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Introduction
In last meeting, a few agreements are made for the general parameters and procedure about SON and MDT enhancement for NPN [1]:
Agreements:
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 this contribution, first we intend to discuss the prioritized use cases which can have benefit and be utilized for NPN network, and then the analysis about NPN enhancement for L2 measurement is also provided.
Discussion
Background of NPN related information
The NPN-only cell can only be measured by the NPN capably UE. The NPN UE has no explicit AS capability to indicate whether it supports NPN, only a capability bit of “nr-CGI-Reporting-NPN-r16” is introduced into TS38.331[2] to indicate whether the UE supports acquisition of NPN-relevant CGI-information from a neighbouring intra-frequency or inter-frequency NR NPN cell by reading the SI of the neighbouring cell and reporting the acquired information to the network. An NPN capable UE must report this capability, and a non-NPN capable UE can also report this capability if it can report the NPN-relevant CGI-information from a neighbor cell for help.
Observation 1: There is no explicit NPN supported capability in AS, both NPN capable UE and non-NPN capable UE can report the unique NPN related AS capability of “nr-CGI-Reporting-NPN-r16”.
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]For SNPN UE, a UE can work in SNPN access mode or not. A UE operating in SNPN access mode only selects stand-alone Non-Public Networks over Uu, and the UE does not perform normal PLMN selection procedures. A UE operating in SNPN non-access mode (not operate in SNPN access mode) cannot select SNPN Networks over Uu and does not select and register with SNPNs at all even if it is SNPN-enabled [3].
Observation 2: Whether a UE can select a SNPN cell only depends on the SNPN access mode set by NAS.
For PNI-NPN UE, an Allowed CAG list and an optional CAG-only indication is defined by NAS in TS23.501. The Allowed CAG list is a list of CAG Identifiers the UE is allowed to access, and the optional CAG-only indication is to indicate whether the UE is only allowed to access 5GS via CAG cells. If the UE has an Allowed CAG list and the CAG-only indication is set to false, the UE can select one of the normal cell or the PNI-NPN cell of the registered PLMN. But if the UE has an Allowed CAG list and the CAG-only indication is set to true, only the PNI-NPN cell of the registered PLMN can be selected by the UE.
Observation 3: Whether a UE can select a PNI-NPN cell depends on the Allowed CAG list and the optional CAG-only indication set by NAS.
Therefore, we can conclude that whether the UE can select or access into a NPN cell may depend on the NPN related information set by NAS but not the AS capability. Since the NAS information can be modified per UE and such information may not be stored by the network, it is necessary to consider the observations above when analyzing the NPN related impact or enhancement for the SON or MDT procedures.
Proposal 1: To analyse the NPN related impact or enhancement for the SON or MDT procedures, the observations above are for information and should be considered.
Common or separate UE variable(s)
The issue of storage method was raised at last meeting, and 2 options can be selected:
· Option 1: Common UE variable is used for NPN and PN network;
· Option 2: Separate UE variables are used for NPN and PN network, respectively.
We think this issue can be discussed for SNPN and PNI-NPN respectively:
Since SNPN is a separate network and different from the PLMN, if a UE switches the network between the PLMN and the SNPN, network registration should be performed. But for the network switching between the PLMN and the PNI-NPN, the same PLMN network can be used and no new registration is needed. 
PNI-NPN
The PNI-NPN is a non-public network deployed with the support of a PLMN, so a common PLMN ID as normal PLMN, e.g. HPLMN should be used. Therefore the UE can perform SON/MDT measurement across the normal PLMN and the PNI-NPN with the same PLMN ID. The current UE variable(s) for SON/MDT can be used for PLMN and PNI-NPN recording together, with some PNI-NPN specific enhancement, and no separate UE variables are needed.
Observation 4: PNI-NPN and normal PLMN can use the current UE variable(s) commonly, with some PNI-NPN specific enhancement.
SNPN
For SNPN, it is operated by an NPN operator and not relying on network functions provided by a PLMN [3]. And SNPN is isolate from other networks at least for R16 and R17 since it has no equivalent PLMNs or equivalent SNPNs:
	TS 23.501[3]:
For a UE registered in an SNPN, the AMF shall not provide a list of equivalent PLMNs to the UE and shall not provide a list of permitted PLMNs to NG-RAN.


And:
	TS 24.501[4]:
j)	equivalent SNPN is not supported;


Observation 5: SNPN has no equivalent PLMNs or equivalent SNPNs.
So for MDT, since the MDT PLMN List is a subset of the EPLMN list and RPLMN, the normal PLMN and the SNPN is assumed to be not in the same MDT PLMN List [3].
For logged MDT, the UE shall release the configuration and the measurement upon deregistration [2]:
	[bookmark: _Toc60776914][bookmark: _Toc100929737]TS 38.331:
5.5a.2	Release of Logged Measurement Configuration
[bookmark: _Toc60776915][bookmark: _Toc100929738]5.5a.2.1	General
The purpose of this procedure is to release the logged measurement configuration as well as the logged measurement information.
[bookmark: _Toc60776916][bookmark: _Toc100929739]5.5a.2.2	Initiation
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK3][bookmark: OLE_LINK4]The UE shall initiate the procedure upon receiving a logged measurement configuration in another RAT. The UE shall also initiate the procedure upon power off or upon deregistration.
The UE shall:
1>	stop timer T330, if running;
1>	if stored, discard the logged measurement configuration as well as the logged measurement information, i.e. release the UE variables VarLogMeasConfig and VarLogMeasReport.


The SNPN can be considered as a kind of special PLMN which cannot be equivalent with other PLMNs. Since in CN only one 3GPP access network can be allowed, UE should perform de-registration to the old network and then perform registration to the new network when exchange between PLMN and SNPN, the UE variable in the old network should be removed, and new variables can be built for the logged MDT configuration and for measurement result in the new network. 
Observation 6: In current specification, only one 3GPP access network can be allowed, UE should perform de-registration to the old network and then perform registration to the new network when exchange between PLMN and SNPN, and the old UE variable should be removed upon de-registration.
And to save the UE memory, even if the UE does not perform deregistration or re-registration, e.g. change to a PLMN in the equivalent PLMN list but not in the MDT PLMN list, the UE only stores one UE variable for logged MDT [5]:
	TS 37.320:
In case the new PLMN that does not belong to the MDT PLMN list provides a logged measurement configuration any previously configured logged measurement configuration and corresponding log are cleared and overwritten without being retrieved.


We think this principle is appropriate for all the SON/MDT use cases. If a UE performs SON/MDT measurement in the SNPN, the measurement and recording should not be continued when the UE registers to another PLMN since they have different operators.
For the SON use cases, in legacy specification [2], e.g. RACH report, the information included in the variable will be cleared if the RPLMN or the selected PLMN is not included in plmn-IdentityList stored in the variable. 
Therefore in the legacy SON/MDT measurement, more than one UE variable for a specific use case is not allowed for the sake of UE memory saving, but the measurement overwritten or clearing can be occurred if the current PLMN cannot match the logging/recording requirement.  
Observation 7: In current specification, more than one UE variable for a specific SON/MDT use case is not allowed for the sake of UE memory saving, and the measurement overwritten or clearing is allowed if the current PLMN cannot match the logging/recording requirement.
The SNPN can be considered as a kind of special PLMN which cannot be equivalent with other PLMNs, thus no more UE variables should be allowed. If the UE switches between the PLMN and the SNPN, the SON/MDT measurement result of the new network can overwrite the old ones. We believe that a smart network can retrieve the required measurement result before being overwritten or cleared. And to align with the checking and reporting of NPN ID which is agreed last meeting, the NPN specific information should also be included in the UE variable. Therefore, the current UE variable(s) for SON/MDT can be reused for SNPN with some SNPN specific enhancement, and no separate UE variables are needed.
To sum up the analyses above, separate UE variable(s) is not allowed or needed for SNPN or for PNI-NPN.
Proposal 2: Not to introduce separate SON/MDT related UE variable(s) for SNPN or for PNI-NPN.
NPN enhancement per use case
For RLF report
For MRO, the RLF/HOF report needs to be enhanced to include the NPN related information. One typical scenario is that only one handover target cell A satisfies handover triggering condition, but the UE cannot access to the cell A because UE does not support to access NPN cell. When analyze the RLF Report retrieved from the UE, the good handover target cell A is not selected as handover target cell. From the legacy reported parameters in the HOF report, we can only deduce the handover triggering condition should be optimized and cannot consider the failure is caused by UE NPN capability limit because the UE context has already been removed when the network performing MRO analysis. In order to correctly analyze RLF and handover failure involving with the NPN cell, the RLF/HOF Report shall be enhanced to include the NPN information. To make the MRO enhancement clearer for the NPN cell and the PN cell, at least the NID/CAG-ID should be included.
Proposal 3: Introduce NID/CAG-ID into the RLF/HOF Report to indicate UE NPN access limit.
For the RLF/HOF reporting, SNPN ID checking is needed before sending the availability indication. But for PNI-NPN cell, since the PLMN is the same as the normal cell, we do not think it is necessary to check the CAG-ID besides the PLMN ID.
Proposal 4: Only the SNPN ID checking is needed before sending the RLF/HOF report availability indication related to NPN network.
For logged MDT
For logged MDT configuration, the legacy area scope has 3 levels of configuration limitation: PLMN wide, TA wide or cell wide. From the NAS specification of [3], the tracking area may have no relationship with the NPN; and for the cell wide level, the CGI of allowed cells are listed which is also regardless with the registered network. Based on current procedure in [2], if TA and cell information are not configured, measurement logging is not restricted to specific cells or tracking areas but applies as long as the RPLMN is contained in plmn-IdentityList stored in VarLogMeasReport.
For PLMN level of area configuration in logged MDT:
· The PNI-NPN cell has the same PLMN ID as the normal cell, therefore the configuration can be further limited for the normal PLMN only, for the PNI-NPN only, or for both;
· The SNPN has the separated PLMN ID which is isolated from the normal PLMN, the PNI-NPN or other SNPN. Therefore it is reasonable to assume that only the UE registered in a SNPN can be configured with the SNPN related logged MDT, and all the configuration and the measurement result included in the UE variable should be removed if the UE changes to any other network as mentioned in section 2.2 above. Other network can be a normal PLMN, a PNI-NPN or another SNPN. So from the analysis above, the NID is not necessary to be indicated in the area scope of logged MDT measurement configuration because it can only be configured with the current registered SNPN.
A RAN3 LS [6] is agreed to be sent to SA3 for asking whether it is needed for signaling of NPN ID to the NG-RAN. Therefore if the NPN ID is confirmed by SA3 to be transmitted via NGAP, the NPN related information i.e. CAG ID (list) can be introduced in the area configuration for logged MDT.
Proposal 5: RAN2 to assume only the UE registered in SNPN can be configured with this SNPN related logged MDT, and the NID for SNPN is not necessary to be indicated in the area configuration.
Proposal 6: Add PNI-NPN related information i.e. CAG ID (list) in the area configuration for logged MDT after SA3 confirming the NPN ID transmission to NG-RAN in NGAP.
[bookmark: _GoBack]For logged MDT reporting, SNPN ID checking maybe needed before sending the availability indication. But for PNI-NPN cell, since the PLMN is the same as the normal cell, we do not think it is necessary to check the CAG-ID besides the PLMN ID. 
Proposal 7: Only the SNPN ID checking is needed before sending the logged MDT availability indication related to NPN network.
Meanwhile, since the logged MDT is used to draw a picture of the channel power/quality or to monitor the coverage hole, even if a cell is shared by the normal/SNPN/PNI-NPN network, the measurement result is the result for a specific the cell. The measurement result should be the same from UEs in the same geographic location even with different registered network types. The cell may be PLMN specific, SNPN specific, PNI-NPN specific or may be a cell with network sharing. The allowed network information should be broadcasted in the SIB1 and can be easily obtained by the operator. Therefore, the NPN related information, e.g. NID/CAG-ID, is not needed to be reported to the network.
Observation 8: The measurement result of logged MDT is the result of the cell which is used to draw a picture of the channel power/quality, and the operator can easily obtain the network type information in the cell without UE reporting.
Proposal 8: It is not necessary to add NPN related information e.g. NID/CAG-ID into the logged MDT result.
For other SON/MDT measurements
Besides the typical use cases of RLF/HOF report and logged MDT, other use cases can also be considered for NPN enhancement. 
We consider it is necessary to enhance the L2 measurement to include the NPN information. The NPN capable UE may have high priority than other normal UEs for access control or for flow control. Therefore some L2 measurement result recorded per UE may be impacted due to the different UE NPN capabilities. Therefore it is necessary to improve the L2 measurement record and report to provide more accurate result to the Trace Collection Entity (TCE). For example, the throughput or the data volume of the NPN capable UE could be better than the non-NPN capable UE, if the resource of the cell cannot satisfy all UE’s requirement. To let the operator know the reason of different L2 measurement result for different UEs, the NPN related information e.g. NPN capability or the NPN/PLMN the UE access to should be sent to the TCE together with the per UE L2 measurement result.
Proposal 9: Report the NPN related information to the TCE together with the L2 measurement, e.g. throughput or data volume measurement.
For other MDT related use case e.g. immediate MDT, since it is the network controlled measurement of cell signal power or quality, the NG-RAN node has the network type and ID information when the UE sends the immediate MDT report. So the specification impact is involved in RAN3, and we do not think there have difference for the UE report in air interface for NPN cell or for non-NPN cell.
Proposal 10: No need to perform NPN related enhancement for immediate MDT in the air interface.
For other SON related use cases e.g. RACH report, SHR, and MHI, the NPN related enhancement can be introduced by requirements. This can be studied after the NPN related enhancements are identified for the RLF/HOF report and logged MDT.
Proposal 11: NPN enhancements for other SON related use cases can be further studied after the enhancement to RLF/HOF report and logged MDT are identified.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we propose:
For background of NPN
Observation 1: There is no explicit NPN supported capability in AS, both NPN capable UE and non-NPN capable UE can report the unique NPN related AS capability of “nr-CGI-Reporting-NPN-r16”.
Observation 2: Whether a UE can select a SNPN cell only depends on the SNPN access mode set by NAS.
Observation 3: Whether a UE can select a PNI-NPN cell depends on the Allowed CAG list and the optional CAG-only indication set by NAS.
Proposal 1: To analyse the NPN related impact or enhancement for the SON or MDT procedures, the observations above are for information and should be considered.
For common or separate UE variable(s)
Observation 4: PNI-NPN and normal PLMN can use the current UE variable(s) commonly, with some PNI-NPN specific enhancement.
Observation 5: SNPN has no equivalent PLMNs or equivalent SNPNs.
Observation 6: In current specification, only one 3GPP access network can be allowed, UE should perform de-registration to the old network and then perform registration to the new network when exchange between PLMN and SNPN, and the old UE variable should be removed upon de-registration.
Observation 7: In current specification, more than one UE variable for a specific SON/MDT use case is not allowed for the sake of UE memory saving, and the measurement overwritten or clearing is allowed if the current PLMN cannot match the logging/recording requirement.
Proposal 2: Not to introduce separate SON/MDT related UE variable(s) for SNPN or for PNI-NPN.
For RLF report
Proposal 3: Introduce NID/CAG-ID into the RLF/HOF Report to indicate UE NPN access limit.
Proposal 4: Only the SNPN ID checking is needed before sending the RLF/HOF report availability indication related to NPN network.
For logged MDT
Proposal 5: RAN2 to assume only the UE registered in SNPN can be configured with this SNPN related logged MDT, and the NID is not necessary to be indicated in the area configuration.
Proposal 6: Add PNI-NPN related information i.e. CAG ID (list) in the area configuration for logged MDT after SA3 confirming the NPN ID transmission to NG-RAN in NGAP.
Proposal 7: Only the SNPN ID checking is needed before sending the logged MDT availability indication related to NPN network.
Observation 8: The measurement result of logged MDT is the result of the cell which is used to draw a picture of the channel power/quality, and the operator can easily obtain the network type information in the cell without UE reporting.
Proposal 8: It is not necessary to add NPN related information e.g. NID/CAG-ID into the logged MDT result.
For other SON/MDT measurements
Proposal 9: Report the NPN related information to the TCE together with the L2 measurement, e.g. throughput or data volume measurement.
Proposal 10: No need to perform NPN related enhancement for immediate MDT in the air interface.
Proposal 11: NPN enhancements for other SON related use cases can be further studied after the enhancement to RLF/HOF report and logged MDT are identified.
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