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1. Introduction
During the last RAN2 #116bis-e meeting [1] , issues related to slice based cell reselection were discussed and the agreements are as below.
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.
No change to previous agreement that there can be different slice groups for RACH and reselection. Align with SA2 (if they tell us differently).
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.
This contribution is mainly about some critical open issues of slice based cell reselection according to the email discussion [2].
2. Discussion
2.1 Discussion on RRC open issues
After the RAN2 #116e meeting, an e-mail discussion was triggered [2] in order to summarize the remaining open issues needed to be addressed by RAN2. This section mainly focuses on the open issues captured in the RRC running CR [3], which are shown in the following parts. Moreover, our related views are shared in the table at the last of this section. 
2.1.1 Open Issue 1.1
This open issue is inherited from the email-discussion [4] based on the working assumption that the granularities of the slice groups for cell reselection are per TA. To make the UE be aware of the supported slice for neighbouring cells at TA boundary, there have been several potential solutions. 
Option A: The gNBs exchange the supported slices (S-NSSAI/NSSAI) through Xn interface, then serving gNB can map the slices supported by neighbour cells to slice groups based on the slice group mapping relationship in current TA and broadcast it to the UEs.
Option B: 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.
Option C: Add the association of slice group IDs and their valid TACs in the slice-specific cell reselection info for inter-TA cell reselection. The UE can determine whether to camp on the highest ranked cell based on the TAC received in its SIB1.
Option D：The UE obtains the slice group definition of the adjacent TAs via RA registration procedure.
In our view, we do not think all options are mutual exclusive and in fact each of them focuses on different aspects of slice grouping mechanism. Therefore, the reasonable combination of these solutions from an end-to-end perspective may be feasible.
[bookmark: _Hlk95680284]As we discussed in [5] before, the same slice group ID may have different mapping relationships at TA boundary. So if the slice group ID is duplicate in the received NAS message, the UE may be confused that which is the real one to use. It is necessary to provide the UE with the mapping relationships of slice groups and their valid TACs in the current and adjacent TAs by the CN, which can make the UE be aware of the surrounding deployment. This method needs the favour of SA2 and we see some similar contributions for the coming SA2 meeting. 
From our understanding, if the gNB doesn’t provide the PCI List, it means that all neighbour cells belonging to a specific frequency are able to support the associated slice/slice group in the slice specific cell reselection information. So the presence of the optional PCI List will help the UE to exclude some non-supported cells corresponding to the selected slice when evaluating the highest ranked cell.
Proposal 1: The following information are needed for the UE to be aware of the supported slice for neighbour cells at TA boundary:
· NAS Information: the mapping relationships of slice groups and their valid TACs in the current and adjacent TAs by the CN;
· AS Information: the optional PCI List for supporting certain slice/slice group. If the PCI list is absent for a certain slice on a certain frequency, it means that all neighbour cells belonging to the frequency are able to support the associated slice/slice groups in the slice specific cell reselection information.
Actually, we have some concerns on option A. Firstly, considering the practical deployment of the RAN, the Xn interface may not exist between one certain pair of gNBs and another complementary approach should be figured out. Secondly, some other issues proposed in [6] like ping-pong cell reselection and the partial mapping of the slices supported by the neighbour cell in the current TA are also needed to take into account.
Observation 1: The option based on the Xn interface may inevitably bring further discussions which are difficult for RAN2 to handle with.
[bookmark: _Hlk95682962]Based on the above analysis, it is beneficial for the RAN to provide the association of slice group IDs with their valid TACs in the slice specific cell reselection information in order to assist the UE for better understanding especially in case of multiple copies of slice group IDs with different mapping relationships. However, this solution may cause extra signaling overhead which may be resolved via network implementation. Hence, another way to address the misunderstanding is to ensure that the slice group IDs are different among the adjacent TAs, which should be operated by the OAM and checked with SA5 for its feasibility. Each solution has its pros and cons so that RAN2 should discuss on them and find out which one could be adopted.
Proposal 2: RAN2 should decide on the solution from the following two solutions:
· Explicit Solution: The gNB provides the association of slice group IDs with their valid TACs in the slice specific cell reselection information.
· Implicit Solution: The OAM ensures that the slice group IDs are different among the adjacent TAs.
2.1.2 Open Issue 1.9
According to the related description in [7], it is obvious that in the case of networking sharing the definition of slices is still within a PLMN or a SNPN. As a result, if the RAN node can be configured to support various PLMN- or SNPN-specific set of slices, then the above PLMNS or SNPNs which have agreed to share some resources of this RAN node can intuitively support slice based cell reselection within its own definition, and so do slice based RACH. In the view of the UE, there is no difference between the shared RAN and the independent RAN because the UE will access to its HPLMN directly via the shared RAN although the HPLMN is sharing the RAN with other PLMNs.
5.18.5	Network Sharing and Network Slicing
As defined in clause 5.15.1, a Network Slice is defined within a PLMN or SNPN. Network sharing is performed among different PLMNs and/or SNPNs. In the case of network sharing, each PLMN or SNPN sharing the NG-RAN defines and supports its PLMN- or SNPN- specific set of slices that are supported by the common NG-RAN.
Proposal 3: RAN Sharing is intuitively supported both for slice based cell reselection and slice based RACH via the network implementation.

Based on the above analysis, Table 1 shows our views on the relating OIs.
Table 1: our views on RRC OI list
	Issue
	Relevant section in TS 38.331
	Suggested handling
	Our views

	OI 1.1: 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.
	Chairman notes
	Company tdocs with additional details are invited.

	Refer to Observation 1, Proposal 1 and Proposal 2 in section 2.1.1.

	OI 1.3: Whether to introduce a T320-like timer for slice-based cell reselection priorities in dedicated signalling, and if needed, there are two options:
Option 1: introduce a new T320-like timer which is independent from the current T320 timer.
Option 2: re-use the current T320 timer.
	5.3.8.3
	Company input into Pre117-e-offline
	If the meaning of “existing dedicated priority configuration” covers the IE freqPriorityListUTRA, we prefer Option 2.

	OI 1.4: FFS in which SIB to broadcast slice info for the purpose of inter-frequency reselection, SIB4 or new SIB. 
	6.3.1
	Immature stage 3 details can be left for later phase.
	As we analysed in [8] for Proposal 6, we suggest to include it in legacy SIBs. 

	Q 1.6: FFS what’s the maximum number for slice group
	
	Immature ASN.1 details can be left for later phase.
	

	OI 1.9: FSS RAN sharing for slice-based cell re-selection and slice-based RACH
	
	Company tdocs with additional details are invited.
	Refer to Proposal 3 in section 2.1.2.



2.2 Discussion on 38.304 open issues
In this part, we mainly discuss about some key open issues captured in the 38.304 running CR [9].
2.2.1 Open Issue 3.1 & 3.2
As to the working assumption of Option A without formula, we recognize it could be a trade-off approach and help to reach consensus. The alternative method suggested in [10] is able to fulfil the intention of step 7 and step 8 in Option 4 without iterations by generating a candidate frequency set based on the slice list. The principle could be summed up for three steps:
[bookmark: _Hlk95688731]Step 1: Firstly, consider the slice priority, i.e. preferentially add the frequencies supporting the slice with a higher slice priority to the frequency set. 
Step 2: Secondly, consider the cell reselection priority of frequencies which can support the specific slice, i.e. preferentially add the frequency with a higher cell reselection priority.
Step 3: At last, add the legacy frequencies to the end of the candidate frequency set and the permutation order is similar with Step 2.
Proposal 4: It is proposed that the candidate frequency set should be generated according to the above principle.
In the generated frequency set, the same frequency is possible to present more than once. The example illustrated is as below. Suppose the intended slices are Slice 1 and Slice 2. Slice 1 has higher priority than that of Slice 2 and the candidate frequency set is generated following the principle described in Proposal 4.  
[image: C:\Users\z00575865\Desktop\绘图2.png]
Figure 1. An example of the generated frequency set
As shown in Figure 1, F2 supporting both Slice 1 and Slice 2 occurs twice separately in the red and green box. Each box is associated with its own PCI List and cell reselection priority included in the slice specific cell reselection information, i.e. F2 PCI List 1 (Priority 5, consisting of Cell 1 and Cell 2 in TA 1) and F2 PCI List 2 (Priority 6, consisting of Cell 3 and Cell 4 in TA 2). Noted that PCIs from these two lists vary at TA boundary. It should be allowed that the frequency(ies) supporting multiple slices should be kept (more than once) in the generated candidate frequency set.
From our understanding, the candidate frequency set is used for RRM measurement and the best cell evaluation. Assuming that the serving frequency is F4. Then the UE needs to measure F2, F3, F1 supporting Slice 1 unconditionally and optionally measure the remaining frequencies on basis of the signal quality referring to [9]. If F2 supporting Slice 2 also needs to be measured, there exists two value for the cell reselection priority of F2. This collision could be resolved by UE implementation based on some rules. For instance, while the duplicated frequency is the serving frequency, its cell reselection priority refers to the lowest value. Similarly, if it is the neighbour frequency, its cell reselection priority refers to the highest value. As a result, the cell reselection priority of F2 is Priority 6. 
However, when it comes to the evaluation of the highest ranked cell, all the PCI Lists associated with F2, i.e. F2 PCI List 1 and F2 PCI List 2 both need to be considered in case the missing measurement of some potential cells. As we stated in section 2.1.1, the UE could regard the rank of the non-supported cell (e.g. cell 5 covered by F2) as the lowest during the evaluation. Thus, if the highest ranked cell can support the intended slices, the UE will camp on this cell and the procedure of slice based cell reselection is over. Otherwise, it means that the highest ranked cell belongs to the frequencies without any sliceinfo and the UE should camp on it.
Proposal 5: It should be allowed that the frequency(ies) supporting multiple slices should be kept (more than once) in the generated candidate frequency set, and the frequency(ies) shall be measured according to one certain value of cell reselection priority, but all the PCI Lists associated with this frequency need to be considered when evaluating the highest ranked cell.
Proposal 6: If the highest ranked cell on the target frequency cannot support the selected slices, it means this target frequency belongs to t the frequencies without any sliceinfo, and the UE should camp on this cell.

2.2.2 Open Issue 3.10
RAN2 has agreed to introduce the slice grouping mechanism for the concerns of security and the signalling overhead. Latest several RAN2 meetings have drawn a large attention on the details of slice groups, like the definition of slice groups, the granularity of mapping relationships and so on. In the long run, providing the slice group specific cell reselection information is better suitable for specification. 
Proposal 7: The slice specific cell reselection information provided by the network in SIB or RRCRelease message is slice group specific.

Based on the above analysis, Table 2 shows our views on the relating OIs.
Table 2: our views on 38.304 OI list
	Issue
	Source or Relevant section in TS 38.304
	Suggested handling
	Our views

	OI 3.1: Option A without formula: Solution 4, all NAS-prioritised slices with frequency priorities as well as legacy frequency priorities are considered, without iteration, without formula
	Chairman notes
	Top priority
Suggest to have both offline and online discussion. Company tdocs with additional details are invited. 
	Refer to Proposal 4 and Proposal 5 in section 2.2.1.

	OI 3.2: In case prioritised slice is not supported in the highest ranked cell on the target frequency, what’s the UE behaviour, e.g., uses legacy frequency priority or recalculate frequency priority?
	Email discussion [Post116-e][242][Slicing]
	Suggest to have both offline and online discussion. Company tdocs with additional details are invited.

	Refer to Proposal 6 in section 2.2.1.

	OI 3.3: Whether additional exit condition needed for fallback to legacy cell reselection.
	Email discussion [Post116-e][242][Slicing]
	Proposed in comments of [242] email discussion and can be discussed based on company contributions.
	The fallback will not happen based on Option A without formula unless a timer of the cell reselection is expired so that the UE need to skip the measurement or evaluation of the remaining slice specific frequencies and perform on the legacy frequencies.

	OI 3.4: After the UE fallbacks to legacy cell reselection, the next trigger of slice-based cell reselection.
	Email discussion [Post116-e][242][Slicing]
	Proposed in comments of [242] email discussion and can be discussed based on company contributions.
	As we analysed in [8] for Proposal 8 and OI 3.3, when the RRC status of the UE returns to Idle or Inactive, the UE is going to start slice based cell reselection again.

	OI 3.5: If the UE is configured with slice based dedicated priority, but the UE cannot find a suitable cell, whether and how to fallback to legacy cell reselection.
	Email discussion [Post116-e][242][Slicing]
	Proposed in comments of [242] email discussion and can be discussed based on company contributions.
	Similar to OI 3.3, unless a timer of the cell reselection configured for dedicated signaling is expired.

	OI 3.6: Whether the inter-RAT frequency should be considered in slice-based cell reselection.
	Email discussion [Post116-e][242][Slicing]
	Proposed in comments of [242] email discussion and can be discussed based on company contributions.
	

	OI 3.7: The definition of slice group is FFS.
A group which is associated with one or multiple slices. And a slice is associated to none or one slice group. FFS associated to multiple slice groups.
	3.1
	
If no agreement achieved in SA2, RAN2 can make decision then informs SA2. 
	

	OI 3.8: Slice specific cell reselection parameters.
	5.2.4.7.0
	CR rapporteurs to update aligned with RRC spec.
	

	OI 3.9: Whether to confirm the granularities of the slice groups for cell reselection are per TA. 
Whether AS is aware of the TA or TAs where a specific slice group is used.
	Chairman notes
	If no agreement achieved in SA2, RAN2 can make decision then informs SA2. 
	

	OI 3.10: whether the slice specific cell reselection information provided by the network in SIB or RRCRelease message is slice or slice group specific.
	May impact 38.304 and 38.300
	Company tdocs are invited.
	Refer to Proposal 7 in section 2.2.2.


3. Conclusion
In this contribution, we mainly discuss the remaining issues of slice based cell reselection. We have the following observations and proposals:
Observation 1: The option based on the Xn interface may inevitably bring further discussions which are difficult for RAN2 to handle with.

Proposal 1: The following information are needed for the UE to be aware of the supported slice for neighbour cells at TA boundary:
· NAS Information: the mapping relationships of slice groups and their valid TACs in the current and adjacent TAs by the CN;
· AS Information: the optional PCI List for supporting certain slice/slice group. If the PCI list is absent for a certain slice on a certain frequency, it means that all neighbour cells belonging to the frequency are able to support the associated slice/slice groups in the slice specific cell reselection information.
Proposal 2: RAN2 should decide on the solution from the following two solutions:
· Explicit Solution: The gNB provides the association of slice group IDs with their valid TACs in the slice specific cell reselection information.
· Implicit Solution: The OAM ensures that the slice group IDs are different among the adjacent TAs.
Proposal 3: RAN Sharing is intuitively supported both for slice based cell reselection and slice based RACH via the network implementation.
Proposal 4: It is proposed that the candidate frequency set should be generated according to the above principle.
Proposal 5: It should be allowed that the frequency(ies) supporting multiple slices should be kept (more than once) in the generated candidate frequency set, and the frequency(ies) shall be measured according to one certain value of cell reselection priority, but all the PCI Lists associated with this frequency need to be considered when evaluating the highest ranked cell.
Proposal 6: If the highest ranked cell on the target frequency cannot support the selected slices, it means this target frequency belongs to t the frequencies without any sliceinfo, and the UE should camp on this cell.
Proposal 7: The slice specific cell reselection information provided by the network in SIB or RRCRelease message is slice group specific.
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