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Abstract of the contribution: This paper discusses requirements for SNPN selection for UEs with a PLMN subscription.
1	Background
In the LS on extending PLMN selection to include SNPN selection for UEs with a PLMN subscription [1] SA2 asks the following question:
SA2 would like to ask SA1 to clarify whether PLMN selection can be extended to also support SNPN selection using a PLMN subscription with 3GPP identifiers and credentials and if so, to specify the respective requirements for that.
The background of this question is as follows:
SA1 defined a generic requirement to enable NPN selection (TS 22.261 [2] clause 8.3):
The 5G system shall support a mechanism for a UE to identify and select a non-public network.
Based on this generic requirement, SA2 and CT1 defined SNPN selection procedures in Rel-16, which are separate from PLMN selection.
For Rel-17, SA1 defined a requirement to also enable UEs with a PLMN subscription to access NPNs (TS 22.261 [2] clause 8.3):
The 5G system shall enable an NPN to be able to request a PLMN to perform NPN access network authentication of a UE based on 3GPP identities and credentials supplied by the PLMN.
This raises the question how UEs with a PLMN subscription should select SNPNs and how this should be integrated with the existing PLMN selection procedures. This needs to be discussed in SA1 as SA1 owns the requirements for PLMN selection (see TS 22.011[ 3]); requirements for SNPN selection for UEs with a PLMN subscription would need to be integrated with the existing requirements for PLMN selection.
The remainder of the paper illustrates the differences between PLMNs and SNPNs and based on this proposes how to enable SNPN selection for UEs with a PLMN subscription. The detailed requirements are listed in a companion CR.

2	Discussion
2.1	Differences between PLMNs and SNPNs
As defined in more detail in TS 22.011 [4], today's PLMN selection works as follows. When the previously used network, the home network and none of the equivalent home networks are available then the UE uses various lists configured in the UE to select and try to register on one of the preferred PLMNs contained in those lists. If none of those preferred PLMNs are available then the UE tries to select and register on other available PLMNs.
In other words, today's PLMN selection principles are essentially based on the following assumptions:
-	The UE can be updated with the most recent list of the preferred networks for a given area before the UE is switched on in the coverage area of networks that the UE is expected to connect to; or,
-	the UE can efficiently find and successfully register at least with one available network (that has an agreement with the UE's Home network) in order to get service and typically also to receive an up-to-date list of preferred networks.
Neither of these assumptions hold in all scenarios relevant for SNPNs.
For instance a UE supporting audio or video production equipment may be directly transported from a storage facility to a venue where it needs to be temporarily installed and connected to the venue's SNPN. Since the audio/video production equipment is only powered on at the venue, there is no opportunity to update the UE's configuration before-hand to include the SNPN ID of the venue in the UE's list of preferred SNPNs. (Note also that PLMN coverage may not necessarily be available in the venue.)
Observation 1: In some scenarios the UE cannot be updated with the most recent list of preferred SNPNs before the UE is switched on in the coverage area of the SNPN that the UE is expected to connect to.
The second assumption is inspired by PLMN roaming today. Today UEs typically do not have a list of preferred networks for all countries. If powered on in an area for which the UE does not have any information about preferred networks, the UE selects and register with any of the available VPLMNs, which enables the HPLMN to update the UE with preferred networks for that country.
It is important to highlight that the only reason this approach is viable today is that MNOs typically have roaming agreements with almost all networks in each country.
It is obvious that there will be significantly more SNPNs than PLMNs in each country. At the same time it cannot be assumed that there will be interconnection agreements between almost all SNPNs and PLMNs.
As a result, a blind registration attempt to any of the available SNPNs is likely to fail. Furthermore, letting the UE try all available SNPNs one-by-one creates large amounts of unnecessary signalling load for SNPNs and an unacceptable user experience (long delays until network service becomes available).
Observation 2: Letting the UE try all available SNPNs one-by-one in order to eventually find an SNPN that accepts the UE's subscription creates a large amount of unnecessary signalling load for SNPNs and an unacceptable user experience (long delays until network service becomes available).

2.2	Home SP Groups: effective and efficient selection of SNPNs that support the UE's Home PLMN
The concept of Home SP Group IDs has been previously discussed and technically endorsed for UEs with an SNPN subscription by SA2 [5]. Home SP Group IDs solve the problems mentioned above by enabling SNPNs to broadcast which groups of Home SPs are supported for accessing the SNPN.
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Figure 1: SNPN X can be accessed by UEs whose Home SPs are part of Home SP Group 1. SNPN Y can be accessed by UEs whose Home SPs are part of Home SP Group 1 or 2.
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Figure 2: UE selects SNPN X, which supports Home SP Group 1 that is part of the UE's list of preferred Home SP Groups.

As illustrated in Figure 1, by broadcasting the list of supported Home SP Group IDs an SNPN can efficiently announce a large number of Home SPs that are supported. The UE then selects an SNPN that supports a Home SP Group that is part of the UE's list of preferred Home SP Groups (Figure 2).
It is worth emphasizing that Hotspot 2.0 employs a very similar concept, which is based on a "consortium" of home service providers as defined in IEEE 802.11 [6] that is used for WLAN selection.
The benefits of SNPN selection based on Home SP Groups are as follows:
-	provides an efficient mechanism for SNPNs to announce which (groups of) Home SPs are supported for network access
-	increases the likelihood for the UE to find a network that supports its Home SP subscription
-	does not require configuring the UE with a complete list of all preferred networks before the UE is switched on in the coverage area of an SNPN that the UE is expected to connect to.
Proposal 1: Support SNPN selection based on Home SP Groups for UEs with a PLMN subscription.
2.3	Ensuring control for the Home PLMN: Visited Network Type Preference
As illustrated in clause 2.1, today's PLMN procedure selects and register on any other available PLMN if none of the preferred PLMNs are available.
When allowing UEs with a PLMN subscription to access SNPNs this raises the following questions:
-	If the UE has not found and successfully registered with a network based on configured lists, should the UE select and try to register only on other available PLMNs or also on other available SNPNs?
-	If so, should the UE first select and try to register on PLMNs or SNPNs?
As the answers to these questions are assumed to vary from one operator to another it is proposed to make the related UE behavior configurable for the HPLMN by introducing the Visited Network Type Preference.
The Visited Network Type Preference supports the following values: PLMN preferred, SNPN preferred, PLMN only, and SNPN only. The Visited Network Type Preference applies if the UE has not found a PLMN or SNPN based on configured lists and has the following semantics:
-	If the Visited Network Type Preference is not available on the USIM or if the Visited Network Type Preference is set to "PLMN only", then the UE shall ignore SNPNs.
-	If the Visited Network Type Preference is set to "SNPN only", then the UE shall ignore PLMNs. 
-	If the Visited Network Type Preference is set to "PLMN preferred" then the UE shall first select and attempt registration on the available PLMNs before attempting registration on available SNPNs.
-	If the Visited Network Type Preference is set to "SNPN preferred" then the UE shall first select and attempt registration on the available SNPNs before attempting registration on available PLMNs.
Proposal 2: Ensure control for the Home PLMN by introducing the Visited Network Type Preference.
Proposal
This paper made the following proposals
-	Proposal 1: Support SNPN selection based on Home SP Groups for UEs with a PLMN subscription.
-	Proposal 2: Ensure control for the Home PLMN by introducing the Visited Network Type Preference.
In line with this, it is proposed to approve the companion CR in [3].
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