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1	Introduction
During RAN2#119, the following were agreed:
· The support of SON/MDT enhancement in both SNPN and PNI-NPN scenarios are considered.
· RAN2 to use R16 NPN functionality as baseline for R18 SONMDT.
This contribution aims to discuss the SON and MDT enhancements for private networks optimization including both SNPN and PNI-NPN scenarios.
[bookmark: _Ref178064866]2	Discussion
In the following we discus three different aspects of the enhancements required for SON/MN to support data collection for the NPNs. The contribution discusses the following:
· Enhancement of CGI Info logged as part of SON reports
· Co-existence of SON/MDT reports for PN and NPN
· Building coverage map for PN and NPN
2.1	SON and MDT reports enhancements for NPN
In RAN2#119 it was agreed to enhance existing SON and MDT for supporting private networks i.e., PNI-NPN and SNPN. 
In our understanding, for supporting NPN, the UE should log SON and MDT reports with inclusion of the SNPN identifier i.e., NID identity, in CGI-Info-Logging. Because the PLMN ID contained in the SNPN ID may be the PLMN ID of a public PLMN. Thus, in our opinion the NID can be used as reference information for supporting SON and MDT reports for SNPN in network sharing. In general, in RAN sharing, non-public/NPN cells can be shared by any combination of PLMNs-PNI-NPNs (with CAG), and SNPNs (each identified by PLMN ID and NID).
CGI-Info-Logging information element
-- ASN1START
-- TAG-CGI-INFO-LOGGING-START

CGI-Info-Logging-r16 ::=     SEQUENCE {
    plmn-Identity-r16                    PLMN-Identity,
    cellIdentity-r16                     CellIdentity,
    trackingAreaCode-r16                 TrackingAreaCode               OPTIONAL   
}

-- TAG-CGI-INFO-LOGGING-STOP
-- ASN1STOP

The CGI-Info-Logging can be enhanced to support logging the SON reports e.g., RLF report, RA report or MHI and MDT measurements for a SNPN cell. 
[bookmark: _Toc115351572] Enhance CGI-Info-Logging with NID to support logging the SON reports e.g., RLF report, RA report or MHI and MDT measurements for SNPN.

2.2	Co-existence of SON/MDT reports for SNPN and PN
Collecting data as part of SON/MDT reports for SNPN and PN, may become significantly inefficient in particular when the UE moves back and forth between SNPN and PN. 
Considering the scenario that SNPN is deployed/managed by the enterprises independently from the PN, the data collection as part of SON/MDT features lend itself special considerations in particular when users connected to the SNPN moves frequently between SNPN and PN. Therefore, we think a user (holding a UE) moving frequently between SNPN and PN should not ruin the SON reports collected in one network (PN) by collecting the SON reports in the other network (SNPN) and vice versa. 

[bookmark: _Toc115351577]A SNPN user (holding an SNPN allowed UE) may move frequently between SNPN and PN which may ruin collected data (e.g., RLF) for one network in the other networks, or revealing sensitive data (e.g., MHI) of one network to the other networks.
In the following we discuss different SON reports and MDT related data collection and the need for co-existence of the reports at the UE to avoid revealing the data of one network to the other network while collecting the data for both network avoiding one network damaging the other network’s data collection. 

2.2.1 Co-existence of SNPN and PN SON reports 
In the following we discuss different aspects of SON reports collection and reporting to the network with some examples. 
RA report: A UE in PN network may collect up to 8 RA report in PN (not being fetched by the network) and moving from PN to SNPN leads to additional RA reports to be collected for the SNPN. On the basis of the current TS 38.331 the UE would not be able to log RA report for the SNPN since it already logged 8 RA reports collected in PN. In addition, the UE would not be able to report the RA reports collected from the PN to the SNPN since the PLMNs may not be equivalent. Hence an SNPN as an independent network would not be able to collect SON reports without having impact form PN network. The same situation can be foreseen if the UE collect the SON reports with the same approach as is for the PN network i.e., the SON reports collection in PN network can be affected/damaged by the SON reports collected by the NPN.

[bookmark: _Toc115351578]UE cannot collect RA reports for SNPN if it collects 8 RA reports in PN that are not fetched by the PN and vice versa, when PN and SNPN co-exist together.
RLF Report: Considering the RLF report the UE may log an RLF report in PN and then move to an NPN and experience another RLF leading to yet another RLF report. As of now the UE can store only one RLF-Report, hence if this situation occurs, the UE may delete the RLF report and other SON information collected for the PN. We believe that this situation should be avoided, so that SON reports collected for operations performed in independent networks do not affect each other.

[bookmark: _Toc115351579]A UE having an RLF report in PN, may risk deleting its PN RLF if it experiences another RLF in SNPN. This (upon frequent move between PN and SNPN) may ruin SON reports of an independent network by another independent network co-existing together.
This accordingly leads to a situation that the mobility issues e.g., RLFs occurring at the boundaries of the SNPN and PN remains undetected to the network, as most of the RLF reports of one network may be ruined by the RLF occurring in the other network.

[bookmark: _Toc115351580]Deleting the RLF reports may lead to a situation that the mobility issues at the boundaries of PN and SNPN remains hidden to the networks.
Mobility History Information: In yet another critical example, the UE may continue to log the MHI information when mobbing from a PN to NPN. According to the current MHI solution in TS38.331, the UE logs visited cells as part of MHI in a PN networks and upon mobility to a SNPN, it continues adding new visited SNPN cell. This implies that the UE logs and reports mix of PN and NPN visited cells for MHI which means the information concerning the UEs connected to one NPN may be reported to another NPN or a PN. The same issue may exist in various way for other SON reports e.g., SHR, or CEF report.
Given the examples above, we propose that a UE served by PN that enters SNPN, logs SON reports associated to the SNPN in separate variable not damaging/ruining the data collected for the PN network and not revealing sensitive data (e.g., MHI) to the other network. Given that, with separate variables, the UE can collect and report the SON related information and measurements to the corresponding network without ruining the other networks SON report and without revealing sensitive information between networks Therefore, we propose the following. 

[bookmark: _Toc115351573]UE logs SON reports for SNPNs in separate variables.

2.2.2  Co-existence of MDT reports for SNPN and PN
In the following we discuss different aspects of MDT reports collection and reporting to the network. 
As of now, and basing the current TS38.331, a UE in PN may collect logged MDT measurements and move to NPN and may continue to log the MDT related information (and vice versa). This leads a UE to collect both PN and NPN related logs in the logged MDT report even if SNPN and PN are totally independent networks and controlled by separate entities.

[bookmark: _Toc115351581]A UE in PN may collect logged MDT measurements and move to NPN, will continue logging the MDT related information (and vice versa). This leads a UE to collect both PN and NPN related logs in the logged MDT report even if SNPN and PN are totally independent networks and controlled by separate entities. 
On the other hand, given that the TCE ID is known PLMN-wide (i.e., not known in SNPNs) if the MDT reports logged in the PN node is reported to SNPN node, since the Trace ID in the logged MDT report is not known for the SNPN gNBs, the logged MDT report cannot be forwarded to the TCE. In our opinion, a UE with subscription to both public and private networks i.e., SNPN, can log MDT reports associated to the SNPN in a new variable instead. Therefore, the MDT reports associated to PN is not overridden by the other network types i.e., SNPN. With this, the UE can report the associated logged MDT related information to a network wherein the event that triggered the report occurred. 

[bookmark: _Toc115351574]UE logs MDT report for SNPNs in a separate variable.

2.3	Building coverage map for NPN and PN
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 which cells are providing coverage to NPN and which cells are providing coverage to PN. Furthermore, UE access to a NPN cell is restricted to CAG ID or SNPN ID on cell level and a UE does not necessarily have any network selection information i.e., CAG ID or SNPN ID on frequency layers.

2.3.1 Enhancement on the MDT report
In our understanding, since a UE only includes PCI and carrier frequency information for the neighbor cells in the logged MDT report (on frequency level), it is not possible for the network to identify whether the cell provides coverage to NPN or not (on cell level).

[bookmark: _Toc115351582]As of now, a UE reports a radio measurements (e.g., neighboring cells measurements) in MDT report without any indication of the neighbor cells type (e.g., PN or NPN type), when both PN and NPN are deployed in an area. 

By collecting logged measurements from the UE, where the network type is also included, the network can derive an accurate coverage map of each of the network types. This allows for optimization of network performance and better fulfilment of the service level agreements for each of the networks. Thus, we propose the following.

[bookmark: _Toc115351575]RAN2 enhance the logged MDT report with cell type indication (e.g., SNPN cell) as part of the measurement results.

2.3.2 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 the area may not be enough accurate. 

[bookmark: _Toc115351583]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.
We request RAN2 to discuss UE behavior for collecting logged MDT measurements concerning the target carrier frequency:

[bookmark: _Toc115257276][bookmark: _Toc115351576]RAN2 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	A SNPN user (holding an SNPN allowed UE) may move frequently between SNPN and PN which may ruin collected data (e.g., RLF) for one network in the other networks, or revealing sensitive data (e.g., MHI) of one network to the other networks.
Observation 2	UE cannot collect RA reports for SNPN if it collects 8 RA reports in PN that are not fetched by the PN and vice versa, when PN and SNPN co-exist together.
Observation 3	A UE having an RLF report in PN, may risk deleting its PN RLF if it experiences another RLF in SNPN. This (upon frequent move between PN and SNPN) may ruin SON reports of an independent network by another independent network co-existing together.
Observation 4	Deleting the RLF reports may lead to a situation that the mobility issues at the boundaries of PN and SNPN remains hidden to the networks.
Observation 5	A UE in PN may collect logged MDT measurements and move to NPN, will continue logging the MDT related information (and vice versa). This leads a UE to collect both PN and NPN related logs in the logged MDT report even if SNPN and PN are totally independent networks and controlled by separate entities.
Observation 6	As of now, a UE reports a radio measurements (e.g., neighboring cells measurements) in MDT report without any indication of the neighbor cells type (e.g., PN or NPN type), when both PN and NPN are deployed in an area.
Observation 7	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.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Enhance CGI-Info-Logging with NID to support logging the SON reports e.g., RLF report, RA report or MHI and MDT measurements for SNPN.
Proposal 2	UE logs SON reports for SNPNs in separate variables.
Proposal 3	UE logs MDT report for SNPNs in a separate variable.
Proposal 4	RAN2 enhance the logged MDT report with cell type indication (e.g., SNPN cell) as part of the measurement results.
Proposal 5	RAN2 enhance the MDT configuration (interFreqTargetInfo) to enable logging only NPN or PN cells per frequency.
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