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1 Introduction
It is proposed in C1-232105 (The new WID on network selection for underlay-overlay access) to enhance the PLMN selection and SNPN selection for underlay network selection to access an overlay network.

This paper attempts to discuss the scenarios of underlay network selection.

2 Discussion
2.1 SA1 and SA2 requirement on underlay/overlay access

The following requirement has been defined in TS 22.261 by SA1 as “non-public networks” was originally introduced in Release 16:
Subject to an agreement between the operators and service providers, operator policies and the regional or national regulatory requirements, the 5G system shall support for non-public network subscribers:
- access to subscribed PLMN services via the non-public network;
- seamless service continuity for subscribed PLMN services between a non-public network and a PLMN;
- access to selected non-public network services via a PLMN;
- seamless service continuity for non-public network services between a non-public network and a PLMN.

Observation 1: SA1 states “seamless service continuity for subscribed PLMN services”, “seamless service continuity for non-public network services” together with “access to subscribed PLMN services via the non-public network” and “access to selected non-public network services via a PLMN”. 

To support this stage 1 requirement, SA2 specified the following requirements in TS 23.501 clause 5.30.2.7 and 5.30.2.8, D.3. TS 23.502 clause 4.9.2.1 and 4.9.2.2 are related.
[bookmark: _Toc27846890][bookmark: _Toc36188021][bookmark: _Toc45183926][bookmark: _Toc47342768][bookmark: _Toc51769470][bookmark: _Toc122440616]TS 23.501 5.30.2.7	Access to PLMN services via stand-alone non-public networks
To access PLMN services, a UE in SNPN access mode that has successfully registered with an SNPN may perform another registration via the SNPN User Plane with a PLMN (using the credentials of that PLMN) following the same architectural principles as specified in clause 4.2.8 (including the optional support for PDU Session continuity between PLMN and SNPN using the Handover of a PDU Session procedures in clauses 4.9.2.1 and 4.9.2.2 of TS 23.502 [3]) and the SNPN taking the role of "Untrusted non-3GPP access". Annex D, clause D.3 provides additional details.
[bookmark: _Toc122440617]TS 23.501 5.30.2.8	Access to stand-alone non-public network services via PLMN
To access SNPN services, a UE that has successfully registered with a PLMN over 3GPP access may perform another registration via the PLMN User Plane with an SNPN (using the credentials of that SNPN) following the same architectural principles as specified in clause 4.2.8 (including the optional support for PDU Session continuity between PLMN and SNPN using the Handover of a PDU Session procedures in clauses 4.9.2.1 and 4.9.2.2 of TS 23.502 [3]) and the PLMN taking the role of "Untrusted non-3GPP access" of the SNPN, i.e. using the procedures for Untrusted non-3GPP access in clause 4.12.2 of TS 23.502 [3]. Annex D, clause D.3 provides additional details. The case where UE that has successfully registered with a PLMN over non-3GPP access to access SNPN services is not specified in this Release.

[bookmark: _Toc51834602][bookmark: _Toc122443240]TS 23.502 4.9.2.2	Handover of a PDU Session procedure from 3GPP to untrusted non-3GPP access (non-roaming and roaming with local breakout)
Clause 4.9.2.2 specifies how to hand over a UE from a source 3GPP access to a target Untrusted non-3GPP access and how a UE can handover a PDU Session from 3GPP access to untrusted non-3GPP access. It is based on the PDU Session Establishment procedure for non-3GPP access as specified in clause 4.12.5.


Figure 1 (TS 23.502 Figure 4.9.2.2-1): Handover of a PDU Session from 3GPP access to untrusted non-3GPP access (non-roaming and roaming with local breakout)

TS 23.502 4.9.2.1	Handover of a PDU Session procedure from untrusted non-3GPP to 3GPP access (non-roaming and roaming with local breakout)
Clause 4.9.2.1 specifies how to hand over a UE from a source Untrusted non-3GPP access to a target 3GPP access and how a UE can handover a PDU Session from untrusted non-3GPP access to 3GPP access. It is based on the PDU Session Establishment procedure for 3GPP access as specified in clause 4.3.2.


Figure 2 (TS 23.502 Figure 4.9.2.1-1): Handover of a PDU Session procedure from untrusted non-3GPP access to 3GPP access (non-roaming and roaming with local breakout)

Observation 2: In SA2 requirement, PDU Session continuity between PLMN and SNPN was mentioned, which means SA2 consider a scenario that the UE has established a PDU session for a service in overlay network before it selects an underlay network to access the service in that overlay network.
Observation 3: In SA2 requirement, the handover of PDU session in two direction were mentioned, which means it can support an SNPN UE:
1)First establish a PDU session for a service in overlay network via 3GPP access. 
2)Secondly use underlay/overlay access when no 3GPP access for the overlay network could be found, then handover the PDU session in the overlay network from 3GPP to untrusted non-3GPP access.
3)Later register in the overlay network via 3GPP access again when the overlay network can be found in 3GPP access, and handover the PDU session in the overlay network from untrusted non-3GPP to 3GPP access.

[bookmark: _Toc27847110][bookmark: _Toc36188243][bookmark: _Toc45184157][bookmark: _Toc47342999][bookmark: _Toc51769701][bookmark: _Toc122440944]TS 23.501 D.3	Support for access to PLMN services via Stand-alone Non-Public Network and access to Stand-alone Non Public Network services via PLMN


Figure 3 (TS 23.501 Figure D.3-1): Access to PLMN services via Stand-alone Non-Public Network
NOTE 1:	The reference architecture in Figure D.3-1 and Figure D.3-2 only shows the network functions directly connected to the UPF or N3IWF and other parts of the architecture are same as defined in clause 4.2.
In order to obtain access to PLMN services when the UE is camping in NG-RAN of Stand-alone Non-Public Network, the UE obtains IP connectivity, discovers and establishes connectivity to an N3IWF in the PLMN.



Figure 4 (Figure D.3-2): Access to Stand-alone Non-Public Network services via PLMN
In order to obtain access to Non-Public Network services when the UE is camping in NG-RAN of a PLMN, the UE obtains IP connectivity, discovers and establishes connectivity to an N3IWF in the Stand-alone Non-Public Network.

Observation 4: The requirements in TS 23.501 5.30.2.7/5.30.2.8/D.3 state the handover of PDU session and the description on camping in NG-RAN, which means the UE needs to select an underlay network via NG-RAN RAT.

2.2 The scenarios of underlay network selection

There are several scenarios of underlay network selection are spotted:
1. access to selected non-public network services via a PLMN
1.1 UE established a PDU session in a subscribed SNPN via 3GPP access, to select a PLMN to access this SNPN via the PLMN.
1.2 UE hasn’t a PDU session in subscribed SNPNs, to select a PLMN to access a subscribed SNPN via the PLMN.
2. access to subscribed PLMN services via the non-public network
2.1 UE established a PDU session in HPLMN via 3GPP access, to select a subscribed SNPN to access HPLMN.
2.2 UE established a PDU session in a PLMN via 3GPP access, to select a subscribed SNPN to access the HPLMN services (home routed roaming).
2.3 Rel-17 UE established a PDU session in HPLMN via 3GPP access, to select a non-subscribed SNPN to access HPLMN.
2.4 Rel-17 UE established a PDU session in a PLMN via 3GPP access, to select a non-subscribed SNPN to access HPLMN services (home routed roaming)
2.5 UE hasn’t a PDU session in a PLMN, to select a subscribed SNPN to access HPLMN.
2.6 Rel-17 UE hasn’t a PDU session in a PLMN, to select a non-subscribed SNPN to access HPLMN.

Observation 5: In scenario 1.1, the overlay network is a specific subscribed SNPN. The subscription of the SNPN can be a solution to provide PLMN selection parameters to reflect SLA between the subscribed SNPN and PLMNs.
Observation 6: In scenario 1.2, the overlay network could be any subscribed SNPN related to the service the user enables. In the case the user enables services related to more than one subscribed SNPNs, maybe multiple SNPN subscriptions need be considered together.
Observation 7: In scenario 2.1/2.2/2.5, the underlay network can be a specific subscribed SNPN. The subscription of the SNPN can provide SNPN selection parameters to reflect SLA between the SNPN and HPLMN.
Observation 8: In scenario 2.3/2.4/2.6, the underlay network can be a non-subscribed SNPN. The PLMN subscription and SNPN subscriptions can provide CH related SNPN selection parameters to reflect SLA between SNPNs and HPLMN.

2.3 About SNPN and PLMN subscriptions for an SNPN UE in TS 23.122

We can see from Rel-16 TS 23.122:
1) An SNPN identity within an SNPN subscription helps an SNPN UE to select a subscribed SNPN.
2) There’s no PLMN subscription for an SNPN UE.

We can see from Rel-17 TS 23.122:
1) An SNPN identity within an SNPN subscription helps an SNPN UE to select a subscribed SNPN.
2) The SNPN selection parameters within an SNPN subscription and PLMN subscription help an SNPN UE to select a non-subscribed SNPN.

Observation 9: Selecting a subscribed or non-subscribed SNPN is related to SNPN UE’s SNPN/PLMN subscription.

3. Proposal
Based on the discussion, we would like to propose the solutions to the highlight tasks listed in C1-232105 (The WID):
1) Enhancement of PLMN selection:
a) To support selecting a PLMN as an underlay network in the specific deployment that SLA/agreement required.
b) To consider specific RATs in selecting a PLMN as an underlay network.
c) To consider the case an SNPN UE has multiple SNPN subscriptions.
2) Enhancement of SNPN selection:
a) To support selecting a SNPN as an underlay network in the specific deployment that SLA/agreement required.

C1-232107 proposes a solution to 1)b).
C1-232108 proposes a solution to 1)a) and addresses scenario 1.1.
C1-232109 proposes a solution to 2)a) and addresses scenario 2.
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