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This contribution analyses the NPN requirements in TS 22.261 and related studies and provides justification of the proposed clarifications.
1 Introduction
During various recent liaison discussions with SA2 related to Non-Public Network (NPNs), it became apparent that it is not completely clear which requirements and which clauses in TS 22.261 apply to NPNs, and which ones only apply to PLMNs. In particular, for some of the older requirements and clauses that were inherited from release 15, some companies disagreed that these apply to NPNs, since these were made before NPNs were considered. Of course, for some requirements it is very clear that they apply to NPNs (or not), since they are e.g. demarcated as part of a separate section (i.e. section 6.25 of TS 22.261) or are clearly stating NPN or PLMN as part of the requirement text. For many other requirements in TS 22.261—and even for some clauses or features as a whole—it is not entirely clear if they apply or not. 
This ambiguity should be solved, not only to prevent confusion in downstream groups, but also to prevent unnecessary discussions and disagreements in SA1 about which requirements apply to NPNs and which ones not, and unnecessary liaisons. Given this lack of clarity, it is also not clear in SA1 which requirements are missing for NPNs. This can be an important consideration for ongoing release 18 studies, e.g. for ensuring that important missing requirements are added.

In this discussion paper, an analysis is made of how the NPN requirements came about, how the various requirements described in 22.261 have been interpreted and used in relation to NPNs, and some proposals are made on how to clarify the requirements for NPNs going forward. Thereby, this discussion paper provides justification for the proposed release-18 WID in S1-211055 and an explanation/introduction of the related release-18 CR in S1-211058.
2 Analysis
The requirements for NPNs were added to TS 22.261 (and TS 22.104) in release 16 / 2017 based on studies such as TR 22.804 “Study on Communication for Automation in Vertical domains (CAV)”. When NPNs were introduced in Release 16, there was the clear implicit and oftentimes explicit assumption that NPNs are normal 5G networks, but with a few specific characteristics. 
Observation 1: When NPNs were introduced in Release 16 / 2017, it was assumed that NPNs were normal 5G networks, with a few specific characteristics.
The requirements that are considered specific for NPNs were clearly indicated by using the term NPN when they were added to TS 22.261. Similarly, some sections in TS 22.261 were specifically aimed at PLMNs, such as Section 6.30 on Steering of roaming. However, for the other requirements in TS 22.261 that do not contain the words NPN or PLMN it is less clear. Given the ongoing discussions during release 16 and release 17 about Non-Public Networks, it can be assumed that NPNs were taken into account For the requirements that were added or changed in release 16 of TS 22.261 and onwards, it can be assumed. 
Observation 2: For the requirements that were added or changed in release 16 of TS 22.261 and onwards it can be assumed that NPNs were taken into account in the requirement formulations.
The main question is which requirements that were inherited from release 15 can be considered valid requirements for NPNs. This was never explicitly defined as part of the text in TS 22.261. Hence it would be very helpful if this is clarified. 

For this it is important to realize that in many of the discussions related to Non-Public Networks, not only during release 16, but also during release 17, the existing release 15 requirements were often referred to as existing work that also applies to NPNs. In all the studies in release 17, as part of the new TR template, assumptions needed to be made as to which features are already covered by existing requirements, including features and requirements assumed to apply to NPNs. These were then added to the respective subsection on “Existing features partly or fully covering the use case functionality”. Many of the existing release 15 requirements in TS 22.261 were assumed to apply to NPNs during release 17 studies such as FS_eCAV, FS_AVPROD, and FS_CMED. If requirements were already covered, no requirements needed to be added or changed just to show that these would apply to NPNs as well as PLMNs. Actually, this practice already started in release 16, and even TR 22.804 “Study on Communication for Automation in Vertical domains (CAV)” already contains a couple of statements that some use cases and requirements such as support battery- and power-efficient communication for constraint IoT devices and support for indirect network connections via UE-to-Network relays were already covered by existing release 15 requirements.
Observation 3: Many requirements of Release 15 of TS 22.261 were assumed to cover features and requirements proposed in NPN-related use cases in release 16 and release 17 studies, and hence no specific NPN requirements were added or any particular changes to requirements were made.
Below is a non-exhaustive list of examples clauses for which the requirements in TS 22.261 can be considered to apply to NPNs based on how the release 15 requirements were being used and interpreted during the development of TR 22.804 “Study on Communication for Automation in Vertical domains (CAV)”, TR 22.832 “Study on enhancements for cyber-physical control applications in vertical domains (eCAV)”, TR 22.827 “Study on Audio-Video Service Production (AVPROD)”, and TR 22.826 “Study on Communication Services for Critical Medical Applications (CMED)” .
a) Network slicing requirements as described in Section 6.1 of TS 22.261:

· The entire subsection 6.1.2 was referred to explicitly as existing functionality in use cases 5.3.2, 5.3.4, and 5.2.4 of TR 22.826 “Study on Communication Services for Critical Medical Applications (CMED)”, in the context of NPNs.
· Also many of the network slicing requirements in Section 6.1 were added during release 16 based on FS_CAV/CyberCAV and FS_BMNS/BRMNS. It would not make sense if only a subset of the requirements for network slices would be in scope of NPNs, i.e. rendering the  slicing requirements incomplete.

Conclusion: the entire section 6.1 of TS 22.261 on network slicing requirements should be considered as valid requirements for NPNs.
b) Diverse mobility management as described in Section 6.2 of TS 22.261:
· Use cases 5.1, 5.7, 5.9, and 5.11 of TR 22.827 “Study on Audio-Video Service Production (AVPROD)” refer to existing requirements on supporting uplink and downlink seamless service continuity of the audio-streaming service when moving from one cell to another, in the context of NPNs. This implies that the service continuity requirements in section 6.2.3 of 22.261 are assumed to be valid for NPNs.
· Two requirements of subsection 6.2.3 about minimizing interruption time and packet loss during inter- and/or intra-access technology mobility were referred to explicitly as existing functionality in use case 5.3.4 of TR 22.826 “Study on Communication Services for Critical Medical Applications (CMED)”, in the context of NPNs.

· Mobility management and service continuity were also important considerations in FS_CAV/CyberCAV in the context of NPNs (and the handover to PLMN and back). It would not make sense if only a subset of the requirements for mobility management would be in scope of NPNs, i.e. rendering the mobility management requirements incomplete.

Conclusion: the entire section 6.2 of TS 22.261 on diverse mobility management requirements should be considered as valid requirements for NPNs.
c) Multiple access technologies as described in Section 6.3 of TS 22.261
· The entire subsection 6.3 was referred to explicitly as existing functionality in use case 5.4.2 of TR 22.826 “Study on Communication Services for Critical Medical Applications (CMED)”, in the context of NPNs.

· Use case 5.19 in TR 22.832 “Study on enhancements for cyber-physical control applications in vertical domains (eCAV)” mentions multiple access technologies in line with the requirements in Section 6.3 of TS 22.261. Also in the original FS_CAV study, support for non-3GPP access was considered.
· Of course, since NPNs only apply to 5G systems, E-UTRA access is not applicable, and hence section 6.3.2.2 should be excluded to apply to NPNs.

Conclusion: the entire section 6.3 (excluding 6.3.2.2) of TS 22.261 on multiple access technologies requirements should be considered as valid requirements for NPNs.

d) Connectivity models (i.e. indirect connections via UE-to-Network Relays) as described in Section 6.9 of TS 22.261.
· In the original release 16 TR for FS_CAV, i.e. TR 22.804 “Study on Communication for Automation in Vertical domains” it was stated in use case 5.4 that support for indirect network connections via UE-to-Network relays were already covered by existing release 15 requirements.
· Note that in use cases 5.10 and 5.11 of TR 22.832 “Study on enhancements for cyber-physical control applications in vertical domains (eCAV)” it also assumes ProSe direct device-to-device communication is part of existing functionality. This is also reflected in the cooperative-carrying requirements in TS 22.104.
· Due to FS_REFEC, i.e. TR 22.866 “Enhanced Relays for Energy Efficiency and Extensive Coverage”, section 6.9 of 22.261 was completely overhauled during release 16, and given the discussions in FS_CAV we can assume that NPNs were taken into account. It would not make sense if the few original requirements would not apply to NPNs rendering the function incomplete.
Conclusion: the entire section 6.9 of TS 22.261 on connectivity models should be considered as valid requirements for NPNs.

e) Network capability exposure as described in Section 6.10 of TS 22.261
· Use cases 5.2, 5.9, 5.10 and 5.11 of TR 22.827 “Study on Audio-Video Service Production (AVPROD)” refer to existing requirements on APIs for network exposure, in the context of NPNs. This implies that the network capability exposure requirements in section 6.10 of 22.261 are assumed to be valid for NPNs.

· The subsection 6.10.2 about network exposure in relation to network slice management was referred to explicitly as existing functionality in use cases 5.3.2 and 5.3.4 of TR 22.826 “Study on Communication Services for Critical Medical Applications (CMED)”, in the context of NPNs.

· Many of the network capability exposure requirements in Section 6.10 were added during release 16 based on FS_CAV/CyberCAV. It would not make sense if only a subset of the requirements for network capability exposure would be in scope of NPNs, i.e. rendering the network exposure requirements incomplete.
Conclusion: the entire section 6.10 of TS 22.261 on network capability exposure should be considered as valid requirements for NPNs.

f) Flexible broadcast/multicast service as described in Section 6.13 of TS 22.261
· Use cases 5.2, 5.5, 5.6 and 5.11 of TR 22.827 “Study on Audio-Video Service Production (AVPROD)” refer to existing requirements on multicast/broadcast services, in the context of NPNs. This implies that the flexible broadcast/multicast service requirements in section 6.13 of 22.261 are assumed to be valid for NPNs.

· The entire subsection 6.13 was referred to explicitly as existing functionality in use case 5.2.2 of FS_CMED TR 22.826 “Study on Communication Services for Critical Medical Applications (CMED)”, in the context of NPNs.

Conclusion: the entire section 6.13 of TS 22.261 on flexible broadcast/multicast should be considered as valid requirements for NPNs.

g) Subscription aspects as described in Section 6.14 of TS 22.261
· Use case 5.14 of FS_AVPROD TR 22.827 “Study on Audio-Video Service Production” refers to existing requirements on provisioning of 3GPP credentials, in the context of NPNs. Also new requirements were added about the provisioning of non-3GPP credentials in the context of NPNs to section 6.14 of TS 22.261. It would not make sense if only a subset of the requirements for subscription aspects would be in scope of NPNs, i.e. rendering the requirements on subscription aspects incomplete.
· On-demand connectivity was explored and described in use cases in FS_CAV/CyberCAV. FS_CAV/CyberCAV also addressed subscription aspects (see clause 8.2.5.2 in TR 22.804). This relates to several of the requirements in section 6.14 of TS 22.261.

Conclusion: the entire section 6.14 of TS 22.261 on subscription aspects should be considered as valid requirements for NPNs.

h) Multi-network connectivity and service delivery across operators as described in Section 6.18 of TS 22.261
· Use case 5.3 of TR 22.827 “Study on Audio-Video Service Production (AVPROD)” refers to existing requirements on multi-network connectivity in 6.18 of TS 22.261, in the context of NPNs. Also new requirements were added about multi-network connectivity for VIAPA. It would not make sense if only a subset of the requirements for subscription aspects in Section 6.18 of TS 22.261 would be in scope of NPNs, i.e. rendering the multi-network connectivity requirements incomplete.
· Multi-network connectivity was explored and described in use cases in FS_CAV/CyberCAV. This relates to some of the requirements in section 6.18 of TS 22.261.

Conclusion: the entire section 6.18 of TS 22.261 on multi-network connectivity and service delivery across operators should be considered valid requirements for NPNs.

The above list just contains a number of examples of clauses in TS 22.261 that were considered during the requirements formulation and respective studies related to NPNs. For most of the other sections in TS 22.261 similar arguments can be made. 

Based on the above observations, further clarified by the examples above, it is proposed to add a clarifying sentence in Section 6.25 (“Non-Public Networks”) of TS 22.261 stating that all the requirements in TS 22.261 are applicable to NPNs, with a few exceptions. First of all, an exception should be made for requirements which explicitly mention PLMN. And we should also make an exception for the requirements in Section 5.1 (i.e. about roaming and interworking with legacy systems) and Section 6.3.2.2 (i.e. about E-UTRA access).
Proposal 1: add statement in Section 6.25 (“Non-Public Networks”) of TS 22.261 to make clear that all requirements in TS 22.261 are considered to apply to NPNs, except:

a) requirements that are exclusively for public use (i.e. indicated by the term PLMN), and 

b) requirements in Section 5.1 (i.e. about roaming and interworking with legacy systems), Section 6.3.2.2 (i.e. about E-UTRA access).
The above analysis provides sufficient justification to create and approve the Work Item in S1-211055 and related CR in S1-211058 to update the text in TS 22.261 to clarify which requirements in the various sections of 22.261 apply to NPNs.
Proposal 2: Approve Work Item S1-211055 and related CR S1-211058 to update the text in TS 22.261 to clarify which requirements in the various sections of 22.261 apply to NPNs and from which version.

3 Summary
. Based on the analysis in Section 2, the following observations are made:
Observation 1: When NPNs were introduced in Release 16 / 2017, it was assumed that NPNs were normal 5G networks, with a few specific characteristics.
Observation 2: For the requirements that were added or changed in release 16 of TS 22.261 and onwards it can be assumed that NPNs were taken into account in the requirement formulations.

Observation 3: Many requirements of Release 15 of TS 22.261 were assumed to cover features and requirements proposed in NPN-related use cases in release 16 and release 17 studies, and hence no specific NPN requirements were added or any particular changes to requirements were made.

Based on the above observations, we propose to clarify the text on which requirements in the various sections of 22.261 apply to NPNs:
Proposal 1: add statement in Section 6.25 (“Non-Public Networks”) of TS 22.261 to make clear that all requirements in TS 22.261 are considered valid requirements for NPNs, except:

a) requirements that are exclusively for public use (i.e. indicated by the term PLMN), and 

b) requirements in Section 5.1 (i.e. about roaming and interworking with legacy systems), Section 6.3.2.2 (i.e. about E-UTRA access).

The above analysis provides sufficient justification to create and approve the related Work Item to update the text in TS 22.261 to clarify which requirements in the various sections of 22.261 apply to NPNs.

Proposal 2: Approve Work Item S1-211055 and related CR S1-211058 to update the text in TS 22.261 to clarify which requirements in the various sections of 22.261 apply to NPNs and from which version.

