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1. Introduction
During the last RAN2 #114-e meeting [1] and email discussion [2], issues related to slice based cell reselection were discussed, e.g., slice related cell reselection info and UE behaviours.
In this contribution, the discussions are mainly about the remaining issues of slice based cell reselection.
2. Discussion
2.1 Status after RAN2#114-e
There were some agreements and FFSes based on RAN2#114-e minutes. According to [2], 4 options were discussed. Some other options were also provided, e.g., when slice specific priority is provided, option 4/7 is performed; if not, option 5 is performed. It is expected that a down selection of solutions is needed, and then RAN2 could make progress on the details.
2.2 Discussion on intended slice and slice grouping
According to TR 38.832 [3], the Intended Slice is defined as follows, 
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)
-	In case of MO traffic, the intended slice means the S-NSSAI associated with MO traffic based on indication from NAS to AS. For MO service, UE is aware of the intended slice.
-	In case of MT traffic, UE is unaware of the slice for the paged service in current NR specification.
For Intended Slice, firstly we think it has some relations with the slice information, and secondly, TR 38.832 has captured some technical analysis. Currently, the concern is mainly about the wording, e.g., whether it should be defined in RAN2 or other WGs. Our view is that the Intended Slice is agreeable from the RAN2 point of view, and then RAN2 can agree on the concept. Regarding the wording, we prefer to use Intended Slice in RAN2 and check with SA2 on the detailed definitions (e.g., via an LS).
Then, according to TR 38.832 [3], the Intended Slice may contain multiple slices. Considering that different slices may have different cell reselection priorities on different frequencies, the UE may be confused to choose which Intended Slice(s) to use for cell reselection. A straightforward solution is to introduce slice priority. UE performs cell reselection based on the highest priority Intended Slice. The slice priority can be configured via UE implementation or network.
For slice grouping, there are two candidates, i.e., SST-based slice grouping and new slice grouping. Further performance evaluations are given as follows.
1) SST-based slice grouping
As mentioned in TS 23.501 [4], the S-NSSAI is composed of an SST and an SD. UEs subscribed to the same SST but different SDs would be incapable of distinguishing slices if only the SST is provided in the system information. If the UE initiates a service only based on the SST, the service may be rejected by the network due to the unsupported SD, and this will cause additional access delay. 
Observation 1: For SST-based slice grouping, the UE cannot distinguish between slices with the same SST. 
2) New slice grouping
For the new slice grouping, one slice group ID can be associated with one or multiple S-NSSAIs. There is no forced association like SST among the S-NSSAIs within the same slice group. The exact grouping method depends on the network configuration and has a certain degree of flexibility. Furthermore, by providing the slice group ID instead of the S-NSSAI in the system information, not only the broadcast overhead but also the possible security concerns can be addressed and solved.
Observation 2: Slice grouping is a potential candidate solution to address and solve the issues of SIB overhead and security.
For detailed slice grouping design, a slice group consists of one or multiple slices, and each slice group is uniquely identified by a slice group ID. One slice group ID is associated with one or multiple S-NSSAIs. For a certain area, cells broadcasting the same slice group ID(s) support the same S-NSSAIs.
The mapping relationship between slice group ID and S-NSSAI(s) contains slice group ID values and the corresponding mapped S-NSSAI value(s). The mapping relationship can be provided by RAN or CN as introduced in [5]. It is assumed that the mapping relationship remains unchanged in a given area in order to reduce the necessity of changing RRC states frequently to acquire the mapping relationship. 
· For the CN based solution, the given area can be coincident with TA or RA because of the homogeneous slice deployment assumption, which makes the mapping relationship update procedure aligned with the mobility registration update procedure. 
· For the RAN based solution, there’s no such existing procedure to be utilized to piggyback the mapping relationship between slice group ID and S-NSSAI(s). RNA concept is not appropriate since it is defined that the anchor gNB can be unchanged within the RNA for the RRC_INACTIVE UE, which may not be aligned with the slice deployment. 
Proposal 1: It is proposed to agree NAS configuration for the mapping relationship between slice group ID and S-NSSAI(s). 
Proposal 2: It is proposed to send an LS to SA2 including the following content:
(1). for intended slices:
-	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)
-  In case of MO traffic, the intended slice means the S-NSSAI associated with MO traffic based on indication from NAS to AS.
(2). the mapping relationship between slice group ID and S-NSSAI(s).
(3). the slice priority:
For example, if option 4 is to be adopted in RAN2, slice priority may be required if multiple intended slices are provided. The slice priority can be configured via UE implementation or network.
2.3 Discussion on slice information 
2.3.1  Slice based cell reselection priority
According to TS 38.304 [6], for the measurement rules for cell reselection, the UE compares the broadcasted reselection priority of the current NR frequency with that of the NR inter-frequency. For slice based cell reselection, it is intuitive for the UE to compare the priority of the current NR frequency with that of the NR inter-frequency for a specific slice. There’re two options whether to introduce the slice-specific cell reselection priority for the serving frequency. 
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Figure 1. Serving frequency doesn’t differentiate slice-specific cell reselection priorities
· Option #1: The serving frequency doesn’t differentiate slice-specific cell reselection priorities. 
Following legacy SIB2, slices supported on the serving frequency have the same cell reselection priority, i.e., the absolute priority of the serving frequency. As shown in Figure 1, suppose UE’s camping cell is Cell #1, and the serving frequency is f1, on which slices S1, S2, and S3 are deployed. Cell #1 only broadcasts the cell reselection priority of the serving frequency f1 as P1, and therefore the UE may consider all the slices on f1 have the same priority, i.e., P1. One step further, assuming the Intended Slice is S2, the UE acquires the priorities of S2 on neighbour inter-frequencies (e.g., P2 on f2, P3 on f3) through Cell #1’s system information, e.g., SIB4/5. Then, the UE needs to compare P1, P2, and P3 to find the high priority frequencies. 
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Figure 2. Serving frequency differentiates slice-specific cell reselection priorities
· Option #2: The serving frequency differentiates slice-specific cell reselection priorities.
Different slices on the serving frequency will have different cell reselection priorities. As shown in Figure 2, slices S1, S2, and S3 have different priorities on the serving frequency f1, e.g., P1x, P1y, and P1z, respectively. Suppose the Intended Slice is S2, the UE needs to first determine the priority (e.g., P1y) of S2 on the serving frequency f1. And the UE acquires the priorities of S2 on neighbour inter-frequencies (e.g., f2, f3) as P2 and P3, respectively, through Cell #1’s system information, e.g., SIB4/5. The UE then needs to compare P1y, P2, and P3 in order to find the high priority frequencies.
Proposal 3: It is proposed to discuss whether to introduce the slice-specific cell reselection priority for the serving frequency.
2.3.2  Slice availability of neighbour cell/frequency
According to the RAN2 agreement that “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)”, slice availability for neighbour cell/frequency in SIB is agreed to be beneficial for UEs at the TA boundaries. Not to mention the possible non-homogeneous slice deployment of Rel-17 and beyond.
Table 1. Example of slice based cell reselection priority allocation
	Frequency (f1)/Slices
	S1
	S2
	S3

	Cell reselection priority
	P1
	N/A
	P3


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Furthermore, as indicated in TS 38.304 [6] that “In the case of system information, an NR frequency or inter-RAT frequency may be listed without providing a priority (i.e. the field cellReselectionPriority is absent for that frequency)”, i.e., for the current spec, the cell reselection priority may not be configured for certain frequencies. Similarly, cell reselection priorities may not be configured for certain slices on certain frequencies. As illustrated in Table 1, suppose three slices S1, S2, and S3 are deployed on frequency f1, while only S1 and S3 are assigned with the cell reselection priorities P1 and P3. The gNB will then not broadcast the priority of S2, and the UE will not know that f1 supports S2. If the Intended Slice is S2, the UE will not know that f1 is available for camping, which will result in extra access delays. Thus, providing the slice availability for neighbour cell/frequency is a supplement to the slice-specific cell reselection priority.
Proposal 4: It is proposed to provide the slice availability for neighbour cell/frequency in the system information.
As for the source of the supported slice info of neighbour cell/frequency, whether via the serving cell or the selected cell will have a different impact on the UE behaviour described in option 4.
· Alt #1: Via the serving cell
That is, the UE knows the slice availability of the neighbour cell or frequency before actual cell reselection. Then, the UE can avoid measuring the cell/frequency not supporting the Intended Slice in the first place. This can be achieved by regarding the priority of the cell/frequency not supporting the Intended Slice as the lowest.
Proposal 5: For slice based cell reselection, the UE shall consider the frequencies not supporting the Intended Slice to be the lowest priority frequencies (i.e., lower than the priority of any of the frequencies supporting the Intended Slice).
· Alt #2: Via the selected cell
This is equivalent to serving cell broadcasting the supported slice information. For cell reselection, similar to determining whether a selected cell is barred or reserved, the UE needs to check whether the selected cell supports the Intended Slice after the cell search procedure. Compared to Alt #1, more time would be needed for the UE to reselect the cell supporting the Intended Slice.
Observation 3: Serving cell broadcasting the supported Slice info of neighbour cell/frequency is beneficial to slice based cell reselection.
2.4 Discussion on the SA2 incoming LS on Cell reselection with band-specific network slices
The LS [7] was from SA2 and the action is to ask RAN2 whether providing the RAN with the Configured NSSAI for the UE can have any negative impact.
From RAN2’s perspective, it is basically an enhancement of redirection for legacy UEs. However, according to the agreed SA2 CR for TS 23.501 [8], the NG-RAN may be provided with the Target NSSAI and RFSP Index to redirect the UE to a cell/TA that supports the disallowed Requested S-NSSAI. 
< Section 5.3.4.3.y	“Redirection to dedicated frequency band(s) for an S-NSSAI” of TS 23.501>
If the Requested NSSAI contains S-NSSAI(s) that are not available in the UE's current TA, see clause 5.15.8, the AMF itself or by interacting with the NSSF as described in clause 5.15.5.2.1 may determine a Target NSSAI to be used by the NG-RAN, in addition to the information the AMF receives, such as the Allowed NSSAI and the RFSP for the Allowed NSSAI, to attempt to redirect the UE to a cell and TA in another frequency band and TA that supports the S-NSSAIs in the Target NSSAI
……
The AMF should retrieve an RFSP Index suitable for the Target NSSAI and includes the RFSP Index in the information sent to the NG-RAN.
In our understanding, there is no need to provide the Configured NSSAI to the NG-RAN, in addition to the already agreed Target NSSAI/associated RFSP. The reasons are as follows.
1. The Configured NSSAI is already considered by the CN when sending the Target NSSAI. 
2. The Configured NSSAI may complicate the NG-RAN’s implementation given that a set of redirection information is already supported (e.g., the allowed NSSAI, the RFSP, the target NSSAI/associated RFSP). 
3. Importantly, the Configured NSSAI can not accurately indicate the UE’s real intended slices. The NG-RAN may redirect the UE to those frequencies over which the UE has no intention to trigger those slices.
Observation 4: Providing RAN with the Configured NSSAI may complicate the RAN’s redirection implementation and lead to ambiguous redirection results. 
According to the preceding analysis, it is proposed,
Proposal 6: No need to provide RAN with the Configured NSSAI for the UE.
A draft reply LS is provided in Appendix.
2.5 Others
2.5.1  MO triggered slice based cell reselection
Considering the scenario where the UE is at TA boundaries, assuming that the UE needs to initiate a service whose associated S-NSSAI is not within the current Allowed NSSAI, the UE must first reselect a cell within another TA that supports the Intended Slice and initiate the registration update procedure to update the Requested NSSAI. Only when the new Requested NSSAI is allowed, the UE can initiate the relevant service. From this perspective, the cell reselection triggered by MO traffic is a common situation of slice based cell reselection.
Otherwise, the UE needs to initiate the registration update procedure in the current TA to update the Requested NSSAI. Since the current TA doesn’t support the UE’s Intended Slice, the new Requested S-NSSAI will be rejected by the network, or the UE would be redirected to another TA supporting the Intended Slice to initiate the registration update procedure again. This will cause extra access delays. Therefore,
Proposal 7: It is proposed to introduce MO triggered slice based cell reselection for Rel-17 Slicing.
2.5.2 	SIB segmentation/on-demand SI
The main concern for broadcasting slice-related info is broadcast overhead and the SIB size limitations. 
· SIB segmentation is used to solve the SIB size limitation but not broadcast overhead. The UE may have to obtain all relevant SIBs to acquire the slice info required for subsequent access, which will cause additional access delay. 
· On-demand SI is mainly designed to reduce broadcast overhead. Msg1/3 based on-demand SI is designed to obtain the slice info, which will cause additional access delay comparing with the always broadcasted SIBs.
Observation 5: SIB segmentation and on-demand SI can further solve the problem of SIB size limitation and broadcast overhead respectively, however with additional access delays.
3. Conclusion
In this contribution, we mainly discuss the remaining issues of slice based cell reselection. We get the following observations and proposals.
Observation 1: For SST-based slice grouping, the UE cannot distinguish between slices with the same SST. 
Observation 2: Slice grouping is a potential candidate solution to address and solve the issues of SIB overhead and security.
Observation 3: Serving cell broadcasting the supported Slice info of neighbour cell/frequency is beneficial to slice based cell reselection.
Observation 4: Providing RAN with the Configured NSSAI may complicate the RAN’s redirection implementation and lead to ambiguous redirection results. 
Observation 5: SIB segmentation and on-demand SI can further solve the problem of SIB size limitation and broadcast overhead respectively, however with additional access delays.

Proposal 1: It is proposed to agree NAS configuration for the mapping relationship between slice group ID and S-NSSAI(s). 
Proposal 2: It is proposed to send an LS to SA2 including the following content:
(1). for intended slices:
-	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)
-  In case of MO traffic, the intended slice means the S-NSSAI associated with MO traffic based on indication from NAS to AS.
(2). the mapping relationship between slice group ID and S-NSSAI(s).
(3). the slice priority:
For example, if option 4 is to be adopted in RAN2, slice priority may be required if multiple intended slices are provided. The slice priority can be configured via UE implementation or network.
Proposal 3: It is proposed to discuss whether to introduce the slice-specific cell reselection priority for the serving frequency.
Proposal 4: It is proposed to provide the slice availability for neighbour cell/frequency in the system information.
Proposal 5: For slice based cell reselection, the UE shall consider the frequencies not supporting the Intended Slice to be the lowest priority frequencies (i.e., lower than the priority of any of the frequencies supporting the Intended Slice).
Proposal 6: No need to provide RAN with the Configured NSSAI for the UE.
Proposal 7: It is proposed to introduce MO triggered slice based cell reselection for Rel-17 Slicing.
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Appendix: An example of reply LS

3GPP TSG-RAN WG2 Meeting #115-e	                                 R2-XXXXXX
Online, 16 - 27 August 2021  

Title:	[Draft] Reply LS on Cell reselection with band-specific network slices
Response to:	S2-2105158
Release:	Rel-17
Work Item:	NR_Slice-Core
Source:	Huawei [will be RAN2]
To:	SA2
Cc:	RAN3
Contact Person:	
	Name:	Jun Chen
	E-mail Address:	jun.chen@huawei.com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	None
1  Overall description
RAN2 thanks SA2 for the LS on Cell reselection with band-specific network slices.
Please provide feedback as to whether providing this information to the RAN and handling it as described above in the text in the box, can have any negative impact and any other feedback.
Answer: From RAN2’s perspective, it is unnecessary to provide RAN with the Configured NSSAI for the UE. Otherwise, it may complicate RAN’s redirection implementation and lead to ambiguous redirection results.
2  Actions
To SA2:
ACTION: 	RAN2 kindly asks SA2 and RAN3 to take the above information into account.
3  Date of Next TSG-RAN WG2 Meetings:
RAN2#116-e	1 Nov – 12 Nov 2021	Online e-meeting
RAN2#117	21 Feb – 25 Feb 2021	Athens, GR
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