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1. [bookmark: _Ref165266342]Introduction
CT1 is considering a new WID on Slice-based PLMN Selection (SbPS) in Rel-18. The main justification for the WID is the agreed SA1 requirement in TS 22.261 clause 6.1.2.1:

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.

This contribution examines some of the objectives of this WID, soluton aspects that can address these objectives and the issues therein.

2. Discussion 
2.1 Current PLMN Selection and SoR Framework
The UE performs PLMN selection (automatic mode) as described in clause 4.4.3.1.1 in TS 23.122. Essentially the UE builds a prioritized list of available PLMNs and selects the highest priority PLMN. In roaming scenarios, when using the SoR framework, the HPLMN provides the UE with a prioritized list of VPLMNs (i.e. the "Operator Controlled PLMN Selector with Access Technology" list) as described in Annex C in TS 23.122 and the UE again selects the highest priority VPLMN available. For both cases, the UE already has a prioritized list of PLMNs available.
Observation 1: When performing PLMN selection in automatic mode or when using the SoR framework in roaming scenarios, the UE already has a prioritized list of PLMNs available in the area.

2.2 Information to be included in Enhanced Slice-based Information (ESI) by the network
For Slice-based PLMN Selection (SbPS), the main requirement from SA1 for HPLMN is:
… 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 UE already has prioritized list of VPLMNs available from the current SoR framework. It seems the main information that is missing is slices supported by different VPLMNs in a given area. Once the UE becomes aware of slices offered by different VPLMNs, it can select the highest priority VPLMN that offers the slice or set of slices required by active applications on the UE. For SbPS the UE may receive “Enhanced Slice based Information” (ESI) that may include a list of slices available in an area and the VPLMNs that offer them from the HPLMN. This additional information (ESI) can be received from the HPLMN using the SoR framework.
The HPLMN is aware of UE subscription and can provide ESI for all slices in subscribed NSSAI. Alternately the HPLMN can provide ESI for a subset of slices included in subscribed NSSAI based on slices deployed in current location, roaming agreements, etc. The HPLMN can also provide ESI for all the VPLMNs providing service at current UE location based on roaming agreements. 

Proposal 1: The HPLMN can provide ESI based on various factors such as set of slices included in UE’s subscribed NSSAI, roaming agreements, slices deployed in the current location, or optional UE assistance information.

2.3 UE indicating support for SbPS and handling ESI
The HPLMN can configure their subscribed UEs (via USIM) to indicate that the UE is expected to receive the (ESI) due to initial registration in a VPLMN, and also indicate this in the subscription information in the UDM. The UE may be configured to rceive (ESI) in addition to the existing SoR information, and the network may send both sets of information, or only the existing SoR information. In both cases, the UE needs to be able to handle the two sets of information appropriately and perform the corresponding PLMN selection procedure. In case both sets of information are sent, the UE should recognize presence of (ESI) and prioritize SbPS over current PLMN selection using just the SoR information. If the UE does not receive either of the two sets of information, that it was expecting to receive, the UE should classify this as an error, depriritize the current VPLMN and handle it as per current handling of SoR information error in TS 23.122 clause C.2 and C.3.

Proposal 2: The UE may be configured to receive “Enhanced Slice based Information” (ESI) in addition to the existing SoR information. If the UE receives ESI, then the UE performs SbPS procedure, otherwise the UE performs current PLMN selection procedure using existing SoR information.

2.4 UE Assistance Information
Applications can be launched on UE fairly quickly and UE can switch across different applications, fairly qickly and randomly as well. Trying to provide information about active applications dynamically to the network and getting information from network about available slices at application launch time, and subsequently doing SbPS based on that information, can incur significant delay and impact user experience. Providing information about active or prioritized applications on UE may also violate user privacy. As such its quite infeasible for UE to provide information about applications to network for SbPS.

The UE can, optionally provide list of S-NSSAI(s) that the UE is interested in to the network. The S-NSSAI(s) can include all the configured NSSAI(s) of the current registered PLMN or a sub-set of S-NSSAI(s) that the UE is currently requesting access to in either the Registration Request message or in the Uplink NAS Transport message. When the UE sends “UE assistance information”, it should always expect a mandatory acknowledgement from HPLMN. The main purpose of any optional UE assistance information, is to reduce the amount of information (ESI) that the HPLMN may send to the UE.

Proposal 3: It is quite infeasible for the UE to send any information about applications running on the UE to the network for purpose of SbPS. The UE may optionally provide list of S-NSSAI(s) that the UE is interested in as part of UE assistance information. The main purpose of providing such assistance information is to reduce the amount of information regarding slices supported by different VPLMNs in an area (ESI) that the UE may receive from the HPLMN.

2.5 Triggers for providing updated ESI to already registered UEs
The HPLMN provides ESI information to UE as part of initial registration procedure or subsequently as part of mobility registration procedure or using DL NAS Transport message. The UE can request ESI on power up and periodically thereafter as and when required, using the registration procedure. Typically when new aplications are activated, the UE is expected to have ESI already for the area that the UE is in, as opposed to requesting it everytime a new application is launched. The HPLMN can provide updated ESI to UEs that are already registered. This can be done if either there is change in roaming agreements, new slices become available, or there is change in UE assistance information.

Proposal 4: The HPLMN can provide updated ESI to UEs that are already registered if either there is change in roaming agreements, new slices are available, or change in UE assistance information.
2.6 Triggers for SbPS and performing SbPS
The UE can initiate search for higher priority PLMN on receiving ESI on power up or when an S-NSAAI not included in allowed NSSAI is activated, an S-NSSAI that was previously in use is no longer in use and corresponding PDU session is released, etc. Slice based PLMN selection is always performed by the UE (as opposed to the network) based on ESI received from the network. When ESI information is available, the UE selects the highest priority slice (or set of slices) based on active applications and URSP rules. The UE then uses the prioritized list of PLMNs provided as part of current SoR information to select the highest priority VPLMN that can support the select slice (or set of slices). It is up to UE implementation to determine when and how frequently to perform SbPS.

Proposal 5: When ESI information is available, the UE selects the highest priority slice (or set of slices) based on active applications and URSP rules. The UE uses the prioritized list of VPLMNs provided as part of current SoR information to select the highest priority VPLMN, that can support the selected slice (or set of slices).
2.7 Other considerations in development of solution for SbPS
While it has already been mentioned that the overall solution for SbPS needs to co-exist with current PLMN selection procedure and should also take into account user preferences especially when user may want to use multiple slices, the overall solution should also take the following aspects into consideration.

- Avoid ping-pong between VPLMNs and frequent scans for VPLMNs (conserve device battery)
- User experience should not deteriorate (interruption of any active data session to perform high priority PLMN scans, any unreasonable delay in launching or switching between applications, etc.) and the activated application should find the best suitable VPLMN that can serve the user
- Cost effective with roaming charges for the user and HPLMN
- Ease of implementation in UE and network

3. Conclusion
The following observations and proposals are made for supporting SbPS.

Observation 1: When performing PLMN selection in automatic mode or when using the SoR framework in roaming scenarios, the UE already has a prioritized list of PLMNs available in the area.

Proposal 1: The HPLMN can provide ESI based on various factors such as set of slices included in UE’s subscribed NSSAI, roaming agreements, slices deployed in the current location, or optional UE assistance information.

Proposal 2: The UE may be configured to receive “Enhanced Slice based Information” (ESI) in addition to the existing SoR information. If the UE receives ESI, then the UE performs SbPS procedure, otherwise the UE performs current PLMN selection procedure using existing SoR information.

Proposal 3: It is quite infeasible for the UE to send any information about applications running on the UE to the network for purpose of SbPS. The UE may optionally provide list of S-NSSAI(s) that the UE is interested in as part of UE assistance information. The main purpose of providing such assistance information is to reduce the amount of information regarding slices supported by different VPLMNs in an area (ESI) that the UE may receive from the HPLMN.

Proposal 4: The HPLMN can provide updated ESI to UEs that are already registered if either there is change in roaming agreements, new slices are available, or change in UE assistance information.

Proposal 5: When ESI information is available, the UE selects the highest priority slice (or set of slices) based on active applications and URSP rules. The UE uses the prioritized list of VPLMNs provided as part of current SoR information to select the highest priority VPLMN, that can support the selected slice (or set of slices).
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