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1. Introduction
During the RAN2 #113bis-e, issues related to slice based cell reselection were introduced in the offline discussion [1], e.g., MO triggered cell reselection, slice info in SIB/RRCRelease, and prioritization mechanism.
In this contribution, the discussions are mainly about the above issues, further technical details of intended slice, slice grouping design, and UE behaviours for slice based cell reselection.
2. Discussion
2.1 Status after RAN2#113b-e
Agreements are as below [2]:
Agreements

1	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, RAN2 can revisit this. 
2	The criteria for determining the cell reselection priority for inter-frequency cell reselection should not be left to UE implementation, but should be defined in the specification (just like cell reselection priorities currently). 
5	UE is only configured with either the existing dedicated priority configuration or the slice info in RRC Release.
3	In the case that slice info is also provided to the UE in the RRC Release message while SIB also provides the slice info, UE follows the dedicated slice info from RRC Release while T320-like timer is running and only if it expires that it follows the slice info in the SIB
4	In the case that existing dedicated priority configuration is provided to the UE in the RRC Release message while SIB also provides the slice info, UE follows the dedicated priority configuration while T320 is running as per legacy and only if it expires that it follows the slice info in the SIB
6	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.
2: Following topics are only considered after some progress on the main solution for prioritisation for slice based cell reselection: which SIB(s) to carry slice availability, whether an LS to SA3 is needed (if SST/SD is agreed for slice info), whether SIB segmentation/on-demand is required (if new SIB is defined).
3: Other topics that have some support and could be discussed further depending on companies providing more details on the motivation and level of support: slice based reselection for MO, different RSRP/RSRQ thresholds for inter and intra-frequency slice based cell reselection, need for Validity area in RRC Release

FFSes are as below [2]:
The details of slice info and how the UE determines its priority list from slice info is FFS.
FFS how to define slice priorities for reselection and how to handle conflicts between different priorities (e.g. broadcast vs. dedicated slice-specific priorities)
[bookmark: OLE_LINK7][bookmark: OLE_LINK10]With regard the main solution for prioritisation for slice based cell reselection, the following topics to be the initial focus for discussion: Details of slice availability in terms of Slice grouping and frequency priority information for broadcast and RRC Release message,  usage of “intended slice” (FFS whether we use this term in specification), UE prioritisation of slice when there is more than one intended slice and how UE determines frequency priority for inter-frequency cell reselection based on these.

2.2 Discussion on intended slice
According to TR 38.832 [3], we have the following definition of Intended Slice, 
RAN2 common understanding is that intended slice is based on the information AS receives from NAS for the particular use case. This may be different in different cases:
-	In case of cell selection and reselection, the intended slice means the allowed or requested S-NSSAI(s).
-	For the initial registration, and requesting new S-NSSAI(s): intended slices = Requested S-NSSAI(s)
-	For idle-mode mobility: intended slices = allowed S-NSSAI(s)
-	In case of MO traffic, the intended slice means the S-NSSAI associated with MO traffic based on indication from NAS to AS. For MO service, UE is aware of the intended slice.
-	In case of MT traffic, UE is unaware of the slice for the paged service in current NR specification.

For Intended Slice, firstly we think it has some relations with the slice information, and secondly, TR 38.832 has captured some technical analysis. At the last RAN2 meeting, the concern was mainly about the wording, e.g., whether it should be defined in RAN2 or other WGs. Our view is that the Intended Slice is agreeable from the RAN2 point of view, and then RAN2 can agree on the concept. Regarding the wording, we prefer to use Intended Slice in RAN2 and we can check with SA2 on the detailed definitions (e.g., via an LS).
Proposal 1: It is proposed RAN2 to agree on the concept of Intended Slice, and take the following definitions in TR 38.832 as a baseline, and then RAN2 can check with SA2 on the definitions.
-	In case of cell selection and reselection, the intended slice means the allowed or requested S-NSSAI(s).
-	For the initial registration, and requesting new S-NSSAI(s): intended slices = Requested S-NSSAI(s)
-	For idle-mode mobility: intended slices = allowed S-NSSAI(s)
-  In case of MO traffic, the intended slice means the S-NSSAI associated with MO traffic based on indication from NAS to AS.

2.3 Discussion on the slice information
2.3.1  Slice group mechanism
2.3.1.1 Candidate solutions
Based on the offline discussion [1], we mainly have two candidates for slice grouping, i.e., SST-based slice grouping and new slice grouping. Further performance evaluations of the candidates are given as follows.
1) SST-based slice grouping
As mentioned in TS 23.501 [4], the S-NSSAI is composed of an SST and an SD. UEs subscribed to the same SST but different SDs would be incapable of distinguishing slices if only the SST is provided in the system information. If the UE initiates a service only based on the SST, the service may be rejected by the network due to the unsupported SD, and this will cause additional access delay. 
Observation 1: For SST-based slice grouping, the UE cannot distinguish between slices with the same SST. 

2) New slice grouping
In the new slice grouping mechanism, one slice group ID can be associated with one or multiple S-NSSAIs. There is no forced association like SST among the S-NSSAIs within the same slice group. The exact grouping method depends on the network configuration and has a certain degree of flexibility. Furthermore, by providing the slice group ID instead of the S-NSSAI in the system information, not only the broadcast overhead but also the possible security concerns can be addressed and solved.
Observation 2: Slice grouping is a potential candidate solution to address and solve the issues of SIB overhead and security.

2.3.1.2 Slice grouping design
· Definition of slice group
A slice group consists of one or multiple slices. Each slice group is uniquely identified by the slice group ID. One slice group ID is associated with one or multiple S-NSSAIs. For a certain area, cells broadcasting the same slice group ID(s) support the same S-NSSAIs.
· Mapping relationship between slice group ID and 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 RAN or CN as introduced in [5]. 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 solution, the given area can be coincident with TA or RA because of the homogeneous slice deployment assumption, which makes the mapping relationship update procedure aligned with the mobility registration update procedure. 
· For the RAN based solution, there’s no such existing procedure to be utilized to piggyback the mapping relationship between slice group ID and S-NSSAI(s). RNA concept is not appropriate since it is defined that the anchor gNB can be unchanged within the RNA for the RRC_INACTIVE UE, which may not be aligned with the slice deployment. 
Proposal 2: It is proposed to agree NAS configuration for the mapping relationship between slice group ID and S-NSSAI(s). 
Proposal 3: It is proposed to send an LS to SA2 to introduce NAS configuration for the mapping relationship between slice group ID and S-NSSAI(s) if the NAS solution is agreed in RAN2. 

2.3.2  Slice information
2.3.2.1 Slice based cell reselection priority
According to TS 38.304 [6], 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. 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 for a specific slice. There’re two options whether to introduce the slice-specific cell reselection priority for the serving frequency. 
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Figure 1. Serving frequency doesn’t differentiate slice-specific cell reselection priorities
· Option #1: The serving frequency doesn’t differentiate slice-specific cell reselection priorities. 
[bookmark: _GoBack]Reusing the current form of SIB2, slices supported on the serving frequency have the same cell reselection priority, i.e., the priority of the serving frequency. As shown in Figure 1, suppose UE’s camping cell is Cell #1, and the serving frequency is f1, on which slices S1, S2, and S3 are deployed. Cell #1 only broadcasts the cell reselection priority of the serving frequency f1 as P1, and therefore the UE may consider all the slices on f1 have the same priority, i.e., P1. One step further, assuming the Intended Slice is S2, the UE acquires the priorities of S2 on neighbour inter-frequencies (e.g., P2 on f2, P3 on f3) through Cell #1’s system information, e.g., SIB4/5. Then, the UE needs to compare P1, P2, and P3 to find the high priority frequencies. 
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Figure 2. Serving frequency differentiates slice-specific cell reselection priorities
· Option #2: The serving frequency differentiates slice-specific cell reselection priorities.
Different slices on the serving frequency will have different cell reselection priorities. As shown in Figure 2, slices S1, S2, and S3 have different priorities on serving frequency f1, e.g., P1x, P1y, and P1z, respectively. Suppose the Intended Slice is S2, the UE needs to first determine the priority (e.g., P1y) of S2 on the serving frequency f1. And 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., SIB4/5. The UE then needs to compare P1y, P2, and P3 in order to find the high priority frequencies.
Proposal 4: It is proposed to discuss whether to introduce the slice-specific cell reselection priority for the serving frequency.

Following legacy measurement rules for cell reselection, the UE performs the measurements based on the cell reselection priority and the signal quality of serving and neighbouring cells and reselects a cell satisfying the legacy inter/intra-frequency/RAT or equal priority inter-frequency cell reselection criteria.
In addition, the following reselection priorities handling has been defined in TS 38.304. The UE shall ignore all the priorities provided in SI if the priorities information is provided in dedicated signalling. If slice based cell reselection priority is to be supported in both SI and RRCRelease message, we think the legacy rule can be followed.
Absolute priorities of different NR frequencies or inter-RAT frequencies may be provided to the UE in the system information, in the RRCRelease message, or by inheriting from another RAT at inter-RAT cell (re)selection. 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). If priorities are provided in dedicated signalling, the UE shall ignore all the priorities provided in system information. If UE is in camped on any cell state, UE shall only apply the priorities provided by system information from current cell, and the UE preserves priorities provided by dedicated signalling and deprioritisationReq received in RRCRelease unless specified otherwise. When the UE in camped normally state, has only dedicated priorities other than for the current frequency, the UE shall consider the current frequency to be the lowest priority frequency (i.e. lower than any of the network configured values). If the UE is configured to perform both NR sidelink communication and V2X sidelink communication, the UE may consider the frequency providing both NR sidelink communication configuration and V2X sidelink communication configuration to be the highest priority. If the UE is configured to perform NR sidelink communication and not perform V2X communication, the UE may consider the frequency providing NR sidelink communication configuration to be the highest priority. If the UE is configured to perform V2X sidelink communication and not perform NR sidelink communication, the UE may consider the frequency providing V2X sidelink communication configuration to be the highest priority.
Proposal 5: If slice based cell reselection priority is to be supported in both SI and RRCRelease message, and if slice based cell reselection priority is provided in dedicated signalling, the UE shall ignore all the relevant priorities provided in SI.

2.3.2.2 Slice availability for neighbour cell/frequency
Given the assumption of homogeneous slice deployment of Rel-15/16, slice availability for neighbour cell/frequency in SIB is agreed to be beneficial for UEs at the TA boundaries [1]. Not to mention the possible non-homogeneous slice deployment of Rel-17 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]According to TS 38.304 [6], it is stated 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)”. That is, 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 slices 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 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.
Proposal 6: It is proposed to provide the slice availability for neighbour cell/frequency in the system information.

Furthermore, the UE should determine the cell reselection priorities of the Intended Slice on neighbour frequencies. For neighbour frequencies not supporting the Intended Slice, the cell reselection priority should be regarded as the lowest.
Proposal 7: For slice based cell reselection, the UE shall consider the frequencies not supporting the Intended Slice to be the lowest priority frequencies (i.e., lower than the priority of any of the frequencies supporting the Intended Slice).

2.3.2.3 Multiple intended slices handling
According to TR 38.832 [3], the Intended Slice may contain multiple S-NSSAIs. In the case of multiple Intended S-NSSAIs, we propose the following slice based cell reselection cases, distinguished by the slice information mentioned above.
· Case #1: Cell reselection based on slice availability for neighbour cell/frequency.
· Option #1: UE reselects the cell/frequency supporting most of the Intended Slices.
· Option #2: A primary Intended Slice is defined among the Intended Slices through UE implementation or network configuration. UE reselects the cell/frequency supporting the primary Intended Slice.
· Case #2: Cell reselection based on slice based cell reselection priority.
Different slices may have different cell reselection priorities on different frequencies. In the case of multiple Intended Slices, the UE may be confused to choose which Intended Slice(s) to be used for cell reselection. Therefore, a primary Intended Slice needs to be derived from the Intended Slices, and the UE performs cell reselection based on the primary Intended Slice. The primary Intended Slice can be determined through UE implementation or network configuration.
Proposal 8: In the case of multiple Intended Slices, a primary Intended Slice should be derived for cell reselection based on UE implementation or network configuration.

2.4 Others
2.4.1	MO triggered slice based cell reselection
Considering the scenario where the UE is located at the TA boundaries, assuming that the UE needs to initiate a service whose associated S-NSSAI is not within the Allowed NSSAI, the UE must first reselect a cell within another TA that supports the Intended Slice and initiate the registration update procedure to update the Requested NSSAI. Only when the new Requested NSSAI is allowed, the UE can initiate the relevant service. From this perspective, the cell reselection triggered by MO traffic is a common situation of slice based cell reselection.
Otherwise, the UE needs to initiate the registration update procedure in the current TA to update the Requested NSSAI. Since the current TA doesn’t support the UE’s Intended Slice, the new Requested S-NSSAI will be rejected by the network, or the UE would be redirected to another TA supporting the Intended Slice to initiate the registration update procedure again. This will cause extra access delays. Therefore,
Proposal 9: It is proposed to introduce MO triggered slice based cell reselection.

2.4.2	SIB segmentation/on-demand SI
The main concern for broadcasting slice-related info is broadcast overhead and the SIB size limitations. 
· 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.
Observation 3: SIB segmentation and on-demand SI can further solve the problem of SIB size limitation and broadcast overhead respectively, however with additional access delays.

3. Conclusion
In this contribution, we mainly discuss technical details of slice grouping design, and UE behaviours for slice based cell reselection. It is proposed:
Observation 1: For SST-based slice grouping, the UE cannot distinguish between slices with the same SST. 
Observation 2: Slice grouping is a potential candidate solution to address and solve the issues of SIB overhead and security.
Observation 3: SIB segmentation and on-demand SI can further solve the problem of SIB size limitation and broadcast overhead respectively, however with additional access delays.

Proposal 1: It is proposed RAN2 to agree on the concept of Intended Slice, and take the following definitions in TR 38.832 as a baseline, and then RAN2 can check with SA2 on the definitions.
-	In case of cell selection and reselection, the intended slice means the allowed or requested S-NSSAI(s).
-	For the initial registration, and requesting new S-NSSAI(s): intended slices = Requested S-NSSAI(s)
-	For idle-mode mobility: intended slices = allowed S-NSSAI(s)
-  In case of MO traffic, the intended slice means the S-NSSAI associated with MO traffic based on indication from NAS to AS.
Proposal 2: It is proposed to agree NAS configuration for the mapping relationship between slice group ID and S-NSSAI(s). 
Proposal 3: It is proposed to send an LS to SA2 to introduce NAS configuration for the mapping relationship between slice group ID and S-NSSAI(s) if the NAS solution is agreed in RAN2. 
Proposal 4: It is proposed to discuss whether to introduce the slice-specific cell reselection priority for the serving frequency.
Proposal 5: If slice based cell reselection priority is to be supported in both SI and RRCRelease message, and if slice based cell reselection priority is provided in dedicated signalling, the UE shall ignore all the relevant priorities provided in SI.
Proposal 6: It is proposed to provide the slice availability for neighbour cell/frequency in the system information.
Proposal 7: For slice based cell reselection, the UE shall consider the frequencies not supporting the Intended Slice to be the lowest priority frequencies (i.e., lower than the priority of any of the frequencies supporting the Intended Slice).
Proposal 8: In the case of multiple Intended Slices, a primary Intended Slice should be derived for cell reselection based on UE implementation or network configuration.
Proposal 9: It is proposed to introduce MO triggered slice based cell reselection.
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