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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#115-e [2], baseline solution (i.e., solution 4 in post RAN2#114-e email discussion#251 [3]) was agreed. And in RAN2#116-e [4], another solution was discussed [9]. Then, in post-meeting email discussion#242 [5], these two solutions were compared but no conclusion on their down-selection. The related summary proposals are:

Proposal 1 RAN2 to further discuss and agree on UE behaviour for sliced-based priority re-selection

A. Solution 4, all NAS-prioritised slices with frequency priorities as well as legacy frequency priorities are consisdered, without iteration
B. Solution 4, original (UE first uses the frequency priorities of the highest priority slice, and if no cell is found, it will use the priorities of other slices in priority order, and at last it will use legacy priorities)
C. Solution 4, only highest prio slice considered, then legacy priorities considered
Proposal 2 Both Existing TP (TP in Annex A) and alternative TP (TP in Annex B) have issues and can be enhanced, based on company contributions. Should resolve the issues and comments raised by companies in this email discussion (in 2.2.2 and 2.2.3).

Proposal 3 In case prioritised slice is not supported in the highest ranked cell on the target frequency, the UE uses legacy frequency priority for that frequency, until another cell on the target frequency becomes highest ranked cell on the target frequency

 Thus, in this contribution, we discuss the following issues:
· Remaining issues on existing TP
· Remaining issues on alternative TP
· Remaining issues on common aspects of both TP 
· Comparison between existing TP and alternative TP

2 Discussion 
We totally agree with below summary proposal in post-meeting email discussion#242 [5]:
Proposal 4 Both Existing TP (TP in Annex A) and alternative TP (TP in Annex B) have issues and can be enhanced, based on company contributions. Should resolve the issues and comments raised by companies in this email discussion (in 2.2.2 and 2.2.3).

Thus, we will first discuss their remaining issues, and then show our view on their down-selection. 
2.1 Remaining issues on existing TP
The agreement on existing TP is:

Agreements

· 2
Following is taken as the baseline for Solution Option 4:

The “slice info” (for a single slice or slice group) agreed to be provided to the UE in the last RAN2 meeting using both broadcast and dedicated signaling are provided for the serving as well as neighboring frequencies. The following steps are used for slice based cell (re)selection in AS:

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.

· 1: Solution Option 4 is selected for further work i.e., resolve the FFSs, send any required LSs and consequently start to draft specification CRs.
In our view, the remaining issues of existing TP:
· FFS in step 7

· Clarification on unclear aspects 

We discuss them one by one:

2.1.1 FFS in step 7

Step 7 is a slice iteration. Whether Step 7 is needed was discussed in email discussion#244 of RAN2#115-e [3], but no conclusion was made. The related summary proposals are:

The situation looks like:

Yes (7): Xiaomi, Lenovo/ MotM, ZTE, Samsung, Ericsson, LGE, Intel (Step 2 is not updated)

No (9): Qc, CMCC, Oppo, Spreadtrum, KDDI, CATT, Sharp, NEC, Huawei/ HiSilicon

Since opinions from companies are quite balanced, a majority view can’t be established now.
Proposal 5: RAN2 send LS to RAN4 explaining the scenario and checking if measurements can be reused between different iterations (due to Step 7).
We don’t think the measurements can always be reused in next iteration. Please note that existing IDLE inter-frequency measurements depend on frequency priority of serving cell and target cell (according to clause 5.2.4.2 of TS 38.304 [6]): 

· For a frequency with a reselection priority > serving frequency, the UE shall perform measurements for this frequency

· For a frequency with a reselection priority <= serving frequency, the UE may choose not to perform measurements if the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ
Observation 1: According to clause 5.2.4.2 of TS 38.304, inter-frequency measurements depend on frequency priority of serving cell and target cell. Thus, measurements may not be reused between different slice iterations
We would like to confirm whether it is common RAN2 understanding 
Proposal 1: RAN2 confirm that if slice iteration is kept, the measurement performed in previous slice iteration can’t always be reused in next slice iteration
Then, we prefer to remove Step 7. Besides the latency and power consumption concern, we also don’t see much benefit from performance perspective. During online discussion, one raised concern to remove Step 7 was that it may lead UE to reselect to a cell that only supports 1st priority slice but not lower priority slices. However, even if we keep Step 7, we don’t think it can resolve this issue. Assume a scenario with Cell A only support 1st priority slice while Cell B supports both 2nd and 3rd priority slices. According to agreed procedure, the UE will always reselect to Cell A as long as Cell A is suitable, irrespective of whether keeping step 7 or not.

Observation 2: Assume a scenario with Cell A only support 1st priority slice while Cell B supports both 2nd and 3rd priority slices. According to agreed procedure, the UE will always reselect to Cell A as long as Cell A is suitable, irrespective of whether keeping step 7 or not.

Based on above analysis, we think keeping Step 7 doesn’t bring much performance benefit but causes issues on latency and UE power consumption. Thus, Step 7 can be regarded as an optimization. Because we have only 2 meetings to finish this WI, we tend to keep it simple by focus on baseline solution and leave optimization to next release. This UE behavior is exactly same as option C of summary proposal 1 of post-meeting email discussion#242 [5], i.e., “C. Solution 4, only highest prio slice considered, then legacy priorities considered”. Thus, we propose:
Proposal 2: Remove Step 7 on slice iteration, i.e., the intended UE behavior during slice specific cell reselection is “C. Solution 4, only highest prio slice considered, then legacy priorities considered”
2.1.2 Clarifications on unclear aspects of baseline solution

In this section, we provide other important issues related to baseline solution which need to be clarified. 

2.1.2.1 Clarification#1: Inter-RAT frequency priority

First, 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 3: Clarify that slice specific frequency priority values are not assigned to inter-RAT frequencies 
2.1.2.2 Clarification#2: What “suitable cell” means in Step 5

In agreed Step 5, it was mentioned that “the highest ranked cell is suitable (as defined in 38.304)”. 
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.
However, according to some offline discussions with other companies, we found that different companies have different understanding on what the highlighted condition means. As a summary, we think there are two different understandings on it among companies:

· Understanding 1: It means that highest ranked cell only needs to satisfy the definition of “suitable” specified in clause 4.5 of TS 38.304.
· Understanding 2: It means that highest ranked cell needs to satisfy both the definition of “suitable” specified in clause 4.5 of TS 38.304 and inter-frequency reselection criteria specified in clause 5.2.4.5 of TS 38.304.
Between these two understandings, we prefer Understanding 2 because slice specific cell reselection should not break the legacy UE camping behaviours. Thus, we propose:
Proposal 4: Clarify that condition “If the highest ranked cell is suitable (as defined in 38.304)” in Step 5 means that highest ranked cell needs to satisfy both the definition of “suitable” specified in clause 4.5 of TS 38.304 and inter-frequency cell reselection criteria specified in clause 5.2.4.5 of TS 38.304.
2.1.2.3 Clarification#3: Validity time of slice specific frequency priority

When slice specific frequency priority is included in RRC release, T320 like timer is agreed in RAN2#113b-e [7]. 

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.
 

For this agreement, it is not clear what is the validity time of slice specific frequency priority (i.e., if the UE performs legacy cell reselection due to failures with slice specific frequency priority, it is not clear when the UE can use the slice specific frequency priority again).
Observation 3: If the UE performs legacy cell reselection due to failures with slice specific frequency priority, it is not clear when the UE can use the slice specific frequency priority again

Our understanding is that as long as slice specific frequency priority is changed (e.g., the UE camps in a new cell, slice specific frequency priority in SIB is changed, or gNB sends a new slice specific frequency priority via RRC release), the UE should perform slice specific cell reselection from highest priority slice when inter-frequency cell reselection is triggered according to specified conditions in TS 38.304 [6].

Proposal 5: After slice specific frequency priority is changed (e.g., the UE camps in a new cell, slice specific frequency priority in SIB is changed, or gNB sends a new slice specific frequency priority via RRC release), it performs slice specific cell reselection from highest priority slice when inter-frequency cell reselection is triggered

2.2 Remaining issues on alternative TP

In RAN2#116-e [4], another solution was proposed [9]. In our understanding, this solution can be regarded as another modeling for baseline solution with step 7 being removed. As claimed, the main benefit of this alternative TP is: “By calculating (new) reselection priorities for frequencies that have slice-specific priorities, all frequencies (with and without slice-specific priorities) are considered with the existing cell reselection principles. Existing specification text are retained without impact”.
However, we still see multiple issues of this alternative TP. In this section, we list these issues and provide our solution to address these issues.
2.2.1 Formula to calculate frequency priority 

In the alternative TP [9], below formula is proposed to calculate frequency priority with slice priority being considered:
SliceBasedReselectionPriority = SlicePriority * MaxReselectionPriorityValue + SliceReselectionPriority
We do not agree to use this formula to calculate slice specific frequency priority because of below reasons:

· First, we do not prefer to use a formular in TS 38.304. If necessary, one description is sufficient. Note that there is not any formular captured in TS 38.304 up to now, and we don’t think RAN2 should open the door for it due to a small feature.  

· Secondly, it is possible that SA2 will agree SlicePriority (i.e., priority among intended slice) is left to UE implementation. Then, it doesn’t make sense to use it to calculate slice specific frequency priority. 

· Thirdly, the main intention of the formular is to ensure frequency priority of a high priority slice is larger than frequency priority of a low priority slice. However, we believe Network implementation can ensure it (i.e., NW assigns a higher frequency priority for a slice with higher priority). Thus, we believe this formular is not necessary. 

Thus, we propose to remove the formula.
Proposal 6: For the alternative TP on slice specific cell reselection, remove the formular and not explicitly couple slice specific frequency priority with SlicePriority.
2.2.2 When the UE applies sliceFrequencyPriority
We think the current CR just list the following two conditions to apply sliceFrequencyPriority: 
1) The highest ranked cell changes on one candidate frequency 
2) New slice priorities are received from NAS. 
However, we think one more condition is missing: when sliceFrequencyPriority is changed (e.g., the UE camps in a new cell, or sliceFrequencyPriority is changed in SIB, or gNB send new sliceFrequencyPriority via RRC release).
Proposal 7: For the alternative TP on slice specific cell reselection, add one condition for the UE to apply sliceFrequencyPriority again: when sliceFrequencyPriority is changed (e.g., the UE camps in a new cell, or sliceFrequencyPriority is changed in SIB, or gNB send new sliceFrequencyPriority via RRC release).
2.3 Remaining issues on common aspects of both TP
In this section, we discuss remaining issues on common aspects of both TP. 
2.3.1 Signalling optimization on slice info in SIB
This issue has been discussed in post-meeting email discussion#244 of RAN2#115-e [3], and the huge signalling overhead of slice info in SIB was identified. Below are related summary proposals:
Proposal 1: A serving cell provides slice support of neighbour cells.

Proposal 2: RAN2 further discuss how the slice support of neighbour cells can be optimally provided.
Then in RAN2#116-e [4], it was agreed that serving cell can provide slice support of neighhbor cells, but best cell principle for intra-frequency cell reselection should be maintained.
· 1: A serving cell can provide slice support of neighbour cells.
· Best cell principle for intra-frequency cell reselection should be maintained i.e. UE camps on the strongest cell according to existing cell reselection rules.

· Network broadcasts slice info for the purpose of inter-frequency reselection. This will also need slicing priority for the serving frequency. FFS in which SIB.

However, it is still not clear whether RAN2 will pursue signalling optimization (above Proposal 2) and in which SIB to include the slice support information. 
We share the concern on huge signaling overhead, 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 4: 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 in a new SIB. And if NW don’t provide supported slice info on the best ranked cell, the UE can skip the checking on slice support in Step 5.  

Proposal 8: As assistance information, an optional PCI list is introduced to indicate the cells supporting one slice group in a new SIB. 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. 

Because it is up to NW to decide whether/how many PCIs provided in SIB, the payload overhead concern can be resolved. Thus, we don’t think further signaling optimization need to be pursued. 

Proposal 9: If Proposal 8 is agreed, further signaling optimization on slice support information is not pursued. 
2.3.2 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 [8]:

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)
2.3.3 “Intended slice” for INACTIVE UE   
In Section 5.5.1 of TR 38.832 [8], 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 “allowed S-NSSAI(s)” which is more suitable to be used for IDLE UE.
Observation 5: 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 12: 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

2.4 Comparison between existing TP and alternative TP

Between the existing TP and alternative TP, we prefer alternative TP removing the formula based on above analysis. Thus, we propose:
Proposal 13: RAN2 adopt the alternative TP removing the formula as suggest below:

““For frequencies with a slice specific frequency priority for at least one slice in the slice list, the SliceBasedReselectionPriority is the slice priority frequency of the highest prioritized slice supported by the UE on the frequency calculated by the formula:  

SliceBasedReselectionPriority = SlicePriority * MaxReselectionPriorityValue + SliceReselectionPriority,

where SlicePriority is the priority of the highest prioritized slice for which the UE have received SliceSpecificFrequencyPriority on the frequency. MaxReselectionPriorityValue is a constant which is higher than the maximum reselection priority, and SliceReselectionPriority is the SliceSpecificReselectionPriority of the highest prioritized slice on the frequency.””  
3 Conclusion

In this contribution, we discuss remaining issues on slice specific cell reselection. Our observations: 
Observation 1: According to clause 5.2.4.2 of TS 38.304, inter-frequency measurements depend on frequency priority of serving cell and target cell. Thus, measurements may not be reused between different slice iterations
Observation 2: Assume a scenario with Cell A only support 1st priority slice while Cell B supports both 2nd and 3rd priority slices. According to agreed procedure, the UE will always reselect to Cell A as long as Cell A is suitable, irrespective of whether keeping step 7 or not.

Observation 3: If the UE performs legacy cell reselection due to failures with slice specific frequency priority, it is not clear when the UE can use the slice specific frequency priority again

Observation 4: 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 5: 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
Based on discussion, our proposals are:

Proposal 1: RAN2 confirm that if slice iteration is kept, the measurement performed in previous slice iteration can’t always be reused in next slice iteration
Proposal 2: Remove Step 7 on slice iteration, i.e., the intended UE behavior during slice specific cell reselection is “C. Solution 4, only highest prio slice considered, then legacy priorities considered”

Proposal 3: Clarify that slice specific frequency priority values are not assigned to inter-RAT frequencies 
Proposal 4: Clarify that condition “If the highest ranked cell is suitable (as defined in 38.304)” in Step 5 means that highest ranked cell needs to satisfy both the definition of “suitable” specified in clause 4.5 of TS 38.304 and inter-frequency cell reselection criteria specified in clause 5.2.4.5 of TS 38.304.
Proposal 5: After slice specific frequency priority is changed (e.g., the UE camps in a new cell, slice specific frequency priority in SIB is changed, or gNB sends a new slice specific frequency priority via RRC release), it performs slice specific cell reselection from highest priority slice when inter-frequency cell reselection is triggered

Proposal 6: For the alternative TP on slice specific cell reselection, remove the formular and not explicitly couple slice specific frequency priority with SlicePriority.
Proposal 7: For the alternative TP on slice specific cell reselection, add one condition for the UE to apply sliceFrequencyPriority again: when sliceFrequencyPriority is changed (e.g., the UE camps in a new cell, or sliceFrequencyPriority is changed in SIB, or gNB send new sliceFrequencyPriority via RRC release).
Proposal 8: As assistance information, an optional PCI list is introduced to indicate the cells supporting one slice group in a new SIB. 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. 

Proposal 9: If Proposal 8 is agreed, further signaling optimization on slice support information is not pursued. 
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: 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

Proposal 13: RAN2 adopt the alternative TP removing the formula as suggest below:

““For frequencies with a slice specific frequency priority for at least one slice in the slice list, the SliceBasedReselectionPriority is the slice priority frequency of the highest prioritized slice supported by the UE on the frequency calculated by the formula:  

SliceBasedReselectionPriority = SlicePriority * MaxReselectionPriorityValue + SliceReselectionPriority,

where SlicePriority is the priority of the highest prioritized slice for which the UE have received SliceSpecificFrequencyPriority on the frequency. MaxReselectionPriorityValue is a constant which is higher than the maximum reselection priority, and SliceReselectionPriority is the SliceSpecificReselectionPriority of the highest prioritized slice on the frequency.””  
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