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1	Introduction
One of the objectives of the Study on enhancement of RAN Slicing (RP-193254) study item is to study mechanisms to enable UE fast access to the cell supporting the intended slice, including slice-based cell reselection under network control. 
At RAN2#111e it was agreed that
3	RAN2 will study both cell selection and cell re-selection 

This topic has been extensively discussed during the email discussion "[Post111-e][916][NR RAN slicing] RAN slicing study questions".
This paper provides proposals on the approaches to be studied in RAN2. 
2	Discussion
2.1	Cell Selection
The AS level procedure for cell selection for NR is specified in clause 5.2.3.1 of TS 38.304. In principle the target of the cell selection is to find a "suitable" cell as quickly as possible. In the context of cell selection, the meaning of "suitable" can be summarized below (see all details in clause 4.5 of TS 38.304):
a) the cell should not be treated as barred cell;
b) the cell belongs to the selected network (PLMN, SNPN);
c) if the UE has an allowed CAG list then the allowed CAG list in the UE for that PLMN (TS 23.501) includes a CAG-ID broadcast by the cell for that PLMN;
d) the cell selection radio criteria are fulfilled, see clause 5.2.3.2 of TS 38.304.
During the cell selection process, the UE may also use "stored information of frequencies and optionally also information on cell parameters from previously received measurement control information elements or from previously detected cells" to speed up the 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 1.1: 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. A problem with this solution 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 100in SIB1 is not realistic and adding 10s of them will create a significant overhead. Another problem with this solution approach is that AS layer has no information which band(s) should be checked to find a cell that supports the intended slice(s). If this type of information is not provided to AS, 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 1.2: Broadcasting slice information in SIB1 is not a scalable solution due to SIB1 size limitation and it 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. 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 1.3: 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).
In Rel-16 the support of PNI-NPNs was specified. Closed Access Group (CAG) identities were introduced to support access control for PNI-NPNs. The use of CAGs can be generalized, and assigning CAGs to network slices can be used to provide access control for network slices. This assignment can happen at NAS level. As CAGs are already used during cell selection, assigning CAGs to network slices guarantees that only cells supporting the intended slices are selected without additional RAN2 specifications. To decrease to the number of CAG IDs to be advertised in a cell, it is possible to assign a single CAG ID to a group of slices that require similar access control. 
The problem that the AS layer has no information which band(s) to search for cells that support the allowed CAG(s) may result in long searching time. The use of preconfigured/provisioned slice information for cell selection and assigning CAGs for slices can be specified and used together to overcome this problem.
Observation 1.4: Assigning Closed Access Groups to slices or group of slices may be used to guarantee that only cells supporting the intended slices are selected without additional RAN2 specifications.
Proposal 1: RAN2 to study the following options to enable UE fast access to the cell supporting the intended slice(s) during cell selection:
a) Enhancing legacy redirection mechanism.
b) Adding stored slice information to the parameters that a UE may use during cell selection. 
c) Assigning CAG ID(s) to slices or group of slices.

2.2	Cell Reselection
The cell reselection is an AS level procedure, which is specified in clause 5.2.4 of TS 38.304. NAS provides some input parameters (e.g. PLMN ID, allowed CAG IDs, forbidden TAs) for cell reselection, but the priorities for cell reselection are provided by RAN either via broadcast or dedicated signalling. AS performs cell reselection without NAS interactions once some input parameters are provided. 
NAS is notified about the outcome of cell reselection when the cell selected during cell reselection belongs to a new TA outside the registration area (RA) of the UE. If not all cells in a TA support the same S-NSSAI(s), then it may happen that a UE moves out of coverage area of one or more allowed S-NSSAI(s), but the UE remains in the TA. Thus some services may become unavailable for the UE without the UE and the network noticing it.
Observation 2.1: If not all cells in a TA supports the same S-NSSAI(s), then it may break the services of the UE and this will remain unnoticed.
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 is a legacy procedure that works with legacy UEs. 
Observation 2.2a: Providing dedicated cell reselection priorities considering slice information can be an effective mechanism to achieve slice specific cell reselection.
It was discussed at RAN2#111 and in the email discussion "[Post111-e][916][NR RAN slicing] RAN slicing study questions" that this solution has limitations: 
1. Dedicated priorities only remain valid before T320 expires upon entering IDLE mode
2. Dedicated priorities are discarded each time when UE entering CONNECTED mode and need to be configured again before UE leaving CONNECTED mode. 
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 above; e.g., by changing the rules of the validity of the cell reselection priorities provided in dedicated signalling.
Observation 2.2b: 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. 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 2.3: 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.
As it is discussed in section 2.1, CAGs can provide access control for network slices. As CAGs are also considered during cell reselection, assigning CAGs to network slices guarantees that only cells supporting the intended slices are reselected. In Rel-16 specifications there are options to provide CAG specific reselection information (e.g. IntraFreqCAG-CellListPerPLMN-r16) that can help UEs to find cells that support CAG(s) in their allowed CAG list. 
Observation 2.4: Assigning Closed Access Groups to slices or group of slices may be used to guarantee that only cells supporting the intended slices are reselected without additional RAN2 specifications.
UEs perform cell reselection based on information received from RAN either via broadcasted or dedicated signalling. The reselection information provided by RAN can take into account the Allowed NSSAI of the UE, current load, and deployment specific aspects to optimize RAN performance. 
However, there can be cases when it is worth considering other information. 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 2.5: 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 2: 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 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) Assigning CAG ID(s) to slices or group of slices.
d) Considering preconfigured/provisioned slice information when a UE intends to access an S-NSSAI that is not in the Allowed NSSAI.
3	Conclusion
In this contribution we have made the following observations and proposals:
Observation 1.1: 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 1.2: Broadcasting slice information in SIB1 is not a scalable solution due to SIB1 size limitation and it does not guarantee fast access to a cell that supports the intended slice(s).
Observation 1.3: 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).
Observation 1.4: Assigning Closed Access Groups to slices or group of slices may be used to guarantee that only cells supporting the intended slices are selected without additional RAN2 specifications.
Proposal 1: RAN2 to study the following options to enable UE fast access to the cell supporting the intended slice(s) during cell selection:
a) Enhancing legacy redirection mechanism.
b) Adding stored slice information to the parameters that a UE may use during cell selection. 
c) Assigning CAG ID(s) to slices or group of slices.
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Observation 2.2a: Providing dedicated cell reselection priorities considering slice information can be an effective mechanism to achieve slice specific cell reselection.
Observation 2.2b: Some enhancements could be considered in the dedicated cell reselection priorities to remove or decrease the discovered limitations of this mechanism.
Observation 2.3: 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 2.4: Assigning Closed Access Groups to slices or group of slices may be used to guarantee that only cells supporting the intended slices are reselected without additional RAN2 specifications.
Observation 2.5: 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 2: RAN2 should study the following options to enable UE fast access to the cell supporting the intended slice(s) during cell reselection:
e) Enhancing the dedicated cell reselection priorities to remove or decrease the discovered limitations.
f) Adding slice information to the broadcasted cell reselection information. The size of the added information should be considered. 
g) Assigning CAG ID(s) to slices or group of slices.
h) Considering preconfigured/provisioned slice information when a UE intends to access an S-NSSAI that is not in the Allowed NSSAI.



