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1	Introduction
As the outcome of email discussion "[Post112-e][253][RAN slicing] Prioritized solutions for RAN slicing (CMCC)" the email discussion, the proposals related to cell selection and reselection were created. This paper discusses some technical issues related to the proposals that were not really discussed during the email discussion and the previous meetings. 
2	Discussion
2.1	Differentiation of Cell Selection and Cell Reselection
Cell selection and cell reselection are different procedures. Cell selection is performed when a new PLMN is selected (specified in clause 5.2.3.1 of TS 38.304) and at transition to RRC_IDLE or RRC_INACTIVE state (specified in clause 5.2.6 of TS 38.304). In principle the target of the cell selection is to find a "suitable" cell as quickly as possible. 
The cell reselection is an AS level procedure (specified in 5.2.4 of TS 38.304), which is performed when the UE is RRC_IDLE or RRC_INACTIVE state. In principle the target of the procedure is to find a suitable cell that is better than the current cell where the UE camps. 
As these procedures are different ones, we think that issues and solutions for cell selection and reselection should be discussed separately. 
Proposal 1: Issues and solutions for cell selection and cell reselection should be discussed separately.
(The text proposal can be found in the Annex of this paper.)
2.2	Cell Selection
A mechanism to assist a UE to find a cell that supports the intended slice(s) is that the RAN redirects or handovers the UE to a cell or band(s) where the intended slice(s) are supported. This can be performed with legacy RRC procedures, and thus can work with legacy UEs. A possible enhancement of the redirection is to give the UE band priorities similar to cell reselection priorities during the RRC release. A precondition of these solutions is that the RAN receives the necessary information from the 5GC.
Observation 2.1: Legacy redirection (with some optional enhancements) and handover procedures may be used to assist UEs to find a cell that supports the intended slice(s).
Another discussed solution to enable fast access to the cell supporting the intended slice(s) at cell selection is that the cells broadcast slice information and the slice information is added to the criteria of suitable cells. 
Based on email discussion "[Post112-e][253][RAN slicing] Prioritized solutions for RAN slicing (CMCC) the following cell related proposals were created:
Proposal 3.2: There is benefit to broadcast slice related cell selection info in SIB and it is recommended for normative work.
Proposal 3.3: The concerns on SIB payload size for broadcasting slice related cell selection info can be resolved (e.g. providing only SST, on-demand SIB, SIB segmentation, slice grouping or slice associated UAC information).
A problem with broadcasting slice information in SIB1 is that there are already issues with the size of SIB1 and adding new information to SIB1 will make the SIB1 size issue more critical. A single cell should be able to support 10s of slices; e.g. in 3GPP TS 38.423 the maximum number of slices per TA is 1024. The size of an S-NSSAI is either 8 bits (if the S-NSSAI contains an SST only) or 32 bits (if the S-NSSAI contains both an SST and an SD). Therefore, it is easy to realize that supporting a maximum number of S-NSSAI over 100 in SIB1 is not feasible and adding 10s of them will create a problem with SIB1 size in some (e.g. network sharing) scenarios. The proposal to advertise SST only to decrease the size is not a general solution as in some cases the SD is also important. E.g. if the UE is looking for a cell that supports the slice for eMBB services of a specific enterprise then using SST indicating eMBB service is not enough to find a cell that supports the required slice (e.g. selecting a cell that supports a eMBB service for another enterprise is not a solution).
Observation 2.2: Broadcasting slice information in SIB1 is not a feasible solution due to SIB1 size limitation.
Using an additional on-demand SIB for slice information can solve the issue of SIB1 size limitation but additional time is required for UEs to acquire the on-demand SIB. 
Another problem with broadcasting the slices supported by the cell in a SIB is that it does not provide information which band(s) should be checked to find a cell that supports the intended slice(s) if the any of the intended slices are not supported by the cell. If this type of information is not provided, the UE may need to check a lot of bands to find a suitable cell that supports the intended slices. This may take more time than selecting any suitable cell without considering slice information and performing a redirection or handover to a cell that supports the intended slices.
Observation 2.3: Broadcasting the slices supported by the cell does not guarantee fast access to a cell that supports the intended slice(s).
In SA2 TR 23.700-40 there are solution proposals (e.g. Solution #29, #30) that UEs are preconfigured/provisioned slice information. These solution proposals are still under discussion in SA2. According to the current cell selection procedure a UE may also use stored information during cell selection (see 5.2.3.1 of TS 38.304). Therefore, using stored slice information during cell selection is not a major change in the cell selection. As in this case the UE can start cell search in the band(s) that support the intended slice(s), this approach may really enable fast access to a cell that supports the intended slice(s).
Observation 2.4: The AS level cell selection procedure can be easily enhanced that a UE may consider stored slice information during cell selection and this can enable fast access to a cell that supports the intended slice(s).
Proposal 2: RAN2 should agree to support the following options to enable UE fast access to the cell supporting the intended slice(s) during cell selection:
a) Enhancing legacy redirection mechanism with adding information that helps the UE to find a suitable cell that supports the requested slices.
b) Adding stored slice information to the parameters that a UE may use during cell selection. 
[bookmark: _Hlk60846914](The text proposal can be found in the Annex of this paper.)
2.3	Cell Reselection
The priorities for cell reselection are provided by RAN either via broadcast or dedicated signalling. AS performs cell reselection without NAS interactions considering some parameters (e.g. PLMN ID, allowed CAG IDs, forbidden TAs) provided by NAS. As in the current reselection procedure slice information is not considered, the cell reselection priorities can result that the UE selects a cell that does not support the allowed NSSAI even if there are suitable cells that support the allowed NSSAI. 
A legacy way of overcoming this issue is that the gNB provides UE specific reselection priorities considering the allowed NSSAI in RRC Release message. Providing dedicated priorities can be an effective tool to optimize cell reselection, as a lot of aspects, including the allowed NSSAI of the UE, current network load, UE capabilities can be considered. A major advantage is that this procedure works with legacy UEs. 
[bookmark: _Hlk61524540]Observation 3.1: Providing dedicated cell reselection priorities considering slice information can be an effective mechanism to achieve slice specific cell reselection for legacy UEs.
During the previous discussions it was found that dedicated cell reselection priorities have some issues:
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. 
As providing dedicated cell reselection priorities to UEs is an effective mechanism, it is worth considering enhancements in the procedure to solve (or at least decrease the impact) of the issues listed above; e.g., by changing the rules of the validity of the cell reselection priorities provided in dedicated signalling, providing validity area for priorities provided in dedicated signalling.
Observation 3.2: Some enhancements could be considered in the dedicated cell reselection priorities to remove or decrease the discovered limitations of this mechanism.
To overcome the limitation of providing priorities in dedicated signalling, the slice information may also be added to the broadcasted reselection information. Based on email discussion "[Post112-e][253][RAN slicing] Prioritized solutions for RAN slicing (CMCC) the following related proposals were created:
Proposal 4.2: There is benefit to broadcast slice related cell reselection info in SIB and it is recommended for normative work. FFS whether to contain slice related cell reselection info in RRCRelease message.
Proposal 4.3: The concerns on SIB payload size for broadcasting slice related cell reselection info can be resolved (e.g. providing only SST, on-demand SIB, SIB segmentation, slice grouping or slice associated UAC information).
There are different options how slice information can be included in the reselection information; e.g. supported slices are added to bands, or slice specific priorities assigned to bands. As the number of slices can be high, when selecting a solution, the size of the information to be added to the reselection information should be an important factor to be considered. 
Observation 3.3: If it is decided that slice related information is added to the broadcasted cell reselection information (SIB2, SIB3, SIB4), then the size of the added information should be considered.
However, there can be cases when it is worth considering other information for cell reselection. An example for such a case is the autonomous CSG cell search in LTE (see 5.2.4.8 of TS 36.304). A similar type of enhancement may be considered in the case when a UE intends to access an S-NSSAI that is not in the Allowed NSSAI. In this scenario the RAN provided information may become inappropriate, as RAN has no information about the intention of accessing an S-NSSAI that is not in the Allowed NSSAI. Therefore, when a UE intends an S-NSSAI that is not in the Allowed NSSAI considering preconfigured/provisioned slice information in cell reselection may help the UE to reselect a cell that supports the slice(s) the UE intends to access.
Observation 3.4: When a UE intends to access an S-NSSAI that is not in the Allowed NSSAI, considering preconfigured/provisioned slice information in cell reselection may help the UE to reselect a cell that supports the slice(s) the UE intends to access.
Proposal 3: RAN2 should study the following options to enable UE fast access to the cell supporting the intended slice(s) during cell reselection:
a) Enhancing the mechanism of providing dedicated cell reselection priorities to remove or decrease the discovered limitations.
b) Adding slice information to the broadcasted cell reselection information. The size of the added information should be considered. 
c) Considering preconfigured/provisioned slice information when a UE intends to access an S-NSSAI that is not in the Allowed NSSAI.
(The text proposal can be found in the Annex of this paper.)
3	Conclusion
This document has made the following observations and proposals:
Proposal 1: Issues and solutions for cell selection and cell reselection should be discussed separately.
Observation 2.1: Legacy redirection (with some optional enhancements) and handover procedures may be used to assist UEs to find a cell that supports the intended slice(s).
Observation 2.2: Broadcasting slice information in SIB1 is not a feasible solution due to SIB1 size limitation.
Observation 2.3: Broadcasting the slices supported by the cell does not guarantee fast access to a cell that supports the intended slice(s).
Observation 2.4: The AS level cell selection procedure can be easily enhanced that a UE may consider stored slice information during cell selection and this can enable fast access to a cell that supports the intended slice(s).
Proposal 2: RAN2 should agree to support the following options to enable UE fast access to the cell supporting the intended slice(s) during cell selection:
a) Enhancing legacy redirection mechanism with adding information that helps the UE to find a suitable cell that supports the requested slices.
b) Adding stored slice information to the parameters that a UE may use during cell selection. 
Observation 3.1: Providing dedicated cell reselection priorities considering slice information can be an effective mechanism to achieve slice specific cell reselection for legacy UEs.
Observation 3.2: Some enhancements could be considered in the dedicated cell reselection priorities to remove or decrease the discovered limitations of this mechanism.
Observation 3.3: If it is decided that slice related information is added to the broadcasted cell reselection information (SIB2, SIB3, SIB4), then the size of the added information should be considered.
Observation 3.4: When a UE intends to access an S-NSSAI that is not in the Allowed NSSAI, considering preconfigured/provisioned slice information in cell reselection may help the UE to reselect a cell that supports the slice(s) the UE intends to access.
Proposal 3: RAN2 should study the following options to enable UE fast access to the cell supporting the intended slice(s) during cell reselection:
a) Enhancing the mechanism of providing dedicated cell reselection priorities to remove or decrease the discovered limitations.
b) Adding slice information to the broadcasted cell reselection information. The size of the added information should be considered. 
c) Considering preconfigured/provisioned slice information when a UE intends to access an S-NSSAI that is not in the Allowed NSSAI.
Proposal 4: Adopt the text proposals of the Annex.
Annex: Text Proposals to TR38.832
*** Start of Changes ***
[bookmark: _Toc49857373][bookmark: _Toc59181776]5.1	Slice based cell selection and reselection under network control
[bookmark: _Toc248178753][bookmark: _Toc527969759][bookmark: _Toc7688][bookmark: _Toc49857374][bookmark: _Toc59181777][bookmark: _Toc527969760][bookmark: _Toc18507]5.1	Slice based cell reselection under network control
[bookmark: _Hlk46760209]5.1.1	Scenario and issue description
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)
-	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. 
Editor’s Note: FFS whether UE needs to know the intended slice for MT service.

The following issues will be studied for cell selection:	Comment by Nokia (GWO)3: These are not new issues just copied from cell reselection issues
Issue 1a: The UE is unaware of the slices supported on different cells or frequencies, which prevents UE from select to the cell or frequency supporting the intended slice.
Issue 4a: 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.
The following issues will be studied for cell reselection:
Issue 1b: 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 4b: 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 for cell selection:
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. 
Adding slice related information of serving and neighboring cells to SIB1 is not feasible due to SIB1 size limitation.
Editor’s note: FFS what information is broadcast for solution 3.
[bookmark: _GoBack]Adding slice related information of serving cell and neighboring cells for cell selection is an enhancement of the legacy redirection mechanism. 
Editor's note: FFS what is information is provided in RRCRelease 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. 
Editor’s note: FFS what information is broadcast for solution 4.
Solution 5: Using stored slice information (e.g. information provided previously via NAS) for cell selection.
A UE may use the stored slice related information for cell selection as other stored information. The pre-condition of this solution is that SA2 agrees that a UE may store slice related information (e.g. provided via NAS).

The following solution approaches will be studied for cell reselection:	Comment by Nokia (GWO)3: The new text that are not copied from existing solutions are highlighted green
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 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. 
If slice related cell reselection information is provided in SIB, then the size of added information should be considered.
Editor’s note: FFS what information is broadcast for solution 4.
Providing slice related cell reselection information in RRCRelease is an efficient way to help UEs to reselect cells that supports the allowed S-NSSAIs. New validity options can be specified to overcome the limitation of the legacy mechanism (Solution 1).
Editor's note: FFS what is information is provided in RRCRelease for solution 4.
Solution 6: Using stored slice information (e.g. information provided previously via NAS) for cell reselection.
A UE may use stored slice related information for cell reselection when a UE intends to access an S-NSSAI that is not in the Allowed NSSAI. The pre-condition of this solution is that SA2 agrees that a UE may store slice related information (e.g. provided via NAS).
*** End of Changes ***
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