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1. [bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#114-e meeting, some agreements on cell reselection for RAN slicing were achieved as below in [1]. 
	· 1: Frequency priority mapping for each slice (slice -> frequency(ies) -> absolute priority of each of the frequency) is provided to a UE.
Note: Signaling optimizations are not excluded.
Note: "slice may also mean "slice group"
· 1b: Frequency priority mapping for each of the slice (slice -> frequency(ies) -> absolute priority of each of the frequency) is part of the “slice info” agreed to be provided to the UE using both broadcast and dedicated signaling.
· 2: RAN2 kindly allow one more meeting cycle for understanding the necessity of Slice priority along with the following shortlisted solution directions for Idle mode mobility:
a)	Option 4): Slice priority first looping over slice-frequency combination
b)	Option 5): Maximize slice support
c)	Option 6): Frequency priority of highest priority slice with adjustment based on actually supported slice(s) in best ranked cell, without multiple iterations of cell reselection
d)	Option 7): Perform legacy cell reselection mechanism based on slice specific frequency priority
· 3: RAN2 consider a scenario in its work for slice specific cell (re)selection where it is possible that (Suitable) cells on the same frequency belonging to different TAs support different Slice(s).
· 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.
· 6: In addition to proposal 2, following aspects are FFS:
a)	Content of “Slice Info” – to what extent the information needs to be and should be provided to support the Principle in proposal 5
b)	If used, who provides the “Slice priority” (NAS/ AS, UE/ Network)
c)	Can RAN2 continue to use “intended” slice for initial registration and idle-mode mobility
d)	How UE in each of the solutions from proposal 2 uses slice info for cell reselection if both slice info and existing cell reselection priority is signaled (in the SIB and/ or dedicated signaling)


In this contribution, we continue to analyze the remaining issues related to the slice-based cell reselection and give our proposals.
2. Discussion
2.1. Slice info
In email discussion [2], there are 4 solutions on table. We will discuss the content of slice info in each solution one by one.
2.1.1 Solution 4
In solution 4, frequency priority mapping for each slice is provided in slice info. In step 5, if the highest ranked cell is suitable and supports the selected slice in step 2, the UE will camp on the cell and exit this sequence of operation. But there is one FFS on how the UE determines whether the highest ranked cell supports the selected slice. There are two approaches addressing this issue.
· Approach 1: the UE determines whether the highest ranked cell supports the selected slice after the UE obtains the broadcast message of the cell;
· Approach 2: the slice info of the serving cell includes the cell info for the corresponding slice.
In approach 1, the UE only knows whether the reselected cell supporting the selected slice after the UE reads the broadcast message of the reselected cell. Apparently, it is time consuming which is not friendly to power consumption either.
Observation 1: Cell info for the corresponding slice included in the slice info is beneficial to reduce the latency as well as power reduction in solution 4.
2.1.2 Solution 5
In this solution, the UE will consider the frequency priority in cell reselection based on the number of supported slices among UE’s intended slices (i.e. allowed S-NSSAIs). It can be seen that the slice supported on frequencies is beneficial to select the most suitable frequency in solution 5.
However, the UE has no acknowledge of the slice priority on the frequency. Then, there is one risk that the frequency with the maximum slice does not support the slice that the UE most desires. Therefore, it is proposed that the UE most desired slice is taken into consideration in solution 5. But considering the UE most desired slice can be derived by UE implementation, it is not necessary to be included in the slice info.
Observation 2: the slice supported on frequencies is beneficial to select the most suitable frequency in solution 5.
2.1.3 Solution 6
Solution 6 is similar to solution 4 except that the frequency priority may be resigned after checking the slice supported by the highest ranked cell. The cell info corresponding to the slice can be used to fast identify whether the highest ranked cell supports the selected slice.
Observation 3: Cell info for the corresponding slice included in the slice info is beneficial to identify whether the highest ranked cell supports the selected slice.
2.1.4 Solution 7
In this solution, the UE assigns the frequency priority equal to the highest frequency priority among the identified slices among the UE configured slice list. And only the frequency priority mapping for each of the slice is needed. 
According to the agreement in RAN2#114-e meeting [4], it was agreed that frequency priority mapping for each slice is part of the “slice info”.
	· 1: Frequency priority mapping for each slice (slice -> frequency(ies) -> absolute priority of each of the frequency) is provided to a UE.
Note: Signaling optimizations are not excluded.
Note: "slice may also mean "slice group"
· 1b: Frequency priority mapping for each of the slice (slice -> frequency(ies) -> absolute priority of each of the frequency) is part of the “slice info” agreed to be provided to the UE using both broadcast and dedicated signaling.


Observation 4: frequency priority mapping for each of the slice which is necessary in solution 7 has been agreed and no new info is needed.
2.1.5 Summary for slice info
In accordance to the analysis above, it can be seen that:
· For solution 5, the most UE desired slice info is not reflected, it may happen that UE camps on one cell which does not support the most available slice for the UE.

· For solution 6, the frequency priority may be assigned with the priority of the cell which does not support the selected slice.
· For solution 7, if the configured slices are taken into account to assignment of the frequency priority, the priority may not reflect the slice that the UE’s prefers. And the UE may also camps one cell which does not provide the most desired slice for the UE.
Therefore, we slightly prefer solution 4. If solution 4 is agreed, we propose that:
[bookmark: _Toc78982390]Proposal 1: Include the cell info corresponding to the slice is included slice info.
2.2. SIB carrying slice info for cell reselection
Since the UEs in RRC IDLE and INACTIVE state will be discussed with high priority, it is straightforward that the configurations for slice based inter/intra-frequency cell reselection are broadcasted in system information. Regarding how to notify UE by broadcast information, it is undecided which SIB is used to carry slice availability. And there are two alternatives:
Alternative 1: The slice/slice group priority info is broadcasted using the current SIB.
In this alternative, the specification impacts are small. But taking account of that the slice priorities per cell are all included in the SIB, the load of the SIB will be challenging. It is unfair to UEs which do not need the info but have to receive the whole message. Besides, this also brings higher radio resources consumption considering SIBs are sent periodically.
Alternative 2: the slice/slice group priority info is broadcasted using one new SIB, e.g., SIBx.
This alternative requires defining one new SIB. But it does not have impacts to the UE which does not need the info.
Comparing with alternative 1 and 2, we think it is not necessary to bring great signalling burden to the UEs which do not need slice-based cell reselection. Therefore, we propose that:
[bookmark: _Toc71538133][bookmark: _Toc78982391]Proposal 2: Define one new SIB to broadcast cell reselection information.
Whether on demand SI is used for this new SIB, it can be left to network implementation.
2.3. Slice group
Slice group definition is new concept. SA2 doesn’t have this definition and not use it in their specification. RAN2 would define the slice group for radio resource management and RAN using. Until now, the slice information broadcasting for cell reselection and slice specific RACH will introduce the slice group concept. How to inform UE the relationship between the slice group and slices should be considered. And how does UE use and store it should be designed.
In the current specification, the UE and network handle the NSSAI information is specified in 23.501, 23.502 and 24.501. At the very beginning, before the UE first access the network, the UE may only have configured NSSAI. The configured NSSAI(s) shall be stored in a non-volatile memory in the ME together with the SUPI from the USIM. Each configured NSSAI consists of S-NSSAIs stored together with a PLMN identity, if it is associated with a PLMN. The configured NSSAI(s) can only be used if the SUPI from the USIM matches the SUPI stored in the non-volatile memory of the ME; else the UE shall delete the configured NSSAI(s). So at this time point, the slice group should not be known by UE. If we don’t introduce the slice group for the pre-configured configured NSSAI in UE, the UE cannot perform slice aware RACH and cell selection at the first access.
Observation 5: the UE cannot perform slice aware RACH and cell selection at the first access.
After the first access finished, the UE may get the allowed NSSAI. The slice group mapping table can be sent to UE when the network informs the UE allowed NSSAI. In our current discussion, we would plan to consider the NSSAI in configured NSSAI other than allowed when UE perform the cell reselection. So the slice group mapping table for configured NSSAI should be sent to UE. 
[bookmark: _Toc78982392]Proposal 3: slice group mapping table for configured NSSAI should be sent to UE. 
When we define the slice group, we should clarify what is the slice group valid area. The configured NSSAI and allowed NSSAI are both valid in current PLMN or SNPN. So the slice group also may set the current PLMN/SNPN as valid area.
[bookmark: _Toc78982393]Proposal 4: slice group valid area is the current PLMN or SNPN
Then we need to study how to inform UE the slice group mapping table. In our current discussion, most companies would like send the slice group mapping table via NAS signaling. From technical point view the slice group mapping also can be sent via AS signalling appendix to the registration accept NAS message in RRC reconfiguration message.  These two solutions are not big different. If it goes via NAS, the SA2 specification will be impacted and we should send LS to them for this specifying. If transfer this information via AS, the specification can be handled within RAN2 group and without other group impaction. 
Another issue is whether the RAN node needs to know the slice group mapping table if the information goes via NAS. In current specification, the allowed NSSAI and configured NSSAI (note: new added in the new LS [6] from SA2) will be sent to RAN node for the slice based radio resource management. We should study whether the slice group table should be along with these NSSAIs to RAN node. 
[bookmark: _Toc78982394]Proposal 5: RAN2 should study whether RAN node needs to know slice group mapping table if NAS is used for the information transferring
While transferring this message via AS RRC, only interactions between UE and RAN are needed.  And also the RAN node knows the mapping table without any other changes. Hence, to simply the slice group solution, the information transfer to UE via RRC is more reasonable.
[bookmark: _Toc71538134][bookmark: _Toc78982395]Proposal 6: Both AS and NAS can be used for transferring the slice group mapping table to UE. But the AS is preferable 
2.4. Slice-based cell reselection when more than 2 slices in the intended slice
The UE can support at most 8 requested and allowed slice. Even though the slice based cell reselection priority defined, how the UE perform the cell reselection based on the slice based priority is still one issue. Which one slice UE will be used for cell reselection if more than one slices including intended slices? In the email discussion [5] the solution 4/6 will list the slice in priority order. So the priority of intended slice should be defined. The intended slices equal to allowed slice(S-NSSAI(s)) in idle-mode mobility, the Core Network may send the allowed S-NSSAI with the priority in order during registration procedure. Then the UE may select the highest priority slice to perform the slice based cell reselection.
[bookmark: _Toc78982396][bookmark: _Toc71538135]Proposal 7: The priority of the intended slice is needed according our solution in email discussion
[bookmark: _Toc78982397]Proposal 8: 5G-CN should set the allowed S-NSSAIs with priority in order for the UE prioritisation of slice when perform slice based cell reselection.
3. Conclusion
This contribution analyzed the issues related to slice based cell reselection. We conclude the following proposals:
Observation 1: Cell info for the corresponding slice included in the slice info is beneficial to reduce the latency as well as power reduction in solution 4.
Observation 2: the slice supported on frequencies is beneficial to select the most suitable frequency in solution 5.
Observation 3: Cell info for the corresponding slice included in the slice info is beneficial to identify whether the highest ranked cell supports the selected slice.
Observation 4: frequency priority mapping for each of the slice which is necessary in solution 7 has been agreed and no new info is needed.
Observation 5: the UE cannot perform slice aware RACH and cell selection at the first access.

Proposal 1: Include the cell info corresponding to the slice is included slice info.
Proposal 2: Define one new SIB to broadcast cell reselection information.
Proposal 3: slice group mapping table for configured NSSAI should be sent to UE.
Proposal 4: slice group valid area is the current PLMN or SNPN
Proposal 5: RAN2 should study whether RAN node needs to know slice group mapping table if NAS is used for the information transferring
Proposal 6: Both AS and NAS can be used for transferring the slice group mapping table to UE. But the AS is preferable
Proposal 7: The priority of the intended slice is needed according our solution in email discussion
Proposal 8: 5G-CN should set the allowed S-NSSAIs with priority in order for the UE prioritisation of slice when perform slice based cell reselection.
4. [bookmark: _GoBack]Reference
[1]. [bookmark: _Ref61279698][bookmark: _Ref51144359][bookmark: _Ref54104764]RAN2#113-e meeting report;
[2]. [bookmark: _Ref78980241][Post114-e][251][Slicing] (Lenovo)];
[3]. [bookmark: _Ref71534429]TR38.832, Study on enhancement of Radio Access Network (RAN) slicing;
[4]. [bookmark: _Ref78981753]RAN2#114-e meeting report;
[5]. [bookmark: _Ref78982323][Post114-e][251][Slicing] (Lenovo),
[6]. S2-2105158 LS on Cell reselection with band-specific network slices
