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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.

The conclusion for KI#3 is documented in section 8.2 of the TR 23.700-41. The essential elements of the solution are as follows:

· The UE receives from the Sor-AF, via UDM, using SoR signalling, “Enhanced slice aware information” including list of “preferred PLMNs for specific S-NSSAIs in the UE subscription”. The order of preference of PLMNs in this list generally differs from the order of the legacy prioritized PLMN lists. 
· The UE performs the PLMN selection based on the received enhanced slice-aware information described above. 
· The HPLMN can update the enhanced slice-aware information when needed using SoR, e.g., upon change in the UE subscription or other HPLMN trigger.

The SA2 work notwithstanding, PLMN selection is in CT1’s purview. That is not to say that the work that SA2 has done should be ignored or discarded. However, that means that:
-	CT1 needs to take a step back and consider all aspects of slice-based PLMN selection that may have not been considered by SA2; and 
-	CT1 should not be bound by SA2 requirements: it can go beyond them or not take some of them into account
Before the discussion starts, it is useful to note that this feature applies to NR RATs only.
Observation 1: Slice-based PLMN selection applies only to NR RATs. It does not apply to EPS RATs.
2. Discussion breakdown

We believe that the following key issues need to be discussed in the scope of the work of slice-based PLMN selection:
1. The mapping of the scenario that the SA1 requirement addresses onto protocol-level specifics; namely: application requiring a network slice not offered by the serving network
2. The semantics of the new information provided to the UE in the SA1 requirement; namely: “prioritization information of the VPLMNs with which the UE may register for the network slice”
3. The interpretation of “available in the area from other network(s)” in the SA1 requirement.
4. The UE layer where the scenario in bullet 1 is detected and the new trigger for PLMN selection occurs
NOTE: the trigger is separate from the PLMN selection procedure itself, which is treated in bullet 6 
5. The semantics of the UE assistance information
6. The extension of the PLMN selection procedure to take into account the new trigger(s) and the new “prioritization information of the VPLMNs with which the UE may register for the network slice”
In this contribution, we provide our complete view on the first four bullets above. We also provide some initial thoughts on the last two bullets, which will be elaborated on in the future. 

2.1	The interpretation of “application requiring a network slice not offered by the serving network”

The following scenarios are of potential interest w.r.t. the SA1 requirement:
Scenario 1: application traffic flow matches the traffic descriptor of a non-default URSP rule, but the S-NSSAI in the RSD of this rule is not in the allowed NSSAI. This could happen, for example, because the application uses a custom S-NSSAI, which has not been widely deployed outside the HPLMN (e.g. “factory-provisioned S-NSSAI”).  

Scenario 2: UE’s registration request is rejected with cv#62 “no network slices available”, which already triggers a PLMN selection. 
This scenario is not substantially different from the previous scenario, as it results in the same outcome at the URSP level, i.e. the S-NSSAI corresponding to the application’s request is not in the allowed NSSAI. Also, this scenario assumes that the S-NSSAI of the application is in the Configured NSSAI for the serving VPLMN, i.e. some kind of misconfiguration has taken place. 

Scenario 3: There is no matching non-default URSP rule for the application flow. The URSP provides the S-NSSAI based on the default “match-all” rule. 
This scenario is caused by incomplete URSP and should be resolved by updating the URSP.

Based on the above, Scenario 1 is the one to focus on.

Proposal 1: the key scenario to focus on is the following: the application traffic flow matches the traffic descriptor of a non-default URSP rule, but the S-NSSAI in the RSD of this rule is not in the allowed NSSAI.

2.2	The semantics of “prioritization information of the VPLMNs with which the UE may register for the network slice”
During the discussion on the semantics of “prioritization information of the VPLMNs with which the UE may register for the network slice” in CT1#140, the following two options were presented:
1. A single prioritized list of PLMNs put together by the HPLMN/UDM based on the UE subscription and the UE assistance information. This list is not per S-NSSAI.
2. A separate prioritized list of PLMNs for each S-NSSAI. 
In our view, the SA1 requirement refers to Option 2. The text “prioritization information of the VPLMNs with which the UE may register for the network slice”, implies that the prioritized list of VPLMNs information is per slice.  This is in line with the SA2 interpretation: “list of preferred PLMNs for specific S-NSSAIs in the UE subscription.”
Proposal 2: “prioritization information of the VPLMNs with which the UE may register for the network slice” in the SA1 requirement means a separate prioritized list of PLMNs for each slice.

2.3	The interpretation of “available in the area from other network(s)”
The UE knows about availability of other networks through PLMN scan/search. This PLMN search can be:
· all-encompassing and immediate, as performed for PLMN selection upon loss of coverage
· periodic search for higher priority PLMNs
SA1 did not specify which of the two mechanisms the new slice-based PLMN selection uses. This decision is then up to the UE. It is related to the discussion on the trigger for slice-based PLMN selection (section 2.4).
Proposal 3: Whether the slice-based PLMN selection is triggered as “upon loss of coverage” or as “periodic PLMN search” is up to the UE.


2.4	Trigger for slice-based PLMN selection
The question of where (i.e. at which layer/logic in the UE) the trigger for slice-based PLMN selection occurs, needs to be answered in order to properly document the new trigger. 
NOTE: the discussion about the trigger is separate from the PLMN selection procedure per se, which is discussed in section 2.5 and is documented in TS 23.122.
We see the following options:
1. The trigger is at the application/HLOS level, based on the determination that the PDU session matching the application request is not available from the lower layers (5GSM). 
This option would allow the application/HLOS to determine whether to trigger PLMN selection or not to optimize user experience. Furthermore, the application/HLOS could determine whether to trigger PLMN selection upon loss of coverage (all-encompassing PLMN search) or wait for the next periodic PLMN search, having in mind the acceptable level of impact on the user experience. On the other hand, this option assumes that the application is aware of the QoS of the PDU session and/or of the precedence level of the URSP rule that determined the S-NSSAI of the PDU session. This information is typically not provided to the application/HLOS.
2. The trigger is at the URSP level (TS 24.526), based on the determination that the scenario in Proposal 1 has occurred.
This trigger logic would fit naturally within the URSP logic. On the other hand, it would not leave any room to optimize user experience, e.g. by triggering PLMN selection selectively based on the application/HLOS-level preferences. 
3. The trigger is at the NAS layer (TS 24.501)
While the NAS layer can trigger PLMN selection in multiple scenarios, including registration reject with cv#62, the scenario in Proposal 1 takes place with no impact on NAS signaling. Since the focus is on this scenario, the NAS layer does not seem to be a proper place to host the logic for triggering slice-based PLMN selection.
Proposal 4: Whether the trigger for slice-based PLMN selection should be in the application/HLOS layer or in the URSP is FFS.

2.5	UE assistance information
SA2 did not provide details about the UE assistance information. In our view, this information from the UE should indicate a prioritization of applications in the UE. 
This topic needs further discussion.
Proposal 5: The UE assistance information shall be specified. The details are FFS.
2.6	Extension of the PLMN selection procedure for slice-based PLMN selection
The legacy PLMN selection procedure needs to be extended to take into account the new input discussed in section 2.2. The procedure should address the following issues (this list is not exhaustive):
· Handling of the new per-slice preferred PLMN lists
· Handling of the legacy preferred PLMN lists for PLMN selection in USIM
· Resolving conflicts, e.g. slice prioritization when there are multiple applications of interest in the UE with different PLMN preferences.
The extension of the PLMN selection procedure requires further discussion. The procedure should be documented in TS 23.122. 
Proposal 6: The slice-based PLMN selection procedure shall consider the conflicts when there are multiple applications in the UE that have different PLMN preferences.




3.	Conclusion

Observation 1: Slice-based PLMN selection applies only to NR RATs. It does not apply to EPS RATs.
Proposal 1: The key scenario to focus on is the following: the application traffic flow matches the traffic descriptor of a non-default URSP rule, but the S-NSSAI in the RSD of this rule is not in the allowed NSSAI.
Proposal 2: “prioritization information of the VPLMNs with which the UE may register for the network slice” in the SA1 requirement implies a separate prioritized list of PLMNs for each slice.
Proposal 3: Whether the slice-based PLMN selection is triggered as “upon lack of coverage” or as “periodic PLMN search” is up to the UE.
Proposal 4: Whether the trigger for slice-based PLMN selection should be in the application/HLOS layer or in the URSP is FFS.
Proposal 5: The UE assistance information shall be specified. The details are FFS.
Proposal 6: The slice-based PLMN selection procedure shall consider the conflicts when there are multiple applications in the UE that have different PLMN preferences.

