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Abstract of the contribution: This contribution evaluates “Support of providing VPLMN network slice information to a roaming UE” and proposes solution principles. 

1. Background
1.1 General
Following the CT1 WID TBD and work done in SA2 for the SID FS_eNS_Ph3 [1] under KI#2 “Support of providing VPLMN network slice information to a roaming UE”, a solution for stage 1 requirements in 3GPP TS 22.261 [3] should be specified. The stage 1 requirements are:

[bookmark: _Hlk130990866]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.

For the stage 1 term “prioritization information of the VPLMNs with which the UE may register for the network slice” this paper extends to multiple slices, i.e. “prioritization information of the VPLMNs with which the UE may register for network slices”, and uses the term “slice-aware SoR information” abbreviated as SaSoRI.

2. Discussion
2.1 Slice-aware SoR solution characteristics
On a high level, the slice-aware Steering of Roaming functionality needs to enable the UE to in a location/region select the most appropriate VPLMN for the needed services/applications and the slices required/preferred by these services/applications. The following components are identified that can be used in a solution:

a) UE needed services/applications;
b) URSP rules;
c) prioritization information of the VPLMNs with which the UE may register for network slices (SaSoRI);
d) visible PLMNs; and
e) legacy prioritized PLMN lists.

For the UE to determine the most appropriate VPLMN to select, the following solution principle is proposed:

1) The UE identifies the needed services/application (a);
2) For each service/application the UE evaluates URSP rules (b) that results in one or more matches. In case of multiple matches, there is an order of preference between the matches where first match will have highest preference and the last match that will have the lowest preference for the evaluated service/application;
3) The list of services/applications with a list of preference ordered connectivity alternatives per entry (2) is evaluated against SaSoRI (c);
4) The visible PLMN in (d) that is highest prioritized following (3) is considered primary candidate at PLMN selection.

Note: It is assumed that the legacy "Operator Controlled PLMN Selector with Access Technology" list is not used when slice-aware Steering of Roaming functionality is used in roaming scenarios. The legacy logic using the "Operator Controlled PLMN Selector with Access Technology" list applies when HPLMN or eHPLMN is visible and “suitable”.


[bookmark: _Hlk115269849]2.2 Slice-aware SoR solution details
2.2.1 General
In the following clauses the components used in the slice-aware SoR functionality are discussed in more detail.


2.2.2 URSP
URSP rules can be provisioned by the HPLMN before or at registration to a PLMN. Valid URSP rules may not be available at the UE before a successful registration to a PLMN at which time the HPLMN may provide or update the URSP rules. Thus, the HPLMN is in control of the timing and can secure that valid URSP rules are available at the UE before progressing the evaluation of slice-aware SoR functionality.

The URSP rules available at the UE are used by the UE to determine connectivity preferences (e.g. slice and DNN) on a service/application basis. URSP rules are ordered in precedence and for a specific service/application there can be multiple connectivity alternatives. Because of URSP rule precedence the UE can determine the preference order of connectivity alternatives where the highest URSP rule precedence corresponds to the highest preference of a connectivity alternative.

The UE can therefore, based on all its needed services/applications, determine alternative sets of slices for the required connectivity by URSP evaluation for each service/application and combining of the individual results into complete sets. The alternative sets can be prioritized based on the matching URSP rule precedence and connectivity alternatives for the individual services/applications.

Observation 1: The HPLMN controls and ensures that any URSP rules required for slice-aware SoR functionality are available at the UE before progressing the evaluation of slice-aware SoR functionality.

Observation 2: URSP rule evaluation result in alternative slices for a service/application, where each alternative may or may not be available in a specific VPLMN.

Observation 3: UE assessment of needed services/applications and applying these to URSP rules will provide the UE with alternative sets of slices needed for service in VPLMNs.


Note: In cases when URSP is not used, the UE can by other means determine needed/prioritized slice sets corresponding to the result of URSP evaluation for needed services/applications. This can e.g. be based on local configuration and implementation, and in a similar way to when the UE determines Requested NSSAI at registration request to a PLMN.


2.2.3 Slice-aware SoR information
The slice-aware SoR information (SaSoRI) is determined by the network for the UE registering or registered to a VPLMN using the Steering of Roaming framework. The SaSoRI consists of prioritization information of the VPLMNs with which the UE may register for network slices. Following 2.2.2 the UE can, based on its needed services/applications and by using URSP, determine alternative slice sets in priority order and the SaSoRI needs to enable the UE to select the highest prioritized VPLMN that supports such slice set, if any.

The most straight-forward alternative for SaSoRI 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 alternative 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 A.1 for an example). 

Also, an alternative where the HPLMN as SaSoRI uses a list of slices, each with a prioritized list of supporting VPLMNs, can be feasible. In such alternative the slice set alternatives from URSP evaluation can be mapped to lists of supporting VPLMNs and candidate VPLMNs can be found based on priority among the supporting VPLMNs (see A.2 for an example). This alternative will likely result in more complex processing of the information and might not be preferred.

Observation 4: SaSoRI is created in the network and applies to an individual UE taking network available information into account, such as slices available to the UE in specific VPLMNs.

Observation 5: By combining Observation 3 and Observation 4, the available slice(s) for a service/application in a specific VPLMN can be predicted before the UE registers to that VPLMN.


2.2.3 Slice-aware PLMN selection
Candidate prioritized VPLMNs for prioritized slice sets need to be compared to the PLMNs visible for the UE. The highest prioritized visible PLMN can then be selected.


2.2.3 Slice-aware PLMN mechanism logic
It should be noted that even if the evaluation of the different steps/components in preceding clauses are described as a complete evaluation and one step after the other, an actual implementation can apply a different evaluation order and/or filter parameters for one component based on present parameters of another component. E.g. the slice-aware SoR information can be filtered so that only visible PLMNs are evaluated.


3. Conclusion
In the above the following observations were made:

Observation 1: The HPLMN controls and ensures that any URSP rules required for slice-aware SoR functionality are available at the UE before progressing the evaluation of slice-aware SoR functionality.

Observation 2: URSP rule evaluation result in alternative slices for a service/application, where each alternative may or may not be available in a specific VPLMN.

Observation 3: UE assessment of needed services/applications and applying these to URSP rules will provide the UE with alternative sets of slices needed for service in VPLMNs.

Observation 4: SaSoRI is created in the network and applies to an individual UE taking network available information into account, such as slices available to the UE in specific VPLMNs.

Observation 5: By combining Observation 3 and Observation 4, the available slice(s) for a service/application in a specific VPLMN can be predicted before the UE registers to that VPLMN.

Based on these observations, the following is proposed:

Proposal 1: As part of the input to the slice-aware SoR functionality, the UE needed services/applications are evaluated against URSP rules to achieve prioritized alternative sets of slices.

Proposal 2: As part of the input to slice-aware SoR functionality, the network creates UE specific SaSoRI that provides prioritization information of the VPLMNs with which the UE may register for network slices.

Proposal 3: It is proposed to capture Proposal 1 and Proposal 2 in 23.122 for slice-aware SoR functionality, available in C1-232309.
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Annex A. Examples
A.1 Application/Service connectivity preferences matched to a VPLMN list SaSoRI 
A UE needs applications/services AS1 and AS2.

URSP rules evaluation for AS1 and AS2 results in the following connectivity preferences (slices):
a) AS1 (S-1, S-3, S-ma)
b) AS2 (S-2, S-3, S-ma)

Note: S-ma is the catch-all URSP rule that normally corresponds to a general MBB slice. For a specific VPLMN there may or may not be a mapping between this HPLMN S-NSSAI and a VPLMN S-NSSAI. A catch-all URSP rule is not mandatory in the set of URSP rules, but if it is included it can be applied for all services/applications.

The URSP rules result in the slice sets in preference order:
{S-1, S-2},{S-1, S-3},{S-2, S-3}, {S-3}, {S-1, S-ma}, {S-2, S-ma}, {S-ma}, {S-1}, {S-2}

The network determined SaSoRI for this UE is (VPLMNs in priority, each with a list of supported (HPLMN) S-NSSAI):
1) VPLMN1 (S-1, S-2, S-ma)
2) VPLMN2 (S-1, S-ma)
3) VPLMN3 (S-3)
4) VPLMN4 (S-4, S-ma)

Applying URSP rule result to SaSoRI will result in the following prioritized VPLMN list:
i. VPLMN1
ii. VPLMN3
iii. VPLMN2
iv. VPLMN4



A.2 Application/Service connectivity preferences matched to a slice list SaSoRI
A UE needs applications/services AS1 and AS2.

URSP rules evaluation for AS1 and AS2 results in the following connectivity preferences (slices):
a) AS1 (S-1, S-3, S-ma)
b) AS2 (S-2, S-3, S-ma)

Note: S-ma is the catch-all URSP rule that normally corresponds to a general MBB slice. For a specific VPLMN there may or may not be a mapping between this HPLMN S-NSSAI and a VPLMN S-NSSAI. A catch-all URSP rule is not mandatory in the set of URSP rules, but if it is included it can be applied for all services/applications.

The URSP rules result in the slice sets in preference order:
{S-1, S-2},{S-1, S-3},{S-2, S-3}, {S-3}, {S-1, S-ma}, {S-2, S-ma}, {S-ma}, {S-1}, {S-2}

The network determined SaSoRI for this UE is (VPLMNs in priority, each with a list of supported (HPLMN) S-NSSAI):
1) S-1 (VPLMN1, VPLMN2)
2) S-2 (VPLMN1)
3) S-3 (VPLMN3)
4) S-4 (VPLMN4)
5) S-ma (VPLMN1, VPLMN2, VPLMN4)

By taking the prioritized list of slice sets from URSP evaluation and replacing the slices with the supporting VPLMNs from SaSoRI, a list of “supporting VPLMNs alternatives” is created:
{(VPLMN1, VPLMN2), (VPLMN1)},{(VPLMN1, VPLMN2), (VPLMN3)},{(VPLMN1), (VPLMN3)}, {(VPLMN3)}, {(VPLMN1, VPLMN2), (VPLMN1, VPLMN2, VPLMN4)}, {(VPLMN1), (VPLMN1, VPLMN2, VPLMN4)}, {(VPLMN1, VPLMN2, VPLMN4)}, {(VPLMN1, VPLMN2)}, {(VPLMN1)}

If there per entry is a common VPLMN in the entry parts, the entry is valid (the entry parts (i.e. slices) can be supported by a common VPLMN – marked green. Entries with only one entry part are trivially valid – marked green. Entries for which entry parts do not share a common VPLMN are invalid – marked red.

If multiple VPLMNs are common between entry parts, either of the common VPLMNs can be used for that slice set.

Going through the list from high to low priority, VPLMNs are selected for the slice sets and added to a prioritized VPLMN list. Only the first (highest prioritized slice set) occurrence of a common VPLMN needs to be added to the prioritized VPLMN list (underlined), and subsequent occurrences of that VPLMN for lower prioritized slice sets can be ignored.

Extracting the common VPLMNs selected (underlined) will result in the following prioritized VPLMN list:
i. VPLMN1
ii. VPLMN3
iii. VPLMN2
iv. VPLMN4


