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1. Background

SA2 has completed their Rel-18 Study on enhancements of network slicing phase 3. The study is documented in TR 23.700-41. Key Issue #3 of this study was entitled Support for providing VPLMN network slice information to a roaming UE. In this key issue, SA2 worked in providing a solution for the following Stage 1 requirement in SA1 TS 22.261:

For a roaming UE activating a service/application requiring a network slice not offered by the serving network but available in the area from other network(s), the HPLMN shall be able to provide the UE with prioritization information of the VPLMNs with which the UE may register for the network slice.

It is assumed that the Steering of Roaming mechanism is used as part of the solution for the HPLMN to provide the UE with “prioritization information of the VPLMNs with which the UE may register for the network slice”. Furthermore, such solution will impact PLMN selection functionality. Both PLMN selection and Steering of Roaming stage 2 are in CT1 remit in 23.122 [4] and CT1 needs to develop a solution for slice-aware Steering of Roaming.
2. Discussion
The Slice-based PLMN selection feature has two main logical blocks:
a) Trigger for slice based PLMN selection; and
b) Slice based PLMN selection procedure. 
In this paper and the contributions to this meeting, we focus on the slice based PLMN selection procedure in b). For the trigger for slice based PLMN selection in a), we provide a high-level overview of our approach. We will provide detailed contributions on this topic in the next meeting. 
2.1 Trigger for slice based PLMN selection feature (high level overview)
The trigger for the UE to look for another VPLMN is the inability of the serving VPLMN to provide the desired services/applications. As per the current URSP logic, this occurs when the traffic flow of the desired application/service matches the traffic descriptor of a non-default URSP rule, but the S-NSSAI in the RSD of this rule is not available. 
Proposal 1: Trigger for slice-based PLMN selection occurs when the traffic flow of the desired application/service matches the traffic descriptor of a non-default URSP rule, but the S-NSSAI in the RSD of this rule is not available.
If the UE desires multiple services/applications, and only a subset of the non-default slices for these services/applications can be provided by the serving VPLMN, the prioritization of the services/applications in the UE may determine whether slice based PLMN selection will be triggered or not.
Proposal 2: If the UE desires multiple services/applications, and only a subset of the non-default slices for these services/applications can be provided by the serving VPLMN, the prioritization of the services/applications in the UE may determine whether to trigger slice based PLMN selection or not.
Another issue to be discussed is where the logic for triggering slice based PLMN selection resides and where it is documented. We see the following options: the application layer (TS 23.122), URSP (TS 24.526) and the NAS layer (TS 24.501). This is FFS.
Finally, it needs to be decided whether slice based PLMN selection will be performed as PLMN selection upon lack of coverage (i.e. immediate and all-encompassing PLMN scan), periodic (periodic scan) or in another regime to be defined. This is FFS. 
Proposal 3: Where the logic for triggering slice based PLMN selection resides and whether slice based PLMN selection will be performed as PLMN selection upon lack of coverage (i.e. immediate and all-encompassing PLMN scan), periodic (periodic scan) or in another regime is FFS.
We will provide detailed contributions to implement proposals 1 through 3 in the next meeting.

2.2 Slice based PLMN selection procedure
The slice based PLMN selection functionality needs to enable the UE to select the most appropriate VPLMN for the desired services/applications. 

2.2.1 Inputs into Slice based PLMN selection procedure
The following inputs are identified in the solution:
a) UE prioritized list of needed services/applications;
b) URSP rules;
c) Slice-based PLMN selection information (SbPSI);
d) UE assistance information
In the following we elaborate on each of these components
NOTE: The assumption is that the trigger for slice based PLMN selection has been met, as discussed in section 2.1. 
a) UE prioritized list of services/applications
The purpose of the slice based PLMN selection is to enable the UE to select the most appropriate VPLMN for the desired services/applications. In the most trivial case, there is only one service/application desired. In this case, prioritization of the desired services/applications is not needed. In a more general case, the user may have a mix of services/applications that it wants to have access to simultaneously. All the non-default slices for the desired services/applications may not be available in the same VPLMN. In that case, the user should be allowed to prioritise the desired services/applications. This prioritization needs to be configurable in the UE. It should be possible to change this prioritization in the UE based on user input. A default static prioritization can be pre-configured in the UE by the HPLMN.  
Proposal 4: UE stores a prioritized list of services/applications configured in the UE as input for slice-based PLMN selection.
b) URSP rules
URSP rules provide the slice information corresponding to the traffic flow of a service/application. This role remains unchanged. When multiple applications/services are desired, the URSP will provide the slice information for each application/service separately. In that case, the prioritization of the slices will be determined by the UE prioritized list of services/applications in bullet a). 
Proposal 5: Mapping of the desired services/applications to the slices is performed in the URSP in the legacy manner.
c) Slice-based PLMN selection information (SbPSI)
The Slice-based PLMN selection information (SbPSI) is determined by the network for the UE registering or registered to a VPLMN using the Steering of Roaming framework. The SbPSI consists of prioritization information of the VPLMNs with which the UE may register for network slices. Following a) and b) above, the UE can, based on its desired services/applications and by using URSP, determine desired slices in priority order, and then use the SbPSI needs to select the highest prioritized VPLMN that supports the desired slices, if any.

[bookmark: _Hlk134088421]The most straight-forward alternative for SbPSI would be a HPLMN prioritized list of VPLMNs, each with a list of subscribed HPLMN S-NSSAI(s) for this UE in this VPLMN. The UE determined slice sets from URSP rules can then be matched to the HPLMN slices available in VPLMNs, and a combination of VPLMN and slice set that is the highest prioritized combination can be evaluated (see section 2.2.2 for an example). 
Proposal 6: Network creates UE specific SbPSI that provides prioritization information of the VPLMNs with which the UE may register for network slices.
d) UE assistance information
In order to put together the SbPSI, the HPLMN uses e.g.:
· UE subscription information; and
· UE assistance information
[bookmark: _Hlk134088520]The UE subscription information is static and reflects generic usage patterns of services/application of the user. The purpose of the UE assistance information is to provide the HPLMN with a more dynamic information reflecting the currently desired services/applications by the user. For example, the user may switch from a “work” to a “leisure” profile at random times during the day, which would alter the order of prioritization of the desired services/applications in the UE. Each profile may have associated optional validity information. The HPLMN should take this into account when providing the SbPSI to this UE. The format of the UE assistance information should be such to avoid excessive signalling due to frequent updates of the UE assistance information and the respective SbPSI updates. At the high level, the UE assistance information would consist of several profile entries, each profile entry including:
· Profile identity
· Priority level
· Prioritized list of Traffic Categories (see GSMA NG.135) or Connection Capabilities (see TS 24.526)
· Optionally, validity conditions (e.g. time validity and location validity) 
Proposal 7: UE provides UE assistance information reflecting desired services/applications by the user to the HPLMN to aid in putting together SbPSI updates.
2.2.2 Slice based PLMN selection procedure logic
The legacy PLMN selection procedure needs to be extended to take into account the new inputs discussed in section 2.2.1. The proposed procedure is explained using the following examples.

Example 1: single desired service/application
The UE desires application/service AS1.
Since the UE is interested in a single service/application, the prioritized list of services/applications in the UE (see section 2.2.1 bullet a) is not used.
URSP rules evaluation for AS1 results in the following connectivity preferences (slices):
AS1 : S-NSSAI-1
Based on the above, the UE generates the following prioritized slice sets:
1.  S-NSSAI-1
The network determined SbPSI for this UE is (VPLMNs in priority order, each with a list of supported (HPLMN) S-NSSAI):
1. VPLMN1:  {S-NSSAI-1, S-NSSAI-3}
2. VPLMN2 : {S-NSSAI-2, S-NSSAI-3}
3. VPLMN3:  {S-NSSAI-1, S-NSSAI-2}
Applying the prioritized slice sets to SbPSI will result in the following prioritized VPLMN list:
1. VPLMN1
2. VPLMN3
The UE will select VPLMN1 if available, followed by VPLMN3. The UE will not select VPLMN2.

Example 2: multiple desired services/applications with equal priority in the UE
The UE desires services/application AS1 and AS2.
The prioritized list of services/applications in the UE (see section 2.2.1 bullet a) is as follows:
1. AS1, AS2
URSP rules evaluation for AS1 and AS2 results in the following connectivity preferences (slices):
AS1: S-NSSAI-1
AS2: S-NSSAI 2
Based on the above, the UE generates the following prioritized slice sets:
1. {S-NSSAI-1, S-NSSAI-2}
2. {S-NSSAI-1}, {S-NSSAI-2}
The network determined SbPSI for this UE is (VPLMNs in priority order, each with a list of supported (HPLMN) S-NSSAI):
1. VPLMN1:  {S-NSSAI-1, S-NSSAI-3}
2. VPLMN2 : {S-NSSAI-2, S-NSSAI-3}
3. VPLMN3:  {S-NSSAI-1, S-NSSAI-2}
Applying the prioritized slice sets to SbPSI will result in the following prioritized VPLMN list:
1. VPLMN3
2. VPLMN1, VPLMN2
The UE will select VPLMN3 if available. If VPLMN3 is not available, the UE will select VPLMN1 or VPLMN2.

Example 3: multiple desired services/applications with different priorities in the UE
The UE desires services/application AS1 and AS2.
The prioritized list of services/applications in the UE (see section 2.2.1 bullet a) is as follows:
1. AS1
2. AS2
URSP rules evaluation for AS1 and AS2 results in the following connectivity preferences (slices):
AS1: S-NSSAI-1
AS2: S-NSSAI 2
Based on the above, the UE generates the following prioritized slice sets:
1. {S-NSSAI-1, S-NSSAI-2}
2. {S-NSSAI-1}
3. {S-NSSAI-2}
The network determined SbPSI for this UE is (VPLMNs in priority order, each with a list of supported (HPLMN) S-NSSAI):
1. VPLMN1:  {S-NSSAI-1, S-NSSAI-3}
2. VPLMN2 : {S-NSSAI-2, S-NSSAI-3}
3. VPLMN3:  {S-NSSAI-1, S-NSSAI-2}
Applying the prioritized slice sets to SbPSI will result in the following prioritized VPLMN list:
1. VPLMN3
2. VPLMN1
3. VPLMN2
The UE will select VPLMN3 if available, followed by VPLMN1, followed by VPLMN2. 
Proposal 8: The slice-based PLMN selection procedure outlined in Example 1 through 3 will be specified.
4. Conclusion
Proposal 1: Trigger for slice-based PLMN selection occurs when the traffic flow of the desired application/service matches the traffic descriptor of a non-default URSP rule, but the S-NSSAI in the RSD of this rule is not available.
Proposal 2: If the UE desires multiple services/applications, and only a subset of the non-default slices for these services/applications can be provided by the serving VPLMN, the prioritization of the services/applications in the UE may determine whether to trigger slice based PLMN selection or not.
Proposal 3: Where the logic for triggering slice based PLMN selection resides and whether slice based PLMN selection will be performed as PLMN selection upon lack of coverage (i.e. immediate and all-encompassing PLMN scan), periodic (periodic scan) or in another regime is FFS.
Proposal 4: UE stores a prioritized list of services/applications configured in the UE as input for slice-based PLMN selection.
Proposal 5: Mapping of the desired services/applications to the slices is performed in the URSP in the legacy manner.
Proposal 6: Network creates UE specific SbPSI that provides prioritization information of the VPLMNs with which the UE may register for network slices.
Proposal 7: UE provides UE assistance information reflecting desired services/applications by the user to the HPLMN to aid in putting together SbPSI updates.
Proposal 8: The slice-based PLMN selection procedure outlined in Example 1 through 3 and proposed in C1-233154 will be specified.

