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1 Introduction
WID of RAN slicing (RP-210921) was agreed in RAN#91e [1]. In this contribution, we discuss slice specific cell reselection. The related WID objectives are summarized below.

The work item aims to standardize the enhancement on RAN support of network slicing. Detailed objectives of the work item are:
1. Support slice based cell reselection, specify mechanisms and signalling including [RAN2]

    a. To assist cell reselection, broadcast the supported slice info of the current cell and neighbour cells, and cell 
       reselection priority per slice in system information message. 
    b. To assist cell reselection, include slice info (with similar information as in SI message) in RRCRelease message. 

Note: The use of Rel-17 RAN slicing enhancements in given cells shall not prevent from accessibility for Rel-15 and Rel-16 UEs.
Note: This work item should take SA2 output on slicing enhancement into consideration if RAN impacts are identified, e.g. the relation between Tracking Area and S-NSSAI is expected to impact the solution for slice based cell reselection.
2 Discussion  
2.1 Scenario
In TR 38.832 [2], there are totally 4 geographical locations captured in Section 5.5.1:
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Figure 5.1.1-1: Examples for slice deployment scenarios

Our understanding on these scenarios are: 
· Geographical location 1 and 2: target for one scenario with both slice specific frequency priority and area specific frequency priority.   

· Geographical location 3: target for a different scenario than geographical location 1, i.e. there is no one frequency / cell to provide both Slice 1 and Slice 2 simultaneously like F2 in location 1. So, the UE may have to be configured with DC/CA to access Slice 1 and Slice 2 simultaneously, or the UE needs to perform HO / redirected to another frequency when intended slices (e.g. URLLC) is not available in current frequency / cell if DC/CA is not supported.  
· Geographical location 4: target for a scenario being discussed in SA2, i.e. the scenario for solution #30 in SA2 TR 23.700-40 [3]. 
Based on above analysis, we can see that location 3 is a special case for location 1/2. And for location 4, we think RAN2 need to do nothing until SA2 ask RAN specific question / impact, to avoid misalignment between SA2 and RAN2. 
Observation 1: In scenarios captured in TR 38.832, geographical location 1 and 2 are target for one scenario with slice specific frequency priority and area specific frequency priority. While location 3 is a special case for location 1/2, and location 4 is a scenario being discussed in SA2 (for solution #30 in SA2 TR 23.700-40)  

Because only 0.5 TU is available in RAN2 in normative phase, we prefer RAN2 to prioritize geographical location 1 and 2.
Proposal 1: Due to limited 0.5 TU, RAN2 is suggested to prioritize scenario of geographical location 1 and 2 of TR 38.832.   
2.2 Definition of intended slice

In Section 5.5.1 of TR 38.832 [2], the definition of “intended slice” is captured as below:

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)

Because the WID scoping is different from SID scoping, we think it is necessary to update the above definition: 

· “initial registration” should be removed because slice specific cell selection was agreed to be out of WID objectives. 
· For “idle-mode mobility”, we understand it include both IDLE and INACTIVE UE. However, INACTIVE UE has suspended PDU session, which is associated with S-NSSAI(s). Because small data transmission in RRC_INACTIVE will be supported in Rel-17, it is better to maintain service continuity for the suspended service during cell reselection without involving NAS signaling. With this consideration, it may be an overkill to use “allow S-NSSAI(s)” which is more suitable to be used for IDLE UE.
Observation 2: INACTIVE UE has suspended PDU session, which is associated with S-NSSAI. Because small data transmission in RRC_INACTIVE will be supported in Rel-17, it is better to maintain service continuity for the suspended service during cell reselection without involving NAS signaling
Proposal 2: Update the definition of “intended slice” for slice specific cell reselection as follows:
· For requesting new S-NSSAI(s): intended slices = Requested S-NSSAI(s)

· For idle-mode mobility: intended slices = allowed S-NSSAI(s) for RRC_IDLE UE, and intended slices = is S-NSSAI(s) associated with activated PDU Sessions with UE context suspended for RRC_INACTIVE UE

2.3 Signalling for cell reselection
In WID of RAN slicing [2], the content of new configuration for slice specific includes two aspects:

1) The supported slice info of the current cell and neighbor cells
2) Cell reselection priority per slice in system information
And in Section 5.1.2 of TR 38.832 [2], it captured below issues to resolve in normative phase:
· Issue 1: SIB payload size concern for broadcasting slice related cell reselection info
· Issue 2: Security concern for broadcasting slice related cell reselection info
The concerns on security and SIB payload size for broadcasting slice related cell reselection info need to be resolved in WI phase (e.g., providing only SST, on-demand SIB, SIB segmentation, slice grouping or slice associated UAC information).

To assist cell reselection, RAN can broadcast the supported slice info of the current cell and neighbour cells, and cell reselection priority per slice. The slice info may be: providing only SST, on-demand SIB, SIB segmentation, slice grouping (if any), or slice associated UAC information where other solutions are not precluded. Details can be discussed in WI phase. And, how to ensure UE doesn't lose coverage due to slice prioritization can be considered in WI phase.
Meanwhile, exact content of the configuration is not clear:

· Issue 3: exact content of supported slice info and reselection priority per slice
Then, we provide our view for these 3 issues respectively.
#Issue 1: SIB payload size concern for broadcasting slice related cell reselection info
Among all the identified solutions (i.e. providing only SST, on-demand SIB, SIB segmentation, slice grouping or slice associated UAC information), we think the following two solutions can be supported at the same time: 

1) Introduce a new SIB type (e.g. SIB15) to include the supported slice info of the current cell and neighbor cells and Cell reselection priority per slice. And the new SIB can be on-demand broadcast. Note that its only spec impact is to introduce a new SIB type 
Proposal 3: Introduce a new SIB type (e.g. SIB15) to include the supported slice info of the current cell and neighbor cells and Cell reselection priority per slice. The new SIB can be on-demand broadcast to reduce payload size of SIB.
2) Introduce slice grouping 
Note that Section 5.1.2 of TR 38.832 [2] has captured to introduce the slice grouping, and thereby the only FFS is whether to define a new grouping mechanism or reusing UAC access category. 
Slice group is supported for both solution 3 and solution 4. Whether to define a new grouping mechanism or reusing UAC access category is left to WI phase.

Observation 3: Section 5.1.2 of TR 38.832 has captured to introduce the slice grouping, and thereby the only FFS is whether to define a new grouping mechanism or reusing UAC access category
For above FFS, we prefer to define a new grouping mechanism from a set of S-NSSAIs to a slice group because we believe reusing UAC access category is not a clean solution:
· Access category was not designed to indicate slice info. So, there is not 1:1 mapping. Then, some slice info may not be derived if they belong to same access category (e.g. some paid/dedicated eMBB slices on top of common eMBB slices)
· Not all the S-NSSAIs belonging to one access category can be supported by gNB, which may cause misunderstanding between UE and gNB on the supported slice.
· UE’s Access category may not be available when cell reselection is triggered unless TAU/RNAU
Observation 4: Reusing UAC access category to configure slice grouping is not a clean solution because some slice info may not be derived if they belong to same AC and not all slices in one AC can be supported by gNB
With regarding to detailed signaling of slice grouping, we think RAN2 can consider the configuration signaling solutions via NAS, RRC or SIB. It can be further studied.  
Proposal 4: To further reduce payload size, introduce slice grouping via a new configured mapping from a set of S-NSSAIs to a slice group. FFS detailed signaling of slice grouping

#Issue 2: Security concern for broadcasting slice related cell reselection info
We understand that the SA3 concerns during NR Rel-15 were about exposing which slices the UE is using, and we do not see an issue on what slices the network has available. We are fine to send a LS to SA3, but we do not think it is needed as this is not related to the previous exposing NSSAI/S-NSSAI issue which was target for UE’s concern. If Network intend to broadcast some sensitive slice supporting, the dedicated RRC signaling with security protection can be used. Meanwhile, because slice grouping is introduced, broadcasting slice group index/ID can also further resolve the security concern. 

Proposal 5: RAN2 conclude there is no security / privacy concern to broadcast slice group ID in SIB, and Network can use dedicated RRC signaling with security protection to provide some sensitive slice supporting
#Issue 3: Exact content of supported slice info and reselection priority per slice
Based on above discussion, we propose the following detailed format of signaling:
Proposal 6: The signaling format to support slice specific cell reselection is: a list of {frequency, list of [Slice group ID, frequency priority value, list of PCIs]}, where frequency priority value reuse legacy range of 0-7
Another related issue is when the UE’s intended slices include more than 1 S-NSSAIs (e.g. both eMBB and URLLC in location 1), it is not clear how the UE can determine the slice priority: e.g. leave it to UE implementation or request SA2/CT1 to introduce slice priority in NAS signaling. Due to lack of SA2/CT1 TU in WI, we prefer to leave it to UE implementation in this release.
Proposal 7: Due to lack of SA2/CT1 TU, RAN2 conclude it is up to UE implementation to determine the slice priority in this release if its intended slices includes more than one S-NSSAI. 
2.4 UE behaviour in cell reselection
2.4.1 Intra-frequency and equal priority inter-frequency cell reselection
During SI phase, the UE behavior in cell reselection was not fully discussed. In RAN2#113-e [4], it was briefly discussed online, multiple companies showed concern on how to ensure UE doesn't lose coverage due to slice prioritization, which is also captured in Section 5.5.1 of TR 38.832 [2]:
To assist cell reselection, RAN can broadcast the supported slice info of the current cell and neighbour cells, and cell reselection priority per slice. The slice info may be: providing only SST, on-demand SIB, SIB segmentation, slice grouping (if any), or slice associated UAC information where other solutions are not precluded. Details can be discussed in WI phase. And, how to ensure UE doesn't lose coverage due to slice prioritization can be considered in WI phase.
For this issue, we share the same concern on coverage. In our understanding, the main intention of cell reselection should ensure UE’s coverage while consideration on slice prioritization is a kind of optimization. Thus, we prefer to reuse legacy way of NR / LTE cell reselection to only consider radio condition in intra-frequency cell reselection [5]. 

Observation 5: Multiple companies showed concern on how to ensure UE doesn't lose coverage during cell reselection due to slice prioritization. Thus, RAN2 should follow legacy way of NR / LTE cell reselection to only consider radio condition in intra-frequency cell reselection

Based on this principle, we think RAN2 should keep the legacy way of calculating criteria-S which even impacts cell selection procedure.     
Proposal 8: RAN2 confirm no spec change on criteria-S calculation is required in slice specific cell reselection  
Then, regarding to criteria R, we think two alternatives can be considered to ensure UE doesn't lose coverage: 

· Alt-1: No spec change on criteria-R calculation (i.e. supported slice info is not considered in intra-frequency cell reselection)

· Alt-2: Small enhancement on top of multi-beam case specified in Rel-15: The UE may check cells whose R-value within range rangeToBestCell if configured in SIB. Among the cells with highest beam number, the cells(s) which provide UE’s all the intended slice(s) are candidates for cell reselection. If there are multiple such cells, the UE shall reselect to the cell with largest R-value which becomes the highest ranked cell
One example of Alt-2: there are 4 suitable cells in one frequency where: 

· R value of cell 1 or 2 = 10. Both cell 1 and cell 2 have 1 beam. Cell 1 and cell 2 only supports eMBB 
· R value of cell 3 = 9. Cell 3 have 1 beam. Cell 3 supports both URLLC and eMBB
· R value of cell 4 = 5. Cell 4 have 2 beams. Cell 4 supports both URLLC and eMBB
Then if rangeToBestCell is configured as 1 in SIB, the UE supporting both eMBB and URLLC may check among cell 1, cell 2 and cell 3, and will finally reselect to cell 3 because it provided all the UE’s intended slices.   
Proposal 9: To ensure UE doesn't lose coverage due to slice prioritization, RAN2 is kindly suggested to discuss below two alternatives of criteria-R for intra-frequency cell reselection:

· Alt-1: No spec change on criteria-R calculation (i.e. supported slice info is not considered in intra-frequency cell reselection)

· Alt-2: Small enhancement on top of multi-beam case specified in Rel-15: The UE may check cells whose R-value within range rangeToBestCell if configured in SIB. Among the cells with highest beam number, UE may reselect to one cell which provide UE’s all the intended slice(s), which is highest ranked cell
2.4.2 Inter-frequency cell reselection
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     Figure 1: Illustration on the requirement of slice specific and area specific frequency priority
With the proposal 8 and 9 on criteria-S and criteria-R, the only remaining issue for inter-frequency cell reselection is how to determine frequency priority with slice priority. Please note that it should support the requirement of slice specific and area specific frequency priority as illustrated in Figure. 1.  
Figure. 1 is a specific example of target scenario location 1 and 2 captured in TR 38.832 [2]. The requirements on cell reselection is:

· Requirement#1: slice specific frequency priority 

· In Area 1, the frequency priority: F1>F2 for eMBB slice and F2>F1 for URLLC slice, because F2 is primarily to provide URLLC service. So, eMBB UEs need to prior to camp on F1 for offloading. 

· Requirement#2: area specific frequency priority
· When UE moves from Area 1 to Area 2, the frequency priority change to F2>F1, because F2 with wider bandwidth is deployed as eMBB hotspot where eMBB UEs should prior to camp on F2

Observation 6: In inter-frequency cell reselection, determine frequency priority should satisfy the requirements of both slice specific frequency priority and area specific frequency priority
First, for priority of serving frequency, we think we can follow the similar way of eMBMS/V2X [5] that if the camped cell provides UE’s all intended slices, the UE may consider the serving frequency as highest priority.
Proposal 10: If the camped cell provides UE’s all intended slices, the UE may consider the serving frequency as highest priority

Then, for priority of neighbor frequencies, we think below approach can be considered based on agreed slice specific cell reselection configuration (i.e. supported slice of neighbor cells and frequency priority per slice):
1) In one configured neighbor frequency, if (any) one cell provides slice with highest priority supported by the UE (e.g. URLLC of cell 1 in F2 of Figure 1), the UE performs measurements for that frequency irrespective of SnonIntraSearchP / SnonIntraSearchQ (i.e. UE can temporally regard that frequency as high priority)
2) The UE determines the highest ranked cell in that frequency based on calculated criteria-R and criteria-S
3) The UE derives the priority of that frequency with the priority value corresponding to the highest priority slice supported by the highest ranked cell
To help understanding, we provide below example for the scenario illustrated in Figure.1:
· Configuration in SIB / RRCRelease: 

· Location 1

· List 1: {Slice 1, F1, priority 3, (Cell 2, Cell4)}

· List 2: {Slice 1, F2, priority 2, (Cell 1, Cell3)}

· List 3: {Slice 2, F2, priority 8, (Cell 1)}
· Configuration in Location 2: 

· List 1: {Slice 1, F1, priority 3, (Cell 2, Cell4)}

· List 2: {Slice 1, F2, priority 4, (Cell 1, Cell3)}

· UE 1: support both eMBB (Slice 1) and URLLC (Slice 2) and slice priority Slice 2 > Slice 1
· UE 1 behavior in Location 1: 
· F1: highest ranked cell is cell 2 and so priority= 3 (taken from List 1)
· F2: highest ranked cell is cell 1 and so priority= 8 (taken from List 3)
· UE1’s frequency priority in location 1: F2>F1

· UE 1 behavior in location 2:

· F1: highest ranked cell is cell 4 and so priority= 3 (taken from List 1)
· F2: highest ranked cell is cell 3 and so priority= 4 (taken from List 2)
· UE1’s frequency priority in location 1: F2>F1
· UE 2: only support eMBB (Slice 1)

· UE 2 behavior in Location 1: 
· F1: highest ranked cell is cell 2 and so priority= 3 (taken from List 1)
· F2: highest ranked cell is cell 1 and so priority= 2 (taken from List 2)
· UE2’s frequency priority in location 1: F1>F2
· UE 2 behavior in location 2:
· F1: highest ranked cell is cell 4 and so priority= 3 (taken from List 1)
· F2: highest ranked cell is cell 3 and so priority= 4 (taken from List 2)
· UE2’s frequency priority in location 1: F2>F1
As summary, our proposal on inter-frequency cell reselection is:

Proposal 11: For inter-frequency cell reselection, the UE may determine priority of one neighbor frequency via below approach:

· If (any) one cell provides slice with highest priority supported by the UE, the UE performs measurements for that frequency irrespective of SnonIntraSearchP / SnonIntraSearchQ to get the best ranked cell 
· UE derives the frequency priority with the priority value corresponding to the highest priority slice supported by the highest ranked cell
2.5 Legacy issue

Finally, we have a legacy issue because cell specific frequency priority is provided in SIB and UE specific frequency priority is provided in RRC release message. Then, if per-slice priority is also configured in either SIB / RRC release, UE behavior is required to be specified for which priority to use. For this issue, if frequency priority per slice (group) is provided via only SIB (i.e. no priority configured in RRC release), we think Rel-17 UE supporting feature of slice specific cell reselection shall ignore the cell specific frequency priority.   
Proposal 12: If frequency priority per slice group is provided via only SIB (i.e. priority is not configured in RRC release), the UE supporting slice specific cell reselection shall ignore the legacy cell specific frequency priority in SIB
Then, RRC release message should provide either UE specific frequency priority or frequency priority per slice (group), but not both. And followed general principle, if provided in RRC release, the UE shall ignore the one provided in SIB.
Proposal 13: RRC release message should provide either legacy UE specific frequency priority or frequency priority per slice group (i.e. not both). And if provided in RRC release, the UE shall ignore cell specific and/or slice specific priority provided in SIB
3 Conclusion
In this contribution, we discuss slice specific cell reselection, including scenario, definition of intended slice, its signaling and UE behavior. Our observations: 
Observation 1: In scenarios captured in TR 38.832, geographical location 1 and 2 are target for one scenario with slice specific frequency priority and area specific frequency priority. While location 3 is a special case for location 1/2, and location 4 is a scenario being discussed in SA2 (for solution #30 in SA2 TR 23.700-40)  

Observation 2: INACTIVE UE has suspended PDU session, which is associated with S-NSSAI. Because small data transmission in RRC_INACTIVE will be supported in Rel-17, it is better to maintain service continuity for the suspended service during cell reselection without involving NAS signaling
Observation 3: Section 5.1.2 of TR 38.832 has captured to introduce the slice grouping, and thereby the only FFS is whether to define a new grouping mechanism or reusing UAC access category

Observation 4 Reusing UAC access category to configure slice grouping is not a clean solution because some slice info may not be derived if they belong to same AC and not all slices in one AC can be supported by gNB
Observation 5: Multiple companies showed concern on how to ensure UE doesn't lose coverage during cell reselection due to slice prioritization. Thus, RAN2 should follow legacy way of NR / LTE cell reselection to only consider radio condition in intra-frequency cell reselection

Observation 6: In inter-frequency cell reselection, determine frequency priority should satisfy the requirements of both slice specific frequency priority and area specific frequency priority

Based on discussion, our proposals are:

Scenario:

Proposal 1: Due to limited 0.5 TU, RAN2 is suggested to prioritize scenario of geographical location 1 and 2 of TR 38.832.   

Definition of intended slice:

Proposal 2: Update the definition of “intended slice” for slice specific cell reselection as follows:
· For requesting new S-NSSAI(s): intended slices = Requested S-NSSAI(s)

· For idle-mode mobility: intended slices = allowed S-NSSAI(s) for RRC_IDLE UE, and intended slices = is S-NSSAI(s) associated with activated PDU Sessions with UE context suspended for RRC_INACTIVE UE

Signaling for cell reselection:

Proposal 3: Introduce a new SIB type (e.g. SIB15) to include the supported slice info of the current cell and neighbor cells and Cell reselection priority per slice. The new SIB can be on-demand broadcast to reduce payload size of SIB.
Proposal 4: To further reduce payload size, introduce slice grouping via a new configured mapping from a set of S-NSSAIs to a slice group. FFS detailed signaling of slice grouping

Proposal 5: RAN2 conclude there is no security / privacy concern to broadcast slice group ID in SIB, and Network can use dedicated RRC signaling with security protection to provide some sensitive slice supporting
Proposal 6: The signaling format to support slice specific cell reselection is: a list of {frequency, list of [Slice group ID, frequency priority value, list of PCIs]}, where frequency priority value reuse legacy range of 0-7

Proposal 7: Due to lack of SA2/CT1 TU, RAN2 conclude it is up to UE implementation to determine the slice priority in this release if its intended slices includes more than one S-NSSAI. 

UE behavior of cell reselection:
Proposal 8: RAN2 confirm no spec change on criteria-S calculation is required in slice specific cell reselection  
Proposal 9: To ensure UE doesn't lose coverage due to slice prioritization, RAN2 is kindly suggested to discuss below two alternatives of criteria-R for intra-frequency cell reselection:

· Alt-1: No spec change on criteria-R calculation (i.e. supported slice info is not considered in intra-frequency cell reselection)

· Alt-2: Small enhancement on top of multi-beam case specified in Rel-15: The UE may check cells whose R-value within range rangeToBestCell if configured in SIB. Among the cells with highest beam number, UE may reselect to one cell which provide UE’s all the intended slice(s), which is the highest ranked cell 
Proposal 10: If the camped cell provides UE’s all intended slices, the UE may consider the serving frequency as highest priority

Proposal 11: For inter-frequency cell reselection, the UE may determine priority of one neighbor frequency via below approach:

· If (any) one cell provides slice with highest priority supported by the UE, the UE performs measurements for that frequency irrespective of SnonIntraSearchP / SnonIntraSearchQ to get the best ranked cell 
· UE derives the frequency priority with the priority value corresponding to the highest priority slice supported by the highest ranked cell

Legacy issue:

Proposal 12: If frequency priority per slice group is provided via only SIB (i.e. priority is not configured in RRC release), the UE supporting slice specific cell reselection shall ignore the legacy cell specific frequency priority in SIB
Proposal 13: RRC release message should provide either legacy UE specific frequency priority or frequency priority per slice group (i.e. not both). And if provided in RRC release, the UE shall ignore cell specific and/or slice specific priority provided in SIB
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