[bookmark: _GoBack]3GPP SA WG1 Meeting #104 	S1-233100
Chicago, USA, 13 - 17 November 2023 	(revision of S1-23xxxx)

Source:	NEC
Title:	On the need to enhance NPN-PLMN interworking
Agenda item:	4
Document for:	Discussion
Contact:	jasmina.mcmenamy@neclab.eu; taketoshi@nec.com; g-fujimoto@nec.com; takamichi@nec.com

Abstract: This paper discusses current specifications and proposes considering further Stage 1 work in the domain of NPN-PLMN interworking.
1. Introduction
5G-enabled non-public networks (NPNs) and their evolution are pivotal in serving various verticals’ requirements and transforming numerous sectors, from manufacturing to healthcare to agriculture.
Current NPN standardization (up to Rel-19) enables verticals to replace existing proprietary radio or fixed Ethernet networks and supports some deployment scenarios for standalone and public-network-integrated non-public networks. Nevertheless, it is necessary to consider further evolution of these networks to cater for a more diverse deployment models, and greater interworking between private and public networks.
This paper considers current specifications and proposes some directions for further Stage 1 work. The discussion looks separately at the cases of standalone and public-network integrated NPNs.
2. Discussion
2.1. Standalone NPNs (SNPNs)
While SNPNs, in the main, target localized deployments, catering for specific needs of an enterprise or a vertical, many may still require greater scalability and wider reach than a few isolated coverage spots. They may also have strong requirements in terms of, e.g. reliability and resilience, which may call for greater interworking with PLMNs. On the other hand, quite a few SNPNs may have a dedicated (private) spectrum. Hence, their coverage can also complement PLMN networks’ coverage, where, provided appropriate agreements are in place, PLMN subscribers can benefit from improved coverage and capacity. 
Current Stage 1 specifications define 5G system requirements, which go some way to address such scenarios for NPN subscribers. For example, [1] provides requirements on the 5G system to support access to subscribed PLMN services via NPN and access to selected NPN services via PLMN. Further, the specification supports seamless service continuity for the subscribed PLMN/selected NPN services using a non-public network/PLMN network. Also,  a UE, with multiple subscriptions, can simultaneously access multiple NPNs and corresponding services, via those NPNs or via a different network (PLMN or NPN). These requirements are subject to various operators’ agreements, policies, regulatory requirements and user capabilities. It should be noted that these requirements are non-SNPN specific. 
The above Stage 1 requirements are addressed in Stage 2 specifications - in  [2] and others, where the required functionality is specified separately for SNPN and public network-integrated NPNs. Regarding SNPNs, [2] specifies that a UE that is registered with an SNPN needs to perform registration to PLMN via SNPN User Plane and Non-3GPP InterWorking Function (N3IWF) in PLMN to access PLMN services. Here, SNPN takes a role of "Untrusted non-3GPP access". Similarly, SNPN subscribers may access selected services via PLMN, but only through non-3GPP access and N3IWF in SNPN, where PLMN takes a role of "Untrusted non-3GPP access".
However, there are challenges associated with the above normative Stage 2 work. Firstly, there is a question of how widely adopted are deloyments with the standardized non-3GPP access NFs (e.g. N3IWF). Secondly, as roaming and handover between SNPNs and PLMNs are explicitely excluded [1], and the overlay networks are reached via non-3GPP access, the UE may experience long service interruption due to switching between 3GPP access and non-3GPP access modes, and due to the additional registration and PDU session establishment procedure [3]. Stage 2 also provides information on how, for example, multi-access data session could be used, but this is not normative.
Observation 1: Current Stage 1 specifications go some way to address NPN subscribers’ requirements of accessing their services via PLMN. However, current Stage 2 specifications inhibit better interworking between PLMNs and SNPSs, even when technical and business conditions are in place, as they explicitly exclude roaming and handover. At the same time, access via non-3GPP access requires network functions that may still need to be widely adopted, and even then, the UE may experience long service interruption due to switching between 3GPP and non-3GPP access.  
Looking at the other other studies/work items that may be of relevance, SA1 has, in Rel-19, has completed the requirements on Indirect Network Sharing, but that Study/Work Item deals with PLMN networks. Also, within the scope of Dual Steer Study/Work Item, which is about dual-3GPP access data session, are PLMN subscribers only. In addition, the functional scope for PLMN-SNPN scenarios has been significantly reduced. 
Observation 2: As per the other studies/work items that may be of relevance, Rel-19 Study/Work Item on Indirect Network Sharing deals with PLMN networks, and within the scope of Rel-19 Dual Steer Study/Work Item are PLMN subscribers only. In addition, the functional scope for PLMN-SNPN scenario(s) has been significantly reduced. 
Proposal 1: Stage 1 to consider enhancing its requirements for greater interworking between PLMNs and SNPNs, supporting more diverse interworking needs in terms of, e.g. coverage,  as well as improved reliability and redundancy, mobility, end-to-end QoS, and others.
2.2 Public-network-integrated NPNs
There is no definition for Public-network-integrated NPNs in [1]. Instead, the description in Section 6.25.1., states: ‘… they can be hosted by a PLMN, or they can be offered as a slice of a PLMN.’ This text is aligned with the description in [2], which refers to ‘..PNI-NPNs being made available via dedicated DNNs or one or more Network Slice instances allocated for the NPN’. In addition, Annex D in [2] provides additional considerations when supporting Non-Public Network as a network slice. 
The above description and the normative work in [2] and the information in Annex D focus on particular deployment options of public-network-integrated NPNs. While these options may have been sufficient in the initial stages of NPN standardization, they do not necessarily reflect diverse and growing requirements of verticals. For example, a case probably of most relevance for public-network-integrated NPNs due to latency considerations for access to NPN services/edge cloud(s) is the one with a dedicated User Plane Function (UPF) for NPN services. This scenario is not explicitly included in the normative or the informative part of [2]. 
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Figure 1 Public-network integrated NPN is likely to require a dedicated UPF for reduced latency. In some cases, NPN may also have its own (private) spectrum.
Observation 3: There is no definition for public-network-integrated NPNs in [1] and the description is limited to a few implementation options adopted from Stage 2. 
Furthermore, other scenarios should be considered. Enabling dynamic selection of any required network function as suggested in [3] is an example of the ultimate flexibility for various deployment scenarios. For example, one of the considered options in the next stage could enable a part of 5G Core (5GC) to belong to a vertical (or be made available by a PLMN for the exclusive use of the NPN [3]), while a public network can host the other part of 5GC. Hence, (some) control plane functions, and Radio Access Network (RAN) could be shared between a PLMN and the public-network-integrated NPN, where RAN sharing could refer to infrastructure-only or sharing of radio (spectrum) resources as well. 
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Figure 2 Public-network integrated NPN with some control plane NFs on premises, interworking with the rest of the control plane in PLMN.
Observation 4: Broadening Stage 1 requirements for PNI-NPNs to include the additional deployment models/options for public-network-integrated NPNs will reflect diverse and growing requirements of verticals. 
Proposal 2: Stage 1 to consider enhancing its requirements to cater for the inclusion of the additional deployment models for public-network-integrated NPNs, together with improving reliability and redundancy, mobility, customised QoS, and others.
3. Conclusions and Proposals
Based on the above, the following observations and proposals are made:
Observation 1: Current Stage 1 specifications go some way to address NPN subscribers’ requirements of accessing their services via PLMN. However, current Stage 2 specifications inhibit better interworking between PLMNs and SNPSs, even when technical and business conditions are in place, as they explicitly exclude roaming and handover. At the same time, access via non-3GPP access requires network functions that may still need to be widely adopted, and even then, the UE may experience long service interruption due to switching between 3GPP and non-3GPP access.
Observation 2: As per the other studies/work items that may be of relevance, Rel-19 Study/Work Item on Indirect Network Sharing deals with PLMN networks, and within the scope of Rel-19 Dual Steer Study/Work Item are PLMN subscribers only. In addition, the functional scope for PLMN-SNPN scenario(s) has been significantly reduced.    
Observation 3: There is no definition for public-network-integrated NPNs in [1] and the description is limited to a few implementation options adopted from Stage 2.  
Observation 4: Broadening Stage 1 requirements for PNI-NPNs to include the additional deployment models/options for public-network-integrated NPNs will reflect diverse and growing requirements of verticals. 
Proposal 1: Stage 1 to consider enhancing its requirements for greater interworking between PLMNs and SNPNs, supporting more diverse interworking needs in terms of, e.g. coverage,  as well as improved reliability and redundancy, mobility, end-to-end QoS, and others.
Proposal 2: Stage 1 to consider enhancing its requirements to cater for the inclusion of the additional deployment models for public-network-integrated NPNs, together with improving reliability and redundancy, mobility, customised QoS, and others.
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