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Introduction
[bookmark: _Hlk70498098]In RAN2#115-e [1], the following agreements were reached:
Agreements
2	Following is taken as the baseline for Solution Option 4:
The “slice info” (for a single slice or slice group) agreed to be provided to the UE in the last RAN2 meeting using both broadcast and dedicated signaling are provided for the serving as well as neighboring frequencies. The following steps are used for slice based cell (re)selection in AS:

Step 0: NAS layer at UE provides slice information to AS layer at UE, including slice priorities. 
Step 1: AS sorts slices in priority order starting with highest priority slice.
Step 2: Select slices in priority order starting with the highest priority slice.
Step 3: For the selected slice assign priority to frequencies received from network.
Step 4: Starting with the highest priority frequency, perform measurements (same as legacy).
Step 5: If the highest ranked cell is suitable (as defined in 38.304) and supports the selected slice in step 2 then camp on the cell and exit this sequence of operation; FFS: How the UE determines whether the highest ranked cell supports the selected slice.
Step 6: If there are remaining frequencies then go back to step 4.
Step 7: FFS: If the end of the slice list has not been reached go back to step 2.
Step 8: Perform legacy cell reselection.

1: Solution Option 4 is selected for further work i.e., resolve the FFSs, send any required LSs and consequently start to draft specification CRs.

Other solutions can be discussed based on company contributions (with technical analysis) next time.
 
After RAN2#115-e, we had an email discussion [Post 115-e][244][slicing]Resolving FFSs [2] on remaining issues. This contribution will analyse the remaining issues on slice-based cell reselection. 
Discussion
Slice grouping mechanism
Same slice group mechanism for cell reselection and RACH
In RAN2#115-e meeting, RAN2 have agreed that introduce a new slice grouping mechanism for slice-based RACH configuration. 
	1	A new slice grouping mechanism is introduced for RACH configuration. One slice belongs to one and only one slice group. Slice groups are assumed to be only updated when UE does Registration Update.
2	Working assumption: The mapping between S-NSSAIs and slice groups should be configured to the UE through NAS signalling. Discuss problems for cell- vs. UE-specific signalling via post-meeting email discussion. 



We think that it is better and easy to apply the same slice grouping mechanism for slice-based cell reselection and RACH configuration. And the slices that sharing similar reselection rule or RACH configuration should be classified into same group.
Proposal 1: The same slice grouping mechanism is applied for both cell reselection and RACH configuration to address security and SIB payload size issues. 

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 borders. 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 2: 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
In email discussion [Post 115-e][244][slicing]Resolving FFSs [2], most companies support that serving cell could broadcast slice information supported by neighbouring cells. 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 3: 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.

Remaining issues in option 4
Which SIB to provide slice information
In the email discussion [Post 115-e][244][slicing]Resolving FFSs [2], 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 4: 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
For the step 7 in option 4, We understand that this step is only few benefits in TA boundary scenario where new TA does not support the highest priority slice in this release. 
· If we keep step 7, the UE may attempt to reselect to a cell which supports the second or the third or lower priority slice. But there may also be possible that after multiple iterations, the UE does not reselect to a cell that supports some slice. This step will increase the power consumption and access latency.
· If we remove step 7, the UE will directly perform the legacy cell reselection. 
· Whether there is step 7 or not, when the UE reselects to a cell in new TA, TAU procedure or registration update procedure will be performed and the UE will receive a new allowed slice list (which may include different slices with new priorities from the allowed list of last TA). Then the UE can perform cell reselection procedure based on the new slice priority order and the UE can be able to find a suitable cell to support the new highest priority slice.
On the other hand, we think that the measurement results of last iteration cannot be always reused in next iteration. For example, if the UE is moving, then the measurement results may be different and the highest ranked cell may also be changed. Furthermore, as QC mentioned in email discussion [2], the measurement condition may change when the UE changes frequency priority in next slice iteration according to the existing IDLE inter-frequency measurements depends on frequency priority of serving cell and target cell: 
	· For a frequency with a reselection priority > serving frequency, the UE shall perform measurements for this frequency
· For a frequency with a reselection priority <= serving frequency, the UE may choose not to perform measurements if the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ



Based on the analysis above, we prefer to remove step 7 to make the procedure faster, save UE energy and decrease the complexity. 
Proposal 5: Step 7 of option 4 can be removed.

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 [4]. we think that it is natural to reuse this value for slice-based cell reselection.
Proposal 6: In the procedure for 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 up to 300 seconds.

Discussion on other solution options
In the last meeting, 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 by NAS, then option 4 cannot work. In addition, when more than one slice groups have the same priority, and these slice groups are not deployed in a same frequency, if we only have option 4, there will be high probability that UE may reselect to one cell that only support the first slice group even there is a cell which supports more slice groups. 
For the above two scenarios, the option 5 can work better and make sense.
Proposal 7: 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. 

Other open issues
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 8: 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.

Conclusion
Here are the proposals for slice-based cell reselection.
Proposal 1: The same slice grouping mechanism is applied for both cell reselection and RACH configuration to address security and SIB payload size issues. 
Proposal 2: 8bits/16bits for slice group identity size and 16/32 slice groups broadcasted per cell could be feasible as a starting point for further discussion.
Proposal 3: 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 4: 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 5: Step 7 of option 4 can be removed.
Proposal 6: In the procedure for 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 up to 300 seconds.
Proposal 7: 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. 
Proposal 8: RAN2 confirm the following common understanding:
4) The cell should support all of the slices in the same slice group;
5) All of the slices in a slice group should be deployed in the same frequency;
6) The cells in the same TA should support the same slice groups due to TA homogenous deployment.
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