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1. Introduction
During the latest RAN2 meeting #111-e, aggrements[1] were achieved to study the slice based cell (re)selection, and in the following email discussions, companies are invited to share opinions on the existing issues and candidate solutions. 
In this contribution, the discussions are mainly about the intended slice, issues for cell selection, and reselection in the Rel-17 slice deployment scenario. In addition, the gap analysis of the existing and potential solutions are proposed.
2. Discussion
2.1 Slice deployment scenario


Figure 1: An example for slice deployment scenario[1]
During the latest RAN2 meeting #111-e, agreements[1] on the slice deployment scenario were achieved as below:
General description for the scenario:
•	Multiple and different slices can be supported on different frequencies
•	Multiple and different slices can be supported on the same frequency in different regions.  
Figure 1 shows the flexible slice deployment, where slice1 (e.g., eMBB) is supported on F1 and F2 in Area 1 and 2, while slice2 (e.g., URLLC) is only supported on F2 in Area 1. That is, some slices (e.g., slice supporting URLLC as in this example) may be available only on specific frequencies in a certain area (e.g., factory or hospital) of the network. Considering that the network slice deployment is usually driven by business demand and network planning by operators, it should be possible that not all RAN nodes/cells would be deployed and support all the frequencies and network slices.

2.2 Intended Slice handing on UE side
During the email discussion, several companies shared their opinions on the definition of the Intended Slice, whether the UE knows the Intended Slice for MO and MT services, and whether the Intended Slice can always be obtained by the UE.
From our perspective, for MO/MT traffic, the Intended Slice is the slice that triggers the state transition, i.e., from RRC_IDLE/INACTIVE to RRC_CONNECTED. In detail, for RRC_IDLE/INACTIVE UE, when a service is going to be initiated on the UE side, the UE has to be transited to RRC_CONNECTED to send the Service Request or PDU Session Establishment Request message to the network. In the case of the flexible slice deployment scenario shown in Figure 1, the UE should know in advance the slice (i.e., Intended Slice) associated with the service to be initiated in order to (re)select an appropriate cell that supports the Intended Slice.
Proposal 1: For MO/MT traffic, the Intended Slice is the slice triggering the state transition, i.e., from RRC_IDLE/INACTIVE to RRC_CONNECTED. 

For MO service, some companies held the opinion that the Intended Slice can be implicitly indicated via the access category sent from NAS to AS. However, this kind of indirect indication may be insufficient and inaccurate. The status quo of NR spec is that UAC is performed after cell selection or reselection, and is irrelevant to cell (re)selection. If the access category is applied as slice assistance info for cell (re)selection, the following issues may be of concern.
· Issue #1:
According to TS 24.501[2], “Operator-defined access category definitions can be signalled to the UE using NAS signalling”. That is, the mapping relationship between the access category and the slice is kept in the NAS layer and can only be acquired after the first RRC connection. Then, for the initial access, e.g., cell selection, the NAS layer cannot map the Intended Slice to a certain access category due to the absence of the mapping relationship. Therefore, the AS layer cannot get the access category indicating the Intended Slice, which may cause the UE unable to select the correct cell supporting the Intended Slice.
· Issue #2:
According to TS 38.331[3] Section 5.3.14, we have the following:
4>	if the corresponding UAC-BarringPerCatList contains a UAC-BarringPerCat entry corresponding to the Access Category:
5>	select the UAC-BarringPerCat entry;
5>	if the uac-BarringInfoSetList contains a UAC-BarringInfoSet entry corresponding to the selected uac-barringInfoSetIndex in the UAC-BarringPerCat:
6>	select the UAC-BarringInfoSet entry;
6>	perform access barring check for the Access Category as specified in 5.3.14.5, using the selected UAC-BarringInfoSet as "UAC barring parameter";
5>	else:
6>	consider the access attempt as allowed;
4>	else:
5>	consider the access attempt as allowed;
That is, if the access category chosen by NAS is not included in the system information, the AS layer will consider the related access attempt allowed. Considering the scenario, where UE’s Intended Slice is Slice #1, which is mapped to access category #32. Then, if Slice #1 is not supported by the serving gNB, the related access category #32 will not be broadcast. After receiving the access category #32 from NAS, according to the system information, the AS layer would consider the access attempt allowed by the network, or the Intended Slice supported by the serving gNB, which will cause the UE to (re)select the incorrect cell. 
Observation 1: The UAC mechanism is used for access control, and the access category may not be suitable for indicating the Intended Slice.

For MT service, slice related information is not available for the current NR spec. The paging message (e.g., CN or RAN paging) can be used to indicate the Intended Slice info, which needs further investigation.
Observation 2: For MO and MT services, currently UE’s AS layer is unaware of slice-assisted info prior to performing the random access. 
Proposal 2: For MT service, it is FFS whether to indicate such slice info via the paging message.

Given the definition of the Intended Slice above, for the current NR spec, AS is unaware of the Intended Slice, and slice-related info is neither considered during cell selection and reselection. As a result, the cell that the UE finally camps on may not support the Intended Slice. To solve this problem, the AS layer should be aware of the Intended Slice and use it as assistance information for the cell (re)selection.
Proposal 3: UE’s AS layer should be aware of the Intended Slice.

2.3 Slice based Cell (re)selection under network control
In this Section, issues for cell selection and reselection in the Rel-17 slice deployment scenario are discussed. Gap analysis of the existing mechanisms and potential solutions are proposed.
2.3.1  Cell selection
· Existing Issues (Issue 1 in the email discussion)
The UE is unaware of the slices supported on different cells or frequencies, this will prevent UE from (re)select to the cell or frequency supporting the intended slice.
· Legacy Solutions
1) Dedicated Priority
Gap analysis: The dedicated priority is configured after the first RRC connection setup. Then, for initial access, the UE still cannot select a suitable cell that supports the Intended Slice. Besides, for the current NR spec, the gNB is unaware of the mapping between the frequency and its prioritized slices, and UE’s Intended Slice can only be acquired from the AMF, which will cause extra access delay and signaling overhead.
2) HO, CA, DC and Redirection
Gap analysis: These are Rel-15 legacy solutions for RRC_CONNECTED UEs, which is agreed to be considered with a lower priority. DC/CA is high related to the slice deployment scenario, if the Intended Slices are not available concurrently in the neighboring cells (as Qualcomm described in the email discussion), DC/CA cannot be applied. The drawback of HO and redirection is similar to that of the dedicated priority which will cause extra access delay and signaling overhead.
· Potential solutions
1) S-NSSAI or SST in in the system information
One straightforward way to solve the above issues is to provide the slice related cell selection info, i.e., the supported S-NSSAI or SST of the serving cell or frequency in the system information, which can help UE make cell selection decision.
Gap analysis: The initial access problem can be solved, based on the system information, the UE will select the proper cell supporting the Intended Slice, then no extra access delay or signaling overhead would be introduced. However, considering the size of S-NSSAI(32bits), the broadcast overhead may be a concern.
2) Slice Group ID in in the system information
One possible tradeoff between the broadcast overhead and the access delay would be to provide the slice group ID instead of the S-NSSAI or SST in the system information. One slice group ID can be associated to one or multiple S-NSSAIs.
Gap analysis: Considering a scenario where 100 slices are deployed, if one slice group ID corresponds to one S-NSSAI. Then, only 7-bit slice group IDs are required to identify the 100 slices, as long as the number of deployed slices does not exceed 2^32, the slice group ID solution is better than the S-NSSAI solution in terms of broadcast overhead. The mapping relationship between the slice group ID and S-NSSAI(s) can be acquired by RRC or NAS signaling. One concern is that, for initial access, if the mapping relationship is not configured in the UE, UE may not be able to select the correct cell supporting the Intended Slice.
Given the analysis above, we have the following proposal.
Proposal 4: Slice related cell selection info could be broadcast to enable UE fast access to the intended slice.

2.3.2  Cell reselection
· Existing Issues (Issue 3 in the email discussion)
Operators may require different frequency priority configurations for the specific slice in different areas, current schemes are unable to steer different types(e.g., slice capability) of UEs in different areas to the corresponding high-priority frequencies.
· Legacy Solutions
1) Dedicated Priority
Gap analysis: The configured dedicated priority only remains valid before T320 expires upon entering the IDLE mode, and it may conflict with broadcast frequency priority. According to the discussions[4][5] in the latest RAN2 meeting #111-e, the conflict between the broadcast and dedicated frequency priority may cause the UE to camp on the improper frequency.
2) HO, CA, DC and Redirection
Gap analysis: please see the gap analysis of the corresponding part of cell selection. 
· Potential solutions
1) Slice specific frequency priority in the system information
By providing the UE with the slice (e.g., S-NSSAI, SST or Slice group ID) specific frequency priority via the system information, UE is capable to reselect the propoer cell to camp. 
Gap analysis: One concern would be the broadcast overhead considering the size of S-NSSAI. This can be relieved by introducing the Slice Group ID instead of the S-NSSAI.
Note: In the email discussion, the cell reselection priority per slice is also proposed to be provided in the RRCRelease message. However, from our perspective, it still suffers the problem listed above as the legacy dedicated priority solution, therefore, it cannot solve the Issue 3. 
Given the analysis above, we have the following proposal.
Proposal 5: Slice specific frequency priority could be broadcast to enable UE camp on the correct cell or frequency.
3. Conclusion
In this contribution, we mainly discuss the intended slice, issues, and solutions for cell (re)selection in the agreed slice deployment scenario. It is proposed:
Proposal 1: The Intended Slice is the slice triggering the state transition, i.e., from RRC_IDLE/INACTIVE to RRC_CONNECTED. 
Observation 1: The UAC mechanism is used for access control, and the access category may not be suitable for indicating the Intended Slice.
Observation 2: For MO and MT services, currently UE’s AS layer is unaware of slice-assisted info prior to performing the random access. 
Proposal 2: For MT service, it is FFS whether to indicate such slice info via the paging message.
Proposal 3: UE’s AS layer should be aware of the Intended Slice.
Proposal 4: Slice related cell selection info could be broadcast to enable UE fast access to the intended slice.
Proposal 5: Slice specific frequency priority could be broadcast to enable UE camp on the correct cell or frequency.
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