INACTIVE should reselect to a cell which supports suspended slices.
Proposal 8: The definition for intended slices should be captured in the stage-2 specs, i.e., TS 38.300, taking the definition in TR 38.832 as baseline.
Proposal 9: If the intended slices contain multiple slices, UE may follow the order of the configured allowed S-NSSAI list as the priority of the slices or it is up to UE implementation to choose a prioritized slice for slice specific cell reselection. 
Proposal 10: If there are multiple slices in allowed S-NSSAIs, the UE can perform cell reselection using the following candidate solutions:
1) Solution 1: Based on the priority order of allowed S-NSSAIs;
a) the UE should consider the cell/frequency which supports the most advanced slices of the allowed S-NSSAI(s) to be the highest priority; 
b) if there are at least two cells that support the same most advanced slices, then UE can reselect to a cell based on cell reselection priority (if provided in system information) or based on the cell reselection criteria (i.e. the highest ranked cell).
2) Solution 2: Based on the number of supported slices in allowed S-NSSAIs;
a) the UE should consider the cell/frequency which supports the maximum number of slices in the allowed S-NSSAI(s) to be the highest priority; 
b) if there are at least two cells that support the same maximum number of slices, then UE can reselect to a cell based on cell reselection priority (if provided in system information) or based on the cell reselection criteria (i.e. the highest ranked cell) or based on the priority order of allowed S-NSSAIs.
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