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1. Introduction
During the latest RAN2 meeting #112-e, agreements [1] were achieved for the study of slice-based cell (re)selection. In the following email discussion [Post112-e][253], companies are invited to share opinions on the prioritized solutions and analyse the benefits and complexity.
In this contribution, the discussions are mainly about the intended slice, and detailed performance evaluation of the listed candidate solutions for slice-based cell (re)selection.
2. Discussion
2.1 Slice deployment scenario
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Figure 1: Examples for slice deployment scenarios [2]
During the latest RAN2 meeting #112-e, agreements [2] 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.  
As the slice deployment scenarios shown in Figure 1, 
Geographical Location 1 and 2 indicate that slice deployment distinguishes frequencies and geographical areas. 
Geographical Location 3 further clarifies the difference in frequency support for different slices. 
Geographical Location 4 indicates the possible frequency preference of different slices.
To summarize, some slices (e.g., slice supporting URLLC as in this example) may be available only on specific frequencies in certain areas (e.g., factory or hospital) of the network. For the network slice deployment driven by business demand and network planning, it should be possible that not all RAN nodes/cells would be deployed and support all the frequencies and network slices.

2.2 Further consideration on the Intended Slice
During the RAN2 meeting #112-e, agreements [1] were achieved about the Intended Slice.
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:
2.1: In case of cell selection/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)
2.2: In case of MO traffic, the intended slice means the S-NSSAI associated with MO traffic based on indication from NAS to AS. 
FFS whether UE needs to know the intended slice for MT service.
4: For MO service, UE is aware of the intended slice. For MT service, UE is unaware of the slice for the paged service in current NR spec. 

However, the agreements maybe inaccurate. According to TS 23.501[3] Section 5.15.9, we have the following:
“The Serving PLMN can control per Access Type which (if any) NSSAI the UE includes in the Access Stratum when establishing a connection caused by Service Request, Periodic Registration Update or Registration procedure used to update the UE capabilities. In addition, the Home and Visited PLMNs can also instruct the UE to never include NSSAI in the Access Stratum, regardless of the procedure that causes a RRC Connection to be established, i.e. to always enable privacy for the NSSAI).
During the Registration procedure, the AMF may provide to the UE in the Registration Accept message, an Access Stratum Connection Establishment NSSAI Inclusion Mode parameter, indicating whether and when the UE shall include NSSAI information in the Access Stratum Connection Establishment…”
To be specific, for registration related procedures, the Requested NSSAI can only be indicated from the NAS to the AS through a CN instruction, i.e., without CN’s permission, the AS layer is unaware of the Requested NSSAI.
Observation 1: For initial registration, the AS is unaware of the Requested NSSAI without CN’s permission.

In addition, for MO service, the current NR specification has not yet specified Intended Slice related indication from NAS to AS. During the email discussion [Post111-e][916], 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[4], “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 information. 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[5] 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. 
[image: ]
From network point of view, if a cell is to forbid some slices, it has to put the relevant access categories in its SI messages. For example, in the above figure, if cell 3 and cell 4 (on frequency B) are to deploy Slice #1, it may use the SI message for access control or there is no control. However, cell 1 and cell 2 (on frequency A) have to update the SI messages to explicitly forbid the access of Slice #1 as there are no such slice deployments in both cells. Otherwise, the UE will consider cell 1 and cell 2 to be acceptable cells for Slice #1 access, and then there may be problems when the UE actually initiates slice #1 based services.
In addition, if there are more slices deployed on frequency B, there are also more updates to cell 1 and cell 2 in terms of the SI messages, which brings significant impacts to network side.
In summary, we do see that the access category is not suitable for indicating the Intended Slice. 
Observation 2: The UAC mechanism is used for access control, and the access category is not suitable for indicating the Intended Slice.
Observation 3: For the current spec, no slice related indication is transferred from NAS to AS for MO service.

From our perspective, for MO service, the UE should know in advance the 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 service, slice-assisted info should be transferred from NAS to AS, how NAS informs AS of the Intended Slice is FFS.

For MT service, the AS layer is unaware of the Intended Slice in the current NR spec. During the connection establishment procedure, if the cause value mt-Access is included in Msg3, the UE may never be rejected by the network. In this case, if the Intended Slice is not supported by the visiting gNB, procedures like redirection, HO, DC/CA may be initiated to help the UE to access the correct cell, which will cause extra access delay and signalling overhead. Therefore, we have the following proposal.
Proposal 2: For MT service, slice-assisted info should be carried in the paging message.

2.3 Slice based Cell (re)selection under network control
In this Section, detailed performance evaluation of the candidate solutions for slice-based cell (re)selection is proposed.
2.3.1  Existing Issues and Candidate Solutions
According to the agreements made at RAN2 #112-e meeting [1], the following issues will be studied in this SI.
· 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 for the subsequent access of the UE, the serving cell may bring on handover or rejection of access request. That may increase control plane signalling overhead as well as long control plane latency for the UE to access the network.
The following solutions are captured in the TR and will be studied.
· Solution 1: Legacy dedicated priority via RRCRelease message.
· Solution 2: Rel-15 mechanisms such as HO, CA, DC and redirection can be used to access the intended slice in different cell. 
· Solution 3: Slice related cell selection info, the slice info of serving cell and neighbouring cells is provided in the system information or RRCRelease message. FFS: what information is broadcast.
· Solution 4: Slice related cell reselection info (e.g. Cell reselection priority per slice), the slice info of neighbouring cells is provided in the system information or RRCRelease message. FFS: what information is broadcast.
Considering the listed Issues for cell (re)selection, detailed performance evaluation of each candidate solution is given in the following section.
2.3.2  Performance Evaluation
· Solution 1: Legacy dedicated priority via RRCRelease message.
For Solution 1, the following problems may cause concern.
1) The dedicated priority is configured after the first RRC connection setup. In this case, for initial access, the UE still cannot select a suitable cell that supports the Intended Slice.
2) For the current NR spec, the dedicated priority is configured based on the RFSP, which is determined based on UE’s Allowed NSSAI instead of the Intended Slice. For MO service, if the Intended Slice is not within the Allowed NSSAI, the UE cannot find the correct frequency based on the dedicated priority. 
3) Furthermore, even with dedicated priority, the UE is still unaware of the mapping between slices and frequencies. In this case, for subsequent access where the Intended Slice has changed, the UE may still select an incorrect cell.
4) For the current NR spec, the gNB is unaware of the mapping between the frequency and its prioritized slices. For MO service, the UE’s Intended Slice can only be obtained from the AMF, which will cause extra access delay and signalling overhead.
To summarize, the legacy dedicated priority is only a passive solution to guide UE to the correct cell. None of the listed 4 Issues can be solved by the dedicated priority.
Observation 4: Solution 1 cannot solve Issue 1, 2, 3, and 4.

· Solution 2: Rel-15 mechanisms such as HO, CA, DC and redirection can be used to access the intended slice in different cell. 
For Solution 2, the legacy HO, CA, and DC are only for connected mode UEs. However, the whole bullet is about cell (re)selection, so these solutions cannot address the listed 4 Issues. And the legacy redirection solution has the same problems as the dedicated priority of Solution 1. Therefore, we have the following observation.
Observation 5: Solution 2 cannot solve Issue 1, 2, 3, and 4.

· Solution 3: Slice related cell selection info, the slice info of serving cell and neighbouring cells is provided in the system information or RRCRelease message. FFS: what information is broadcast.
By broadcasting the slice related cell selection info, the UE is aware of the slice supported on different cells or frequencies. The UE is capable of selecting a proper cell that supports the Intended Slice, and therefore no extra access delay or signalling overhead is introduced. 
Considering the size of S-NSSAI (32bits), the broadcast overhead may be a concern. Following suggestions are proposed for consideration.
1) Broadcast SST (8bits) instead of S-NSSAI: one drawback would be the incapability of distinguishing the tenants with the same SST.
2) On-demand SI: the slice related cell selection info would be broadcast when needed.
3) Broadcast slice group ID: One possible trade-off between the broadcast overhead and the access delay would be to provide the slice group ID instead of the S-NSSAI in the system information. One slice group ID can be associated to one or multiple S-NSSAIs. 
On the other side, slice related cell selection info carried in the RRCRelease message is not suitable for the initial access scenario. Similar to the dedicated priority solution, the UE can only acquire the slice related info after the first RRC connection is released. Therefore, for initial access, the UE still does not know the slice(s) supported on different cells and frequencies. As a result, the UE may select an incorrect cell.
Given the analysis above, we have the following proposal.
Observation 6: Slice related cell selection info in the RRCRelease message is not suitable for initial access.
Proposal 3: Broadcast slice related cell selection info to enable UE fast access to the intended slice.

· Solution 4: Slice related cell reselection info (e.g. Cell reselection priority per slice), the slice info of neighbouring cells is provided in the system information or RRCRelease message. FFS: what information is broadcast.
Slice specific cell reselection priority in SIB could help UE to camp on suitable frequency/cell according to the Intended Slice and the network policy. The broadcast overhead can be relieved by SST, on-demand SI, or Slice group ID. 
On the other side, slice related cell reselection info in RRCRelease has the same problem as Solution 3 and is not suitable for initial access.
Given the analysis above, we have the following proposal.
Proposal 4: Broadcast slice related cell reselection info to enable UE camp on the correct cell or frequency.
3. Conclusion
In this contribution, we mainly discuss the intended slice and the detailed performance evaluation of the candidate solutions for slice-based cell (re)selection. It is proposed:
Observation 1: For initial registration, the AS is unaware of the Requested NSSAI without CN’s permission.
Observation 2: The UAC mechanism is used for access control, and the access category is not suitable for indicating the Intended Slice.
Observation 3: For the current spec, no slice related indication is transferred from NAS to AS for MO service.
Observation 4: Solution 1 cannot solve Issue 1, 2, 3, and 4.
Observation 5: Solution 2 cannot solve Issue 1, 2, 3, and 4.
Observation 6: Slice related cell selection info in the RRCRelease message is not suitable for initial access.

Proposal 1: For MO service, slice-assisted info should be transferred from NAS to AS, how NAS informs AS of the Intended Slice is FFS.
Proposal 2: For MT service, slice-assisted info should be carried in the paging message.
Proposal 3: Broadcast slice related cell selection info to enable UE fast access to the intended slice.
Proposal 4: Broadcast slice related cell reselection info to enable UE camp on the correct cell or frequency.
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Editor Note: capture the description of scenario and issue.
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.  
[bookmark: _Hlk49425148]For each scenario we study both IDLE and INACTIVE and determine whether there is need for a solution and possible solutions. Connected mode will also be considered but with a lower priority.  
[bookmark: _Hlk49425271]Editor Note: Both cell selection and cell re-selection will be studied.


 
Figure 5.1.1-1: Examples for slice deployment scenarios
In the examples shown in Figure 5.1.1-1, slice 1 refers to e.g. eMBB, and slice 2 refers to e.g. URLLC. "Cell X" in the figures represent a set of cells. 
Geographical Location 1 is deployed in the factory or hospital. In this location, F1 supports slice 1 (e.g. eMBB), while F2 supports both slice 1 and slice 2 (e.g. eMBB and URLLC). 
Geographical Location 2 is the public area. F1 and F2 all supporting slice 1 (e.g. eMBB) for smart phone users, no slice 2 (e.g. URLLC) is supported in Geographical Location 2. And F2 is deployed as hotspot to provide wideband access.
Geographical Location 3 illustrates that different slices are supported on different frequencies. F1 only supports slice 1 and F2 only supports slice 2. 
Geographical Location 4 illustrates a typical scenario that slices are available via multiple frequencies. And one or a set of frequencies are preferred for certain slice, e.g. F1 is preferred for slice 2 and F2 is preferred for slice 1 in Geographical Location 4.
eMBB and URLLC slices are used only as an example of various slices. The deployment of any slice on any frequency band is up to network implementation.
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/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)
Note: Whether NAS informs AS of the Requested S-NSSAI(s) depends on CN’s indication.
-	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. For MO service, UE NAS is aware of the intended slice, based on indication from NAS to AS.how NAS informs AS of the Intended Slice is FFS. For MO service, UE is aware of the intended slice.
-	In case of MT traffic, the intended slice means the S-NSSAI associated with the paged service. For MT service, UE is unaware of the intended slice for the paged service in current NR specification. 
Editor’s Note: FFS whether UE needs to know the intended slice for MT service.

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 signaling 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 2: Rel-15 mechanisms such as HO, CA, DC and redirection can be used to access the intended slice in different cell.
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. 
By providing the slice related cell selection info, e.g., slice supported by the serving cell and neighboring cells in the SIB or RRCRelease message to help UE select the correct cell supporting the intended slice. The overhead of direct broadcast S-NSSAI can be relieved by providing only SST, on-demand SI, SIB segmentation, or slice grouping.
Editor’s note: FFS what information is broadcast for solution 3.
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. 
By providing the slice related cell reselection info, e.g., cell reselection priority per slice in the SIB or RRCRelease message to help UE reselect the correct cell/frequency to dwell based on the intended slice and network policy. The SIB overhead can be relieved by providing only SST, on-demand SI, SIB segmentation, or slice grouping.
Editor’s note: FFS what information is broadcast for solution 4.


5.1.3	  Evaluation 
[bookmark: _Toc49857384][bookmark: _Toc59181787]5.1.3.1	Evaluation on Solution 1
For Solution 1, the following problems may cause concern.
1) The dedicated priority is configured after the first RRC connection setup. In this case, for initial access, the UE still cannot select a suitable cell that supports the Intended Slice.
2) For the current NR spec, the dedicated priority is configured based on the RFSP, which is determined based on UE’s Allowed NSSAI instead of the Intended Slice. For MO service, if the Intended Slice is not within the Allowed NSSAI, the UE cannot find the correct frequency based on the dedicated priority. 
3) Furthermore, even with dedicated priority, the UE is still unaware of the mapping between slices and frequencies. In this case, for subsequent access where the Intended Slice has changed, the UE may still select an incorrect cell.
4) For the current NR spec, the gNB is unaware of the mapping between the frequency and its prioritized slices. For MO service, the UE’s Intended Slice can only be obtained from the AMF, which will cause extra access delay and signalling overhead.
To summarize, the legacy dedicated priority is only a passive solution to guide UE to the correct cell. None of the listed 4 Issues can be solved by the dedicated priority.
5.1.3.2	Evaluation on Solution 2
For Solution 2, the legacy HO, CA, and DC are only for connected mode UEs. However, the whole bullet is about cell (re)selection, so these solutions cannot address the listed 4 Issues. And the legacy redirection solution has the same problems as the dedicated priority of Solution 1.
5.1.3.3	Evaluation on Solution 3
By broadcasting the slice related cell selection info, the UE is aware of the slice supported on different cells or frequencies. The UE is capable of selecting a proper cell that supports the Intended Slice, and therefore no extra access delay or signalling overhead is introduced. 
Considering the size of S-NSSAI (32bits), the broadcast overhead may be a concern. Following suggestions are proposed for consideration.
1) Broadcast SST (8bits) instead of S-NSSAI: one drawback would be the incapability of distinguishing the tenants with the same SST.
2) On-demand SI: the slice related cell selection info would be broadcast when needed.
3) Broadcast slice group ID: One possible trade-off between the broadcast overhead and the access delay would be to provide the slice group ID instead of the S-NSSAI in the system information. One slice group ID can be associated to one or multiple S-NSSAIs. 
On the other side, slice related cell selection info carried in the RRCRelease message is not suitable for the initial access scenario. Similar to the dedicated priority solution, the UE can only acquire the slice related info after the first RRC connection is released. Therefore, for initial access, the UE still does not know the slice(s) supported on different cells and frequencies. As a result, the UE may select an incorrect cell.
5.1.3.4	Evaluation on Solution 4
Slice specific cell reselection priority in SIB could help UE to camp on suitable frequency/cell according to the Intended Slice and the network policy. The broadcast overhead can be relieved by SST, on-demand SI, or Slice group ID. 
On the other side, slice related cell reselection info in RRCRelease has the same problem as Solution 3 and is not suitable for initial access.

<Unchanged Text Omitted>
[bookmark: _Toc49857387][bookmark: _Toc59181800]7	Conclusion
7.1	Conclusion for Slice based Cell (re)selection under Network Control
For slice-based cell (re)selection, broadcast slice related cell (re)selection info in SIB. 
Editor's note:	It is FFS what information is broadcast.
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