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Introduction
[bookmark: _Hlk70498098]In RAN2#116bis-e [1], the following agreements were reached for slice based cell reselection:
R2-2200043	[Post116-e][242][Slicing] Slice-based cell re-selection algorithm	Ericsson	discussion
Working assumption: We go with proposal A without formula, e.g. as proposed by Samsung or Apple. Exact details to be worked out for the next meeting.
R2-2201708	Summary of [AT116bis-e][240][Slicing] Remaining details for Slice groups (CMCC)	CMCC	discussion	Rel-17	NR_slice-Core	Late
No change to previous agreement that there can be different slice groups for RACH and reselection. Align with SA2 (if they tell us differently).
2.1: Among multiple TAs in the same RA, RAN2’s understanding is that the configuration on slice grouping should be homogeneous.
2.2: RAN2 assumes that for purpose of UE checking supported slices on the highest ranked cell at TA/RA boundary, gNB can provide in SIB the slice group that supported by these neighbour cells. If this conflicts with SA2, RAN2 will align with SA2.
FFS if the slice group is mapped by the mapping relationship in current RA or not.
FFS PCI list and/or TAC per slice group are provided.
FFS what is the UE behaviour if gNB doesn’t provide supported slice group info on the best ranked cell.

After RAN2#116bis-e, we had an email discussion [Post 116bis-e][203][slicing] Open issues for RAN slicing (CMCC) [2]. This contribution will focus on the open issues which needs to be discussed based on company tdocs. 
Discussion
Details for option A without formula (OI 3.1 and 3.2)
In last meeting, there are two potential solutions for option A without formula proposed in companies’ contributions.
· Alt 1: The UE can generate the candidate frequency pool for all slices in the first beginning. [3]
Note: The frequency priority configuration remains unchanged if it does not perform cell re-selection.
Note: The same frequency in different ranks should NOT be removed.
Note: How UE handles RRM is up to UE implementation, when it comes to the multiple copies of the same frequency.
· Alt 2: The UE uses an internal priority list “ReselectionPrioList” to implement slice based cell reselection. [4]
ReselectionPrioList can contain frequencies or a sublist of frequencies. If there are frequencies with equal priority in the sliceinfolist, they are added as a sublist of frequencies to ReselectionPrioList:
Step 1: Add the frequencies supporting the highest priority slice in the sorted frequency priority order to the ReselectionPrioList. 
Step 2: Then add the frequencies supporting the second highest priority slice in the sorted frequency priority order to the ReselectionPrioList. 
Step 3: Then add the frequencies supporting third priority slice and so on till the frequencies supporting all the slices are added. 
Step 4: Finally add the frequencies not supporting any slices according to the legacy cell reselection priority to ReselectionPrioList. 
Note: A frequency will be added only once to the list-based on the priority corresponding to the highest priority slice.

We understand that the intentions of Alt 1 and Alt 2 are the same, and finally the UE will get a frequency priority list. But there are two differences between Alt 1 and Alt 2:
· Diff1: Whether a frequency can only appear once in the list?
For Alt 1, the same frequency in different ranks should NOT be removed. 
For Alt 2, a frequency will be added only once in the list.
· Diff2: How to handle the frequencies if they have equal frequency priority for a given slice? 
For Alt 1, the frequency which supports more intended slices have higher priority in the list.
For Alt 2, they are added as a sublist of frequencies to ReselectionPrioList and can be considered as equal priority.
For example, we consider the case of three slices and various support frequencies below:
	Supported slice
frequency
	Slice 1
	Slice 2
	Slice 3
	Legacy priority

	F1
	7
	6
	N/A
	3

	F2
	6
	N/A
	N/A
	4

	F3
	N/A
	5
	3
	2

	F4
	N/A
	5
	N/A
	1

	F5
	N/A
	N/A
	4
	5

	F6
	N/A
	N/A
	N/A
	6


Note: the larger value means the higher priority.
UE1: intended slices = {slice 1, slice 2, slice 3}, priority: slice 1 > slice 2 > slice 3
In case the UE currently camps on F2 cell.
If we apply Alt 1, the UE will use the list {{F1, F2} {F1, F3, F4} {F5, F3} {F6, F5, F2, F1, F3, F4}}
If we apply Alt 2, the UE will use the list {F1, F2, [F3, F4], F5, F6}
Observation 1:  Alt 1 and Alt 2 share similar behaviour that UE can generate a frequency priority list. The main difference between Alt 1 and Alt 2 are whether each frequency is sorted only once and how to rank the equal priority frequencies for a given slice.
For the first issue, i.e. whether each frequency is sorted only once, we understand that if a frequency supports more than one slice, it can be sorted multiple times in the list. In this case, the UE can check whether this frequency supports the lower priority slice later when the highest priority slice is not supported. However, if each frequency is sorted only once, the frequency cannot be considered in cell reselection procedure when it doesn’t support the highest priority slice.
For the second issue, i.e. how to rank the equal priority frequencies, we think that the frequency which supports more intended slices have higher priority in the list or they are considered as equal priority are reasonable and acceptable.
Proposal 1: Alt 1 and Alt 2 is taken as baseline, i.e., the UE generates a frequency priority list according to the slice priority. The same frequency can be sorted multiple times in the list. FFS how to rank the equal priority frequencies for a given slice. 
In addition, if the prioritised slice is not supported in the highest ranked cell on the target frequency, what’s the UE behaviour should be discussed. For example, the UE can use legacy frequency priority or recalculate frequency priority or not change the frequency priority.
For Alt 1, the frequency priority configuration remains unchanged if it does not perform cell re-selection. If the slice 1 is not supported in the highest ranked cell on F1, the UE keeps the original list and further check F2 to find a suitable cell which supports slice 1 to camp.
For Alt 2, there are three cases:
· Case a: if the UE use legacy frequency priority when the slice 1 is not supported in the highest ranked cell on F1, then the UE will keep the list with legacy priority {F6, F5, F2, F1, F3, F4} and further check F6. 
This case leads an early fallback to legacy cell reselection, and the UE would not find a suitable cell which supports any of slice.
· Case b: If the UE recalculate the frequency priority without slice 1, then the UE will keep the list {F1, [F3, F4], F5, F6} to further check F1 to find a suitable cell which supports slice 2 to camp. 
In this case, the UE will not check other frequency whether to support the highest priority slice.
· Case c: If the frequency priority is not changed, then the UE keeps the original list and further check F2 to find a suitable cell which supports slice 1 to camp.
Based on the above analysis, we suggest to not change the frequency priority if the prioritised slice is not supported in the highest ranked cell on the target frequency. The UE can check the frequency one by one in order of the priority list. When the UE performs cell reselection and camps on a new cell, the UE will use the priority list of the new cell.
Proposal 2: If the prioritised slice is not supported in the highest ranked cell on the target frequency, the UE will continue to check the next frequency in the list, and no need to change the frequency priority. 

How to resolve TA boundary issue (OI 1.1)
RAN2 has agreed that a serving cell can provide slice support of neighbour cells, and understands that the configuration on slice grouping should be homogeneous among multiple TAs in the same RA in the last meeting. 
In RAN2#116-e [1], RAN2 has agreed that the mapping between slice and slice group should be consistent between serving gNB and UE, in order to avoid misunderstanding of the slice group broadcast in system information. This means that the UE has the mapping relationship of current RA. Thus, if the slices supported by neighbour cell are mapped by the mapping relationship in current RA, it is natural and easy for UE to understand which slices supported by neighbour cells. In addition, the UE doesn’t need to store all mapping relationships of neighbour RA/TAs which will increase the UE complexity. 
Therefore, we propose that the slices supported by neighbour cells are mapped into slice groups by the mapping relationship in current RA, i.e., gNB translates the S-NSSAI supported by neighbouring cell to a slice group based on slice group mapping relationship in current TA.
Proposal 3: The slices supported by neighbour cells are mapped into slice groups by the mapping relationship in current RA.
In addition, the optional PCI list can be provided to indicate which neighbour cell supports current slice group of serving cell. But the UE cannot aware the slice groups supported by neighbour cells but not supported by serving cell. As shown in TR 38.832, different slices can be supported on different frequencies. For example, in Location 3 showed in the figure, slice 1 is deployed in F1 and slice 2 is deployed in F2. With this info, cell 6 (as serving cell) will only provide which neighbour cell supports slice 1, and the UE cannot aware that slice 2 can be available in F2. This will cause that the UE camps on F1 all the time and never selects F2 to camp on.
[image: ]
For adding the association of slice group IDs and their valid TACs, we think that the UE needs to read SIB1 from neighbour cells to determine whether the neighbour cell supports the selected slice. In our understanding, the agreement “A serving cell can provide slice support of neighbour cells” means that the UE can determine whether the neighbour cell supports the selected slice based on the slice info provided by serving cell, and doesn’t need to read SIB1 in this stage. If the neighbour cell supports the selected slice and is suitable, then the UE will read SIB1 for the final check as specified in TS 38.304. But if the neighbour cell doesn’t support the selected slice, the UE will not read SIB1 and can check the next frequency if any. This option may increase unnecessary latency and power consumption for reading SIB1 in advance.
Proposal 4: An optional PCI list may be provided to indicate the cells supporting one slice group.
If gNB doesn’t provide supported slice group info on the best ranked cell, the UE will skip this frequency and check the next frequency whether supports the selected slice.
Proposal 5: If system information doesn’t provide supported slice group info on the best ranked cell, the UE will skip this frequency and check the next frequency whether supports the selected slice.

Other open issues
OI 1.9: FFS RAN sharing for slice-based cell re-selection and slice-based RACH
We understand that the RAN sharing is a basic scenario which can be discussed if time allows. In RAN sharing case, one single cell can belong to more than one TA. And each TA in the single cell can support different slices. Supporting RAN sharing case has impact on the system information design as well as UE behaviour of checking whether the registered TA for the highest cell support the concerning slice. 
RAN2 agreed that the slice group mapping is consist per TA. So it is allowed that the slice group in different TA for one cell has different meanings. In RAN sharing case, gNB needs to broadcast which cells support a given slice group per TA. However, this will lead to heavy payload and increase the complexity for UE, RAN as well as network maintenance. Considering limited time left, we suggest not to discuss on RAN sharing in this meeting and left it for future release.
[bookmark: _Hlk95592679]In case majority companies want to support RAN sharing in this release, we would suggest to lower the complexity and limit that the different TA in one cell should share the same slice group mapping relationship.
Proposal 6.1: Considering the limited time, RAN2 is suggested not to discuss RAN sharing case in R17.
Proposal 6.2: In case majority companies want to support RAN sharing in this release, we should lower the complexity and limit that the different TAs in one cell should share the same slice group mapping relationship.

OI 3.3: Whether additional exit condition needed for fallback to legacy cell reselection.
For option A without formula, the UE will get a frequency list by Alt 1 or Alt 2 above with considering the legacy frequency priority. Thus, we think this issue does not exist anymore.
Proposal 7: The issue “whether additional exit condition needed for fallback to legacy cell reselection” does not exist anymore if we approve the Alt 1 or Alt 2.

OI 3.4: The next trigger condition for slice-based cell reselection after the UE fallbacks to legacy cell reselection.
This issue is similar to OI 3.3.
Proposal 8: The issue “the next trigger condition for slice-based cell reselection after the UE fallbacks to legacy cell reselection” does not exist anymore if we approve the Alt 1 or Alt 2.

OI 3.5: If the UE is configured with slice based dedicated priority, but the UE cannot find a suitable cell, whether and how to fallback to legacy cell reselection.
As specified in TS 38.304[5], in legacy cell reselection, if priorities are provided in dedicated signalling, the UE shall ignore all the priorities provided in system information. We understand that the similar principle should be followed in slice-based cell reselection. 
	[bookmark: _Toc29245205][bookmark: _Toc37298551][bookmark: _Toc46502313][bookmark: _Toc52749290][bookmark: _Toc76506081]5.2.4.1	Reselection priorities handling
Absolute priorities of different NR frequencies or inter-RAT frequencies may be provided to the UE in the system information, in the RRCRelease message, or by inheriting from another RAT at inter-RAT cell (re)selection. In the case of system information, an NR frequency or inter-RAT frequency may be listed without providing a priority (i.e. the field cellReselectionPriority is absent for that frequency). If priorities are provided in dedicated signalling, the UE shall ignore all the priorities provided in system information. If UE is in camped on any cell state, UE shall only apply the priorities provided by system information from current cell, and the UE preserves priorities provided by dedicated signalling and deprioritisationReq received in RRCRelease unless specified otherwise.
<omitted>
[bookmark: _Toc29245219][bookmark: _Toc37298570][bookmark: _Toc46502332][bookmark: _Toc52749309][bookmark: _Toc76506100][bookmark: _Hlk513293914]5.2.7	Any Cell Selection state
This state is applicable for RRC_IDLE and RRC_INACTIVE state. In this state, the UE shall perform cell selection process to find a suitable cell. If the cell selection process fails to find a suitable cell after a complete scan of all RATs and all frequency bands supported by the UE, the UE not in SNPN Access Mode shall attempt to find an acceptable cell of any PLMN to camp on, trying all RATs that are supported by the UE and searching first for a high-quality cell, as defined in clause 5.1.1.2.
The UE, which is not camped on any cell, shall stay in this state.



If the UE is configured with slice based dedicated priority, but the UE cannot find a suitable cell, whether and how to fallback to legacy cell reselection should be discussed.
In section 5.2.2 of TS 38.304[5], figure 5.2.2-1 shows the states and state transitions and procedures in RRC_IDLE and RRC_INACTIVE. When the UE cannot find a suitable cell, the UE should transfer to any cell selection state and shall perform cell selection process to find a suitable cell as specified in section 5.2.7. Since slice-based cell selection is not in the scope of this release, the legacy cell selection procedure should be performed in this case. And when the UE camps on a cell, then the slice-based cell reselection may be performed based on the slice info configured by network.
Thus, we don’t think this case should be specified in RAN2 specs and should follow the legacy principle.
Proposal 9: The legacy procedure should be reused and there is no spec impact when the UE cannot find a suitable cell if the UE is configured with slice based dedicated priority.

OI 3.6: Whether the inter-RAT frequency should be considered in slice-based cell reselection.
From the perspective of operator, network would not configure slice info in the inter-RAT frequency. Thus, we don’t expect the UE to consider inter-RAT frequency in slice-based cell reselection. However, when the UE fallbacks to legacy cell reselection, the legacy inter-RAT measurements will be applied.
Proposal 10: The inter-RAT frequency should not be considered in slice-based cell reselection.

OI 3.10: whether the slice specific cell reselection information provided by the network in SIB or RRCRelease message is slice or slice group specific.
RAN2 has the following agreements in RAN2#114-e:
	1: 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.



It should be noted that the slice group is adopted in SIB instead of slice ID (e.g. S-NSSAI) because of the security reason that the slice ID shall not be exposed over Uu. Thus, the slice specific cell reselection information provided in SIB should be slice group specific. The slice info provided in RRCRelease can be slice or slice group specific which is up to network implementation.
Proposal 11: The slice info provided in SIB should be slice group specific, and the slice info provided in RRCRelease can be slice or slice group specific.

Conclusion
Here are the proposals for slice-based cell reselection.
Observation 1:  Alt 1 and Alt 2 share similar behaviour that UE can generate a frequency priority list. The main difference between Alt 1 and Alt 2 are whether each frequency is sorted only once and how to rank the equal priority frequencies for a given slice.
Proposal 1: Alt 1 and Alt 2 is taken as baseline, i.e., the UE generates a frequency priority list according to the slice priority. The same frequency can be sorted multiple times in the list. FFS how to rank the equal priority frequencies for a given slice.
Proposal 2: If the prioritised slice is not supported in the highest ranked cell on the target frequency, the UE will continue to check the next frequency in the list, and no need to change the frequency priority. 
Proposal 3: The slices supported by neighbour cells are mapped into slice groups by the mapping relationship in current RA.
Proposal 4: An optional PCI list may be provided to indicate the cells supporting one slice group.
Proposal 5: If system information doesn’t provide supported slice group info on the best ranked cell, the UE will skip this frequency and check the next frequency whether supports the selected slice.
Proposal 6.1: Considering the limited time, RAN2 is suggested not to discuss RAN sharing case in R17.
Proposal 6.2: In case majority companies want to support RAN sharing in this release, we should lower the complexity and limit that the different TAs in one cell should share the same slice group mapping relationship.
Proposal 7: The issue “whether additional exit condition needed for fallback to legacy cell reselection” does not exist anymore if we approve the Alt 1 or Alt 2.
Proposal 8: The issue “the next trigger condition for slice-based cell reselection after the UE fallbacks to legacy cell reselection” does not exist anymore if we approve the Alt 1 or Alt 2.
Proposal 9: The legacy procedure should be reused and there is no spec impact when the UE cannot find a suitable cell if the UE is configured with slice based dedicated priority.
Proposal 10: The inter-RAT frequency should not be considered in slice-based cell reselection.
Proposal 11: The slice info provided in SIB should be slice group specific, and the slice info provided in RRCRelease can be slice or slice group specific.
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