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Abstract of the contribution: this paper is to provide how to support PLMN-specific slices in roaming scenarios.
1.
Introduction
The NSSAI and S-NSSAI can be standardized value or PLMN-specific value according to the TR conclusion in clause 8.1 of TR 23.799. 

	2.
A UE may provide network slice selection assistance information (NSSAI) consisting of a set of parameters to the network to select the set of RAN and CN part of the network slice instances (NSIs) for the UE:
a)
The NSSAI can have standard values or PLMN specific values. The NSSAI (which is used to select the CCNF) is a collection of SM-NSSAIs (see sub-bullet 2c for the SM-NSSAI definition), each allowing the network to select a particular slice.
NOTE 1:
Whether a single value which is a representation of a collection of the SM-NSSAIs could also be used as NSSAI is to be assessed in normative work.
…
14.
For roaming scenarios, the slice specific network functions beyond CCNF in VPLMN and HPLMN are selected based on the SM-NSSAI provided by the UE as following.

a)
If standard SM-NSSAI is used, then selections of slice specific NF instances are done by each PLMN based on the standard SM-NSSAI.

b)
If non-standard SM-NSSAI is used, the VPLMN maps the SM-NSSAI of HPLMN to a SM-NSSAI of VPLMN based on roaming agreement (including mapping to a default SM-NSSAI of VPLMN). The selection of slice specific NF instance in VPLMN are done based on the SM-NSSAI of VPLMN, and the selection of any slice specific NF instance in HPLMN are based on the SM-NSSAI of HPLMN.

NOTE 8:
Whether the SM-NSSAI can be directly used as input to network function instance selection procedure defined in KI 7# should be decided in normative phase.


In this paper, we provide how to support PLMN-specific slices in roaming scenarios.
2. Discussion

Which value is used in VPLMN
The NSSAI and S-NSSAI are used in the UE and the PLMN. To support HPLMN-specific slices in a roaming network, the roaming agreements between the HPLMN and the VPLMN may include the association of HPLMN-specific NSSAI(S-NSSAIs) with VPLMN NSSAI(S-NSSAIs). However, it is not clear yet which value (HPLMN-specific NSSAI(S-NSSAIs) or corresponding VPLMN NSSAI(S-NSSAIs)) is used in roaming scenarios. 
· If HPLMN-specific S-NSSAIs are used in the VPLMN, then the RAN and 5G CN shall translate the HPLMN-specific value to the corresponding VPLMN value and maintain the mapping information. The UE is not aware of the VPLMN values.
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< HPLMN-specific NSSAI(S-NSSAIs) are used in VPLMN >
· If the VPLMN-specific S-NSSAIs are used in the VPLMN, then the UE and 5G CN shall do. The RAN in VPLMN is not aware of the HPLMN-specific values.
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In our view, it would be preferable to use VPLMN NSSAI(S-NSSAIs) in roaming scenarios. Otherwise, the RAN in the VPLMN has to be aware of roaming agreements to map a HPLMN-specific S-NSSAI to a corresponding VPLMN S-NSSAI. 

Observation 1: To support PLMN-specific slices in a VPLMN, mapping between HPLMN-specific NSSAI(S-NSSAIs) and corresponding VPLMN NSSAI(S-NSSAIs) is required. 
Proposal 1: It is proposed to use VPLMN NSSAI(S-NSSAIs) in roaming scenarios. The mapping between the HPLMN-specific NSSAI(S-NSSAIs) and the corresponding VPLMN NSSAI(S-NSSAIs) is maintained in the UE and the 5G CN, but not in the RAN. 
How the UE gets VPLMN values
The roaming agreements between the HPLMN and the VPLMN may include the association of HPLMN-specific NSSAI(S-NSSAIs) with VPLMN NSSAI(S-NSSAIs). The roaming agreements exist in both of the HPLMN and the VPLMN.  

In order to use the VPLMN NSSAI(S-NSSAIs) in roaming scenarios, the UE shall know the VPLMN NSSAI(S-NSSAIs). The information can be provided to the UE by the HPLMN or the VPLMN. 
· The HPLMN can configure the UE with the VPLMN NSSAI(S-NSSAIs). The S-NSSAIs for the VPLMN is used for the PDU session setup procedures as well as the registration procedures. Therefore, the NSSP for the VPLMN also needs to be provisioned in the UE to associate a UE application with a specific S-NSSAI for the VPLMN. 
· If the configuration does not exist in the UE or the configuration is not up-to-date, the UE can get the VPLMN NSSAI(S-NSSAIs) from the VPLMN during the registration procedure. The UE includes the Requested NSSAI of the HPLMN in the Registration Request. After checking the UE subscription and the roaming agreements, the AMF in the VPLMN sends the Registration Accept message to the UE including the Accepted NSSAI of the VPLMN and the corresponding values of the HPLMN. After successful registration, the UE comes to know S-NSSAIs of the VPLMN and uses them for subsequent registration and PDU session setup procedures.
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< Registration procedure in VPLMN>
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Observation 2: The roaming agreements including the association of HPLMN-specific NSSAI(S-NSSAIs) with VPLMN NSSAI(S-NSSAIs) exist in both HPLMN and VPLMN. Therefore, the UE may get the VPLMN NSSAI(S-NSSAIs) from the HPLMN and/or the VPLMN.

Proposal 2: It is proposed that the HPLMN can configure the UE with NSSAI(S-NSSAIs) and NSSP for the VPLMN and the VPLMN can provide the VPLMN NSSAI(S-NSSAIs) during a registration procedure. The UE can use the Configured NSSAI(S-NSSAIs) for the VPLMN if available. If the configuration does not exist or the configuration is not up-to-date, then the UE uses the NSSAI(S-NSSAIs) of the HPLMN and gets the NSSAI(S-NSSAIs) of the VPLMN during a registration procedure.
The mapping between PLMN-specific values
When the AMF in the VPLMN receives the Registration Request including the Requested NSSAI of the HPLMN from the UE, the AMF needs to map the S-NSSAIs of HPLMN to corresponding S-NSSAIs of VPLMN based on roaming agreements and determine the Accepted NSSAI for the VPLMN. To achieve this, the AMF needs roaming agreements and the UE subscription. The UE subscription is retrieved from the UDM in the HPLMN. The roaming agreements can be also retrieved from the UDM (i.e., the UDM sends the corresponding S-NSSAIs of the VPLMN when it sends the UE subscription to the AMF) or can be retrieved from a NSSF in the VPLMN. Assuming that the NSSF is a functionality of the AMF, the AMF manages the roaming agreements in this case. In our view, it would be preferable for the VPLMN to manage the mapping as it is more flexible than having to ask the HPLMN to update all the subscriptions in the UDM if it wants to change the mapping.
Observation 3: The mapping between S-NSSAIs of the HPLMN and corresponding S-NSSAIs of the VPLMN can happen in either the HPLMN or the VPLMN. It would be more flexible to manage the mapping in the VPLMN so that the VPLMN doesn’t have to ask the HPLMN to update the mapping. 

Proposal 3: It is proposed that the AMF in the VPLMN manages the roaming agreements and is able to map the S-NSSAIs of HPLMN to corresponding S-NSSAIs of VPLMN without interaction with the HPLMN.
After successful registration receiving the Accepted NSSAI for the VPLMN, the UE includes a S-NSSAI of the VPLMN in a PDU Session Establishment Request. In case of local breakout, the AMF uses the S-NSSAI of the VPLMN. In case of home routed, the S-NSSAI of the VPLMN has to be changed to the corresponding S-NSSAI of the HPLMN when it is used in HPLMN (e.g. SMF of HPLMN selection). There are two alternatives. The first alternative is that the AMF changes the S-NSSAI of the VPLMN to the corresponding S-NSSAI of the HPLMN. The second alternative is that the AMF doesn’t change the value and sends it to HPLMN, and the HPLMN maps the S-NSSAI of the VPLMN to the corresponding S-NSSAI of the HPLMN. In the latter case, the HPLMN as well as the VPLMN has to maintain the mapping. Therefore, in our view, it would be preferable for the AMF to change the value before sending it to the HPLMN. How to select a SMF in HPLMN using the S-NSSAI of the HPLMN is not a scope of this proposal.
Observation 4: The mapping between S-NSSAIs of the HPLMN and corresponding S-NSSAIs of the VPLMN can happen in either the HPLMN or the VPLMN. It would be more flexible to manage the mapping in the VPLMN so that the VPLMN doesn’t have to ask the HPLMN to update the mapping.  
Proposal 4: It is proposed that the UE uses a S-NSSAI of the VPLMN for PDU session setup request regardless of whether the PDU session is local breakout or home-routed. In case of home-routed, the AMF changes the S-NSSAI of the VPLMN to the corresponding S-NSSAI of the HPLMN and sends it to the HPLMN. 
The benefit of using dynamic mapping
By using the dynamic mapping, 

· The amount of configuration (i.e., Configured NSSAI and NSSP for each PLMN) by the HPLMN is reduced.
· The level of flexibility in the mapping is high. The VPLMN is able to set its local policy (e.g., which S-NSSAI will be used for roamers) without asking the HPLMN to update the information.
3.
Text Proposal
The following changes are proposed to be applied to TS 23.501.
*** Start of the change ***

5.15.6
Network Slicing Support for Roaming

In roaming scenarios, the UE sends a Requested NSSAI of the VPLMN for a registration procedure if Configured NSSAI for the VPLMN exists in the UE. If the configuration does not exist or is not up-to-date, then the UE sends a Requested NSSAI of the HPLMN for a registration procedure. The AMF in the VPLMN retrieves the UE subscription from the UDM in the HPLMN. Based on the UE subscription and the roaming agreements, the AMF determines the Accepted NSSAI of the VPLMN and sends a Registration Accept message to the UE including the Accepted NSSAI of the VPLMN and the corresponding S-NSSAIs of the HPLMN. 
After successful registration, the AMF and the UE manage the mapping between S-NSSAIs of the VPLMN and corresponding S-NSSAIs of the HPLMN. The AMF uses the mapping information if it needs to translate a S-NSSAI of VPLMN into a corresponding S-NSSAI of HPLMN, and vice versa (e.g., supporting roaming). The UE uses the mapping information for its internal operation (e.g., finding an appropriate network slice for service(s)). Specifically, an UE application, which is associated with a certain S-NSSAI of HPLMN as per the NSSP, is also associated with a corresponding S-NSSAI of the VPLMN based on the mapping information. The UE uses S-NSSAIs of the VPLMN for subsequent PDU session establishment procedures.

The UE sends a S-NSSAI of the VPLMN for a PDU Session Establishment Request regardless of whether the PDU session is local breakout or home-routed. The network slice specific network functions in VPLMN and HPLMN are selected based on the S-NSSAI provided by the UE during PDU connection establishment. The AMF uses the S-NSSAI of the VPLMN to select slice specific NFs in the VPLMN. In case of home-routed, 
if a standardized S-NSSAI is used, then selections of slice specific NF instances are done by HPLMN based on the provided S-NSSAI. 
Otherwise, the AMF in VPLMN changes the provided S-NSSAI to a corresponding S-NSSAI of HPLMN based on the mapping information. The selection of any slice specific NF instance in HPLMN is based on the S-NSSAI of HPLMN.

Editor's note:
The case where the HPLMN (based on roaming agreements) configured non-standard S-NSSAI values of the VPLMN in the Configured NSSAI for that PLMN is FFS
Editor’s note: The details of slice specific NF selection will be updated as a result of the discussion on session management.
*** End of the change ***
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