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1	Introduction
During RAN2#119bis, the following were agreed:
1. SNPN ID (e.g.,NID ID) checking is needed before sending the availability indication for corresponding SON and MDT report. The details can be discussed case by case. FFS PNI-NPN ID checking.
2. Include the NPN ID into SON/MDT report, whether SNPN ID or PNI-NPN ID related info should be included can be discussed per use case.
3. RAN2 prioritizes the use cases of RLF report and logged MDT enhancement for NPN.

In RAN2#120 meeting, further discussion took place-
Agreements:
 
1. PNI-NPN (CAG) ID checking is NOT performed before sending the RLF/HOF report availability indication related to a PNI-NPN network.
2. PNI-NPN (CAG) ID checking is NOT performed before sending the logged MDT availability indication related to a PNI-NPN network.
3. Details of the checking of NPN IDs (e.g., Proposal 1 of R2-2211354) are FFS.
4. Introduce SPNP ID (e.g., NID) to RLF/HOF report. Details of how to introduce it are FFS.
  
FFS: Introduce SPNP ID to logged MDT report. 
FFS: Introduce PNI-NPN ID to RLF/HOF report. Details of how to introduce it are FFS .
FFS: Introduce PNI-NPN ID (e.g., CAG ID) to logged MDT report. Details of how to introduce it are FFS.
FFS: Discuss whether to introduce of new NPN specific variables for PNI-NPNs.
FFS: Discuss whether to introduce of new NPN specific variables for SNPNs.


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 FFSes into account.
2 Discussion
2.1 Enhancements of SON reports 
An FFS regarding introducing PNI-NPN ID in the RLF/HOF report is under discussion. However, since it was agreed that UE does not check PNI-NPN (CAG) ID before reporting RLF/HOF report availability to the network, there is no benefit of storing PNI-NPN ID in the RLF/HOF report. Therefore, we propose the following.
[bookmark: _Toc134772767] UE does not include PNI-NPN (CAG) ID in the RLF/HOF report.
On the other hand, UE needs to check SNPN ID before sending the RLF/HOF report to the network. To do so, UE needs to store the SNPN ID in the variable associated to RLF report, i.e., VarRLF-Report. 
[bookmark: _Toc134772768] UE includes the SNPN ID (NID) only in the variable VarRLF-Report.
For the SON reports (RLF/HOF, RA report, SHR) UE includes CGI-Info-Logging IE in the report to enable identification of the cell and routing the report to proper node for analysis. However, from below excerpt of the CGI-Info-Logging it is apparent that TAC information is logged optionally for the SON report.
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

[bookmark: _Toc134772758]TAC information is optional in the CGI-Info-Logging IE.
However, if the TAC information is not included in the report, it may not be possible in the network to forward the report to proper node if there is no Xn connection. TAC information, along with PLMN and Cell Identity is mandatory to route the SON report through NG interface.
[bookmark: _Toc134772759]TAC information is needed to forward the SON report through NG interface.
For handover failure, the TAC information of the failed PCell might not be available to the UE and it is not possible to mandate the UE to include such.
[bookmark: _Toc134772760]TAC information of the failed PCell is not always available to UE during handover failures.
However, for other SON reports, it can be made mandatory for the UE to provide TAC information.
[bookmark: _Toc134772769]Inclusion of TAC information in the SON reports (RA-Report, SHR, SPR) is mandatory.

2.2 Wastefulness of MDT mechanism in co-existence of SNPN and PN
RAN3 has sent an LS [R3-232118] to RAN2; the content of the LS is copied here.


RAN3 noticed that logged MDT reports collected in one type of network, e.g., an SNPN, are lost when UE moves to a network of another type, e.g., a Public Network, due to the UE deregistering from the SNPN network. RAN3 believes that this would lead to a loss of the stored logged MDT reports if the reports are not retrieved before moving to the network of another type.
[bookmark: _Hlk131003755]RAN3 would like to check with RAN2 if there are any solutions to avoid the loss of stored logged MDT reports upon moving from a network of one type to another type, even upon deregistration.
Considering the scenario that SNPN is deployed/managed by the enterprises independently from the PN, the data collection as part of MDT features lend itself special considerations when users connected to the SNPN moves frequently between SNPN and PN. According to the RAN3 observation in such scenario collecting data as part of MDT reports when SNPN and PN co-exist, becomes significantly inefficient specially when the UE moves back and forth between SNPN and PN. Therefore, when a user (holding a UE) moves frequently between SNPN and PN, the SON reports collected in one network (PN) should not be ruined by moving to the other network and vice versa. 

[bookmark: _Toc115351577][bookmark: _Toc134772761]A SNPN user (holding an SNPN allowed UE) may move frequently between SNPN and PN which may ruin collected data for one network in the other networks.
[bookmark: _Toc134772762]The current logged MDT framework is wasteful when PN and SNPN co-exist.
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][bookmark: _Toc134772770]UE logs MDT report for SNPNs in a separate variable.

If the above proposals are agreeable RAN2 needs to discuss how to assure co-existence of the PN and SNPN MDT reports in particular whether the UE needs to consider additional memory or it is possible to share the existing memories between PN and SNPN MDT reports e.g., sharing 68KB of memory allocated to the logged MDT report or doubling the memory size i.e., 64 KB memory for PN MDT and 64 KB memory for NPN MDT. 
[bookmark: _Toc134772771]RAN2 discuss whether to consider additional memory (e.g., additional 64KB) for the SNPN MDT report.
In addition, some companies proposed to discuss out of coverage (OoC) in MDT report when UE is detecting coverage holes e.g., an area that 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: _Toc134772772]RAN2 discuss to log an SNPN out-of-coverage (OoC) indication either in 
0. [bookmark: _Toc134772773]an RA report, or 
0. [bookmark: _Toc134772774]a CEF report, or 
0. [bookmark: _Toc134772775]a new report.
2.3  Enhancements for MHI
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 NR. Thus, upon returning to PN, it is uncertain what it should log in the MHI report for NR.

[bookmark: _Toc134772763]If a UE served by PN, registers to SNPN and later returns to PN, it is unclear what is logged 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.

[bookmark: _Toc134772776] UE logs time spent in the SNPN network in an entry in the existing PN MHI report.

2.4 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 report as well as MDT configuration, to enable the network to build and analyze the coverage map for a specific network e.g., PN or NPN. 
2.4.1 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). This is shown in the following excerpt from the RRC specification.

MeasResultLoggingNR-r16 ::=          SEQUENCE {
    physCellId-r16                       PhysCellId,
    resultsSSB-Cell-r16                  MeasQuantityResults,
    numberOfGoodSSB-r16                  INTEGER (1..maxNrofSSBs-r16) OPTIONAL
}

[bookmark: _Toc134772764]UE only logs the PCI and the radio measurements of the neighbouring cells in the logged MDT report.
[bookmark: _Toc134772765]From the current logged MDT reports it is impossible for the network to deduce if the provided coverage is by a PN or an NPN cell. 

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: _Toc134772777]RAN2 enhance the logged MDT report with cell type indication (e.g., NPN cell) as part of the measurement results.

2.4.2 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: _Toc134772766]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: _Toc134772778]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	TAC information is optional in the CGI-Info-Logging IE.
Observation 2	TAC information is needed to forward the SON report through NG interface.
Observation 3	TAC information of the failed PCell is not always available to UE during handover failures.
Observation 4	A SNPN user (holding an SNPN allowed UE) may move frequently between SNPN and PN which may ruin collected data for one network in the other networks.
Observation 5	The current logged MDT framework is wasteful when PN and SNPN co-exist.
Observation 6	If a UE served by PN, registers to SNPN and later returns to PN, it is unclear what is logged by the UE in the MHI.
Observation 7	UE only logs the PCI and the radio measurements of the neighbouring cells in the logged MDT report.
Observation 8	From the current logged MDT reports it is impossible for the network to deduce if the provided coverage is by a PN or an NPN cell.
Observation 9	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	UE does not include PNI-NPN (CAG) ID in the RLF/HOF report.
Proposal 2	UE includes the SNPN ID (NID) only in the variable VarRLF-Report.
Proposal 3	Inclusion of TAC information in the SON reports (RA-Report, SHR, SPR) is mandatory.
Proposal 4	UE logs MDT report for SNPNs in a separate variable.
Proposal 5	RAN2 discuss whether to consider additional memory (e.g., additional 64KB) for the SNPN MDT report.
Proposal 6	RAN2 discuss to log an SNPN out-of-coverage (OoC) indication either in
a.	an RA report, or
b.	a CEF report, or
c.	a new report.
Proposal 7	UE logs time spent in the SNPN network in an entry in the existing PN MHI report.
Proposal 8	RAN2 enhance the logged MDT report with cell type indication (e.g., NPN cell) as part of the measurement results.
Proposal 9	RAN2 enhance the MDT configuration (interFreqTargetInfo) to enable logging only NPN or PN cells per frequency.
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