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1. Introduction
During the last RAN2 #115-e meeting [1] and email discussions [2][3][4], issues related to slice based cell reselection were discussed, e.g., slice related cell reselection info and UE behaviours.
In this contribution, the discussions are mainly about the remaining issues of slice based cell reselection.
2. Discussion
2.1 Discussion on slice grouping
During the RAN2 #115e meeting, an LS [5] was discussed sent to SA2 and CT1 asking the NAS-related aspects of slice group and slice priority. This section is mainly about the mapping relationship between slice group ID and S-NSSAI(s) and the slice (group) priority.
2.1.1  Mapping of slice group ID to S-NSSAI(s)
The mapping relationship between slice group ID and S-NSSAI(s) contains slice group ID values and the corresponding mapped S-NSSAI value(s). The mapping relationship can be provided by CN. It can be UE-specific or Non-UE-specific. That is, CN can configure the mapping relationship according to the Allowed/Configured/Subscribed NSSAI, or the actual network slice deployment.
For UE-specific mapping configuration, it is assumed that the mapping relationship remains unchanged in a given area in order to reduce the necessity of changing RRC states frequently to acquire the mapping relationship. For the CN-based configuration, the valid area of the mapping relationship can be TA/RA or PLMN level.
· TA/RA level: Configured based on the Allowed NSSAI, the mapping relationship may update with the TAU procedure. Not good for inter-RA cell reselection, because UE may not know the actual slice availability of neighbour cells/frequencies in another RA.
· PLMN level: Configured based on the Configured/Subscribed NSSAI, the mapping relationship can be static, meanwhile, it can be stored in the UE as the prior knowledge for cell selection. And it is beneficial for inter-RA cell reselection.
To summarize, for inter-RA slice based cell reselection and slice based cell selection, the PLMN level mapping relationship maybe a better choice.
Proposal 1: It is proposed to agree on PLMN level mapping relationship between slice group ID and S-NSSAI(s).
2.1.2  Slice group priority
According to TR 38.832 [6], the Intended Slice may contain multiple S-NSSAIs. In the case of multiple Intended S-NSSAIs, the UE needs to select one Slice for cell reselection. One straightforward way is to assign priority to the slice. UE selects the slice with the highest priority for cell reselection. The slice priority can be configured via UE implementation or network.
In the case that slice grouping is introduced, the slice based cell reselection info can be the cell reselection priority per slice group ID. And the UE needs to perform cell reselection based on one slice group ID. If the highest priority slice is mapped to multiple slice group IDs, the UE may be confused in selecting the Intended slice group ID for cell reselection. Then in a similar manner, slice group priority can be introduced, and the UE selects the slice group ID with the highest priority for cell reselection.
Proposal 2: It is proposed RAN2 to discuss whether the slice group priority is introduced.
2.2 Discussion on slice information 
2.2.1  Slice based cell reselection priority
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Figure 1. Serving frequency differentiates slice-specific cell reselection priorities
According to TS 38.304 [7], for the measurement rules for cell reselection, the UE compares the broadcasted reselection priority of the current NR frequency with that of the NR inter-frequency. Then for slice based cell reselection, it is intuitive for the UE to compare the priority of the current NR frequency with that of the NR inter-frequency based on one specific slice (group). 
As shown in Figure 1, slice(group)s S1, S2, and S3 have different priorities on the serving frequency f1, e.g., P1x, P1y, and P1z, respectively. Suppose the Intended Slice(group) is S2, the UE needs to first determine the priority (e.g., P1y) of S2 on the serving frequency f1, e.g., via SIB2 of the serving cell (Cell #1). The UE acquires the priorities of S2 on neighbour inter-frequencies (e.g., f2, f3) as P2 and P3, respectively, through Cell #1’s system information, e.g., SIB4. The UE then needs to compare P1y, P2, and P3 in order to find the high priority frequencies.
Proposal 3: It is proposed to introduce the slice-specific cell reselection priority for the serving frequency.
2.2.2  Slice availability of neighbour cell/frequency
One of the remaining issues for Option 4 is that “How the UE determines whether the highest ranked cell supports the selected slice”. According to the RAN2 agreement that “RAN2 consider a scenario in its work for slice specific cell (re)selection where it is possible that (Suitable) cells on the same frequency belonging to different TAs support different Slice(s)”, slice availability for neighbour cell/frequency in SIB is agreed to be beneficial for UE at the TA boundaries. Not to mention the possible non-homogeneous slice deployment of Rel-18 and beyond.
Table 1. Example of slice based cell reselection priority allocation
	Frequency (f1)/Slices
	S1
	S2
	S3

	Cell reselection priority
	P1
	N/A
	P3


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In addition, as indicated in TS 38.304 [7] that “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)”, i.e., for the current spec, the cell reselection priority may not be configured for certain frequencies. Similarly, cell reselection priorities may not be configured for certain slices on certain frequencies. As illustrated in Table 1, suppose three slice(group)s S1, S2, and S3 are deployed on frequency f1, while only S1 and S3 are assigned with the cell reselection priorities P1 and P3. The gNB will then not broadcast the priority of S2, and the UE will not know that f1 supports S2. If the Intended Slice (group) is S2, the UE will not know that f1 is available for camping, which will result in extra access delays. Thus, providing the slice availability for neighbour cell/frequency is a supplement to the slice-specific cell reselection priority.
As for the source of the supported slice info of neighbour cell/frequency, the serving cell is preferred e.g., via SIB3/4. That is, the UE can acquire the slice availability of the neighbour cell or frequency before actual cell reselection. Then, the UE can avoid measuring the cell/frequency not supporting the Intended Slice in the first place. This can be achieved by regarding the priority of the cell/frequency not supporting the Intended Slice as the lowest.
Proposal 4: RAN2 to agree that the serving cell to provide the slice availability for neighbour cell/frequency in the system information, e.g., SIB3/4.
Proposal 5: For slice based cell reselection, the UE shall consider the frequencies not supporting the Intended Slice (group) to be the lowest priority frequencies (i.e., lower than the priority of any of the frequencies supporting the Intended Slice (group)).
2.2.3  Slice availability of serving cell
According to the email discussion [2], another question is that “Q4: Which SIB broadcasts slice support of a serving cell?”. Based on our understanding, the slice availability of the serving cell is already covered by the slice based cell reselection priority in SIB2 mentioned in Section 2.2.1. On the other side, based on the Allowed NSSAI, UE is already aware of the slice support of the serving cell.
Observation 1: Slice availability of the serving cell can be acquired via the slice based cell reselection priority of the serving frequency. 
2.2.4  On-demand SI
The main concern for broadcasting slice-related info is the broadcast overhead. There are two possible solutions,
· SIB segmentation is used to solve the SIB size limitation but not broadcast overhead. The UE may have to obtain all relevant SIBs to acquire the slice info required for subsequent access, which will cause additional access delay. 
· On-demand SI is mainly designed to reduce broadcast overhead. Msg1/3 based on-demand SI is designed to obtain the slice info, which will cause additional access delay comparing with the always broadcasted SIBs.
To summarize, it is proposed,
Proposal 6: It is proposed to apply on-demand SI to broadcast the slice info.
2.3 Discussion on Step 7 of Option 4
Based on the last RAN2 agreements [1], Option 4 is taken as the baseline,
· 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. 
Another remaining issue for Option 4 is whether to keep Step 7, i.e., “If the end of the slice list has not been reached go back to step 2”. According to the email discussion [2], there was no clear consensus on this issue. However, regardless of whether Step 7 is removed, we observe the following issues.
· With Step 7
1) During the slice loop, if the UE cannot find a qualified cell on a certain slice (group), when will the UE switch to the next priority slice (group) for cell reselection? If the UE spends a large amount of time on a slice (group), this will result in a delay, a large amount of power consumption, and a decrease in cell reselection efficiency.
2) If the UE cannot find any qualified cell during the slice based cell reselection, when will the UE fall back to the legacy cell reselection? The consequences are similar to those in 1).
· Without Step 7
1) If the UE cannot find any qualified cell on the slice (group) with the highest priority, when will the UE fall back to the legacy cell reselection? This would cause similar consequences to the case with Step 7.
Especially when the quality of current serving cell gets worse, and if UE still cannot find a qualified cell using the slice based cell reselection, the normal camping and fast access of the UE may be affected.
To solve the above problems, one possible way is to introduce the slice reselection timer, at the expiry of the slice reselection timer, if the UE cannot find a qualified cell, the UE switches to the next priority slice (group) for cell reselection, or fallback to legacy cell reselection. Moreover, the quality of serving cell also can be considered during the slice based cell reselection. Therefore, it is proposed,
Proposal 7: It is proposed RAN2 to introduce the slice reselection timer.
3. Conclusion
In this contribution, we mainly discuss the remaining issues of slice based cell reselection. We get the following observations and proposals.
Observation 1: Slice availability of the serving cell can be acquired via the slice based cell reselection priority of the serving frequency. 
Proposal 1: It is proposed to agree on PLMN level mapping relationship between slice group ID and S-NSSAI(s).
Proposal 2: It is proposed RAN2 to discuss whether the slice group priority is introduced.
Proposal 3: It is proposed to introduce the slice-specific cell reselection priority for the serving frequency.
Proposal 4: RAN2 to agree that the serving cell to provide the slice availability for neighbour cell/frequency in the system information, e.g., SIB3/4.
Proposal 5: For slice based cell reselection, the UE shall consider the frequencies not supporting the Intended Slice (group) to be the lowest priority frequencies (i.e., lower than the priority of any of the frequencies supporting the Intended Slice (group)).
Proposal 6: It is proposed to apply on-demand SI to broadcast the slice info.
Proposal 7: It is proposed RAN2 to introduce the slice reselection timer.
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