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Discussion and Decision
1 Introduction
In the present paper we provide a comprehensive analysis of both standalone and public network integrated NPNs stage-3 impacts over all NG-RAN network interfaces, specifically: NG, Xn, F1 and E1.
Mobility aspects are discussed separately in [1].
2 Discussion
2.1 Basic definitions
5GS, and therefore NG-RAN, shall support two types of Non-Public Networks: standalone and public network integrated. Stage-2 description of these features is available in TS 23.501 [2] and TS 23.502 [3], it provides the following definitions:
· a Stand-alone Non-Public Network (SNPN), i.e. operated by an NPN operator and not relying on network functions provided by a PLMN, or

· a Public network integrated NPN (PNI-NPN), i.e. a non-public network deployed with the support of a PLMN.
SNPN is a standalone dedicated network. PNI-NPN, on the other hand, is made available via PLMNs using dedicated DNNs or slicing. A Closed Access Group (CAG) is used to prevent UEs, which are not allowed to access the PNI-NPN, from automatically selecting and accessing the associated cell. CAG identifies a group of subscribers who are permitted to access one or more CAG cells associated to the CAG.
Different identifiers are used for SNPN and PNI-NPN.
A SNPN is identified by the combination of a PLMN ID and Network identifier (NID). There can also be an optional human-readable network name per NID.
Observation 1: SNPN is identified by the combination of a PLMN ID and Network identifier (NID), plus optional network name.

For NPI-NPN, a CAG is identified by a CAG Identifier which is unique within the scope of a PLMN ID. A CAG cell may optionally have a human-readable network name per CAG Identifier.
Observation 2: a CAG is identified by a CAG Identifier which is unique within the scope of a PLMN ID, plus optional network name.
2.2 Cardinality
The current version of stage-2 (TS 23.501 [2], TS 23.502 [3]) state that “It is assumed that an NG-RAN node supports broadcasting a total of twelve NIDs” and “It is assumed that an NG-RAN node supports broadcasting a total of twelve CAG Identifiers”. We believe that limiting the number of NIDs and CAGs on per NG-RAN node basis to such a small value is not justified. In LTE, an eNB could support up to 256 CSG ids. If anything, this number should be larger in NG-RAN, especially in deployments with CU/DU split. Therefore, we propose to interpret the stage-2 limitation of 12 NIDs/CAGs as per cell and to support at least 256 identifiers per network node, gNB-CU in this case. A gNB-DU may support a lower number of CAGs/NIDs.

Observation 3: stage-2 restriction of 12 identifiers (NID or CAG) per a NG-RAN network node (as opposed to a cell) appears to be incorrect; we believe the intention was to limit the number of identifiers to 12 per cell.
Proposal 1: a gNB-CU node shall support at least 256 CAG and/or NID identifiers (larger numbers can be discussed), a gNB-DU may support a lower number (e.g. 16).
As for the maximum number of CAGs to be supported by UE (e.g. in mobility restriction list), this decision will depend on the decision regarding the air interface (in RAN2). 
2.3 NG-RAN configuration
2.3.1 NG Interface
It is reasonable to assume that NG-RAN is pre-configured (e.g. via OAM) with a list of CAGs and NIDs it supports.  This is conceptually similar, for example, to the way NG-RAN is pre-configured with supported broadcast PLMN list.
Observation 4: we assume that NG-RAN is preconfigured (e.g. via OAM) with a list of CAGs and NIDs it supports.

In SNPN, PLMNID+NID essentially replace PLMNID as it is currently used, for example in decisions on UE mobility and other. We normally do not assume that an NG-RAN node and a 5GC node support the same PLMNs and hence the information about supported PLMNs is exchanged using NG setup and configuration update procedures. The same logic must apply for SNPS with PLMNID+NID. 
In contrast in PNI-NPN, a CAG is a NG-RAN feature. It may be beneficial for the 5GC has to know which CAGs are supported by NG-RAN, as this information can be used for example UE mobility decisions. Therefore, a NG-RAN should have the capability to notify a 5GC about which CAGs it supports.
Proposal 2: for SNPN, both NG-RAN and 5GC exchange information about supported PLMNID+NIDs using NG setup and configuration upate messages; for PNI-NPN, a NG-RAN notifies the 5GC about supported CAGs using NG setup and configuration update messages.

2.3.2  F1 Interface
Regarding the split NG-RAN deployment, we assume that all CUs and DUs are preconfigured with the information about which CAGs and NIDs. We generally propose to follow the same logic when defining F1 configuration procedures to support NPN as for what is proposed for the NG interface above, with two primary differences:

1. Both PLMNID+NID (in SNPN) and CAG (in PNI-NPN) are NG-RAN features and therefore information about both PLMNID+NID and CAG shall be exchanged over the F1 

2. A gNB-CU should have some level of control over activating/de-activating PLMNID+NIDs and CAGs in a gNB-DU

Observation 5: we assume that in split NG-RAN, CUs and DUs are preconfigured (e.g. using their respective OAMs) with a list of CAGs and NIDs it supports.

We therefore model such exchange based on the current scheme of exchanging cell information: a DU sends to the CU information about which CAGs/NIDs it supports, and the CU may decide to activate/deactivate some or all of these. 
Proposal 3: for both SNPN and PNI-NPN, a gNB-DU notifies the gNB-CU and PLMNID+NIDs and CAGs it supports and the gNB-CU notifies the gNB-DU which PLMNID+NIDs and CAGs should be activated.

In terms of actual signaling, both the Available PLMN List and the Extended Available PLMN List IEs appear to be extensible and therefore NID and CAG lists can be added to these. Incidentally, Available PLMN List and the Extended Available PLMN List IEs are included in the Served Cell Information IE, which in its turn is used in F1 SETUP REQUEST and GNB-DU CONFIGURATION UPDATE F1-AP messages, which covers all the procedures needed for a gNB-DU to update the gNB-CU about PLMNID+NIDs and CAGs it supports. Furthermore, Available PLMN List and the Extended Available PLMN List IEs are used in F1 SETUP RESPONSE, GNB-DU CONFIGURATION UPDATE ACKNOWLEDGE and GNB-CU CONFIGURATION UPDATE F1-AP messages, which covers all the procedures needed for a gNB-CU to control which PLMNID+NIDs and CAGs are activated in a gNB-DU.
2.3.3 Xn Interface
Similar to what has been discussed with respect to other interfaces, e.g. NG, neighboring gNBs should have the capability to exchange information about supported PLMNID+NIDs and CAGs, e.g. for UE mobility decisions. Xn being a horizontal interface warrants a symmetrical information exchange and therefore for both SPNP and PNI-NPN Xn setup and configuration update procedures should be extended to carry the lists of supported PLMNID+NIDs and CAGs.
Proposal 4: for both SPNP and PNI-NPN Xn setup and configuration update procedures should be extended to carry the lists of supported PLMNID+NIDs and CAGs.

Adding the list of supported PLMNID+NIDs and CAGs to the Served Cell Information NR IE would make it avilable in Xn Setup Request, Xn Setup Response and NG-RAN Node Configuration Update Acknowledge Xn-AP messages where it is used directly and in NG-RAN Node Configuration Update message through the Served Cells To Update NR IE which includes the Served Cell Information NR IE. 
2.4 Network access

When a UE first accesses the network, the stage-2 mandates that the selected CAG or NID are sent to the AMF (TS 23.502 [3]). The 5GC uses this information for example for access control. Naturally, the NG-AP INITIAL UE MESSAGE should be used to convey this information. 
Proposal 5: to extend the INITIAL UE MESSAGE NG-AP message to carry the selected CAG or NID.

The selected PLMN is transferred in the User Location IE, and even though the selected CAG and/or NID is somewhat conceptually related information, we don’t think to is related to the user location and therefore it is better to pass it as a separate IE.
2.5 E1 interface

As NPN is purely a “control plane” feature, there appears to be no impact on the E1 interface and the gNB-CU-UP, which is a user plane entity.

Proposal 6: no E1 impact of NPN has been identified.
3 Conclusion

In the present contribution we make the following observations:

Observation 1: SNPN is identified by the combination of a PLMN ID and Network identifier (NID), plus optional network name.

Observation 2: a CAG is identified by a CAG Identifier which is unique within the scope of a PLMN ID, plus optional network name.

Observation 3: stage-2 restriction of 12 identifiers (NID or CAG) per a NG-RAN network node (as opposed to a cell) appears to be incorrect; we believe the intention was to limit the number of identifiers to 12 per cell.

Observation 5: we assume that in split NG-RAN, CUs and DUs are preconfigured (e.g. using their respective OAMs) with a list of CAGs and NIDs it supports.

Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: a gNB-CU node shall support at least 256 CAG and/or NID identifiers (larger numbers can be discussed), a gNB-DU may support a lower number (e.g. 16).

Proposal 2: for SNPN, both NG-RAN and 5GC exchange information about supported PLMNID+NIDs using NG setup and configuration upate messages; for PNI-NPN, a NG-RAN notifies the 5GC about supported CAGs using NG setup and configuration update messages.

Proposal 3: for both SNPN and PNI-NPN, a gNB-DU notifies the gNB-CU and PLMNID+NIDs and CAGs it supports and the gNB-CU notifies the gNB-DU which PLMNID+NIDs and CAGs should be activated.

Proposal 4: for both SPNP and PNI-NPN Xn setup and configuration update procedures should be extended to carry the lists of supported PLMNID+NIDs and CAGs.

Proposal 5: to extend the INITIAL UE MESSAGE NG-AP message to carry the selected CAG or NID.

Proposal 6: no E1 impact of NPN has been identified.
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