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Introduction
[bookmark: _Hlk70498098]In RAN2#116-e [1], the following agreements were reached for slice based cell reselection:
R2-2110645	[Post115-e][245][Slicing] Running NR RRC CR for RAN slicing (Huawei)	Huawei	discussion	Rel-17	NR_slice-Core	Late
P2-5 covered by meeting discussions, P1 can be discussed as part of RRC running CR post-meeting discussion.
1: A serving cell can provide slice support of neighbour cells.
Best cell principle for intra-frequency cell reselection should be maintained i.e. UE camps on the strongest cell according to existing cell reselection rules.
Network broadcasts slice info for the purpose of inter-frequency reselection. This will also need slicing priority for the serving frequency. FFS in which SIB.
RAN4 is not in the scope of the WI
R2-2110699	Slice-based cell re-selection algorithm	Ericsson	discussion	Rel-17	NR_slice-Core
There is suppport to go with this approach. 
Offline discussion [241] (Ericsson) to sort out the details of this solution. If no problems are found, we adopt this approach in the running CR. We try to decide in 2nd week CB session.
R2-2111268	[draft] Reply LS on Slice list and priority information for cell reselection	CMCC	LS out	8.8.1	Rel-17 NR_Slice-Core	SA2	SA2, RAN3	CT1	Late
Offline discussion [240] (CMCC) to discuss reply to SA2. Should try to identify open points and find consensus (if possible). Discuss in two phases: 1st week for views, 2nd week for LS details.
1: A network slice can be associated to none or only one slice group.
3: Working assumption: The granularities of the slice groups for cell reselection are per TA. FFS on the details (e.g. how to resolve TA boundaries).
4:  It is up to SA2/CT1 whether to consider the slice registration status. From RAN2 perspective, both registered slices and not yet registered slices can be considered for the slice priority.
Remove "one type of" and use "RAN2 aims to use slice groups for both cell reselection and slice based RACH"
Use " RAN2 understanding is that the granularities of the slice groups are per TA but RAN2 details are FFS."
With the above change, the LS content is agreed
Revised in R2-211310     (use RAN2 as source, remove "[Draft]" from title)

After RAN2#116-e, we had an email discussion [Post 116-e][242][slicing] Slice-based cell re-selection algorithm (Ericsson) [2]. This contribution will analyse the remaining issues on slice-based cell reselection. 
Discussion
Other issues related to slice group
The number of slice groups and slice group identity size
Regarding the size of slice group identity, the same identity can be reused in different parts of the same PLMN without conflicts, considering TA/RA boundary. However, it is possible that most operators may use unique ID within the PLMN, so the ID needs to be large enough to allow this. It is not simple to set an upper limit of the slice group identity just based on analytical considerations. We think 16bits could be feasible as a starting point for further discussions.
For the number of slice groups, we suggest that 16 slice groups per cell could be feasible as a starting point for further discussions.
Proposal 1: 16bits for slice group identity size and 16 slice groups broadcasted per cell could be feasible as a starting point for further discussions.

The number of neighbour cells
In clause 6.4 of TS 38.331 [3], both of the maximum number of intra-Freq cells listed in SIB3 and the maximum number of inter-Freq cells listed in SIB4 are 16. 
	maxCellInter             INTEGER ::= 16      -- Maximum number of inter-Freq cells listed in SIB4
maxCellIntra             INTEGER ::= 16      -- Maximum number of intra-Freq cells listed in SIB3



RAN2 has agreed that a serving cell can provide slice support of neighbour cells in last meeting. Therefore, we suggest to follow the legacy principle for slice-based cell reselection, i.e. both of the maximum number of intra-Freq cells listed in SIB3 and the maximum number of inter-Freq cells listed in SIB4 can be reused.
Proposal 2: RAN2 confirm that reuse the maximum number of intra-Freq cells listed in SIB3 and the maximum number of inter-Freq cells listed in SIB4.

Confirm the common understanding for slice group
From the view of operator, we think that the cell should support all of the slices in the same slice group, and all of the slices in a slice group should be deployed in the same frequency. In addition, the cells in the same TA should support the same slice groups due to TA homogenous deployment.
Proposal 3: RAN2 confirm the following common understanding:
1) The cell should support all of the slices in the same slice group;
2) All of the slices in a slice group should be deployed in the same frequency;
3) The cells in the same TA should support the same slice groups due to TA homogenous deployment.

Solution selection between option 4 and new algorithm
In the last meeting and post email discussion, companies discussed the necessary and remaining issues between option 4 and new algorithm.
Firstly, RAN2 took quite a lot of time on discussing potential solutions and agreed that the existing option 4 was taken as the baseline for further discussion. And we have been discussing the remaining FFSs for option 4 since the last meeting and have some progress. We think it is too late to discuss the new algorithm in this stage because there are only two meetings left.
Secondly, the new algorithm also has some open issues which should be addressed.
1) The new algorithm would likely lead to a new measurement rule. For example, the UE needs to measure whether the highest ranked cell of the frequency changes to reset the frequency priority. We think it would introduce much UE complexity and power consumption. And we understand that the existing cell reselection design (including measurements, priority, etc.) should be reused as much as possible.
2) The new algorithm would make a UE camp on a cell supporting two lower prioritized slices but not on a cell with the highest priority slice, we think this would not be the intention of most companies.
3) The slice priority in the formular may be configured by network or up to UE implementation. If SA2 agrees that slice priority is left to UE implementation, it doesn’t make sense to use it to calculate slice specific frequency priority.
4) We understand the main intention of the formular is to ensure frequency priority of a high priority slice is larger than frequency priority of a low priority slice. However, network configuration may achieve it (i.e., network assigns a higher frequency priority for a slice with higher priority).
Based on the analysis above, we prefer to fucus on option 4 for further discussion and try to progress on FFSs and running CRs. During the email discussion [Post116-e][242][Slicing] Slice-based cell re-selection algorithm (Ericsson) [2], 12/15 companies prefer to use TP for option 4, we think it is objective of majority companies to focus on the option 4 for further discussion and improvement. 
Proposal 4: RAN2 agree to focus on the option 4 for further discussion.

Remaining issues in option 4
Which SIB to provide slice information
In the email discussion [Post 115-e][244][slicing]Resolving FFSs (Lenovo) [4], there are discussions on which SIB can be used to provide slice support of neighbour cells and serving cell. In the current specification, SIB2 is used to provide cell reselection information common for the intra-frequency, inter-frequency and/or inter-RAT frequency, SIB3 is used to provide cell reselection information for intra-frequency neighbour cells, and SIB4 is used to provide cell reselection information for inter-frequency cells. Majority companies support to extend current system information (i.e. SIB2/3/4) to involve slice information, and some companies suggest to introduce a new SIB to broadcast the slice info. The pros and cons of the two options are listed in the following table:
	
	Pros.
	Cons.

	Extend SIB 2/3/4
	(1) It is a simple and natural way, and align with the current specification logic.
(2) Avoid re-listing cells/frequencies for slice purpose.
	(1) It has some impacts on legacy UEs.

	Introduce a new SIB
	(1) Minimize impacts on legacy UEs.
(2) The payload size will be larger than the spare size in current SIB.
	(1) Introduce the latency for acquiring the new SIB.
(2) Resource overlapping and wasting due to re-listing cells/frequencies for slice purpose.



For the payload size concern as some companies mentioned, as RAN2 has raised slice grouping mechanism to resolve this issue, we think it is not an issue to include slice info in SIB3/4. In addition, the slice info can be part of the cell reselection information, so it’s better to follow the existing SIB structure.
Regarding slice info of serving cell, we share the following view. First of all, we think that adding it to SIB1 is not feasible due to limited payload size in SIB1. Secondly, we think there is no need to broadcast slice info for the serving cell since UE will not perform further check after camping. But the slice info for the serving frequency would be useful for UE to perform intra-frequency cell reselection. Thus, we suggest to provide the slice info for the serving frequency as part of the intra-frequency cell reselection info in SIB2.
Proposal 5: The slice info of serving frequency could be involved in SIB2, the slice info of intra-frequency neighbour cells can be involved in SIB3, and the slice info of inter-frequency neighbour cells can be involved in SIB4.

Remove or keep the step 7
If we keep the step 7, more slices can be considered in slice-based cell reselection, and it’s beneficial when the highest priority slice is not available but the second or lower slices can be available. 
However, slice iteration can increase the UE complexity and power consumption. During the last email discussion, some companies proposed alternative, e.g. set the maximum number of iterations, or set a timer for iteration. In addition, since RAN4 is not in scope of WID, the repeated measurements which many companies have concern on may be up to UE implementation to be avoided. For example, only one measurement per frequency is taken, or the UE may reuse the last measurement result for next iteration.
Proposal 6: Step 7 of option 4 can be kept for considering more slices in slice-based cell reselection, and the following enhancements may be needed to reduce the UE complexity and power consumption.
a) set the maximum number of iterations, or set a timer for iteration, or etc.
b) only one measurement per frequency is taken, or the UE may reuse the last measurement result for next iteration.

The barring time in step 5
In step 5, if the highest ranked cell is suitable and supports the selected slice in step 2 then the UE camps on the cell and exits this sequence of operation; if the highest ranked cell is not suitable or does not support the selected slice in step 2, the UE shall not consider the cells on the same frequency as candidates for cell reselection, then go to step 6 and check other frequencies if any. 
There is an issue on how long the frequency should be excluded for cell reselection. The typical value is 300 seconds as specified in TS 38.304 [5]. Slice specific cell reselection is one best-efforts enhancement. We think that it is too restrictive to bar the frequency for 300s just because of slice availability on best ranked cell. It is acceptable to bar the frequency until highest ranked cell on the target frequency changes, or until the slice info changes, or until the next iteration is triggered.
Proposal 7: In the slice-based cell reselection, if the highest ranked cell is not suitable or does not support the selected slice, the UE shall not consider this cell and other cells on the same frequency as candidates for cell reselection until highest ranked cell on the target frequency changes, or until the slice info changes, or until the next iteration is triggered.

Other issues
Issue#1: Whether additional exit condition needed for fallback to legacy cell reselection.
For fallback to legacy reselection, we think there is no need to add an exit condition. According to the current procedure, if the UE cannot find a suitable cell supporting the highest priority slice to camp, and there is no remaining frequency, and there is no slice in slice list (if we keep step 7), it is the natural exit condition to fallback to legacy cell reselection from slice-based cell reselection.
Proposal 8: There is no need to add an exit condition for fallback to legacy cell reselection.

Issue#2: The next trigger condition for slice-based cell reselection after the UE fallbacks to legacy cell reselection.
In the current option 4, it is not clear when the UE can perform slice-based cell reselection after the UE fallbacks to legacy cell reselection. We think the potential trigger condition can be discussed, e.g., the supported slice of neighbour cells changes or add a new timer.
Proposal 9: When the supported slice of neighbour cells changes or the new timer expired, the UE can perform slice-based cell reselection after the UE fallbacks to legacy cell reselection.

Issue#3: 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 10: The legacy procedure should be reused when the UE cannot find a suitable cell if the UE is configured with slice based dedicated priority.

Issue#4: 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 11: The inter-RAT frequency should not be considered in slice-based cell reselection.

Issue#5: Whether to recalculate frequency priority if the highest priority slice is not supported in highest ranked cell.
According to current option 4 procedure, if the highest ranked cell is not suitable or does not support the selected slice, the UE will check whether there are remaining frequencies which support the selected slice. If there are remaining frequencies, the UE will perform measurements for next frequency. Thus, we think there is no need for UE to recalculate frequency priority.
Proposal 12: There is no need to recalculate frequency priority if the highest priority slice is not supported in highest ranked cell.

How to resolve TA boundary issue
RAN2 has agreed that a serving cell can provide slice support of neighbour cells, and has a working assumption that he granularities of the slice groups for cell reselection are per TA in the last meeting. But some companies have concerns on how the UE does cell reselection in TA boundaries. Especially, if the mapping used by neighbouring TA areas are different, how to ensure that the UE can correctly receive the slice info supported by the neighbour cells.
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 system information. 
In addition, we think that the gNBs should exchange the supported slices (S-NSSAI/NSSAI) through Xn interface, then serving gNB can map the slices supported by neighbour cells to current slice groups and broadcast it to the UEs. If the neighbour cell supports a slice which cannot be mapped into any current slice group, maybe the gNB can request CN to update the mapping for involving the new slice. Then, the latest mapping should be updated to gNB and UE. The UE will be aware of the supported slices by neighbour cells and perform slice-based cell reselection based on the broadcast slice group and the mapping between slice and slice group.
Proposal 13: To resolve TA boundary issue, the gNBs should exchange the supported slices (S-NSSAI/NSSAI) through Xn interface, then serving gNB can map the slices supported by neighbour cells to current slice groups and broadcast it to the UEs. If the neighbour cell supports a slice which cannot be mapped into any current slice group, maybe the gNB can request CN to update the mapping for involving the new slice.

Discussion on other solution options
In RAN2#115-e [6], there was an agreement that “Other solutions can be discussed based on company contributions (with technical analysis) next time”. 
In our understanding, the premise of option 4 is that the slice group priority and frequency priority is always provided to the UE by NAS signalling. However, since UE may sign up with multiple slice groups, sometimes it is hard for operator to configure the slice group priority order for each UE, or different slice groups share the same priority. 
When the slice group priorities are not provided or the frequency priority for each slice group is not provided, then option 4 cannot work. In addition, when more than one slice groups have the same priority, if we only have option 4, there will be high probability that UE may reselect to one cell that only support one of the highest priority slice groups even there is a cell which supports more slice groups. 
For the above scenarios, the option 5 can work better and make sense.
Proposal 14: Option 5 can be supported, especially when slice group priority or frequency priority for each slice group is not provided or different slice groups share the same priority. 

Conclusion
Here are the proposals for slice-based cell reselection.
Proposal 1: 16bits for slice group identity size and 16 slice groups broadcasted per cell could be feasible as a starting point for further discussions.
Proposal 2: RAN2 confirm that reuse the maximum number of intra-Freq cells listed in SIB3 and the maximum number of inter-Freq cells listed in SIB4.
Proposal 3: RAN2 confirm the following common understanding:
1) The cell should support all of the slices in the same slice group;
2) All of the slices in a slice group should be deployed in the same frequency;
3) The cells in the same TA should support the same slice groups due to TA homogenous deployment.
Proposal 4: RAN2 agree to focus on the option 4 for further discussion.
Proposal 5: The slice info of serving frequency could be involved in SIB2, the slice info of intra-frequency neighbour cells can be involved in SIB3, and the slice info of inter-frequency neighbour cells can be involved in SIB4.
Proposal 6: Step 7 of option 4 can be kept for considering more slices in slice-based cell reselection, and the following enhancements may be needed to reduce the UE complexity and power consumption.
a) set the maximum number of iterations, or set a timer for iteration, or etc.
b) only one measurement per frequency is taken, or the UE may reuse the last measurement result for next iteration.
Proposal 7: In the slice-based cell reselection, if the highest ranked cell is not suitable or does not support the selected slice, the UE shall not consider this cell and other cells on the same frequency as candidates for cell reselection until highest ranked cell on the target frequency changes, or until the next iteration is triggered.
Proposal 8: There is no need to add an exit condition for fallback to legacy cell reselection.
Proposal 9: When the supported slice of neighbour cells changes or the new timer expired, the UE can perform slice-based cell reselection after the UE fallbacks to legacy cell reselection.
Proposal 10: There is no impacts on specs that when the UE cannot find a suitable cell if the UE is configured with slice based dedicated priority.
Proposal 11: The inter-RAT frequency should not be considered in slice-based cell reselection.
Proposal 12: There is no need to recalculate frequency priority if the highest priority slice is not supported in highest ranked cell.
Proposal 13: To resolve TA boundaries, the gNBs should exchange the supported slices (S-NSSAI/NSSAI) through Xn interface, then serving gNB can map the slices supported by neighbour cell to current slice groups and broadcast it to the UEs. If the neighbour cell supports a slice which cannot be mapped into current slice group, maybe the gNB can request CN to update the mapping for involving the new slice.
Proposal 14: Option 5 can be supported, especially when slice group priority or frequency priority for each slice group is not provided or different slice groups share the same priority. 
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