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[bookmark: _Ref20905128][bookmark: _Ref178064866]Introduction
Non-public networks were standardized by 3GPP in rel-16 and enhanced in rel-17 in order to support private 5G networks. These networks can be deployed either as integrated with a PLMN, or in a standalone method. They are called public network integrated NPN (PNI-NPN) and Standalone non-public network (SNPN) respectively. 
In rel-18, during the meeting RAN3#117-bis-e, the following agreement was taken on support for SON enhancements for NPN networks,
	 Area Scope: 
                 Introduce a CAG list for MDT area scope.
· In Rel-18, UE performs MDT only in registered SNPN.
· [bookmark: _Hlk118114413]How to introduce CAG list in existing MDT Configuration-NR IE,e.g. new separate Area Scope IE, or to extend existing area scope choice structure.
· Whether area scope enhancement for SNPN is needed?
· Whether PN UEs are allowed to be configured with NPN frequencies for MDT data collection of Neighbour Cells.
Son Reports:
· FFS whether UE stores or discards the collected SON/MDT measurements upon moving outside the registered SNPN.
· Whether there is need to address the potential loss of SON/logged MDT reports upon mobility outside SNPN can be further discussed.
· Whether a UHI containing PNI-NPN should be disclosed to a public network can be further discussed.
· Which NPN related information should be included in RLF report can be further discussed:
·  The accessing NPN
· Include UE NPN capability
Other issues:
· Whether existing Trace Reference is sufficient could be further discussed.



In this paper, we discuss the possible NPN related enhancements and suggestions for future discussions.
Discussion
Support for MDT for NPN
Minimization of drive tests (MDT) is a SON feature that enables collection of network coverage information to allow operators to better understand performance of their deployment and detect optimizations. As such it is natural to enhance this feature to provide MDT support for NPNs as well. We also have to consider whether there are any sensitive data that need any specific treatment. 
[bookmark: _Toc118384277]MDT support for NPNs is valuable as it can help operators and network owners to better optimize their network
An obvious place to start is to enable collection of MDT measurements in NPNs. 
In R3-225250 RAN3 has asked to SA3 whether user consent is needed for MDT measurements collection in PNI-NPN and in SNPN. Assuming that user consent is needed, there is a need to indicate to the NG-RAN where user consent for NPN is provided and how to encode the list of NPNs where user consent is given. In legacy MDT, the networks where MDT measurements can be collected for a specific UE are specified by means of the MDT PLMN List. This list indicates the PLMNs where it is allowed to configure a UE with MDT measurements. However, we note that this list is not easily extendible to include NPN identities. For example, looking at TS38.413, the MDT PLMN List is defined as follows:
[bookmark: OLE_LINK46]MDTPLMNList ::= SEQUENCE (SIZE(1..maxnoofMDTPLMNs)) OF PLMNIdentity

Thus, we need to allow the addition of NPN identities in a new list, namely the MDT NPN list for MDT data collection. This enables the RAN to be configured with information concerning the areas where a UE is allowed to be configured with MDT, including NPNs.
The example below shows how NPN identities may be listed in a new List.

[bookmark: _Toc5641451][bookmark: _Toc45652436][bookmark: _Toc45658868][bookmark: _Toc45720688][bookmark: _Toc45798566][bookmark: _Toc45897955][bookmark: _Toc51746159][bookmark: _Toc64446423][bookmark: _Toc73982293][bookmark: _Toc88652382][bookmark: _Toc97891425][bookmark: _Toc99123568][bookmark: _Toc99662373][bookmark: _Toc105152440][bookmark: _Toc105174246][bookmark: _Toc106109244][bookmark: _Toc107409702]9.3.1.xxx	MDT NPN List
The purpose of the MDT NPN List IE is to provide the list of NPNs allowed for MDT.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	MDT NPN List
	
	1..<maxnoofMDTNPNs>
	
	

	>PLMN Identity
	M
	
	9.3.3.5
	

	>Cell CAG List
	O
	
	9.3.3.47
	

	>NID
	O
	
	9.3.3.42
	



	Range bound
	Explanation

	maxnoofMDTNPNs
	Maximum no. of NPNs in the MDT NPN list. Value is 128.



In the tabular above the RAN is informed of the CAGs as well as of the SNPNs where MDT measurements can be collected.

[bookmark: _Toc118384280]It is proposed that RAN3 discusses inclusion of an MDT NPN List as well as possible replies from SA3 on this topic. If it is agreed to enable user consent for PNI-NPNs and SNPNs,  the tabular in Section 2.1 can be taken as baseline for specifications updates 
User consent handling in NPNs
During RAN3#117-bis-e, RAN3 sent an LS to SA3 on how to signal user consent in NPN and also the associated signaling with respect to NPN identifiers in R3-226006. This LS covered the information to be signalled in order to enable user consent, however it did not discuss what information user consent in NPNs should cover.
At RAN3#117-e, LS R3-225250 was sent to SA3 to ask their view on user consent for trace reporting. The LS asked SA3 “To provide feedback on feasibility and benefit of a Rel-18 user consent mechanism where an operator can provision, via OAM, which information is subject to user consent, depending on the law and regulations in place.” The LS also asked SA3 on their view on whether RAN internal only user consent should be allowed. 
There is therefore an open discussion between RAN3 and SA3 on the information user consent for MDT should apply to. On the basis of that it cannot be concluded that legacy MDT is applied to NPNs. We expect that the outcomes of discussions stemming from the response from SA3 on this issue should also apply to user consent for NPN. This will enable a uniform solution in the RAN on user consent for MDT. 
[bookmark: _Toc118384281]User consent feedback obtained from SA3 for LS R3-225250 should also apply to MDT user consent for NPN 
Area scope for MDT in NPNs
During RAN3#117-bis-e, it was decided to enhance the area scope IE with a CAG list “Introduce a CAG list for MDT area scope.”. This IE dictates the area where a UE can be configured to collect MDT data. How to enhance it exactly was FFS 

“How to introduce CAG list in existing MDT Configuration-NR IE,e.g. new separate Area Scope IE, or to extend existing area scope choice structure.”

The area scope of MDT is defined in IE 9.3.1.169 MDT Configuration-NR in TS 38.413. 

 Adding the CAG list inside the area scope CHOICE structure allows the OAM to configure UEs to collect MDT information only in the areas covered by the CAG cells. This seems to be a valid option as an operator may decide to collect MDT measurements to check the status of CAG cells only. Thus we need to extend the current area scope to cover CAG cells, as shown below:

	[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK62]CHOICE Area Scope of MDT
	M
	
	
	

	>Cell based
	
	
	
	

	>>Cell ID List for MDT
	
	1..<maxnoofCellIDforMDT>
	
	

	>>>NR CGI
	M
	
	9.3.1.7
	

	>TA based
	
	
	
	

	>>TA List for MDT
	
	1..<maxnoofTAforMDT>
	
	

	>>>TAC
	M
	
	9.3.3.10
	The TAI is derived using the current serving PLMN.

	>PLMN wide
	
	
	NULL
	

	>TAI based
	
	
	
	

	>>TAI List for MDT
	
	1..<maxnoofTAforMDT>
	
	

	>>>TAI
	M
	
	
	

	>PNI-NPN based
	
	
	
	

	>>CAG List for MDT
	
	1..<maxnoofCAGforMDT>
	
	

	>>>CAG
	M
	
	9.3.3.43
	




However, if we limit the changes to extending the choice structure, we prevent an operator to configure MDT measurements for both PN and PNI-NPNs. The latter is a valid use case, as an operator may want to collect MDT measurements from both a PN and the PNI-NPN served by the PN´s PLMN. To achieve such configuration, we would have to add a new IE in the MDT Configuration-NR IE, indicating the CAGs where MDT measurements can be collected together with other legacy MDT areas. The overall MDT Area Scope is shown below for clarity:
[bookmark: _Hlk44338765][bookmark: _Toc5641443][bookmark: _Toc45652437][bookmark: _Toc45658869][bookmark: _Toc45720689][bookmark: _Toc45798567][bookmark: _Toc45897956][bookmark: _Toc51746160][bookmark: _Toc64446424][bookmark: _Toc73982294][bookmark: _Toc88652383][bookmark: _Toc97891426][bookmark: _Toc99123569][bookmark: _Toc99662374][bookmark: _Toc105152441][bookmark: _Toc105174247][bookmark: _Toc106109245][bookmark: _Toc107409703]9.3.1.169	MDT Configuration-NR
This IE defines the MDT configuration parameters of NR.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	MDT Activation
	M
	
	ENUMERATED (Immediate MDT only, Logged MDT only, Immediate MDT and Trace, …)
	

	CHOICE Area Scope of MDT
	M
	
	
	

	>Cell based
	
	
	
	

	>>Cell ID List for MDT
	
	1..<maxnoofCellIDforMDT>
	
	

	>>>NR CGI
	M
	
	9.3.1.7
	

	>TA based
	
	
	
	

	>>TA List for MDT
	
	1..<maxnoofTAforMDT>
	
	

	>>>TAC
	M
	
	9.3.3.10
	The TAI is derived using the current serving PLMN.

	>PLMN wide
	
	
	NULL
	

	>TAI based
	
	
	
	

	>>TAI List for MDT
	
	1..<maxnoofTAforMDT>
	
	

	>>>TAI
	M
	
	
	

	>PNI-NPN based
	
	
	
	

	>>CAG List for MDT
	
	1..<maxnoofCAGforMDT>
	
	

	>>>CAG
	M
	
	9.3.3.43
	

	PNI-NPN Area Scope of MDT
	
	
	
	

	>CAG List for MDT
	
	1..<maxnoofCAGforMDT>
	
	

	>>CAG
	M
	
	9.3.3.43
	



[bookmark: _Toc118384282]Extend the CHOICE Area Scope of MDT to add a new choice consisting of a list of CAGs and add a PNI-NPN Area Scope of MDT IE in the MDT Configuration-NR IE 

A similar logic may be followed for SNPNs. However, for the time being mobility to and from SNPNs is not supported. Therefore, the MDT Area Scope for SNPNs can be limited to the extension of the CHOICE Area Scope of MDT structure. This enables an operator to configure one or more SNPNs as areas where MDT measurements can be collected. If in the future mobility between PN and SNPNs is enabled, then an SNPN Area Scope of MDT can be included also outside the CHOICE Area Scope of MDT structure
Below we show the additions needed for SNPN area scope, marked in green:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	MDT Activation
	M
	
	ENUMERATED (Immediate MDT only, Logged MDT only, Immediate MDT and Trace, …)
	

	CHOICE Area Scope of MDT
	M
	
	
	

	>Cell based
	
	
	
	

	>>Cell ID List for MDT
	
	1..<maxnoofCellIDforMDT>
	
	

	>>>NR CGI
	M
	
	9.3.1.7
	

	>TA based
	
	
	
	

	>>TA List for MDT
	
	1..<maxnoofTAforMDT>
	
	

	>>>TAC
	M
	
	9.3.3.10
	The TAI is derived using the current serving PLMN.

	>PLMN wide
	
	
	NULL
	

	>TAI based
	
	
	
	

	>>TAI List for MDT
	
	1..<maxnoofTAforMDT>
	
	

	>>>TAI
	M
	
	
	

	>PNI-NPN based
	
	
	
	

	>>CAG List for MDT
	
	1..<maxnoofCAGforMDT>
	
	

	>>>CAG
	M
	
	9.3.3.43
	

	>SNPN based
	
	
	
	

	>>SNPN List for MDT
	
	1..<maxnoofSNPNforMDT>
	
	

	>>>PLMN ID
	M
	
	9.3.3.5
	

	>>>NID
	M
	
	9.3.3.42
	

	PNI-NPN Area Scope of MDT
	
	
	
	

	>CAG List for MDT
	
	1..<maxnoofCAGforMDT>
	
	

	>>CAG
	M
	
	9.3.3.43
	


 
[bookmark: _Toc118384283]Extend AREA SCOPE IE in MDT CONFIGURURATION with SNPN identifier list to support MDT data collection in SNPNs
Another area to consider is the Area Scope of neighbour cells for MDT.  This is complicated further as the UEs that only have subscriptions to PN can be configured to collect data from neighbouring cells and these cells can belong to NPNs. 
[bookmark: _Toc118384278]NPNs and PNs can have cells that neighbour each other and UEs could be configured to collect MDT information through frequency based configuration
An operator may be interested in collecting measurements from neighbour NPN cells, e.g. to better understand the coverage of an NPN. On the other hand, there might be private networks whose cells shall not be included in the Area Scope of Neighbour Cells, e.g. for security reasons or because such private networks information exposure is sensitive. Our approach to this issue is that the specifications could enable the inclusion of NPN cells/frequencies in the Area Scope of Neighbour Cells and that it can be up to the operator to decide whether to allow for collection of measurements in such frequencies/cells. This gives flexibility to an operator when deciding which neighbour cells should be considered for MDT measurements. If collection of measurements from NPN is allowed, this enhancement would be especially useful for PNI-NPNs, where an operator may have a particular interest in determining with more details the coverage of cells belonging to a specific CAG.
[bookmark: _Toc118384279]Allowing UEs (with or without) NPN subscription to collect information on neighbour NPN cells can help to build better coverage maps for NPNs 
[bookmark: _Toc118384284]RAN3 to allow PN UEs to be configured with NPN frequencies for MDT data collection of Neighbour Cells
Support for RLF report and other UE reports
During RAN3#117-bis-e, there were discussions on the generation and deletion of reports generated in NPN networks
· FFS whether UE stores or discards the collected SON/MDT measurements upon moving outside the registered SNPN.
· Whether there is need to address the potential loss of SON/logged MDT reports upon mobility outside SNPN can be further discussed.

A UE may store SON/MDT measurements/reports while in an SNPN. The UE may then re/connect to a PN, while the SON/MDT measurements/reports have not been uploaded to the previously serving SNPN. In such a scenario, there are two possible events that can be foreseen:
· The UE connects to a PN and the SON/MDT information stored at the UE are overwritten by new SON/MDT information collected at the PN
· The UE discards the SON/MDT measurements/reports 
· 
Loss of SON/MDT information collected in an SNPN may lead to difficulties in detecting problems that might exist in the non-public network. This is especially true if a UE moves between an SNPN and a PN frequently and if SON/MDT reports generated in the SNPN cannot be retrieved in time. There is therefore a need to ensure that SON/MDT reports generated by a UE in an SNPN are not removed when the UE connects to a PN, but instead, that they are stored until the UE moves back to the SNPN. 
[bookmark: _Toc118384285]RAN3 to support the storing at the UE of  separate SON reports (e.g. RLF Report, RACH Report, etc) and MDT measurement logs related to SNPN networks and that such reports are made available to the network once the UE moves back to the SNPN where they were generated
Also during the meeting, there were discussions on enhancing RLF reports to better record that the RLF occurred in an SNPN network. One way of accomplishing this is to record the identifier of the SNPN, specifically NID of the SNPN, in the RLF report. This will ensure that the network can differentiate whether the problem exists in the NPN network configuration or the PN network configuration. 
[bookmark: _Toc118384286]Include the NID of SNPN in the RLF report
Support for UE history information in NPNs
When a UE connects to a cell, the network starts collection of information related to the stay of the UE in the cell. Similar to the issues brought up before, there is a question on how to securely capture and use this information recorded by the network in the non-public network. This is not an issue for SNPNs as there is no mobility support between SNPNs and PNs and it cannot be assumed that SNPNs and PNs are connected via any of the interfaces used to forward the UHI.. However, this is an issue that affects PNI-NPNs, namely whether a UHI containing PNI-NPN can be forwarded to cells of a PN and vice versa. Use cases to consider in this discussion should be where, for example, the cell planning of a PNI-NPNs cannot be disclosed to a PN.
On the other hand, including information about PNI-NPNs in the UHI could help optimizing handovers and prevent wrong mobility pattern estimations. This however has to be investigated.
 Thus RAN3 should have a discussion on the possibility of disclosing UHI containing PNI-NPN information to a connected public network. 
[bookmark: _Toc118384287]RAN3 to investigate whether UE history information containing non-public network information should be / should not be disclosed to a public network
Conclusion	Comment by Angelo: Update the list of observations and proposals 
In the previous sections we made the following observations: 
Observation 1	MDT support for NPNs is valuable as it can help operators and network owners to better optimize their network
Observation 2	NPNs and PNs can have cells that neighbour each other and UEs could be configured to collect MDT information through frequency based configuration
Observation 3	Allowing UEs (with or without) NPN subscription to collect information on neighbour NPN cells can help to build better coverage maps for NPNs

Based on the discussion in the previous sections we propose the following:
Proposal 1	It is proposed that RAN3 discusses inclusion of an MDT NPN List as well as possible replies from SA3 on this topic. If it is agreed to enable user consent for PNI-NPNs and SNPNs,  the tabular in Section 2.1 can be taken as baseline for specifications updates
Proposal 2	User consent feedback obtained from SA3 for LS R3-225250 should also apply to MDT user consent for NPN
Proposal 3	Extend the CHOICE Area Scope of MDT to add a new choice consisting of a list of CAGs and add a PNI-NPN Area Scope of MDT IE in the MDT Configuration-NR IE
Proposal 4	Extend AREA SCOPE IE in MDT CONFIGURURATION with SNPN identifier list to support MDT data collection in SNPNs
Proposal 5	RAN3 to allow PN UEs to be configured with NPN frequencies for MDT data collection of Neighbour Cells
Proposal 6	RAN3 to support the storing at the UE of  separate SON reports (e.g. RLF Report, RACH Report, etc) and MDT measurement logs related to SNPN networks and that such reports are made available to the network once the UE moves back to the SNPN where they were generated
Proposal 7	Include the NID of SNPN in the RLF report
Proposal 8	RAN3 to investigate whether UE history information containing non-public network information should be / should not be disclosed to a public network
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