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1 Introduction

For cell reselection, the agreement achieved in RAN2 #113bis meeting for RAN slicing are as follows: 
	1:           With regard the main solution for prioritisation for slice based cell reselection, the following topics to be the initial focus for discussion: Details of slice availability in terms of Slice grouping and frequency priority information for broadcast and RRC Release message,  usage of “intended slice” (FFS whether we use this term in specification), UE prioritisation of slice when there is more than one intended slice and how UE determines frequency priority for inter-frequency cell reselection based on these .

2:           Following topics are only considered after some progress on the main solution for prioritisation for slice based cell reselection: which SIB(s) to carry slice availability, whether an LS to SA3 is needed (if SST/SD is agreed for slice info), whether SIB segmentation/on-demand is required (if new SIB is defined).

3:           Other topics that have some support and could be discussed further depending on companies providing more details on the motivation and level of support: slice based reselection for MO, different RSRP/RSRQ thresholds for inter and intra-frequency slice based cell reselection, need for Validity area in RRC Release


In this paper, we will continue discuss on the issues and suitable solutions to slice based cell reselection.
2 Discussion
2.1 Discussion on intended slice

In last RAN2 #113bis meeting, an argument was appear that whether intended slice should be used in specification or not. Indeed, the content of intended slice has discussed in SI, (i.e. intended slice is based on the information AS receives from NAS for the particular use case), but the definition of intended slice is still unclear. So if the concept of intended slice is determined, the argument will be calm down too. 
The definition of intended slice could be, the slice that an UE will access in a short period of time. The prediction of intended slice could leave to UE implementation.

Proposal 1: The intended slice concept should be defined and can be used in specification.
There may exist more than one candidate intended slice that UE want to access, which also means UE may not reselect a cell that supports all candidate intended slices due to slice deployment. Therefore, slice priority has to be considered among candidate intended slices so that UE could reselect a suitable cell.

The slice priority info could be configured by NW, like as a part of URSP info. In this way, UE could determine the slice priority of candidate intended slices when initiate slice service according to URSP rules and forward the info from UE NAS to UE AS layer. However, in order to be flexible enough to satisfy various slice requirements, we think it still should be better to leave some room for UE implementation.
Proposal 2: When there are more than one candidate intended slice, the intended slice is left to UE implementation. 
As for the content of intended slice, for UE in idle-mode mobility, it is agreed that intended slice is allowed NSSAI, but for inactive UE, it is proposed that intended slice is S-NSSAI(s) associated with activated PDU Sessions with UE context suspended. It is certainly that slices related to suspend PDU session should be considered, but we wonder if the demand of new slice service like in idle UE will appear. 
Observation 1: For inactive UE, the candidate intended slices are not limited to the slices associated with suspended PDU sessions.  
2.2 Discussion on the content of slice info
The content of slice info should be clear so that other aspects like payload size and security can be quantitatively analyzed. Several factors should be noted when discussed the content of slice info:

Firstly, considering the slice info is used to make UE perceive the slices supported by network and take effect during cell reselection, it should include the slices supported by the serving cell and neighboring cells. Secondly, due to slice deployment may different on different frequencies especially in TA boundary scenario, the slice info should be provided per frequency. In this way, UE could prioritize the frequency cell who supports its intended slice. Thirdly, if one slice is supported by more than one frequency, the frequency priority should be specified, like eMBB slice is supported both in 2.6GHz and 4.9GHz, however for UE whose intended slice is only eMBB, it should reselect to 2.6GHz cell.
Thus, from our point of views, slice info should consist of supported slices or slice groups per frequency of serving cell and neighboring cells, and frequency priority per slice or per slice group.
Proposal 3: Slice info should consist of supported slices or slice groups per frequency of serving cell and neighboring cells, and frequency priority per slice or per slice group.
The payload size issue of slice info is concerned by most of companies. During past discussion, slice group was proposed to handle the issue. However, slice group is a fairly broad term, it aims to be flexible enough to adapt for various situation. For example, slice group could be determined according to specific slice service, or by slice service/type. 

In our opinion, how the slice group is determined depends on network implementation. For a UE, it only needs to understand what it received. As long as NW can inform UE of slice group info no matter by SIB or dedicated signaling, UE could understand the received slice info if it provided with slice group. 
Proposal 4: Slice group could be determined by NW implementation, and SST is also a kind of slice group. 
2.3 Discussion on broadcast slice info in SIB
Legacy SIB1 to SIB5 are used to carry cell selection and reselection info. The pros and cons of reusing legacy SIB to broadcast slice info are analyzed in the follow table as well as using new SIB: 
Table 1. The pros and cons of providing slice info in legacy SIB and new SIB
	SIB Type
	Pros
	Cons

	SIB1
	1. It is one of the most important SIB which is periodicity broadcast in cell, and all the UE in cell basically need to receive it.
2. Contains cellSelectionInfo of serving cell, which could be enhanced to carry slice info.
	1. Maximum size of SIB1 is 2976 bits, the payload size need to be carefully treated.
2. Not intended to carry info for cell reselection.  

	SIB2
	1. Provide cell re-selection information common for intra-frequency, inter-frequency and/or inter-RAT cell re-selection as well as intra-frequency cell re-selection information other than neighbouring cell related.
	1. The payload size need to be carefully treated.
2. Not include the cell reselection info per cell or per frequency.

	SIB3
	1. Contains neighbouring cell related information relevant only for intra-frequency cell re-selection
2. Provide intra-frequency cell reselection info on cell basis.  
	1. The payload size need to be carefully treated.
2. Not include info for inter-frequency cell re-selection.

	SIB4
	1. Contains information relevant for inter-frequency cell re-selection (i.e. information about other NR frequencies and inter-frequency neighbouring cells relevant for cell re-selection)
2. Provide inter-frequency cell reselection info per frequency and/or per cell.
	1. The payload size need to be carefully treated.
2. Not include info for intra-frequency cell re-selection.

	SIB5
	1. Contains information relevant only for inter-RAT cell re-selection i.e. information about E-UTRA frequencies and E-UTRAs neighbouring cells relevant for cell re-selection.
	1. The payload size need to be carefully treated.

2. Slice is supported since R15, there seems no slice info could be provided for cell re-selection from NR cell to E-UTRAs cell.

	New SIB
	1. Not bother the other legacy SIB, and is specialized to provide slice info used for cell re-selection.
2. Could be provided using UE on-demand way.
	1. The payload size need to be carefully treated.

2. Potential modification to SIB1, 1 bit at least is added to schedulingInfo.
3. Extra delay may be introduced.


As only cell re-selection is considered in Slice WID, based on the agreed slice deployment scenarios in SI and the analysis listed in the above table, we would prefer to reuse legacy SIB 3/4 to carry slice info.
Proposal 5: SIB 3/4 are reused to carry slice info.
For payload size issues, considering the number of slices supported by a cell and the number of its neighboring cells, severe signaling overhead will happen, especially when slice info provided per slice. It should be better to limit the size of supported slice info of current cell and neighbor cells and slice related cell reselection info added in system information.
Some candidate solutions to solve the payload size issues have been proposed in last RAN2 #113e meeting, like on-demand SIB and SIB segmentation. However, both on-demand SIB and SIB segmentation methods will increase the time for UE to perceive the necessary slice info, which will delay the process of cell reselection.
Proposal 6: SIB segmentation and on demand SI are not recommended.
For security issues, broadcast slice info may expose the slices supported by the network. However, this kind of slice info is used to help UE perform cell reselection, which means that network has to expose its supported slices to UE. It is quite different from security issues which has been considered in UE side, i.e. UE informs gNB of its NSSAI so that gNB can select an appropriate AMF to serve for the UE. In this case, the UE’s NSSAI is private info so that it needs to be carefully protected. For slice info supported by network, it should be known to UEs in the cell. Thus, we believe that there has no security issue to broadcast slice info in SIB. 
The cases have been proposed, where network doesn’t want to expose its supported slices. To support the scenario, security mechanism has to be applied. But it may complex to apply for broadcast message as idle/inactive UE needs to decrypt the data encrypted in the message, which may involve the negotiation with SA3. 

If the demand really exists, such privacy info should be delivered after the security mechanism is activated, e.g., the simplest way is to inform connected UE using RRC signaling.
Proposal 7: Provide slice info in SIB has no security issue.
2.4 The enhancement to RRCRelease message for slice
The RRCRelease message is used to carry dedicated cell reselection priority in R15. When meets slices, though there exists several limitations, it could still be used to carry slice related cell reselection info. 

In our opinion, the reason why RRCRelease should be supported is that it is beneficial for configuring UE-specific slice based cell reselection info. Compared to broadcast slice info in SIB, the UE-specific method could serve for specific UE and adjust the cell load level based on the RRM policy of gNB.
In last RAN2 #113e, it is agreed to include similar slice info as in SI message in RRCRelease message to assist cell reselection. But RRCRelease message is quite different from SIB. The latter is cell level, not protected by security mechanisms, and could carry limited size of info. However, the former is UE-specific, protected by security mechanisms, and the amount of data it could carry is not as limited as in system message, which also makes it more flexible than system message. Considering the above differences, we would prefer to include more detailed slice info in RRCRelease message.  For example, a UE could report its intended slices to network and receive the RRCRelease message which contains the UE-specific slice based cell reselection priorities per slice. With the help of the detailed slice info in RRCRelease message, a more suitable cell will be reselected by the UE. 
Proposal 8: Slice info in RRCRelease message could be more detailed info than in SIB, e.g., supported slices of serving cell and neighboring cells, and frequency priority per slice. 
As for cell reselection described in below figure, the slice deployment strategy of geographical location 2 is different from location 1. If an UE has received the dedicated signaling in geographical location 1, it will apply the priority info indicated in dedicated signaling until dedicated timer (e.g. T320) expired. Due to dedicated priority will always overwrites the priorities indicated in SIB. So even if gNB broadcast priorities info in geographical location2, UE may choose an inappropriate frequency cell before dedicated timer (e.g. T320) expired when moves from location 1 to location 2. 
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Observation 2: The slice related info provided in RRCRelease message may overwrite the info indicated in SIB.
From our point of views, the problem is that cell reselection priority in RRCRelease message remains valid before T320 expires which may confuse UE for cell reselection in location 2. The enhancement to RRCRelease message should be considered.  

A simple and straightforward method is to limit the valid area of slice related cell reselection info in RRCRelease message. In this way, UE will be allowed to use dedicated priority only in location 1. When the UE moves to the location 2, it will apply the dedicated priority configured for location 2 or the slice related info broadcast in SI for the cell reselection.
Proposal 9: The valid area associated with slice-based frequency priority is introduced in RRCRelease message to handle SIB overwritten issue.
3 Conclusion

In this contribution we discussed and analyzed the slice based cell reselection, and made the following observations and proposals:
Observation 1: For inactive UE, the candidate intended slices are not limited to the slices associated with suspended PDU sessions.  
Observation 2: The slice related info provided in RRCRelease message may overwrite the info indicated in SIB.
Proposal 1: The intended slice concept should be defined and can be used in specification.
Proposal 2: When there are more than one candidate intended slice, the intended slice is left to UE implementation. 
Proposal 3: Slice info should consist of supported slices or slice groups per frequency of serving cell and neighboring cells, and frequency priority per slice or per slice group.
Proposal 4: Slice group could be determined by NW implementation, and SST is also a kind of slice group. 
Proposal 5: SIB 3/4 are reused to carry slice info.
Proposal 6: SIB segmentation and on demand SI are not recommended.
Proposal 7: Provide slice info in SIB has no security issue.
Proposal 8: Slice info in RRCRelease message could be more detailed info than in SIB, e.g., supported slices of serving cell and neighboring cells, and frequency priority per slice. 
Proposal 9: The valid area associated with slice-based frequency priority is introduced in RRCRelease message to handle SIB overwritten issue.
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