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1	Introduction
In RAN2#123bis meeting the following were agreed
Agreement:
1	Not introducing any enhancements to address the loss issue of logged MDT report when UE switches between SNPN and PN due to limited time.

Agreements:
1	A critical extension (i.e. AreaConfiguration-r18) can be considered in R18 for the PNI-NPN area scope in logged MDT configuration for mistake correction and to cover all configuration possibilities.
2	Include the 3 cases of cell based/TAI based/SNPN list based SNPN related area scopes in the logged MDT configuration and a critical extension (i.e. AreaConfiguration-r18) can be considered in R18. FFS how to optimize the signalling structure to avoid much overhead.

During RAN2#123 meeting the following agreements were taken
Agreements:
1	Include SNPN ID (list) in the logged MDT area configuration following RAN3 agreement to align with the future NPN evolution.
2	No new UE variables will be introduced for PNI-NPNs.
3	UE performs SNPN ID checking before transmitting the information for corresponding SON and MDT reports, upon the network requests for it.
4	Assuming ESNPN is supported, include a list of SNPN IDs in the logged MDT report.

Furthermore, the following FFSs were identified and are under discussion.
FFS1: Include UE CAG subscription information in the RLF/HOF report:
-	CAG subscription statues indication;
-	CAG-only indication.

FFS2: RAN2 to discuss whether and how to address the loss issue of logged MDT report when UE switches between SNPN and PN and then send RAN2 decision to RAN3.
-	Option 1: Introducing new variables for SNPNs;
-	Option 2: Storing only the collected MDT measurements report (UE deletes the MDT configuration as legacy);
-	Option 3：No enhancement is needed;

FFS3:RAN2 to discuss:
-	Whether and how to introduce information reporting for OOC analysis involving NPN network;
-	Whether and which to introduce other SON/MDT enhancements for NPN in this Release.

This contribution aims to discuss the SON and MDT enhancements for private networks optimization including both SNPN and PNI-NPN scenarios considering the above agreements and the FFSs into account.

[bookmark: _Ref178064866]2	Discussion
2.1	Enhancements of SON Reports
2.1.1 Enhancements of RA report
In RAN2#120 meeting, the discussions have been around checking NID for RLF/HOF report. In our opinion, it should be extended to RA Report also.
As per current specifications, UE checks the PLMN information to determine if the stored variable should be cleared.
1>	if the RPLMN or the PLMN selected by upper layers (see TS24.501 [23]) from the PLMN(s) included in the plmn-IdentityList in SIB1 is not included in plmn-IdentityList stored in a non-empty VarRA-Report:
      2> clear the information included in VarRA-Report;

However, if the UE moves between SNPN-1 and SNPN-2, current specifications does not restrict the UE to log RA report for SNPN-1 into RA report for SNPN-2. This is against RACH principle and needs to be blocked at the UE.
Proposal 1 [bookmark: _Toc149818235]Upon logging the RA report for a new SNPN, the UE deletes the existing RA reports in VarRA-Report if collected in non-equivalent SNPNs/PLMN).
2.1.2 Enhancements of the RLF/HOF report
An FFS under discussion is to how to include CAG information in the RLF/HOF report. The following options are under discussion-
-	Option 1: CAG subscription status indication (if the UE has subscription with any of the CAG IDs broadcast by the cell, and whether the UE only allowed to access CAG cells); 
-	Option 2: CAG-only indication
-	Option 3: Other information, if any.

In our observation, neither option 1 nor option 2 provides any clear benefits for MRO purposes. From the indication, network can find the UEs CAG subscription status and if the UE is a CAG-only UE or not. Although this adds observability to the network, it does not aid in MRO. In addition, RAN may not be necessarily aware about the UE subscription status and we are uncertain about potential concern from privacy point of view.
[bookmark: _Toc149818204]Inclusion of CAG information in RLF/HOF report may be used for observability purpose but has no clear benefit for MRO.
[bookmark: _Toc149818236]UE does not add CAG information in the RLF/HOF report.


2.3	Enhancements for OoC events
In addition, some companies proposed to discuss out of coverage (OoC) in MDT report when UE is detecting coverage holes e.g., an area in which  no sufficient signal level is detected by UE for accessing specific services. In our opinion, when there is no suitable cell for a UE to camp on while the UE is requested to access a specific service (e.g., from upper layers), the UE logs an OoC indication in either RA report or CEF or new report. With this information, the network can identify the OoC for NPN. It is worthwhile to mention that particularly in scenarios that the upper layers (e.g., an SNPN service/application) request the UE to join an SNPN network and UE find no suitable cell for the requested SNPN, there might not be an appropriate logged MDT configuration from the same network at the UE to log the OoC event in the corresponding MDT report. Hence for such critical scenarios (in which the SNPN applications request the UE to register to an SNPN network) we cannot rely on the MDT reports. Hence, we propose:

[bookmark: _Toc134717603][bookmark: _Toc149818237]UE logs the information of the location wherein SNPN access failed due to OoC, either in 
a. [bookmark: _Toc134717604][bookmark: _Toc149818238]an RA report, or 
b. [bookmark: _Toc134717605][bookmark: _Toc149818239]a CEF report 

[bookmark: _Hlk138930076]2.4	Enhancements for MHI
In RAN2#123bis meeting, it was agreed that enhancements of MHI in NPN context will be considered in Rel-18. Two solutions are discussed in the following.
Option-1
One option could be that UE deletes collected MHI upon de-registering from a network. Thus, upon de-registering from PN, UE deletes PN MHI report and registers to SNPN and may start collecting MHI for the SNPN. Similarly, upon de-registering from SNPN, UE deletes SNPN MHI report and registers to PN and starts collecting MHI for the PN. 
Option-2
The dis-advantage of option-1 is wastefulness of MHI feature, since the network may have not retrieved the MHI from the UE and the report will be lost.
Thus, an alternative option is to keep the MHI report upon moving to the SNPN and include additional information in the MHI report. This option can be inspired from the MHI when the UE moves out of the NR coverage. In NR Mobility History information (MHI) report, if the UE is out of NR or LTE coverage, an indication is included to indicate that UE was out of NR or LTE coverage.
	1>	upon entering 'camped normally' state in NR (in RRC_IDLE or RRC_INACTIVE) or E-UTRA (in RRC_IDLE) while previously in 'any cell selection' state or 'camped on any cell' state in NR or LTE:
2>	include an entry in variable VarMobilityHistoryReport possibly after removing the oldest entry, if necessary, according to following:
           3>	set the field timeSpent of the entry as the time spent in 'any cell selection' state and/or 'camped on any    cell' state in NR or LTE.


However, if the UE registers to SNPN, it is not necessarily out of coverage of public network of NR. Thus, upon returning to PN, it is uncertain what it should log in the MHI report for NR.

[bookmark: _Toc134717615][bookmark: _Toc149818205]If a UE served by PN, registers to SNPN and later returns to PN, it is unclear what is logged and reported by the UE in the MHI.
In this scenario, it is important to identify in the MHI of the PN that the UE was served by an SNPN and was not out of coverage. Hence, we propose the UE to log a timeSpent entry in the PN MHI containing time spent in the SNPN indicating it was connected to an SNPN.

Proposal 2 [bookmark: _Toc149818240]RAN2 to discuss following options to enhance MHI for NPN:
[bookmark: _Toc149818241]Option a: UE deletes stored MHI upon de-registering from a network.	
[bookmark: _Toc149818242]Option b: MHI is enhanced to include a single entry logging the time UE spent in last SNPN (SNPN cell IDs and timespan in the visited SNPN cells are NOT logged).
2.5	Building coverage map for NPN and PN
One important use case of the logged MDT report is to build and analyze the coverage map for a given network. When both PN and NPN are deployed in an area and MDT reports are used to build coverage map of the area, it is important to the network knowing from the measurements in the MDT report which cells provide coverage to NPN and which cells provide coverage to PN. As of now the UE includes the measurements results of the neighboring cells associated with the PCI of the neighboring cells in the logged MDT report. Based on the current solution OAM is not capable to differentiate the network type based on the provided measurements (i.e., PCI and the RSRP measurements of the cells in an area). Hence it is not possible to build a coverage map for a specific network. 
In the following, we discuss the required enhancements in the MDT configuration, to enable the network to build and analyze the coverage map for a specific network e.g., PN or NPN in a given frequency. 

1.5.1 Enhancement on the MDT Configuration 
Similarly, a PN UE may collect MDT measurements on configured target frequencies for neighbor cells belonging to NPN when the cells operate on the same target carrier frequency. In other words, the UE collects both PN and NPN related MDT measurements in logged MDT report wherein two neighbor NPN and PN cells are sharing the target carrier frequency (e.g., configured as part of InterFreqTargetInfo). Therefore, building a coverage map for network types e.g., PN, or NPN for a given frequency may not be enough accurate. 

[bookmark: _Toc134717618][bookmark: _Toc149818206]As of now, building coverage map for an area (including both PN and NPN coverage) can be misleading for coverage analysis purpose, as MDT reports does not reflect the cell type (e.g., PN or NPN type), and a coverage of NPN maybe counted as coverage of PN and vice versa since PN and NPN can be deployed in the same frequency. Note that neighbouring cells measurement in MDT reports includes only PCI info of the cell.
[bookmark: _Toc149818207]Management system is not able to collect the MDT measurements particularly for PN or NPN in certain frequencies.
We request RAN2 to discuss UE behavior for collecting logged MDT measurements concerning the target carrier frequency:

[bookmark: _Toc115257276][bookmark: _Toc134717609][bookmark: _Toc149818243]RAN2 to enhance the MDT configuration (interFreqTargetInfo) to enable logging only NPN or PN cells per frequency.

Conclusion
In the previous sections we made the following observations: 
Observation 1	Inclusion of CAG information in RLF/HOF report may be used for observability purpose but has no clear benefit for MRO.
Observation 2	If a UE served by PN, registers to SNPN and later returns to PN, it is unclear what is logged and reported by the UE in the MHI.
Observation 3	As of now, building coverage map for an area (including both PN and NPN coverage) can be misleading for coverage analysis purpose, as MDT reports does not reflect the cell type (e.g., PN or NPN type), and a coverage of NPN maybe counted as coverage of PN and vice versa. Note that neighbouring cells measurement in MDT reports includes only PCI info of the cell.
Observation 4	Management system is not able to collect the MDT measurements particularly for PN or NPN in certain frequencies.

Based on the discussion in the previous sections we propose the following:

Proposal 1	Upon logging the RA report for a new SNPN, the UE deletes the existing RA reports in VarRA-Report (collected the previous non-equivalent SNPNs/PLMN).
Proposal 2	UE does not add CAG information in the RLF/HOF report.
Proposal 3	UE logs the information of the location wherein SNPN access failed due to OoC, either in
a.	an RA report, or
b.	a CEF report
Proposal 4	RAN2 to discuss following options to enhance MHI for NPN:
Option a: UE deletes stored MHI upon de-registering from a network.
Option b: MHI is enhanced to include a single entry logging the time UE spent in last SNPN (SNPN cell IDs and timespan in the visited SNPN cells are NOT logged).
Proposal 5	RAN2 to enhance the MDT configuration (interFreqTargetInfo) to enable logging only NPN or PN cells per frequency.
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