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1 Introduction
In this contribution, we would like to discuss the handover cases for PLMN and Non-Public Network (NPN). The NPN can be deployed as stand-alone NPN (SNPN) or public network integrated NPN (PNI-NPN).  Handover cases, e.g., handover between PLMN and PNI-NPN, between/within PNI-NPN(s), between/within SNPN(s), and between PLMN/PNI-NPN and SNPN, are discussed in this paper. The UE RRC state to be kept for the source network when the UE moves between PLMN/PNI-NPN and SNPN is also discussed.
2 Discussion
2.1 PNI-NPN cell and SNPN cell
NPN was discussed during SA2 Meetings. In [1]-[3], the general support of NPN was discussed and clarified. As in the following figures, based on the conclusion of SA2 [1], the combination of a PLMN ID and Closed Access Group identifier (NID) identifies an PNI-NPN, and the combination of a PLMN ID and Network identifier (NID) identifies an SNPN. That is, a cell ID configured with a PLMN ID and a CAG ID identifies a PNI-NPN cell, and a cell ID configured with a PLMN ID and a NID identifies an SNPN cell.
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Observation 1.  A cell ID configured with a PLMN ID and a CAG ID identifies a PNI-NPN cell, and a cell ID configured with a PLMN ID and a NID identifies an SNPN cell.
As in figure (a), the PNI-NPN NG-RAN and the PLMN NG-RAN share the 5GC via NG interface. CAG cell(s) and PLMN cell(s) can be configured under the PNI-NPN NG-RAN and the PLMN NG-RAN, respectively. In this case the PNI-NPN and PLMN NG-RANs can connect with each other via Xn interface because the NG-RANs can be deployed by the same operator. Also, the NG-RAN can be shared by PNI-NPN and PLMN, then both CAG cell(s) and PLMN cell(s) can be configured under the same NG-RAN in PNI-NPN/PLMN. Different from PNI-NPN, SNPN has separately deployed NG-RAN and has its own core network. Only NID cell(s) are configured under the SNPN NG-RAN. Different NG-RANs in the same SNPN can connect with each other via Xn interface and share the same core network. 
Observation 2.  Both CAG cell(s) and PLMN cell(s) can be configured under an PNI-NPN/PLMN NG-RAN, and there can be Xn interface between PNI-NPN/PLMN NG-RAN and PNI-NPN NG-RAN, who can share the same 5GC. 

Observation 3.   Only NID cell(s) can be configured under an SNPN NG-RAN, and there can be Xn interface between SNPN NG-RANs when the NG-RANs belong to the same SNPN, who can share the same core network. 

Observation 4.   PNI-NPN/PLMN NG-RAN and SNPN NG-RAN do not share the same core network, whether there is Xn interface between PNI-NPN/PLMN NG-RAN and SNPN NG-RAN is FFS, e.g., in RAN sharing case. 

2.2 Handover Cases

2.2.1 Handover between PLMN and PNI-NPN, between/within PNI-NPN(s), and within an SNPN

· Handover between PLMN and PNI-NPN
Based on Observation 2 and discussion above, it can be observed that UE can move between PNI-NPN cell and PLMN cell under the same NG-RAN, or move between PNI-NPN NG-RAN and PLMN NG-RAN. The handover procedure when the UE moves can be performed under the control of the source NG-RAN or the AMF in the core network. That is, the normal network controlled mobility can be applied. Moreover, it is described in [1] that, 
-
The Mobility Restrictions shall be able to restrict the UE's mobility according to the Allowed CAG list (if configured in the subscription) and include an indication whether the UE is only allowed to access CAG cells (if configured in the subscription);
To support CAG, the UE may be pre-configured or (re)configured with the following CAG information, included in the subscription as part of the Mobility Restrictions:

-
an Allowed CAG list i.e. a list of CAG Identifiers the UE is allowed to access; and

-
optionally, a CAG-only indication whether the UE is only allowed to access 5GS via CAG cells (see TS 38.304 [50] for how the UE identifies whether a cell is a CAG cell);
It can be observed that the Mobility Restriction containing Allowed CAG List and Indication whether the UE is only allowed to access CAG cells, and the target CAG ID should be considered in the handover procedure between PLMN and PNI-NPN. 
· Handover between/within PNI-NPN(s)
Compared with PLMN cell identified by PLMN ID and Cell ID, PNI-NPN cell is identified by PLMN ID, Cell ID and CAG ID. Moreover, the PNI-NPN which is non-standalone NPN is made available via PLMNs, i.e., a NPN is deployed with the support of a PLMN. There can be Xn interface between different PNI-NPN NG-RANs, and there is NG interface connecting PNI-NPN AMF and PNI-NPN RAN. Therefore, the scheme for the handover between PLMN and PNI-NPN can be applied to the handover between/within PNI-NPN(s). 
· Handover within an SNPN

It is described as follows in [1],  

The combination of a PLMN ID and Network identifier (NID) identifies an SNPN.
Based on Observation 1 and the description above, it can be observed that two SNPNs with either different PLMN IDs or different NIDs are two different SNPNs. The scenario of handover within SNPN implies that the UE handovers between two cells with different cell IDs but with the same PLMN ID and NID. We have the following observation,
Observation 5.  Handover within an SNPN implies that the UE handovers between two cells with different cell IDs but with the same PLMN ID and NID.
Therefore, the handover within SNPN belongs to the intra-system handover. The scheme for the handover within PNI-NPN/PLMN, i.e., the normal network controlled mobility, can be applied. Based on Observation 3, there can be Xn interface between the NG-RANs within the same SNPN, and they can share the same core network. 
Based on the discussion above for mobility between PLMN and PNI-NPN, between/within PNI-NPN(s), and within an SNPN. We then have the following proposal,
Proposal 1. Intra- and inter- NG-RAN node handover (both CAG inbound and outbound handover) between PLMN and PNI-NPN, between/within PNI-NPN(s), and within an SNPN are supported.

Based on the discussion above, for the mobility between PLMN and PNI-NPN, between/within PNI-NPN(s), and within an SNPN, the Xn and NG-based handover procedure can be applied, under the consideration of the NID/CAG ID of the target cell and the UE’s Mobility Restriction containing Allowed CAG List and Indication whether the UE is only allowed to access CAG cells. We the have the following proposal,
Proposal 2. Xn- and NG-based handover procedure can be applied to the mobility between PLMN and PNI-NPN, between/within PNI-NPN(s), and within an SNPN.
2.2.2 Handover between PLMN/PNI-NPN/SNPN and SNPN
It is described as follow in [1],

An SNPN-enabled UE supports the SNPN access mode. When the UE is set to operate in SNPN access mode the UE only selects and registers with SNPNs over Uu as described in clause 5.30.2.4.

If a UE is not set to operate in SNPN access mode, even if it is SNPN-enabled, the UE does not select and register with SNPNs. A UE not set to operate in SNPN access mode performs PLMN selection procedures as defined in in clause 4.4 of TS 23.122 [17].

NOTE 2:
Details of activation and deactivation of SNPN access mode are up to UE implementation.
It can be observed that, when UE connects to PLMN/PNI-NPN, it is not in SNPN access mode. If it wants to switch/move/’handover’ to SNPN from PLMN/PNI-NPN, the UE needs to perform the activation of SNPN access mode up to its implementation. Similarly, when UE connects to SNPN, it is in SNPN access mode. If it wants to switch/move/’handover’ to PLMN/PNI-NPN from SNPN, the UE needs to perform the deactivation of SNPN access mode by itself. That is, when UE wants to switch/move/’handover’ between PLMN/PNI-NPN/SNPN and SNPN, it firstly needs to disconnect the source network and then connects to the target network, and the procedure is performed by UE itself without the control of the network (neither the source NG-RAN nor the AMF). When UE moves to an SNPN to another SNPN, it also depends itself to decide when to leave the source SNPN and connect to the target SNPN without the control of the network because the SNPNs are stand-alone networks. It is more like a cell (re)selection procedure when UE switches/moves/’handovers’ between PLMN/PNI-NPN/SNPN and SNPN, and it is controlled by UE itself rather than by the network. 
The mobility procedure from PLMN to SNPN is illustrated in the following figure of [3]. The UE has NPN PDU Session(s) which is supported by a PLMN PDU Session, and the UE may also have other PLMN PDU Sessions. The UE is responsible to detect and decide the need to move to the NPN 3GPP access from the PLMN 3GPP access, i.e., the 
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Figure 6.20.2.3-1: PDU session mobility from PLMN 3GPP access to Non-public network 3GPP access for access to non-public network services
UE itself rather than the network triggers the mobility. For the mobility procedure from SNPN to PLMN, similar scheme is illustrated in figure 6.20.2.3-2 of [3]. We then have the following observation,
Observation 6.  The UE itself rather than the network triggers the mobility between PLMN and SNPN.
It is UE to trigger the mobility, out of the control of the network, i.e., the normal network controlled mobility cannot be applied. We then have the following proposal,

Proposal 3.  Handover between PLMN/PNI-NPN/SNPN and SNPN is not supported. 
2.2.3 UE RRC State when moves between PLMN/PNI-NPN and SNPN
As discussed above, the UE itself triggers the mobility between PLMN and SNPN. It is possible that the UE moves back PLMN from SNPN soon after moving to SNPN from PLMN. The UE needs to initiate an initial access request to the PLMN if it is now in PLMN RRC-idle state, yielding access latency. It is more suitable for the UE to keep RRC-inactive state of the source network in this case. When the UE moves from the source network to the target network (i.e., from PLMN to SNPN, or from SNPN to PLMN), which RRC state (e.g., RRC-Idle, RRC-inactive, RRC-Connected) the UE should keep for the source network should be discussed. 

Firstly, the UE may inform the source RAN of its outbound mobility from the source network via AS procedure before the mobility. Then the source RAN decides the UE’s RRC state (e.g., RRC-Idle, RRC-inactive, RRC-Connected) to be kept for the source network and informs the RRC state to the UE. To decide the UE RRC state, the source RAN needs to take both the PDU session of the source network and the PDU session of the target network into consideration. As in the figure illustrated above, in current spec, the UE has a source network PDU session in use to support the Nwu towards the target network N3IWF and to support the target network PDU session(s).  Therefore, in order to decide the UE’s RRC state, the source RAN needs to know whether the PDU session of the target network should be kept. For example, if the PDU session of the target network can be released, the source RAN can trigger the release of the corresponding PDU session of the source network, which supports the PDU session of the target network; otherwise, the source RAN cannot release the UE connection. We have the following proposal,

Proposal 4. When moves between PLMN and SNPN, the UE informs the source RAN of its outbound mobility from the source network before the mobility, then the source RAN informs the UE of the RRC state to be kept for the source network.
We shall note that, the same scheme proposed above for the mobility between SNPN and PLMN can be applied to the mobility between SNPN and Public network integrated NPN (PNI-NPN), because the PNI-NPN is made available via PLMNs, i.e., it is deployed with the support of a PLMN.  The details are not described herein again to avoid repetition.
3 Conclusion
In this paper, we have discussed UE handover cases between PLMN and PNI-NPN, between/within PNI-NPN(s), between/within SNPN(s), and between PLMN/PNI-NPN and SNPN. We have the following observations and proposals:
Observation 7.  A cell ID configured with a PLMN ID and a CAG ID identifies a PNI-NPN cell, and a cell ID configured with a PLMN ID and a NID identifies an SNPN cell.
Observation 8.  Both CAG cell(s) and PLMN cell(s) can be configured under an PNI-NPN/PLMN NG-RAN, and there can be Xn interface between PNI-NPN/PLMN NG-RAN and PNI-NPN NG-RAN, who can share the same 5GC. 

Observation 9.   Only NID cell(s) can be configured under an SNPN NG-RAN, and there can be Xn interface between SNPN NG-RANs when the NG-RANs belong to the same SNPN, who can share the same core network. 

Observation 10.   PNI-NPN/PLMN NG-RAN and SNPN NG-RAN do not share the same core network, whether there is Xn interface between PNI-NPN/PLMN NG-RAN and SNPN NG-RAN is FFS, e.g., in RAN sharing case. 

Observation 11.  Handover within an SNPN implies that the UE handovers between two cells with different cell IDs but with the same PLMN ID and NID.
Observation 12.  The UE itself rather than the network triggers the mobility between PLMN and SNPN.
Proposal 5. Intra- and inter- NG-RAN node handover (both CAG inbound and outbound handover) between PLMN and PNI-NPN, between/within PNI-NPN(s), and within an SNPN are supported.

Proposal 6. Xn- and NG-based handover procedure can be applied to the mobility between PLMN and PNI-NPN, between/within PNI-NPN(s), and within an SNPN.
Proposal 7.  Handover between PLMN/PNI-NPN/SNPN and SNPN is not supported. 

Proposal 8. When moves between PLMN and SNPN, the UE informs the source RAN of its outbound mobility from the source network before the mobility, then the source RAN informs the UE of the RRC state to be kept for the source network.
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