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1 Introduction
WID of RAN slicing (RP-210921) was agreed in RAN#91e [1]. The related WID objectives on slice specific cell reselection 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 prent 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.
In RAN2#116b-e [2], below important agreements were made:

· 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.

· 2.1: Among multiple TAs in the same RA, RAN2’s understanding is that the configuration on slice grouping should be homogeneous.
· 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.
FFS if the slice group is mapped by the mapping relationship in current RA or not.

FFS PCI list and/or TAC per slice group are provided.

FFS what is the UE behaviour if gNB doesn’t provide supported slice group info on the best ranked cell.

For RAN2#117-e, finalization of 38.304 CR is the most important task, which is discussed in our companion contribution [3][11]. In this contribution, we focus on remaining details with the assumption that the WA is confirmed:
· Whether to introduce a new T320-like timer in dedicated signaling 
· Whether the inter-RAT frequency should be considered in slice-based cell reselection
· Whether additional exit condition needed for fallback to legacy cell reselection
· After the UE fallbacks to legacy cell reselection, the next trigger of slice-based cell reselection
· If UE cannot find a suitable cell, whether and how to fallback to legacy cell reselection
· Whether the slice specific cell reselection information is slice or slice group specific
· Handling in TA/RA boundary
· Whether to introduce a new SIB
· Intra-frequency cell reselection
· RAN sharing for slice-based cell re-selection and slice-based RACH
2 Discussion 
2.1 Whether to introduce a new T320-like timer
When slice specific frequency priority is included in RRC release, T320 like timer was agreed in RAN2#113b-e [4]. 

2
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.
 

However, it is not clear whether legacy T320 can be reused, or a new timer is required to be introduced. We don’t see the need for a new timer because above agreement 2 has excluded the possibility that both legacy priority and slice specific frequency priority are included in same RRC release. Thus, if slice specific frequency priority is included in RRC release, gNB can configure a suitable value via legacy T320 timer.

Observation 1: It was agreed that RRC release message can’t include both legacy priority and slice specific frequency priority. Thus, if slice specific frequency priority is included in RRC release, gNB can configure a suitable value via legacy T320 timer.

Proposal 1: Legacy T320 timer is applied to slice specific frequency priority  
2.2 Whether the inter-RAT frequency should be considered 
RAN2 has not discussed whether inter-RAT frequencies can be assigned with slice specific frequency priority. Because LTE don’t support slicing, we don’t think slice specific frequency priority can be assigned to inter-RAT frequencies 
Proposal 2: Clarify that slice specific frequency priority values are not assigned to inter-RAT frequencies 
2.3 Whether new exit condition for fallback to legacy cell reselection 
According to the current procedure, if the UE cannot find a suitable cell supporting the highest priority slice to camp, and there is no remaining frequency, it is the natural exit condition to fallback to legacy cell reselection from slice-based cell reselection. Therefore, we don’t see any additional exit condition needed for fallback to legacy cell reselection. 
Proposal 3: No need to add additional exit condition for fallback to legacy cell reselection
2.4 Trigger for slice-based cell reselection from legacy  
This is an FFS of original option 4 with slice looping. However, RAN2 has agreed to use proposal A without formula which ensures the UE perform cell reselection in a continuous procedure. Thus, it is our understanding that RAN2 don’t need to address this FFS.
Proposal 4: Because RAN2 agreed the solution without formula which makes UE to perform cell reselection in a continuous way, it is not necessary to discuss the trigger condition for slice-based cell reselection after fallback to legacy cell reselection.
2.5 If UE cannot find a suitable cell, whether/how to fallback to legacy cell reselection
According to section 5.2.2 of TS 38.304 [5], if the UE cannot find a suitable cell, the UE should transfer to any cell selection state and shall perform cell selection process to find a suitable cell as specified in section 5.2.7. Please note that slice-based cell selection is not in the scope of this release. Thus, the legacy cell selection procedure should be performed in this case. And when the UE camps on a cell, then the slice-based cell reselection may be performed based on the slice info configured by network. Thus, we don’t think this case should be specified in RAN2 specs and should follow the legacy principle.
Proposal 5: The legacy procedure (i.e., UE first enters any cell selection state and performs cell selection) should be reused when the UE cannot find a suitable cell if the UE is configured with slice based dedicated priority.
2.6 Whether the slice specific cell reselection information is slice or slice group specific
In our understanding, the slice grouping is introduced to reduce payload size related to slice specific frequency priority including related PCI list, because they are broadcast in SIB. Meanwhile, it is not necessary to apply slice grouping to slice priority because it is carried in NAS signaling. We would like to confirm it is the RAN2 common understanding. 

Observation 2: The slice grouping is introduced to reduce payload size related to slice specific frequency priority including related PCI list, because they are broadcast in SIB.

Proposal 6: RAN2 confirm that slice specific frequency priority is slice group specific, and slice priority is slice specific.
2.7 Handling in TA/RA boundary
In offline#240 of RAN2#116b-e [8], the issue of TA/RA boundary was discussed, and below solutions were identified:
· 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.
FFS if the slice group is mapped by the mapping relationship in current RA or not.

FFS PCI list and/or TAC per slice group are provided.

FFS what is the UE behaviour if gNB doesn’t provide supported slice group info on the best ranked cell.

We discuss the 3 FFSs one by one:

FFS1: if the slice group is mapped by the mapping relationship in current RA or not
We think it is a valid requirement if gNB intends to provide supported slices / slice groups in neighbor TA/RA. However, the required spec change is inter-gNB signaling to exchange info on supported slice (groups), which is RAN3 expertise. We think this issue should be discussed in RAN3.
Proposal 7: Whether slice grouping is mapped by the mapping relationship in current RA or not should be discussed in RAN3.

FFS2: PCI list and/or TAC per slice group are provided
FFS3: what is the UE behaviour if gNB doesn’t provide supported slice group info on the best ranked cell
Clearly, the simplest solution is to provide PCI list in SIB. The benefit to use TAC is to reduce payload size overhead. We share the concern on huge signaling overhead if PCI list is used, but we don’t think signaling optimalization is required. In our understanding, the slice support info of neighbor cells is just an assistance information for the UE to check slice in best ranked cell. Because RAN2 agreed to follow SA2 assumption on uniform slice availability, the concerned scenario to check the supported slice in best ranked cell (i.e., different cells in same frequency support different slices) can only happen in TA boundary, which is infrequent event. 

Observation 3: The concerned scenario (i.e., different cells in same frequency support different slices) can only happen in TA boundary in this release. Thus, the slice support info of neighbor cell is just an assistance information for the UE to check in best ranked cell. 

Thus, we think the simplest solution is to introduce optional PCI list for one slice group. And if NW don’t provide supported slice info on the best ranked cell, the UE can skip the checking on slice support in such cell.  

Proposal 8: As assistance information, an optional PCI list is introduced to indicate the cells supporting one slice group. And if NW don’t provide such info on the best ranked cell, the UE may skip the checking on slice support in best ranked cell (i.e., the UE regards the slice or slice group is supported in best ranked cell). 
2.8 Whether to introduce a new SIB
In running RRC CR [6], SliceInfoList is agreed as follows:

-- ASN1START

-- TAG-SLICEINFOLIST-START

SliceInfoList-r17 ::= SEQUENCE (SIZE (1..maxSliceInfo-r17)) OF SliceInfo-r17
SliceInfo-r17 ::=                    SEQUENCE {

    sliceGroupID-r17                 FFS,

    cellReselectionPriority             CellReselectionPriority                                             OPTIONAL,        -- Need R
    cellReselectionSubPriority          CellReselectionSubPriority                                          OPTIONAL,        -- Need R

    sliceCellListNR-r17                 SliceCellListNR-r17                                                 OPTIONAL,        -- Need R
    ...
}

SliceCellListNR-r17 ::=          SEQUENCE (SIZE (1..maxCellSlice-r17)) OF SliceCellInfoNR

SliceCellInfoNR-r17 ::=          SEQUENCE {

    physCellId                          PhysCellId
}
-- TAG-SLICEINFORLIST-STOP

-- ASN1STOP
Then, the possible overhead could be roughly calculated as number of frequencies * maxSliceInfo-r17* size of SliceInfo-r17
Here, we assume the maximum number of frequencies and PCI is same as legacy as illustrated below:
· The maximum number of frequencies is 8.
· The maximum number of cells in one frequency is 16. 

· The slice group ID is 16 bits and maxSliceInfo-r17 is 16, which seems to be majority view in RAN2#116b-e [8].

Then, payload size could be as big as: 
· 8 frequencies *16 slice groups*(16bits slice group ID) = 2048 bits, without PCI info
· 8 frequencies *16 slice groups*(16bits slice group ID + 16 cells *10 bits PCI) = 22528 bits, with PCI info
However, the maximum size of one SI message is just 2976 bit. Therefore, we think it may cause issue if slice info is included in legacy SIBs.

Observation 4: The payload size of slice info in SIB can be 2048bit (if without PCI info) or 22528bit (if with PCI info), while the maximum size of one SI message is just 2976 bit. 

Considering SIB fragments is NOT allowed for SIB2/3/4, we think it makes sense to introduce a new SIB to provide slice info. 
Proposal 9: Introduce a new SIB to provide slice cell reselection information (i.e., SliceInfoList-r17)
2.9 Intra-frequency cell reselection
In RAN2#113-e [7], principle of intra-frequency cell reselection with slice info 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 [9]:

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.
Then, intra-frequency cell reselection was also discussed in RAN2#114-e [10]. Majority companies agreed to keep the best cell principle for slice specific cell reselection and captured as a working assumption. 

· 4: Working assumption: The Best cell principle according to absolute priority reselection criteria specified in clause 5.2.4.5 of TS38.304 needs to be met also for slice specific cell (re)selection.

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 best-effort optimization. Thus, we prefer to reuse legacy way of NR / LTE cell reselection to only consider radio condition in intra-frequency cell reselection. Then, based on this principle, we think RAN2 should keep the legacy way of calculating criteria-S which even impacts cell selection procedure.     
Proposal 10: RAN2 confirm no spec change on criteria-S calculation is required in slice specific cell reselection  
Then, regarding to criteria R, we also prefer to keep the legacy way, to ensure UE doesn't lose coverage: 

Proposal 11: To ensure UE doesn't lose coverage due to slice prioritization, no spec change is required on criteria-R calculation (i.e., supported slice info is not considered in intra-frequency cell reselection)
2.10 RAN sharing 

In legacy cell reselection:

· Cell ID, TAC and ranac are PLMN specific provided to UE in IE PLMN-IdentityInfoList as part of CellAccessRelatedInfo
· Frequency priorities are not PLMN specific, which means MNOs sharing the same RAN should coordinate the values of frequency priorities broadcast in SIB.  
Observation 5: In legacy cell reselection, cell ID, TAC and ranac are PLMN specific, but frequency priorities are not PLMN specific, which means MNOs sharing the same RAN should coordinate the values of frequency priorities broadcast in SIB.
We believe the same principle should be reused for slice specific cell reselection. And whether to allow slice specific PLMN selection should be decided by SA2/CT1.

Proposal 12: Slice specific cell reselection reuse the same mechanism of RAN sharing as legacy, i.e., slice specific frequency priorities are not PLMN specific while cell ID, TAC and ranac are PLMN specific. And whether to allow slice specific PLMN selection should be decided by SA2/CT1.
3 Conclusion

In this contribution, we discuss remaining issues on slice specific cell reselection. Our observations: 
Observation 1: It was agreed that RRC release message can’t include both legacy priority and slice specific frequency priority. Thus, if slice specific frequency priority is included in RRC release, gNB can configure a suitable value via legacy T320 timer.

Observation 2: The slice grouping is introduced to reduce payload size related to slice specific frequency priority including related PCI list, because they are broadcast in SIB.

Observation 3: The concerned scenario (i.e., different cells in same frequency support different slices) can only happen in TA boundary in this release. Thus, the slice support info of neighbor cell is just an assistance information for the UE to check in best ranked cell. 

Observation 4: The payload size of slice info in SIB can be 2048bit (if without PCI info) or 22528bit (if with PCI info), while the maximum size of one SI message is just 2976 bit. 

Observation 5: In legacy cell reselection, cell ID, TAC and ranac are PLMN specific, but frequency priorities are not PLMN specific, which means MNOs sharing the same RAN should coordinate the values of frequency priorities broadcast in SIB.
Based on discussion, our proposals are:

Proposal 1: Legacy T320 timer is applied to slice specific frequency priority  

Proposal 2: Clarify that slice specific frequency priority values are not assigned to inter-RAT frequencies 
Proposal 3: No need to add additional exit condition for fallback to legacy cell reselection
Proposal 4: Because RAN2 agreed the solution without formula which makes UE to perform cell reselection in a continuous way, it is not necessary to discuss the trigger condition for slice-based cell reselection after fallback to legacy cell reselection.

Proposal 5: The legacy procedure (i.e., UE first enters any cell selection state and performs cell selection) should be reused when the UE cannot find a suitable cell if the UE is configured with slice based dedicated priority.
Proposal 6: RAN2 confirm that slice specific frequency priority is slice group specific, and slice priority is slice specific.

Proposal 7: Whether slice grouping is mapped by the mapping relationship in current RA or not should be discussed in RAN3.

Proposal 8: As assistance information, an optional PCI list is introduced to indicate the cells supporting one slice group. And if NW don’t provide such info on the best ranked cell, the UE may skip the checking on slice support in best ranked cell (i.e., the UE regards the slice or slice group is supported in best ranked cell). 

Proposal 9: Introduce a new SIB to provide slice cell reselection information (i.e., SliceInfoList-r17)
Proposal 10: RAN2 confirm no spec change on criteria-S calculation is required in slice specific cell reselection  
Proposal 11: To ensure UE doesn't lose coverage due to slice prioritization, no spec change is required on criteria-R calculation (i.e., supported slice info is not considered in intra-frequency cell reselection)

Proposal 12: Slice specific cell reselection reuse the same mechanism of RAN sharing as legacy, i.e., slice specific frequency priorities are not PLMN specific while cell ID, TAC and ranac are PLMN specific. And whether to allow slice specific PLMN selection should be decided by SA2/CT1.
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