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Introduction
[bookmark: _Hlk70498098]After RAN2#114-e, we had a long email discussion [1] on solution direction details for slice-based cell reselection. There are four potential solutions as follows:
	Solution
	Details

	Option 4
	[bookmark: _Hlk75941144]Step 1: List Slices in the priority order starting with highest priority slice.
Step 2: Select the first (or next if from Step 7) slice in the list.
Step 3: Assign the priorities to frequencies according to the priorities provided to the selected slice.
Step 4: Perform cell search according to the legacy procedure using the priorities assigned in step 3.
[bookmark: OLE_LINK1][bookmark: OLE_LINK3][bookmark: OLE_LINK2]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 cell frequencies then go back to step 3.
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 (using non-slice-based priorities i.e. for frequencies not corresponding to any slice support).

	Option 5
	Step 1: The UE will consider the frequency priority in cell reselection based on the number of supported slices among UE’s intended slices (i.e. allowed S-NSSAIs). That is, the frequency that supports the maximum number of slices among UE’s intended slices has the highest priority in cell reselection. The frequency that supports the second most slices among UE’s intended slices has the second highest priority in cell reselection, and so on.
Step 2: If more than one frequency supports the same number of slices among UE’s intended slices, the UE can treat them with equal priority, or further consider the existing absolute cell reselection frequency priority if provided.
Step 3: The UE performs the legacy cell reselection (specified in TS 38.304) following the priority assigned based on the above rules.

	Option 6
	Step 1: List Slices in the priority order starting with highest priority slice.
Step 2: Select the first slice in the list
Step 3: Assign the priorities to frequencies according to the priorities provided to the selected slice
Step 4: Perform cell search according to the legacy procedure using the priorities assigned in step 3
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. 
Step 5-a: Else if the highest ranked cell is suitable (as defined in 38.304) but doesn’t support the selected slice in step 2, then the priority value of this frequency is changed to the priority value of the highest priority slice supported by both UE and the highest ranked cell (i.e. intersection slice set). 
Step 5-b: With updated frequency priority, if legacy inter-frequency cell reselection criteria (as illustrated below) is met, camp on the cell and exit this sequence of operation.
· If priority of target frequency is higher than serving frequency, Srxlev > ThreshX, HighP during a time interval
· If priority of target frequency is lower than serving frequency, Srxlev < ThreshServing, LowP and Srxlev > ThreshX, LowP during a time interval
Step 6: If there are remaining cell frequencies then go back to step 3
Step 7: Perform legacy cell reselection (using non-slice-based priorities i.e. for frequencies not corresponding to any slice support)

	Option 7
	Step 1: UE is provided with the list of available slices and the frequency priority corresponding to each of the available slices per frequency
Step 2a: For each frequency, the UE identifies the available slices on that frequency that are in the UEs configured slice list (i.e., the intersection of the available slices in the slice info (in the SIB or RRC Release) and the configured slices).
Step 2b: For each frequency, the UE assigns a frequency priority equal to the highest frequency priority amongst those identified slices (i.e., for a frequency F1, if the identified slices are Slices 1 and 2 with frequency priority of 1 and 8, assign priority 8 for that frequency).
Step 3: Use this frequency priority for each frequency to perform legacy inter-frequency cell reselection.


 
This contribution will analyse the above potential solutions and other related issues. 
Discussion
Analysis on the potential solutions
For Option 4:
Option 4 looks clear and generally is aligned with the intention of WID objectives. But, we are still wondering whether it is properly to only consider the first priority slice. When UE supporting multiple slices, we think not only the first priority slice but also second priority slice or third one should also be considered in the first loop, in order to avoid UE camping on the cell that only support the first priority slice. Especially, when multiple frequencies support the first priority slice and have the same frequency priority, we should further consider whether they support the second or third priority slice. 
For example, in below Figure 1, UE1’s allowed S-NSSAI(s) = {slice 1, slice 2, slice 3, slice 4} with priority descending order, the supported slices of cell1/F1 = {slice 1, slice 2, slice 3, slice 4}, the supported slices of cell2/F1 = {slice 1, slice 2, slice 4}, the supported slices of cell3/F2 = {slice 1}. Based on the option 4, both F1 and F2 support the first priority slice (i.e. slice 1). So, for slice 1, operator may configure the frequency priority F2>F1, or F2=F1, in order to let the UEs that only support slice 1 to camp on cell 3 for offloading purpose. But the drawback is that, UE1 supports slice 1+slice 2+ slice 3+slice 4, the UE1 will reselect to cell 3 which only supports slice 1, while actually cell 2 should be more suitable for UE1 since cell 2 not only supports slice 1 but also slice 2 and slice 4. As a consequence, when the UE wants to initiate the slice 2 service, the network will handover the UE to cell 2 which leads to control plane signalling overload and introduces access latency.
[image: ]
Figure 1
Observation 1: If only the frequency priority of the first priority slice is considered, there is probability that UE may camp on a cell that only supports the first slice, but not supports the other slices, which will cause some issue especially when there is no obvious priority among the allowed slices.
For the first FFS in step 5 on how the UE determines whether the highest ranked cell supports the selected slice, we propose that each cell should broadcast the supported slice group of the neighbour cells in SIB3 and SIB4. The benefit is that, UE has the knowledge of slices supported in the neighbour cells before perform cell reselection. This can accelerate the procedure of cell reselection since the UE doesn’t need to measure the frequencies that don’t support the intended slices. 
Proposal 1: The supported slices on neighbour cells should be broadcasted in SIB3 and SIB4. And the UE doesn’t need to measure the frequencies that don’t support the intended slices.
For the second FFS in option 4, we have no strong view, but it is possible the second loop may come up with the same results as the first loop. So removing step 7 will make the procedure faster and saving UE energy and complexity.
Proposal 2: Step 7 of option 4 can be removed.

For Option 5:
Option 5 is quite simple and straightforward, and the objectives from the WID are appropriately fulfilled. All the intended slices are considered during the reselection procedure based on option 5, and the UE shall always camp on the cells that support highest number of intended slices. Moreover, no need to configure slice-based frequency priority can further reduce the complexity for both standardization and deployment configuration. Option 5 is suitable for multi-slice and complex network deployment scenarios.
In addition, we would like to further clarify the following two points:
1)	For step 2, if two frequencies support the same number of intended slices, the UE should apply the legacy common frequency priority if it is broadcast in SIB. Or if legacy frequency priority is not provided, the UE should take the two frequencies as equal priority and follow the best cell principle.
2)	For option 5, the UE distribution is generally predictable when network slice is deployed on each frequency. But the UE distribution can still be changed if legacy dedicated priority is provided to UE by RRCRelease message.
Observation 2: Option 5 is simple and straightforward, and the objectives from the WID are appropriately fulfilled. All the intended slices are considered and the UE shall always camp on the cells that support highest number of intended slices.
Option 5 can work without the frequency priority for each slice. Since UE may sign up with multiple slices, sometimes it is hard for operator to configure the slice priority order for each UE, or different slices share the same priority. If we only have option 4, there will be high probability that UE may reselect to one cell that only support the first slice. It would be safe to use option 5, in order to let UE reselect to the cell that support most of the allowed slices.
Proposal 3: Option 5 is supported, especially when different slices share the same priority or frequency priority for slices are not provided in SIB. 

For Option 6:
Option 6 looks clear to us. Generally, option 6 is an enhancement for option 4, with the purpose to de-prioritize the selected frequency that doesn’t support the slice in step 2. But we are a bit worried to let UE modify the frequency priority, and worry about the deployment complexity if it would be a bit difficult to predict the UE behaviour for the network side.
In addition, based on option 6, the UE may still have to check whether the second priority frequency has a suitable cell, which does not seem to affect the procedure and the final result.
Observation 3: Option 6 looks clear but the UE behaviour may be unpredictable to the network.

For Option 7:
As for option 7, the procedures are clear and the standardization complexity is fine, but we still have some comments. The slice prioritization for each UE is not considered. Different UE may probably have different preference for the allowed or configured slices.
Another point is that, we are a bit worry it would be complicated for operator to configure the frequency priority per slice for option 7. Since the UE will decide the frequency priority based on all the priorities of configured slices for each frequency. It seems that the configured priority value for different slices for Freq 1 will finally affect the UE assigned priority for Freq 1. We cannot say it is unpredictable of UE’s distribution, but it would be a bit complicated to predict.
Observation 4: The standardization complexity of option 7 is fine but the slice prioritization for each UE is not considered and it may be a bit complicated to predict for network side.

Slice grouping mechanism
In the contributions of RAN2#114-e meeting, some potential solutions (e.g., Slice access category, SST and new slice group) were raised. 
We think that introducing new slice grouping mechanism is a clean way and it can address security issues and reduce SIB payload size. And the same slice grouping mechanism can be used in cell reselection and RACH configuration.
Only SST is not preferred, since SST may be not sufficient to differentiate slices. 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.
As for UAC, we think the grouping rule may be difference. Slices or APPs that share similar AC barring parameters will probably classified into the same access category. But for slice-based cell reselection or RACH configuration, the slices that sharing similar reselection rule or RACH configuration should be classified into same group, which is different from the UAC.
Proposal 4: The slice grouping mechanism is applied for both cell reselection and RACH configuration to address security and SIB payload size issues. The solutions of broadcasting SST and access category are not pursued.
The next question is how to configure the mapping information (i.e., mapping between S-NSSAIs and slice groups) to the UE. 
With the assumption that slice availability is homogeneous within a TA, slice grouping configuration will not change when the UE doesn’t move out of current TA. And the mapping information of different UEs may be different because they support different slices. On the other hand, if AS signalling is used to configure the mapping information, it will introduce security issue and SIB overhead. Thus, it’s more suitable to configure the mapping between S-NSSAIs and slice groups in NAS signalling to the UE during initial registration and mobility registration/TA update procedure.
Proposal 5: The mapping between S-NSSAIs and slice groups can be configured in NAS signalling during initial registration and mobility registration/TA update procedure.

Conclusion
Here are the proposals for slice-based cell reselection.
Observation 1: If only the frequency priority of the first priority slice is considered, there is probability that UE may camp on a cell that only supports the first slice, but not supports the other slices, which will cause some issue especially when there is no obvious priority among the allowed slices.
Proposal 1: The supported slices on neighbour cells should be broadcasted in SIB3 and SIB4. And the UE doesn’t need to measure the frequencies that don’t support the intended slices.
Proposal 2: Step 7 of option 4 can be removed.
Observation 2: Option 5 is simple and straightforward, and the objectives from the WID are appropriately fulfilled. All the intended slices are considered and the UE shall always camp on the cells that support highest number of intended slices.
Proposal 3: Option 5 is supported, especially when different slices share the same priority or frequency priority for slices are not provided in SIB. 
Observation 3: Option 6 looks clear but the UE behaviour may be unpredictable to the network.
Observation 4: The standardization complexity of option 7 is fine but the slice prioritization for each UE is not considered and it may be a bit complicated to predict for network side.
Proposal 4: The slice grouping mechanism is applied for both cell reselection and RACH configuration to address security and SIB payload size issues. The solutions of broadcasting SST and access category are not pursued.
Proposal 5: The mapping between S-NSSAIs and slice groups should be configured in NAS signalling during initial registration and mobility registration/TA update procedure.
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