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1. Introduction
In this paper, we share some understanding on slice info in system information and RRCRelease message, the candidate solutions and the slice availability in system information and RRCRelease message.
2. [bookmark: _Toc12718547]Discussion
2.1. The “slice info” in SI and RRCRelease message
At RAN2#114e, some initial agreements have been made on the slice info [1]:
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.
	Slice info

	For the serving frequency

	
	Slice id-1/Slice Group Id-1 (Optional)
	Slice specific Freq-priority (Optional)
	PCI list (FFS)

	
	Slice id-2/Slice Group Id-2 (Optional)
	Slice specific Freq-priority (Optional)
	PCI list (FFS)

	
	....
	…
	…

	For inter-frequency

	Frequency 1
	Slice id-1/Slice Group Id-1(Optional)
	Slice specific Freq-priority (Optional)
	PCI list (FFS)

	
	Slice id-2/Slice Group Id-2 (Optional)
	Slice specific Freq-priority (Optional)
	PCI list (FFS)

	
	...
	...
	…

	Frequency 2
	Slice id-1/Slice Group Id-1(Optional)
	Slice specific Freq-priority (Optional)
	PCI list (FFS)

	
	Slice id-2/Slice Group Id-2 (Optional)
	Slice specific Freq-priority (Optional)
	PCI list (FFS)

	
	...
	...
	…

	...


Proposal 1: The supported slice(s) for each frequency should be optional in system information and RRCRelease message.
Proposal 2: For each slice or slice group available in a certain frequency, the slice specific frequency priority should be optional in system information and RRCRelease message.
	Slice info

	For the serving frequency F0

	
	Slice id-1
	Slice specific priority: 6

	
	Slice id-2
	/

	For inter-frequency

	Frequency 1
	Slice id-1
	/

	
	Slice id-2
	Slice specific priority: 6

	Frequency 2
	Slice id-1
	Slice specific priority: 4

	
	Slice id-2
	Slice specific priority: 2

	...


For the case when network provide the supported slice or slice group for a frequency without providing the slice specific frequency priority but slice specific reselection priority has been configured for other frequencies supporting this slice or slice group, this frequency without slice specific priority value should be treated as the lowest priority frequency for this slice or slice group. In the example given above, the priority for all these frequencies would be:
For slice id -1: F0 (6) > F2 (4) > F1 (no slice specific priority value configured)
For slice id -2: F1 (6) > F2 (2) > F0 (no slice specific priority value configured)
Proposal 3: For the case when network provide the supported slice or slice group for a frequency without providing the slice specific frequency priority but slice specific reselection priority has been configured for other frequencies supporting this slice or slice group, this frequency without slice specific priority value should be treated as the lowest priority frequency for this slice or slice group.
Furthermore, since the slice info broadcast in system information is used for cell reselection, we understand the supported slice(s) and the slice specific frequency priority should only be provided for the serving frequency, the inter frequencies in SIB4 and the inter-RAT frequencies in SIB5 as some other cell reselection information will also be used during reselection.
Proposal 4: In system information, the slice info should only be provided for the serving frequency, the inter frequencies in SIB4 and the inter-RAT frequencies in SIB5.
In RRCRelease message, we have the following note to allow NW configure frequencies not configured by system information. 
NOTE 3: The network may assign dedicated cell reselection priorities for frequencies not configured by system information.
For the slice info in RRCRelease message, which will not be configured with the dedicated reselection priority, we understand the same principle applies and NW is allowed to configure slice info for frequencies not configured by system information.
Proposal 5: In RRCRelease message, the network may provide slice info for frequencies not configured by system information.
2.2. Understanding on the candidate solutions
The following candidate solutions have been raised during email discussion [Post114-e] [251] [Slicing] Solution direction details for slice priorities in cell reselection (Lenovo) [2]:
	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
(Enhancement over option 4)
	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: 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 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 2: For each frequency, the UE identifies the available slices on that frequency that are in the UE’s configured slice list (i.e. the intersection of the available slices in the slice info (in the SIB or RRCRelease message) and the configured slices.)
Step 3: For each frequency, the UE assigns a frequency priority equal to the highest frequency priority 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).



The above options mainly focus on the determination of the frequency priority and can be categorized into three directions:
· Direction 1: Determine the frequency priority based on the selected slice and the corresponding slice specific priority => Option 4 and Option 6
· Direction 2: Determine the frequency priority based on the number of supported allowed S-NSSAIs => Option 5
· Direction 3: Determine the frequency priority based on the highest slice specific priority value configured for a frequency => Option 7
· Scenario 1: The supported slices for each frequency are provided without slice specific reselection priority for any slice
With Proposal 2: for each slice or slice group available in a certain frequency, the slice specific frequency priority should be optional in system information and RRCRelease message, we understand it is possible that NW only provide the supported slices for each frequency but not provide the slice specific reselection priority for any slice, in which direction 1 and direction 3 cannot work. 
Also considering that we have reached agreement at RAN2#113bis that 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, we understand the Direction 2 (i.e. Option 5) is a good way to use the slice info for cell reselection.
For simplicity, only the frequency supporting the maximum number will be treated as the highest priority and if UE cannot find a suitable cell in this frequency, UE will then use the legacy frequency priority. Then there is no need for UE to decide the second highest priority, third highest priority and so on. The frequency priority is usually configured by the NW and UE will store the value at its own side for use. Creating a priority value list for each frequencies would be a little bit complex at UE side while treating a certain frequency as the highest priority one is something we usually do (e.g. the redirection target frequency will be treated as the highest priority one in LTE).
Proposal 6a: For the case when the supported slice(s) for each frequency is provided without slice specific reselection priority for any slice, the frequency supporting the maximum number of allowed S-NSSAIs will be treated as the highest priority.
For the case when more than one frequency supports the same number of slices among UE’s intended slices, the following alternatives have been proposed:
· Alternative 1: UE treat them with equal priority and follow NOTE 3: The prioritization among the frequencies which UE considers to be the highest priority frequency is left to UE implementation in 38.304.
· Alternative 2: Further consider the existing absolute cell reselection frequency priority if provided.
As we agreed at RAN2#113bis that 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, there may be some frequencies supporting the same slices. Treating them with the same priority and letting UE further perform prioritization in implementation would make the UE behavior unpredictable. So we prefer to go for alternative 2 and let UE follow the existing reselection priority for frequencies supporting the same number of allowed S-NSSAIs. 
Proposal 6b: For the case when more than one frequencies supporting the maximum number of allowed S-NSSAIs, they will all be prioritized over other frequencies and the sub-priority among these frequencies will be determined based on the existing reselection priority(i.e. not slice specific), if provided.
· Scenario 2: The supported slices for each frequency are provided with slice specific reselection priority
Both direction 1 and 3 works under such configuration but the predicted UE behavior varies.
We understand the intention of having slice specific reselection priority is to allow NW to assign different priority values to a certain frequency for different slices and guide UE to some high priority frequencies when UE wants a certain slice.
Observation: The intention of having slice specific reselection priority is to allow NW to assign different priority values to a certain frequency for different slices and guide UE to some high priority frequencies when UE wants a certain slice.
We can compare the expected UE behaviors of direction 1 and 3 by looking at the following example, in which all the frequencies are in the same TA, supporting same slices and all these slices are in UE’s allowed list.
	Slice info

	For the serving frequency F0

	
	Slice id-1
	Slice specific priority: 6

	
	Slice id-2
	Slice specific priority: 4

	
	Slice id-3
	Slice specific priority: 2

	For inter-frequency

	Frequency 1
	Slice id-1
	Slice specific priority: 2

	
	Slice id-2
	Slice specific priority: 6

	
	Slice id-3
	Slice specific priority: 4

	Frequency 2
	Slice id-1
	Slice specific priority: 4

	
	Slice id-2
	Slice specific priority: 2

	
	Slice id-3
	Slice specific priority: 6

	...


If we go for direction 1, by selecting different slices, the highest priority frequency would be different and UE wanting different slices will be guided to different frequencies.
· Slice id-1 selected: F0 > F2 > F1
· Slice id-2 selected: F1 > F0 > F2
· Slice id-3 selected: F2 > F1 > F0
If we go for direction 3, F0/F1/F2 will also be assigned with the same priority value: 6.
Considering the homogenous slice deployment, the above example is quite typical. And we can see the direction 1 is more consistent with the intention of having slice specific reselection priority with the above analysis thus is preferred from our perspective. 
Also we understand the cell reselection according to the slice info is a best effort enhancement as UE may initiate MO data on any slices in the allowed list, not exactly the slice associated with slice specific priority it has used during reselection. So we understand having UE to select one slice from the allowed list and apply the corresponding slice specific reselection priority would be sufficient and there is no need for UE to perform a loop by selecting other slices from the list and applies the priority value, which may introduce more delay in the cell reselection procedure.
Proposal 7a: For the case when the supported slice(s) for each frequency is provided with slice specific reselection priority, UE select one slice from the allowed S-NSSAI list and apply the corresponding slice specific reselection priority.
Regarding the selection of slice in proposal 5a, the following candidate alternatives have been proposed:
· Alternative 1: Leave to UE implementation to select a slice from the allowed S-NSSAIs with slice specific priority configured.
· Alternative 2: Define a fixed rule for slice selection, e.g. select the first slice in the allowed S-NSSAIs who has slice specific reselection priority configured. 
· Alternative 3: Define slice priority and it is up to NW to configure.
· Alternative 3.1: Define slice priority and NAS/AS signaling to configure.
· Alternative 3.2: Reuse the allowed S-NSSAI list and the existing signaling with an additional requirement that the S-NSSAIs will be placed in order with the first one to be the highest priority.
· Alternative 4: Select the latest used slice.
So far, we understand such slice priority is only used by UE to select a slice and apply the corresponding slice specific reselection priority, defining slice priority and introduce NAS/AS signaling to configure it would be too costly while other alternatives by leaving it to UE implementation, selecting the first slice in allowed S-NSSAI list or the latest used slice would be simpler considering the spec impact and the work load introduced to other WGs, e.g. SA2 and CT1.
Proposal 7b: RAN2 to select one from the following alternatives on how to select a slice:
· Alt1: Leave to UE implementation to select a slice from the allowed S-NSSAIs with slice specific priority configured.
· Alt2: Define a fixed rule for slice selection, e.g. select the first slice in the allowed S-NSSAIs who has slice specific reselection priority configured.
· Alt3: Define slice priority and it is up to NW to configure.
· Alt4: Select the latest used slice.
2.3. Slice availability in system information and RRCRelease message
The following options on slice availability in system information have been proposed and discussed last meeting with no consensus reached:
· Option 1: Part of S-NSSAI (e.g. only the SST)
· Option 2: Slice group ID
· Option 3: Slice associated access category
For option 1, apart from the security concern on exposing the NSSAI/S-NSSAI (or parts of it) in system information [1], broadcasting SST would be too broad for UE to decide whether to access this cell as there would be at most 16777 216 slices with different Slice Differentiators for each SST.
For option 2 and 3, if the slice grouping is negotiated between UE and the CN via NAS signaling, broadcasting the grouping information would be helpful in addressing the security concern as well as the SIB payload size concern. The negotiation between UE and CN should be discussed and decided in SA2 and CT1 as there would be impacts on their specifications. However, if the slice associated access category is used, it can help address SIB payload size concerns as well as the security concerns without impact on SA2/CT1 specs as the definition and update of the mapping between operator defined access categories and slices has already been defined in SA2/CT1 specs.
To address the SIB payload size concern and security concern while minimizing the impact in SA2/CT1 specs, we prefer to go for option 3 with the slice associated access category used to indicate slice availability in system information, which will also be used in RRCRelease message
Proposal 8: The slice associated access category should be used to indicate slice availability in system information and RRC Release message.
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
Proposal 1: The supported slice(s) for each frequency should be optional in system information and RRCRelease message.
Proposal 2: For each slice or slice group available in a certain frequency, the slice specific frequency priority should be optional in system information and RRCRelease message.
Proposal 3: For the case when network provide the supported slice or slice group for a frequency without providing the slice specific frequency priority but slice specific reselection priority has been configured for other frequencies supporting this slice or slice group, this frequency without slice specific priority value should be treated as the lowest priority frequency for this slice or slice group.
Proposal 4: In system information, the slice info should only be provided for the serving frequency, the inter frequencies in SIB4 and the inter-RAT frequencies in SIB5.
Proposal 5: In RRCRelease message, the network may provide slice info for frequencies not configured by system information.
Proposal 6a: For the case when the supported slice(s) for each frequency is provided without slice specific reselection priority for any slice, the frequency supporting the maximum number of allowed S-NSSAIs will be treated as the highest priority.
Proposal 6b: For the case when more than one frequencies supporting the maximum number of allowed S-NSSAIs, they will all be prioritized over other frequencies and the sub-priority among these frequencies will be determined based on the existing reselection priority(i.e. not slice specific), if provided.
Observation: The intention of having slice specific reselection priority is to allow NW to assign different priority values to a certain frequency for different slices and guide UE to some high priority frequencies when UE wants a certain slice.
Proposal 7a: For the case when the supported slice(s) for each frequency is provided with slice specific reselection priority, UE select one slice from the allowed S-NSSAI list and apply the corresponding slice specific reselection priority.
Proposal 7b: RAN2 to select one from the following alternatives on how to select a slice:
· Alt1: Leave to UE implementation to select a slice from the allowed S-NSSAIs with slice specific priority configured.
· Alt2: Define a fixed rule for slice selection, e.g. select the first slice in the allowed S-NSSAIs who has slice specific reselection priority configured.
· Alt3: Define slice priority and it is up to NW to configure.
· Alt4: Select the latest used slice.
Proposal 8: The slice associated access category should be used to indicate slice availability in system information and RRC Release message.
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