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1	Introduction
This paper discusses on the SA2 LS and 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 following are the objectives of this work 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, 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.
Therefore, for the question 1) in the LS, our answer is “no”, i.e. in Rel-15 and 16, it is not expected that each cell in the tracking area supports the same S-NSSAI(s).
Proposal 1: The answer to SA2 LS S2-2006526 is “no”, i.e. in Rel-15 and 16, it is not expected that each cell in the tracking area supports the same S-NSSAI(s).
	SA2 LS：
If the answer is "no":
2a) Can RAN WGs and CT1 explain if it can happen that a UE, e.g. due to local radio conditions, can only use a cell in the TA where not all S-NSSAIs are present in the Allowed NSSAI it received (and that the TA supports), and can RAN WGs and CT1 explain how it is handled today in rel-15/16?
2b) If an S-NSSAI can be rejected depending on which cell the UE camps on even though it is supported in the TA, for the reason that it is not supported in the cell, is there in rel-15/16 a CT1 error code to handle this case (i.e. can a S-NSSAI be rejected, with a suitable cause code, depending on which cell of the TA the UE camps on, even though this S-NSSAI is known to be supported in the TA, for the reason that this S-NSSAI is actually not supported in the cell of the TA)? Is there any provisions in the RAN or CT1 specifications to handle this case?


For question 2a) and 2b) in the LS, we think operators should guarantee all the allowed S-NSSAI(s) are available for the UE within the RA. The scenario SA2 mentioned in the LS is similar as Figure 1 Location 3: 
· F2 provides coverage for slice 2, F1 provides coverage for slice 1. 
· Cell 5 and cell 6 are belonging to the same RA/TA for the UE in location 3. 
· The UE in location 3 is configured with allowed S-NSSAI list = slice 1 + slice 2 
If the radio condition for both frequencies are good and gNB has the knowledge of the slices supported on each frequency, gNB will perform HO or re-direction or DC/CA to let UE connect to the intended slice on the other frequency. 
As described in LS, due to bad radio condition, there is the case that only F1 is available to the UE but F2 is not. The gNB is aware of the radio condition change if no measurement report for F2 is available for this UE. Then the gNB will not trigger HO or re-direction or DC/CA for the UE, until the radio condition for F2 turns better. Even if the gNB triggers a blind re-direction to F2, UE will not be able to access F2 and reselect back to F1.
Therefore, for the scenario in Location 3, in case the frequency supporting one of the allowed slices is suddenly unavailable to the UE due to bad radio condition, the UE will not be able to access that slice. And there is no compatible issue for this case in Rel-15/16.
Proposal 2: For the scenario in Location 3, in case the frequency supporting one of the allowed slices is suddenly unavailable to the UE due to bad radio condition, the UE will not be able to access that slice. And there is no compatible issue for this case in Rel-15/16.
3.2	Slice based inter-frequency cell reselection
3.2.1	Scenario and issues
Slicing is one of the most important 5G technology to explore vertical market. Operators can allocate dedicated slices to various vertical customers, e.g. industrial factory control, online video, online game, VR/AR. In last meeting, the following general description for the scenario is agreed in last meeting:
•	Multiple and different slices can be supported on different frequencies
•	Multiple and different slices can be supported on the same frequency in different regions.  
And during the email discussion, 2 more figured were proposed to be added for the scenario, i.e. location 3 & 4.


Figure 2. Typical scenario for slices deployment
During the email discussion [Post111-e][916][Slicing], several issues are identified, in this contribution, we mainly focus on issue 2/3:
	-	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. 


In order to address the above issues, solution 3 need to be studied:
	-	Solution 3: 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. FFS: what information is broadcast.


3.2.2	Network policy requirement for frequency priority
Frequency priority is widely used by operators for managing UE distribution. So, in the scenario shown in figure 2, frequency priority is the most straight forward way to achieve perfect UE distribution and offloading purpose.
For UE that only supporting slice1 (eMBB), or supporting multiple slices but taking slice1 as primary slice, the network policy is as follows:
Location 1: The frequency priority for slice1 UEs is F1>F2
Location 2: The frequency priority for slice1 UEs is F2>F1. 
The reason is that in location 1, F2 is primarily to provide Slice2 (URLLC) service and serving slice2 UEs. So the slice1 UEs need to prior to camp on F1. And in area 2, both F2 and F1 only serve slice1 service, and F2 with wider bandwidth is deployed as slice1 hotspot, which means slice1 UEs should prior to camp on F2.
For UE that only supporting slice2, or supporting multiple slices but taking slice2 as primary slice, the network policy is as follows:
Location 1: The frequency priority for slice2 UEs is F2>F1
Location 2: N/A, since slice2 is not supported. 
As shown in Figure 1, slice2 UE should take F2 as higher priority in location 1. If UE moves to location 2, slice2 service is not supported, this is because in the Figure 1 slice2 service is provided inside the factory or hospital.
Therefore, for UEs supporting different slices, it should be supported that the frequency priorities can be configured differently.
Proposal 3: The frequency priorities for different slices can be different.
3.2.3	Candidate Solutions
In order to address the network policy requirement listed above, here we share a comparation for some candidate solutions.
Solution 1: Broadcast slice specific frequency priority
In each cell, the slice specific frequency priority can be broadcasted in the system information, i.e. the cellReselectionPriority is indicated for each slice in SIB4.
The advantage for solution 1 is that, UE is always aware of frequency priority for each slice by reading the SI in the serving cell. In Figure 1, when an slice1(eMBB) UE is moving from cell 2 to cell 4, the UE will aware of the change of frequency priority for slice1 and apply the priority accordingly.
During email discussion, companies concerned about the SIB size and security, if the whole S-NSSAI is broadcasted in the SIB. The S-NSSAI consist of 8 bits SST and 32 bits SST-SD. It would be sufficient if we only broadcast 8 bits SSTs to save SIB size. 
Regarding to the concerns on security, generally we don’t think there is much difference between CAG-ID and S-NSSAI. Since CAG-ID can be broadcast in SI, S-NSSAI should be allowed to broadcast, too. Even if there is any sensitivity slice in the future, operators are aware of that and can send it through dedicated signaling instead of broadcast SI. 
Solution 2: reusing dedicated priority in release message
Same as R15, network is aware of UE’s allowed S-NSSAI, and network can send dedicated frequency priority in release message together with T320. However, the drawback for this solution is that UE is unaware of network supported slices. When UE is moving from cell 2 to cell 4 in Figure 1, the dedicated frequency priority is still working.
But the drawback is that, the dedidated priority is always valid even though UE moves from area 1 to area 2 in the figure.
Solution 3: Solution #17/#29/#30/#31 in TS 23.700-40
We think SA2 solution can not address the issues and requirements.
For Solution #17, as shown in Figure 2, When UE requests an S-NSSAI that is not supported in the current TAI, the CN will consider this S-NSSAI as Target NSSAI for the UE. The CN then indicates UE via NAS message the requested S-NSSAI as rejected and indicates RAN via N2 message the Target NSSAI and its corresponding RFSP Index. With this the RAN can determine the band(s) used to allow UE access to the Target NSSAI. 


Figure 2. Reference to figure 6.17.3-1 in TS 23.700-40: UE requests to be registered to vertical S-NSSAI while not using the radio spectrum defined for the vertical Network Slice
Solution #31 is similar as solution #17, when the UE triggers PDU Session Establishment Request on a S-NSSAI that the current RAN node doesn’t support, AMF will request the current RAN node to steer UE to a new RAN node supporting the S-NSSAI.
However, we are worrying that both solution #17 and #31 cannot address the above issue. For an slice1 UE moving from cell 2 to cell 4, UE will still keep camping on F1, but operator may prefer the slice1 UE prior to camping on F2 in Location 2. 
In addition, the solution#17 captured in TS 23.700-40 causing too much delay for slicing access. It takes 11 signalling, twice random accesses, 1 time of redirection or handover before UE access to the intended slice. We believe if UE is aware of RAN supported slices and perform cell reselection directly after UE decide to enter one slice, the delay will be cut down. 
The main idea of solution #29 is to provide UE with the operating band(s) that are allowed for each S-NSSAI in the PLMN. And solution #30 is to provide UE with preferred frequency band(s) information per network slice (e.g. target carrier frequencies per S-NSSAI) in the Configured NSSAI. 
For solution #29 and #30, we are not sure whether the core network can correctly configure UE with frequency policies. In the real network, the frequency policies are always provided by the RAN, not the CN. The reason is that, the deployment of slices and corresponding frequencies is not all the same throughout the area. 
Therefore, from our point of view, option 1 is straightforward and preferable.
Proposal 4: Frequency priorities per slice is broadcasted in system information. How to indicate the slice in SIB is FFS.
4	Conclusion
Here are the proposals for RAN slicing enhancement.
Proposal 1: The answer to SA2 LS S2-2006526 is “no”, i.e. in Rel-15 and 16, it is not expected that each cell in the tracking area supports the same S-NSSAI(s).
Proposal 2: For the scenario in Location 3, in case the frequency supporting one of the allowed slices is suddenly unavailable to the UE due to bad radio condition, the UE will not be able to access that slice. And there is no compatible issue for this case in Rel-15/16.
Proposal 3: The frequency priorities for different slices can be different.
Proposal 4: Frequency priorities per slice is broadcasted in system information. How to indicate the slice in SIB is FFS.
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