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1	Introduction
This paper discusses on the reply for SA2 LS and analysis on the candidate solutions for the Release 17 study item “Study on enhancement of RAN Slicing”. 
2	Background
A Release 17 study item “Study on enhancement of RAN Slicing” was approved in RAN#86. The followings are the objectives of this study item:
	The study item aims to investigate enhancement on RAN support of network slicing. Detailed objectives of the study item are:
1. Study mechanisms to enable UE fast access to the cell supporting the intended slice, including [RAN2]
a. Slice based cell reselection under network control
b. Slice based RACH configuration or access barring
 Note: whether the existing mechanism can meet this scenario or requirement can be studied.

2. Study necessity and mechanisms to support service continuity, including [RAN3]
a. For intra-RAT handover service interruption, e.g. target gNB doesn’t support the UE’s ongoing slice, study slice re-mapping, fallback, and data forwarding procedures. Coordination with SA2 is needed. 

Note: This study item should take SA2 output on slicing enhancement into consideration if RAN impacts are identified.
Note: The use of RAN slicing in given cells shall not prevent from accessibility for Rel-15 and Rel-16 UEs.



3	Discussion
3.1	Discussion on SA2 LS on allowed S-NSSAI availability
A LS S2-2006526 [1] was sent to RAN2#112-e meeting in Nov 2020 to ask for RAN2’s views on Cell Configuration within TA/RA to Support Allowed NSSAI.
	SA2 LS：
SA2’s assumption is that all S-NSSAIs in the Allowed NSSAI are supported within the TA and also in all TAs of the RA (the RA is constructed based on the TAs that support the Allowed NSSAI determined for the current TA). SA2 would like to consult with CT1, RAN2 and RAN3 colleagues with the following:
1) In Rel-15 and 16, is it expected that each cell in the tracking area supports the same S-NSSAI(s)? (or, said otherwise, do all cells advertising the same TAC support the same set of S-NSSAIs?). 


In TS 38.300 [2], it specifies that the slice availability does not change within the UE’ RA. It doesn’t restrict all the cells within TA/RA should supports the same S-NSSAI(s). 
	TS 38.300：
Slice Availability
-	Some slices may be available only in part of the network. The NG-RAN supported S-NSSAI(s) is configured by OAM. Awareness in the NG-RAN of the slices supported in the cells of its neighbours may be beneficial for inter-frequency mobility in connected mode. It is assumed that the slice availability does not change within the UE's registration area.
-	The NG-RAN and the 5GC are responsible to handle a service request for a slice that may or may not be available in a given area. Admission or rejection of access to a slice may depend by factors such as support for the slice, availability of resources, support of the requested service by NG-RAN.




Figure 1. Cell 5 and Cell 6 belong to the same RA and TA
As shown in the above figure 1, cell 5 and cell 6 are covering the same location 3 but supporting different slices. Both slice 1 and slice 2 are available within location 3, by means like HO, re-direction or DC/CA. In our understanding, the slice availability within the same RA mentioned in TS 38.300 can be achieved by HO, re-direction or DC/CA.
SA2 didn’t reach any consensus on whether such kind of TA and slicing planning is supported or not in Rel-15 and 16. In last meeting, RAN3 has already replied with Yes. 
From RAN2 spec perspective, we don’t see there is any limitation to prevent the cells on different frequencies belonging to the same RA and TA to support different slices. 
Proposal 1: Reply to SA2 that, RAN2 specification has no limitation to prevent the cells on different frequencies belonging to the same RA and TA to support different S-NSSAI(s). And there is no such limitation for Rel-17, either.
3.2	Slice based inter-frequency cell (re)selection
There were four issues identified for slice-based cell reselection in RAN2#112-e, and four potential solutions were provided. During the email discussion [Post112-e][253][Slicing] which is captured in R2-2101802, benefits and complexity of each solution have been discussed. In this contribution, we further summarize the majority views based on the contributions and email discussion and try to progress the SI.
3.2.1	Analysis on the potential solutions
For solution 1, majority companies thought this solution cannot solve issue 1,2,3 and 4. Solution 1 is captured in TR only as a reference (e.g. show the intention why enhancement is needed in Rel-17 RAN slicing SI). For initial access, and subsequent access where its Intended Slice has changed, the UE may still select the wrong cell. In this way, the legacy dedicated priority is only a passive solution to guide UE to the correct cell.
For solution 2, HO, CA, DC and redirection are the legacy mechanisms to make UE accessible to the intended slices on the non-serving cell. But they are only for connected mode UEs. For idle/inactive UEs, this solution requires UE to enter connected mode first, which can increase the control plane signalling overhead and access latency. For DC/CA solution, the related UE capability is also required.
Since both solution 1 and solution 2 are legacy solutions, there are no impacts on RAN2 specifications.
For solution 3 and solution 4, the broadcasting slice info in SIB for serving cell and neighboring cell enable the UE to (re)select to the cell supported the intended slices, which address all the issues 1~4. But, using RRCRelease message is not preferred, since it causes the same problem as issue 2 for solution 3, and the same problem as issue 2&3 for solution 4.
During the email discussion, there were also some concerns on payload size and security raised for providing supported slices info in SIB. Here are our understanding:
 •	Payload size: It can be resolved by several ways, e.g. providing only SST, or on-demand SIB, or SIB segmentation, or slice grouping, or slice associated UAC information;
•	Security: we don’t see any security issue to broadcast supported slice info in SIB. Since for NPN, the NPN ID is also broadcasted in the SI, we don’t see there is much different for them. 
Based on the above analysis, we prefer the broadcast way for solution 3 and solution 4 for slice-based cell (re)selection, and recommend the solutions for normative work in Rel-17 WID.
Proposal 2: Broadcasting slice related cell (re)selection info for solution 3 and solution 4 are recommended for normative work.
Proposal 3: Capture the attached TP into TR 38.832.
4	Conclusion
Here are the proposals for RAN slicing enhancement.
Proposal 1: Reply to SA2 that, RAN2 specification has no limitation to prevent the cells on different frequencies belonging to the same RA and TA to support different S-NSSAI(s). And there is no such limitation for Rel-17, either.
Proposal 2: Broadcasting slice related cell (re)selection info for solution 3 and solution 4 are recommended for normative work.
Proposal 3: Capture the attached TP into TR 38.832.
TP for TR 38.832
[bookmark: _Toc49857373][bookmark: _Toc59181776]5.1	Slice based cell reselection under network control
[bookmark: _Toc248178753][bookmark: _Toc527969759][bookmark: _Toc7688][bookmark: _Toc49857374][bookmark: _Toc59181777][bookmark: _Hlk46760209]5.1.1	Scenario and issue description
/*partially omitted*/
The following issues will be studied:
Issue 1: The UE is unaware of the slices supported on different cells or frequencies, which prevents UE from (re)select to the cell or frequency supporting the intended slice.
Issue 2: Dedicated priorities would not be available to the UE prior to first RRC connection establishment and only remain valid before T320 expires upon entering IDLE mode. In addition, dedicated priorities are discarded each time when UE entering CONNECTED mode and need to be configured again before UE leaving CONNECTED mode. 
Issue 3: Operator may require different frequency priority configurations for the specific slice in different areas, however the dedicated priority always overwrites the broadcast priorities if configured. 
Issue 4: If the serving cell is unable to support the requested slices, the serving cell may need to perform handover to a cell supporting the requested slices or release the RRC connection. That may increase control plane signalling overhead as well as long control plane latency for the UE to access the network.
[bookmark: _Toc49857375][bookmark: _Toc59181778]5.1.2	Solutions 
Editor Note: Capture the solutions for the scenario and issue.
The following solution approaches will be studied:
Solution 1: Legacy dedicated priority via RRCRelease message.
Solution 1 cannot solve issue 1,2,3 and 4. Solution 1 is the legacy solution and taken as a reference to show the intention for enhancement for RAN slicing. Furthermore, for initial access, and subsequent access where its Intended Slice has changed, the UE may still select the wrong cell. In this way, the legacy dedicated priority is only a passive solution to guide UE to the correct cell.
There is no complexity to support solution 1.
Solution 2: Rel-15 mechanisms such as HO, CA, DC and redirection can be used to access the intended slice in different cell.
[bookmark: _Hlk61291305]Solution 2 is the legacy solution. The solution solves the issues for the scenarios where different slices are supported in different frequency layer within a TA. 
With solution 2, the UE is still unaware of the slices supported in different cell or frequencies and the HO, CA, DC and redirection can be used to compensate for such loss with increased signalling overhead and latency. HO, CA, DC and redirection are applicable only for connected mode UE. With CA/DC, UE may be able to access the intended slice. But handover/redirection to another frequency without CA/DC may not be a viable solution if one of the intended slices is not available on the target frequency.
There is no complexity to support solution 2.
Solution 3: Slice related cell selection info, the slice info of serving cell and neighboring cells is provided in the system information or RRCRelease message. 
Editor’s note: FFS what information is broadcast for solution 3.
[bookmark: _Hlk61291399]Broadcasting slice info for serving cell and neighbour cell can address issue 1/2/4. The solution enables the UE to select to the cell supporting the intended slices. It is preferable to broadcast slice related cell selection info in SIB instead of using RRCRelease. Using RRCRelease message is not preferred, since it causes the same problem as issue 2 and RRCRelease message is unavailable for initial access.
There is concern on SIB payload size for broadcasting slice related cell selection info. The concerns can be addressed by e.g., providing only SST, on-demand SIB, SIB segmentation, slice grouping, or slice associated UAC information).
Solution 4: Slice related cell reselection info (e.g. Cell reselection priority per slice), the slice info of neighboring cells is provided in the system information or RRCRelease message. 
Editor’s note: FFS what information is broadcast for solution 4.
Broadcasting slice related cell reselection info in SIB can address all the issue 1/2/3/4. The solution enables the UE to reselect to the cell supporting the intended slices. Using RRCRelease message is not preferred, since it causes the similar problem as issue 2&3.
There is concern on SIB payload size for broadcasting slice related cell selection info. The concerns can be addressed by e.g., providing only SST, on-demand SIB, SIB segmentation, slice grouping, or slice associated UAC information).
5.1.3	Conclusion 
In order to meet the requirement of fast access to the intended slice and address the issue 1~4, the broadcasting slice related cell (re)selection info for solution 3 and solution 4 are recommended for normative work.
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