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1 Introduction
In this contribution, we would like to discuss the Proximity Indication of NPN, which is used to indicate that the UE is entering or leaving one or more stand-alone NPN (SNPN) cells and/or public network integrated NPN (PNI-NPN) cells.  The necessity of the Proximity Indication is discussed in this paper.
2 Discussion
2.1. Measurement Configuration

It is described as follows in [1] for the UE accessing PNI-NPN cell,

-
During transition from CM-IDLE to CM-CONNECTED, if the UE is accessing the 5GS via a CAG cell, the UE shall provide the selected CAG Identifier to NG-RAN and the NG-RAN shall provide the CAG Identifier to the AMF:

-
The AMF shall verify whether UE access is allowed by Mobility Restrictions:

-
If the CAG Identifier received from the NG-RAN is part of the UE's Allowed CAG list, then the AMF accepts the NAS request;

-
If the CAG Identifier received from the NG-RAN is not part of the UE's Allowed CAG list, then the AMF rejects the NAS request with an appropriate cause code, whereas the UE removes that CAG Identifier, if it exists, from its Allowed CAG list, as defined in TS 24.501 [47]. The AMF shall then release the NAS signalling connection for the UE by triggering the AN release procedure; and

-
If the UE is accessing the network via a non-CAG cell and the UE's subscription contains an indication that the UE is only allowed to access CAG cells, then the AMF rejects the NAS request with an appropriate cause code, whereas the UE updates its local configuration, as defined in TS 24.501 [47]. The AMF shall then release the NAS signalling connection for the UE by triggering the AN release procedure.

It can be observed that, when a UE accesses the PNI-NPN cell, it reports its selected CAG ID to NG-RAN, e.g., via MSG5. Similarly, when a UE accesses the SNPN cell, it reports its selected NID to NG-RAN. Then the NG-RAN forwards the selected NID/CAG ID to AMF who is responsible to verify whether the UE is the member of the SNPN/PNI-NPN. Thereafter, the AMF notifies the NG-RAN the verification result. That is, before the UE reports the selected NID/CAG ID and the AMF notifies the NG-RAN, the NG-RAN does not know whether the UE is an SNPN/PNI-NPN subscriber or a normal PLMN subscriber. Moreover, for the UE connected to a normal PLMN cell, the UE has not reported any NID/CAG ID to NG-RAN, and the verification result has not been notified to the NG-RAN, either. Therefore, the NG-RAN does not know whether the UE connected to the normal PLMN cell is an SNPN/PNI-NPN subscriber or not. We then have the following observation,
Observation 1.  The NG-RAN does not know whether the UE connected to the normal PLMN cell is an SNPN/PNI-NPN subscriber or not.
The connected UE may be a subscriber of neither the SNPN nor PNI-NPN. Therefore, it is not necessary to configure all the connected UEs to measure the neighbour cells which may be SNPN/PNI-NPN cells, for the purpose such as handover.  However, the NG-RAN does not know whom should be configured to measure the neighbour SNPN/PNI-NPN cells. On the other hand, the NG-RAN does not know when to configure the UE to measure the neighbour SNPN/PNI-NPN cells. It may waste UE’s resource, e.g., battery power, if the SNPN/PNI-NPN cells are far away or even there is no SNPN/PNI-NPN cell any more around the UE but the measurement is still configured. The measurement configuration may be too late or too early for the UE to search suitable SNPN/PNI-NPN cells. We then have the following observation,
Observation 2.  The NG-RAN does not know when and which UEs are suitable to configure measurement for the neighbour SNPN/PNI-NPN cells.
2.2. UE Mobility
· PNI-NPN

It is described as follows 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);
-
During connected mode mobility procedures:

-
Based on the Mobility Restrictions received from the AMF:

-
Source NG-RAN shall not handover the UE to a target NG-RAN node if the target is a CAG cell and the related CAG Identifier is not part of the UE's Allowed CAG list;

-
Source NG-RAN shall not handover the UE to a non-CAG cell if the UE is only allowed to access CAG cells;
It can be observed that the serving NG-RAN chooses a suitable target cell based on the reported CAG ID of the target cell and the stored mobility restriction containing the UE's Allowed CAG list. To report the CAG ID of the target cell, e.g., via the measurement report, the UE needs to read the CAG ID from the system information broadcasted by the target cell. However, the UE does not need to read the system information of the target cell when performs measurement. The serving NG-RAN needs to notify the UE to read the CAG ID from the broadcasted system information of the neighbour cells, e.g., after the measurement results are reported by the UE to the serving NG-RAN. The serving NG-RAN can configure the UE to report the CAG ID together with the measurement report. Without knowledge about whether the connected UEs are NPN subscribers or not, the serving NG-RAN may configure all the UEs connected to the normal PLMN cell to read the broadcasted system information of the neighbour cell to obtain CAG ID, which is not necessary and may be a waste of the UE resources, e.g., battery power. Even though the CAG ID of the neighbour cell is obtained, the serving NG-RAN cannot handover the UE who is not NPN subscriber to the neighbour cell. We then have the following observation,
Observation 3.  Without knowledge about whether the UE(s) connected to the normal PLMN cell(s) are NPN subscriber(s) or not, the serving NG-RAN may configure the UE(s) to read the broadcasted system information of the neighbour cell(s) to obtain CAG ID(s).
· SNPN

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 when 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]. The normal network controlled handover procedure cannot be applied. The network cannot have the knowledge and make preparation for the UE’s mobility between PLMN and SNPN, if the UE did not notify the network before the mobility. Network actions, e.g., interrupting data transmission to the UE timely, cannot be achieved. We then have the following observation,
Observation 4.  The UE itself triggers the mobility between PLMN and SNPN, and the network cannot have the knowledge of the UE’s mobility timely if the UE did not notify the network before the mobility.
Based on Observation 1-4, it can be observed that UE needs to provide notifications to NG-RAN about whether and when it is suitable to configure the measurement to the UE for the neighbor SNPN/PNI-NPN cells, and to provide notifications about whether the UE is a NPN subscriber, and it is necessary for the UE to provide notification of the mobility between PLMN and SNPN. To deal with these issues, as in LTE for the CSG cell [4], the UE can provide the Proximity Indication to notify the NG-RAN that it is nearing or leaving one or more SNPN/PNI-NPN cells, and some of the SNPN/PNI-NPN cell information (e.g., radio frequency information) can be also notified to NG-RAN. The detection of proximity can be based on the UE implementation, e.g., the UE’s camp history. The Proximity Indication can be applied to the scenarios, e.g., the aforementioned measurement configuration and the UE mobility between NPN and PLMN (or mobility within NPN). For example, when the UE sends Proximity Indication to the NG-RAN and indicates it is entering SNPN/PNI-NPN cells, the NG-RAN can know that the UE is a SNPN/PNI-NPN subscriber and it is suitable to configure the measurement to the UE for the SNPN/PNI-NPN cell at this time (e.g., configure UE to read NID/CAG ID).  As another example, when the UE sends Proximity Indication to the NG-RAN and indicates it is leaving an SNPN cell, the NG-RAN can know that the UE itself may trigger the mobility from SNPN to PLMN subsequently, and the NG-RAN can have knowledge and make preparation for the subsequent situations, e.g., RLF of the SNPN cell. We then have the following proposal,
Proposal 1. The UE provides Proximity Indication to the NG-RAN to notify that it is getting close to or leaving one or more SNPN/PNI-NPN cells.
For example, as in the following figure, the procedure with proximity indication can be as follows,
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1)
The source NG-RAN configures the UE with proximity indication control.

2)
The UE sends an "entering" or "leaving" proximity indication when it determines it may be near or leave a CAG/SNPN cell. The proximity indication may include the RAT and frequency of the cell. After sending the proximity indication message to RAN, the UE may switch to SNPN access mode from the PLMN access mode, or switch to the PLMN access mode from the SNPN access mode. And then, the UE itself triggers the mobility between PLMN and SNPN. The source network can foresee the mobility based on the proximity indication.
3)
If a measurement configuration is not present for the concerned frequency/RAT, the source NG-RAN configures the UE with relevant measurement configuration as needed, so that the UE can perform measurements on the reported RAT and frequency. The network may also use the proximity indication to minimize the requesting of handover preparation information (e.g., CAG ID, NID) of CAG/SNPN cells by avoiding requesting such information when the UE is not in the geographical area where its CAG/SNPN member cells are located.

4)
The UE sends a measurement report including the PCI.

5)
The source NG-RAN configures the UE to perform SI acquisition and reporting of a particular PCI.

6)
The UE acquires the relevant system information from the target NG-RAN.

7)
The UE sends a measurement report including NR CGI, TAI, NID/CAG ID, based on which, the source NG-RAN decides whether handover the UE to the target NG-RAN.
3 Conclusion
In this paper, we have discussed Proximity Indication of NPN. We have the following observation and proposals:
Observation 5. The NG-RAN does not know whether the UE connected to the normal PLMN cell is an SNPN/PNI-NPN subscriber or not.

Observation 6.  The NG-RAN does not know when and which UEs are suitable to configure measurement for the neighbour SNPN/PNI-NPN cells.

Observation 7.  Without knowledge about whether the UE(s) connected to the normal PLMN cell(s) are NPN subscriber(s) or not, the serving NG-RAN may configure the UE(s) to read the broadcasted system information of the neighbour cell(s) to obtain CAG ID(s).

Observation 8.  The UE itself triggers the mobility between PLMN and SNPN, and the network cannot have the knowledge of the UE’s mobility timely if the UE did not notify the network before the mobility.
Proposal 2. The UE provides Proximity Indication to the NG-RAN to notify that it is getting close to or leaving one or more SNPN/PNI-NPN cells.
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