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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2 #116bis-e meeting, various agreements were achieved on slice based cell reselection. But the solution for slice based cell reselection is still discussed. And there are some remaining issues in [1] need to be discussed.
In this document, we discuss the remaining issues for slice based cell reselection.
Discussion
2.1. The solution for slice based cell reselection 
In RAN2#116bis-e meeting, 4 solutions were discussed which are shown below:
· A (with formula);
· A (without formula, i.e. specific slice priority value used in evaluation);
· B (resolving issues with existing procedures);
· C (compromise between A and B):
We name solution A without formula as solution A1 for short to ease our discussion below.
According to the discussion on RAN2 #116bis-e meeting, Solution A, B and C all have some issues and there is no agreements on which solution should be adopt. As there are some other issues for solution A, B and C. In Solution A, the UE is not allowed to come back the frequency once the UE cannot find one suitable cell to camp on this frequency. Solution B introduces the iteration which may cause the latency and power consumption. In Solution C, only the highest priority slice is considered. Then, it is not fair to the slices which have lower priority. In the end, the solution A1 was selected to continue discussing. The related agreements are shown below:
	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.


To compromise, we think Solution A1 is acceptable. Firstly, there is no need to consider the iteration and fallback. Meanwhile, since no formula is introduced, the impacts on specification are small. Besides, the procedure is aligned to the current procedure.
Proposal 1: Solution A without formula can be adopted as baseline for slice based cell reselection.
If Proposal 1 is agreed, there are some details needed to be specified. And if the formula is removed, it is still not clear that how the UE determines the priority for each frequency. Especially when some slices are provided without slice priority, Solution A1 cannot satisfy the UE’s intention very well. But for simplicity, we think this can be left to UE implementation as suggested by other companies. It is more flexible as well. And potential alternatives can be that when UE receives the slice priority from NAS and slice specific frequency priority from system information or RRC Release message, UE can determine the slice based cell reselection priorities for each frequency according to these slice information. All the frequencies will be assigned with the priority for slice based cell reselection. So there will be no latency issues caused by iteration. 
The slice based reselection priority should consider all frequencies. The frequencies supporting highest priority slice have higher priority. The frequencies not supporting the intended slices have the lower priority. When the multiple slices have the same priority or the slices without slice priority, the frequencies supporting max number of intended slices have the higher priority. This is left to UE implement. 
Although the solution cannot guarantee the UE to camp on the highest priority frequency when performing cell reselection for lower priority slice. As once the higher priority frequency does not support higher priority slice, UE will come back to this frequency for lower priority slices. The measurement repetition for same frequencies will definitely introduce the latency. But the solution A1 can consider the lower priority slice and the case that slices with same priority or slices without priority provided. Therefore, we think the solution A1 is the compromise of all options and it can also be workable.  So we propose that:
Proposal 2: When UE receives the slice priority and slice or slice group specific frequency priority, it can be left to UE implementation to determine the slice based cell reselection priority for each frequency.
The corresponding TP can be seen in Annex A.
Proposal 3: RAN2 to agree on the TP in Annex A for slice based cell reselection.
2.2. The UE behavior when prioritized slice is not supported
According to the analysis in chapter 2.1, if the determination for slice based cell reselection priority for each frequency is left to UE implementation, UE will perform slice based cell reselection based on the modified frequency priority. After the UE performing measurement, the UE need to check whether the highest ranked and suitable cell supports the intended slice. If the highest ranked cell supports the highest priority slice among the supporting slices of this frequency, the UE will camp on the cell. But if the highest ranked cell does not support the highest priority slice among the supporting slices of this frequency, UE’s behavior has not been decided. According to the discussion in [2], there are two options:
O1: Uses legacy frequency priority;
O2: recalculates frequency priority.
For O2, even the highest ranked cell does not support the highest ranked slice among the supporting slices of this frequency, UE can still reconsider this frequency when UE when UE performs slice based cell reselection for lower priority slice. This method can help UE to reselect a highest priority frequency for lower priority slice. This method can have some advantages in some cases. But this method requires UE to recalculate frequency priority more frequently and some frequencies will be reconsidered for several times just like the legacy solution 4 with iteration. This will introduce the latency and more complexity.  
For O1, if the highest ranked cell does not support the highest priority slice among the supporting slices of this frequency, UE will not consider this frequency even this frequency can support other UE intended slices. This method cannot guarantee to choose the higher priority frequency when UE perform slice based cell reselection for lower priority slice. Although this method cannot have the best performance, it is simpler and can work well in most case. So we propose that:
Proposal 4: When the prioritized slice is not support in the highest ranked cell on the target frequency, UE will use legacy frequency priority for this frequency.
If P4 is adopted, when the target frequency does not support the prioritized slice, UE will use legacy frequency priority for this frequency. But it needs to clarify when UE can reuse slice specific frequency priority for this frequency. In our understanding, if the condition that the highest ranked cell does not support the priority slice changes, UE can reuse the slice specific frequency priority for the frequency.  So we think when the highest ranked cell changes or the slice priority changes, UE can reuse the slice specific frequency priority. So we propose that:
Proposal 5: When the highest ranked cell changes or the slice priority changes, UE can reuse the slice specific frequency priority for slice based cell reselection.

2.3.  Exit condition
If the determination on priority of slice based cell reselection for each frequency is left to UE implementation, UE can order the frequencies according to some specific rules. All the frequencies including the frequencies supporting no slices can be ordered according to UE’s rules. Then UE will perform slice based cell reselection according to the slice based frequency priority. In this case, the fallback between slice based cell reselection and legacy cell reselection can be avoided. 
Observation 1: If the determination of slice based cell reselection for each frequency is left to UE implement, the fallback between slice based cell reselection and legacy cell reselection can be avoided.
If Solution B or C is adopted, it needs to analyze whether the exit condition needs to be introduced.
For fallback from legacy cell reselection to slice based cell reselection, slice UEs will always perform slice based cell reselection based on the frequency priority of intended slices firstly. When UE performs frequency measurement, UE will consider the frequencies supporting intended slices. UE will consider the legacy frequency priority only if all the frequencies supporting the intended slices are not suitable for UE. If the highest ranked cell changes or the slice priority changes, UE can reconsider the slice specific frequency priority. So this can be the exit condition to trigger the fallback from legacy cell reselection to slice based cell reselection.
Proposal 6: For fall back from legacy cell reselection to slice based cell reselection, the highest ranked cell changing or the slice priority changing can be the exit condition if Solution B or C is adopted. 
For fallback from slice based cell reselection to legacy cell reselection, according to the procedure of Solution C, if UE cannot find a suitable cell in slice based cell reselection procedure, UE will fall back to legacy reselection to find a suitable cell to camp. In our understanding, the failure of slice based cell reselection can be the natural exit condition. So we propose that:
Proposal 7: For fall back from slice based cell reselection to legacy cell reselection, the failure of slice based cell reselection can be the natural exit condition if Solution B or C is adopted.
2.4. The definition of slice group 
According to the discussion in RAN2 #116bis-e meeting, some companies think that a slice can be associated to none or one slice group or multiple slice groups. According to the reply LS to SA2 [2]:
RAN2 Answer: A slice can be associated to none or only one slice group. From RAN2 perspective, it is allowed to not associate a slice to any of the slice groups.
We have informed SA2 that a slice cannot be associated to multiple slice groups. There is no sufficient reason to revise the previous agreements. And if we allowed that the slice can associate to multiple slice groups, this will lead to confusion when UE adopt the frequency priority. As the frequency priority provided in system information or RRCRelease message is per slice group. If the slice associates multiple slice groups, UE cannot decide which slice group information to use. So we think we should stick to the previous agreements and a slice is not allowed to associate to multiple slice groups. Therefore, we propose that:
Proposal 8: A slice is not allowed to associate to multiple slice groups.
According to the reply LS to SA2, the granularities of the slice groups for cell reselection is per TA. 
RAN2 answer: RAN2 understanding is that the granularities of the slice groups are per TA but RAN2 details are FFS.
We think it is more flexible for network to keep the granularity of the slice groups per TA. If the granularity of slice group is per RA, there will be conflict for slice group mapping within the areas belonging to different RAs. As the RA is per UE, it is possible that some cells belonging to different RAs. The slice group related slice information will be identified differently for different RAs. This will lead to the UEs cannot read the slice information correctly. So we prefer to stick to the previous agreements and the granularities of slice groups are per TA.  So we propose that:
Proposal 9: The granularities of the slice groups are per TA.
In order to avoid the security issues and reduce the size of slice identity, we introduce the slice group concept. The slice specific cell reselection information provided by network in SIB or RRCRelease message mainly contains slice specific cell reselection priority and the slice support information. If the slice specific information is slice-specific, the slice identification will be also needed and the amount of data size will be very large. To avoid misunderstanding, the slice information signaled in RRCRelease in SIB should align with that for slice group. For example, the priority on different frequencies should be same in the same slice group. Otherwise, the UE will have misunderstanding on which priority should be used for cell reselection. Hence, there is no necessity to bring slice specific cell reselection information via SIB or RRCRelease.
So we propose that:
Proposal 10: The slice specific cell reselection information provided by the network in SIB or RRCRelease message is slice group specific.
2.5. The remaining issues at TA/RA boundary
FFS if the slice group is mapped by the mapping relationship in current RA or not.
It is beneficial to notify the mapping relationship which is not in the current RA. However, in the current RA procedure, the UE can obtain the information of current RA by RA restriction procedure. And RA is configured per UE. So if the mapping relationship of TAs which is not in the current RA is sent to the UE, the load of signaling will be quite huge. So we suggest that:
Proposal 11: Only the mapping relationship for slice groups in current RA is signalled to the UE.
FFS PCI list and/or TAC per slice group are provided.
PCI list is useful to the UE to perform slice based cell reselection. The UE can figure out which slices groups are supported by which cells by PCI list. Regarding TAC, the UE can only obtain TAC the UE reads SIB1 of the cell. It is time consuming for cell reselection. 
Hence, it is proposed that:
Proposal 12: PCI list per slice group is provided to the UE by the serving cell.
Proposal 13: TAC per slice group signaled in the neighbor cell is not suitable for slice based cell reselection.
Issues caused by the case that the slice group definition in the serving cell is different from that in the neighbor cell
In RAN2#116bis-e meeting, it was agreed that:
	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.


It can be seen that gNB can provide in the SIB the slice group that supported by these neighbor cells. But there may be some issues. Especially, in the case that the supporting slices in serving cell are not same as the supporting slices in neighbor cells. 
If there are some supporting slices in neighbor cell are not supported by the serving cell, even UE can know that the neighbor cell supports these slices, UE cannot get the corresponding slice specific frequency priority. So UE cannot perform cell reselection for these slices. So, the gNB needn’t provided the slice support information of the slices not supported by the serving cell. 
If the neighbor cell only supports the partial slices of slice group in serving cell, how should the serving cell provide the slice support information accurately? This can be decided in RAN3. From RAN2’s perspective, if the serving cell provides the slice support information based on slice group, UE will consider the neighbor cell supporting all the slices in the slice group. So we propose that:
Proposal 14: RAN2 confirms that if the PCI list is provided per slice group, UE will consider all the neighbour cells in PCI list support all the slices in the slice group. 
2.6. Stage3 issues
The slice specific cell reselection information provided by network in system information or in RRCRelease mainly contains slice support information and slice specific cell reselection priority information. The slice support information needs contains slice support of serving cell and neighbour cells. For serving cell, the slice support information includes slice/slice group list which can be broadcasted in SIB2 or a new SIB. For intra-frequency neighbour cells, the slice support information needs to at least include intra-frequency neighbour cell list and corresponding supporting slice/slice group list which can be broadcasted in SIB3 or a new SIB. For inter-frequency neighbour cells, the slice support information needs to include frequency list, neighbour cell list of frequency and slice/slice group list which can be broadcasted in SIB4 or a new SIB.
Besides slice support information, 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 provide to the UE using both broadcast and dedicated signalling. For serving frequency, this slice info needs include the slice/slice group list and the slice/slice group specific frequency priority which can be broadcasted in SIB2 or a new SIB. For inter frequencies, the slice information needs to contain slice/slice group list, slice/slice group specific inter-frequency list and the corresponding frequency priority which can be broadcasted in SIB4 or a new SIB.
According to the above analysis, the slice information is a huge amount of data. If the slice information is broadcasted using current SIB, the related slice information will affect multiple SIBs (SIB2, SIB3, SIB4) which are received by legacy UE. It is unfair for legacy UEs to receive the whole message. We think it is not necessary to bring great signalling burden to the UEs which do not need slice-based cell reselection.
But putting all slice information into a new SIB can have the minimum influence on legacy UEs. Besides, the slice support information and slice frequency mapping information both contain slice/slice group and frequency list. By introducing a new SIB, we can design the slice information structure more flexible and reduce duplication of slice information. Therefore, we propose that:
Proposal 15: Define a new SIB to broadcast the slice info (slice -> frequency (ies) -> absolute priority of each of the frequency) and slice support information.
Conclusion
In this document, we analyse the remaining issues for slice based cell reselection, and we find the following observations and provide our proposals:
Proposal 1: Solution A without formula can be adopted as baseline for slice based cell reselection.
Proposal 2: When UE receives the slice priority and slice or slice group specific frequency priority, it can be left to UE implementation to determine the slice based cell reselection priority for each frequency.
Proposal 3: RAN2 to agree on the TP in Annex A for slice based cell reselection.
Proposal 4: When the prioritized slice is not support in the highest ranked cell on the target frequency, UE will use legacy frequency priority for this frequency.
Proposal 5: When the highest ranked cell changes or the slice priority changes, UE can reuse the slice specific frequency priority for slice based cell reselection.
Observation 1: If the determination of slice based cell reselection for each frequency is left to UE implement, the fallback between slice based cell reselection and legacy cell reselection can be avoided. 
Proposal 6: For fall back from legacy cell reselection to slice based cell reselection, the highest ranked cell changing or the slice priority changing can be the exit condition if Solution B or C is adopted.
Proposal 7: For fall back from slice based cell reselection to legacy cell reselection, the failure of slice based cell reselection can be the natural exit condition if Solution B or C is adopted.
Proposal 8: A slice is not allowed to associate to multiple slice groups.
Proposal 9: The granularities of the slice groups are per TA.
Proposal 10: The slice specific cell reselection information provided by the network in SIB or RRCRelease message is slice group specific.
Proposal 11: Only the mapping relationship for slice groups in current RA is signalled to the UE.
Proposal 12: PCI list per slice group is provided to the UE by the serving cell.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 13: TAC per slice group signaled in the neighbor cell is not suitable for slice based cell reselection.
Proposal 14: RAN2 confirms that if the PCI list is provided per slice group, UE will consider all the neighbour cells in PCI list support all the slices in the slice group.
Proposal 15: Define a new SIB to broadcast the slice info (slice -> frequency (ies) -> absolute priority of each of the frequency) and slice support information.
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5.2.4.X	 Slice-based cell reselection
The slice-based cell reselection procedure is the following: 
-	The UE selects the slice group with highest priority slice. 
-	The UE assigns the slice based cell reselection priority for each frequency according to slice priority received from NAS and the slice specific frequency priorities received from system information or RRCRelease Message. The UE assigns the slice frequency priority corresponding to the selected slice group for NR frequencies received in RRCRelease or in the system information messages. 
-	The UE performs measurements and selects the highest ranked and suitable cell as candidate for camping according to clauses 5.2.4.2, 5.2.4.3, 5.2.4.4, 5.2.4.5, 5.2.4.6 using the above slice based cell reselection priorities. the slice group specific NR frequency priorities. 
-	If the highest ranked and suitable cell supports the selected slice, then the UE camps on the cell. 
Editor's Note: FFS: How the UE determines whether the highest ranked cell supports the selected slice.
Editor' Note: It is FFS whether the UE should select another slice group and perform cell reselection with the priorities of that slice group if no suitable cell supporting the selected slice group is found.
Editor' Note: It is up to the UE implementation to decide how to assign the slice based cell reselection priority for each frequency. When the UE assign the slice based cell reselection priority, UE should consider all frequencies. The frequencies supporting higher priority slice have higher slice based cell reselection frequency priority and the priority of frequencies not supporting the intended slices should be lower than the frequencies supporting intended slices.
Editor note: It is FFS what is the UE’s behaviours when the highest ranked cell does not support the intended slices.
[bookmark: _GoBack]-	If no suitable cell is found using slice group specific frequency priorities, then the UE continues to perform cell reselection according to clause 5.2.4 without considering slice group specific frequency priorities.
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