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1. Introduction
In the last RAN3 #117-e meeting [1], the following agreements have been achieved for SON/MDT application in NPN:
SON/MDT enhancements for Non-Public Networks
1. support of Signaling based MDT and Management based MDT for NPNs 
1. support both immediate MDT and logged MDT for NPN
1. user consent handling for NPNs, in particular SNPNs
1. area scope for NPNs
1. support of NPNs in RLF Report and other UE reports used for SON and MDT
In this paper, we shall provide our further suggestions for the detail specification enhancements.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
In R16 Non-Public Network (NPN) was introduced, and there are two types of NPN:
· SNPN: Standalone NPN, which does not rely on functions provided by a PLMN. An SNPN is identified by a PLMN ID and NID.
· PNI-NPN: Public Network Integrated NPN, which relies on the functions provided by a PLMN. In PNI-NPN, a Closed Access Groups (CAG) identifies a group of subscribers who are permitted to access one or more CAG cells associated to the CAG. A CAG is identified by a CAG identifier.
For SNPN, the UE is set to operate in SNPN access mode and only moves within cells if the PLMN and NID broadcast by the cell matches the serving SNPN. For PNI-NPN, mobility is supported between PNI-NPN and PLMN/PNI-NPN based on the UE mobility restriction information.
2.1 Extension to area scope configuration and user consent
According to the agreements in the last RAN3 meeting, to support the complete MDT mechanism in NPN, the main impacts should be specification enhancements for area scope and user consent. In this sub-clause, we shall provide the analysis for the detail enhancements to area scope and user consent, respectively.
For area scope configuration in either logged MDT or immediate MDT, currently there are four kinds of choice of area cope, i.e. cell based, TA based, PLMN wide and TAI based. None of them refer to NPN related identities. 
The cell based area scope includes a list of cell ID, where the list element is NR CGI, quoted as following.
	[bookmark: _Toc20955171][bookmark: _Toc29503620][bookmark: _Toc29504204][bookmark: _Toc29504788][bookmark: _Toc36553234][bookmark: _Toc36554961][bookmark: _Toc45652272][bookmark: _Toc45658704][bookmark: _Toc45720524][bookmark: _Toc45798404][bookmark: _Toc45897793][bookmark: _Toc51745997][bookmark: _Toc64446261][bookmark: _Toc73982131][bookmark: _Toc88652220][bookmark: _Toc97891263][bookmark: _Toc99123406][bookmark: _Toc99662211][bookmark: _Toc105152278][bookmark: _Toc105174084][bookmark: _Toc106109082][bookmark: _Toc106122987][bookmark: _Toc107409540]9.3.1.7	NR CGI
This IE is used to globally identify an NR cell (see TS 38.300 [8]).
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.3.3.5
	

	NR Cell Identity
	M
	
	BIT STRING (SIZE(36))
	The leftmost bits of the NR Cell Identity IE correspond to the gNB ID (defined in subclause 9.3.1.6).





Though a NR CGI can uniquely indicate a specific NR cell, it may also refer to a specific SNPN cell. The reason is that the PLMN of a SNPN cell is not required to be globally unique. Besides, an operator is not required to prevent assign the same PLMN identity and cell identity to a SNPN cell and a PN cell. Therefore, to avoid unintended measurement for non-specific SNPN network due to conflict of cell ID, at least SID should be additionally added in cell based area scope. For PNI-NPN, it is essentially a part, e.g. a slice, of a PN network, and it is identified by CAG. If a UE in PNI-NPN is configured with MDT, the target measurement cell should also support the same PNI-NPN. The UE can judge whether a cell support specific PNI-NPN via reading system information. In this case, CAG should also be added in cell based area scope. Meanwhile, there could further be a CAG or NID list in the area scope, to support UE perform MDT in multiple NPN networks those belonging to one operator.
The TAI based area scope includes a list of TA, where the list element is TAI, quoted as following.
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This IE is used to uniquely identify a Tracking Area.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.3.3.5
	

	TAC
	M
	
	9.3.3.10
	





Currently, there is no requirement that NPN shall use different TAC comparing to PN, which means a TAI may refer to cells including both PN and NPN cells. Thus, NID for SNPN, CAG for PNI-NPN should be added.
The PLMN wide area scope will be configured to require the UE to perform MDT in the cells those belonging to the same PLMN with the cell that delivery the MDT configuration. In similar to the cell based area scope, a NPN network may share the same PLMN with a PN network if they belongs to the same operator. As such, if a UE is configured with MDT either in SNPN or PNI-NPN cell, to avoid unintended measurements for PN cells, NID or CAG should be added.
The TA based area scope only includes a list of TAC, and as discussed above, a NPN network may belong to the same TAC with a PN network. Therefore, NID for SNPN and CAG for PNI-NPN should be added.
Based on the discussion above, we can easily find that among the current four kinds of area scope, none of them can ensure the UE to perform MDT in specific NPN networks. Thus, Additional IEs referring to the NPN related identities should be added within the area scope choices, where lists of NID or CAG are included based on the actual measurement demands for NPN networks. We provide the specification CR in the annex.
[bookmark: _Toc423019661][bookmark: _Toc423019946][bookmark: _Toc423020275][bookmark: _Toc423020292][bookmark: _Toc423020300][bookmark: _Hlk114860839]NPN related identifies should be added in the area scope.
[bookmark: _Toc423019662][bookmark: _Toc423019947][bookmark: _Toc423020276][bookmark: _Toc423020293][bookmark: _Toc423020301]The user consent refers to a PLMN list which is quoted as the following, configures the PLMNs where the UE is authorized to perform MDT. 
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The purpose of the MDT PLMN List IE is to provide the list of PLMN allowed for MDT.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	MDT PLMN List
	
	1..<maxnoofMDTPLMNs>
	
	

	>PLMN Identity
	M
	
	9.3.3.5
	





In similar to the area scope configuration, only PLMN identity is not enough to distinguish NPN and PN networks and additional IEs referring to the NPN related identifies should be added in the PLMN list and transferred over Xn.
NPN related identifiers should be added in MDT user consent and propagated over Xn
2.2 MDT measurement reporting retrieval
In this sub-clause, we shall discuss the potential issue of MDT measurement reporting in SNPN. Assuming that a UE is configured with logged MDT in a SNPN cell and already has some MDT measurement results for this SNPN network, once the UE camps on or is connected to other networks, the stored results anyhow cannot be transferred to the original SNPN network. One reason is that the later connected network may not belong to the PLMN where the MDT configuration is received. Besides, usually a SNPN network is totally isolated, which means there is no any interfaces between the SNPN network and other networks. Moreover, if the UE is not connected to the specific SNPN networks longer than 48 hours after T330 expires, the stored results will be automatically discarded. 
Since there is nothing to do in RAN3 from network signalling perspective, it is proposed to send a LS to RAN2 for further study on the MDT measurements retrieval in SNPN.
Similar issue may exist for RLF report and RACH report reporting in SNPN networks.
To send a LS to RAN2 for further study on the MDT measurements retrieval in SNPN.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we propose the following:
1. [bookmark: _Toc423020280]NPN related identifies should be added in the area scope.
1. NPN related identifiers should be added in MDT user consent and propagated over Xn
1. To send a LS to RAN2 for further study on the MDT measurements retrieval in SNPN.
The TPs for TS 38.413 and TS 38.423 BLCRs are provided in the Annex.
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9.3.1.168	MDT PLMN List
The purpose of the MDT PLMN List IE is to provide the list of PLMN allowed for MDT.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	MDT PLMN List
	
	1..<maxnoofMDTPLMNs>
	
	

	>PLMN Identity
	M
	
	9.3.3.5
	

	>CAG List
	O
	
	
	

	>>CAG ID
	O
	
	9.3.3.43
	

	> NID List
	O
	
	
	

	>>NID
	O
	
	9.3.3.42
	



	Range bound
	Explanation

	maxnoofMDTPLMNs
	Maximum no. of PLMNs in the MDT PLMN list. Value is 16.
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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, …)
	

	[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
	
	
	

	CHOICE MDT Mode
	M
	
	
	

	>Immediate MDT
	
	
	
	

	>>Measurements to Activate 
	M
	
	BITSTRING
(SIZE(8))
	Each position in the bitmap indicates a MDT measurement, as defined in TS 37.320 [41]. 
First Bit = M1,
Second Bit= M2,
Third Bit = M4,
Fourth Bit = M5,
Fifth Bit = M6,
Sixth Bit = M7,
Seventh Bit = logging of M1 from event triggered measurement reports according to existing RRM configuration, 
other bits reserved for future use.
Value “1” indicates “activate” and value “0” indicates “do not activate”.

	>>M1 Configuration
	[bookmark: OLE_LINK83]C-ifM1
	
	9.3.1.171
	

	>>M4 Configuration
	C-ifM4
	
	9.3.1.172
	

	>>M5 Configuration
	C-ifM5
	
	9.3.1.173
	

	>>M6 Configuration
	C-ifM6
	
	9.3.1.174
	

	>>M7 Configuration
	C-ifM7
	
	9.3.1.175
	

	>>Bluetooth Measurement Configuration
	O
	
	9.3.1.177
	

	>>WLAN Measurement Configuration
	O
	
	9.3.1.178
	

	>>MDT Location Information
	O
	
	9.3.1.176
	

	>>Sensor Measurement Configuration
	O
	
	9.3.1.179
	

	>Logged MDT
	
	
	
	

	>>Logging interval
	M
	
	 ENUMERATED (320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms, 20480ms, 30720ms, 40960ms, 61440ms, infinity, …)
	This IE is defined in TS 38.331 [18]. 

	>>Logging duration
	M
	
	 ENUMERATED (10, 20, 40, 60, 90,120, …)
	This IE is defined in TS 38.331 [18]. Unit: [minute].

	>>CHOICE Report Type
	M
	
	
	

	>>>Periodical
	
	
	NULL
	

	>>>Event Triggered
	
	
	
	

	>>>>Event Trigger Logged MDT Configuration
	M
	
	9.3.1.180
	

	[bookmark: _Hlk22194740]>>Bluetooth Measurement Configuration
	O
	
	9.3.1.177
	

	>>WLAN Measurement Configuration
	O
	
	9.3.1.178
	

	>>Sensor Measurement Configuration
	O
	
	9.3.1.179
	

	>>Area Scope of Neighbour Cells
	O
	
	9.3.1.182
	

	Signalling Based MDT PLMN List
	O
	
	MDT PLMN List
9.3.1.168
	

	Area Scope Extension
	O
	
	9.3.3.x
	This IE specifies the additional area scope in NPN.



	Range bound
	Explanation

	maxnoofCellIDforMDT
	Maximum no. of Cell ID subject for MDT scope. Value is 32.

	maxnoofTAforMDT
	Maximum no. of TA subject for MDT scope. Value is 8.



	Condition
	Explanation

	C-ifM1
	This IE shall be present if the Measurements to Activate IE has the first bit set to “1”.

	C-ifM4
	This IE shall be present if the Measurements to Activate IE has the third bit set to “1”.

	C-ifM5
	This IE shall be present if the Measurements to Activate IE has the fourth bit set to “1”.

	C-ifM6
	This IE shall be present if the Measurements to Activate IE has the fitth bit set to “1”.

	C-ifM7
	This IE shall be present if the Measurements to Activate IE has the sixth bit set to “1”.



[bookmark: _Toc105152515][bookmark: _Toc105174321][bookmark: _Toc106109319][bookmark: _Toc107409777]9.3.1.243	MDT PLMN Modification List 
This IE provides the modified list of PLMN allowed for MDT.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	MDT PLMN Modification List 
	
	0..<maxnoofMDTPLMNs>
	
	An empty list indicates there is no PLMN allowed for MDT.

	>PLMN Identity
	M
	
	9.3.3.5
	

	>CAG List
	O
	
	
	

	>>CAG ID
	O
	
	9.3.3.43
	

	>SNPN NID List
	O
	
	
	

	>>NID
	O
	
	9.3.3.42
	



	Range bound
	Explanation

	maxnoofMDTPLMNs
	Maximum no. of PLMNs in the MDT PLMN list. Value is 16.



9.3.3.x	Area Scope Extension
This IE is used to specify the area scope extension.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CAG List
	O
	
	
	

	>CAG ID
	O
	
	9.3.3.43
	

	SNPN NID List
	O
	
	
	

	>NID
	O
	
	9.3.3.42
	



Annex – TP for 38.423
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The 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-NR
	O
	
	
	

	>Cell based
	
	
	
	

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

	>>>NR CGI
	M
	
	9.2.2.7
	

	>TA based
	
	
	
	

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

	>>>TAC
	M
	
	OCTET STRING (SIZE (3))
	The TAI is derived using the current serving PLMN.

	>TAI based
	
	
	
	

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

	>>>TAI
	M
	
	9.2.3.20
	

	CHOICE MDT Mode
	M
	
	
	

	>Immediate MDT-NR
	
	
	
	

	>>Measurements to Activate
	M
	
	BITSTRING
(SIZE(8))
	Each position in the bitmap indicates a MDT measurement, as defined in TS 37.320 [43]. 
First Bit = M1,
Second Bit= M2,
Fourth Bit = M4,
Fifth Bit = M5,
Sixth Bit = logging of M1 from event triggered measurement reports according to existing RRM configuration,
Seventh Bit = M6,
Eighth Bit = M7.
Value "1" indicates "activate" and value "0" indicates "do not activate".
This version of the specification does not use bits 3.

	[bookmark: _Hlk44494302]>>M1 Configuration
	C-ifM1
	
	9.2.3.128
	

	>>M4 Configuration
	C-ifM4
	
	9.2.3.129
	

	>>M5 Configuration
	C-ifM5
	
	9.2.3.130
	

	>>MDT Location Information
	O
	
	BITSTRING(SIZE(8))
	Each position in the bitmap represents requested location information as defined in TS 37.320 [43].
First Bit = GNSS
Other bits are reserved for future use and are ignored if received.
Value "1" indicates "activate" and value "0" indicates "do not activate".

The eNB shall ignore the first bit unless the Measurements to Activate IE has the first bit or the sixth bit set to "1".

	>>M6 Configuration
	C-ifM6
	
	9.2.3.131
	

	>>M7 Configuration
	C-ifM7
	
	9.2.3.132
	

	>>Bluetooth Measurement Configuration
	O
	
	9.2.3.11
	

	>>WLAN Measurement Configuration
	O
	
	9.2.3.12
	

	>>Sensor Measurement Configuration
	O
	
	[bookmark: _Hlk44494325]9.2.3.136
	

	>Logged MDT-NR
	
	
	
	

	>>Logging interval
	M
	
	ENUMERATED (ms320, ms640, ms1280, ms2560, ms5120, ms10240, ms20480, ms30720, ms40960 and ms61440, infinity)
	This IE is defined in TS 38.331 [10]. The value "infinity" represents one shot logging, i.e., only one log per event in the logged MDT report.

	>>Logging duration
	M
	
	ENUMERATED (10, 20, 40, 60, 90, 120)
	This IE is defined in TS 38.331 [10]. Unit: [minute].

	>>CHOICE Report Type
	M
	
	
	

	>>>Periodical
	
	
	
	

	>>>Event Triggered
	
	
	
	

	>>>>Logged Event Trigger Config
	M
	
	[bookmark: _Hlk44494315]9.2.3.137
	

	>>Bluetooth Measurement Configuration
	O
	
	9.2.3.134
	

	>>WLAN Measurement Configuration
	O
	
	9.2.3.135
	

	>>Sensor Measurement Configuration
	O
	
	9.2.3.136
	

	>>Area Scope of Neighbour Cells
	O
	
	9.2.3.140
	

	Signalling based MDT PLMN List
	O
	
	MDT PLMN List
9.2.3.133
	

	Area Scope Extension
	O
	
	[bookmark: _GoBack]9.2.3.x
	This IE specifies the additional area scope in NPN.



	Range bound
	Explanation

	maxnoofCellIDforMDT
	Maximum no. of Cell ID subject for MDT scope. Value is 32.

	maxnoofTAforMDT
	Maximum no. of TA subject for MDT scope. Value is 8.



	Condition
	Explanation

	ifM1
	This IE shall be present if the Measurements to Activate IE has the first bit set to "1".

	ifM4
	This IE shall be present if the Measurements to Activate IE has the fourth bit set to "1".

	ifM5
	This IE shall be present if the Measurements to Activate IE has the fifth bit set to "1".

	ifM6
	This IE shall be present if the Measurements to Activate IE has the seventh bit set to "1".

	ifM7
	This IE shall be present if the Measurements to Activate IE has the eighth bit set to "1".



[bookmark: _Hlk44449657][bookmark: _Toc13759637][bookmark: _Toc44497791][bookmark: _Toc45108178][bookmark: _Toc45901798][bookmark: _Toc51850879][bookmark: _Toc56693883][bookmark: _Toc64447427][bookmark: _Toc66286921][bookmark: _Toc74151616][bookmark: _Toc88654089][bookmark: _Toc97904445][bookmark: _Toc98868559][bookmark: _Toc105174844][bookmark: _Toc106109681]9.2.3.133	MDT PLMN List
The purpose of the MDT PLMN List IE is to provide the list of PLMN allowed for MDT.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	MDT PLMN List
	
	1..<maxnoofMDTPLMNs>
	
	

	>PLMN Identity
	M
	
	9.2.2.4
	

	>CAG List
	O
	
	
	

	>>CAG-Identifier
	O
	
	9.2.2.66
	

	>SNPN NID List
	O
	
	
	

	>>NID
	O
	
	9.2.2.65
	



	Range bound
	Explanation

	maxnoofMDTPLMNs
	Maximum no. of PLMNs in the MDT PLMN list. Value is 16.



[bookmark: _Toc105174880][bookmark: _Toc106109717]9.2.3.169	MDT PLMN Modification List
The purpose of the MDT PLMN List Modification IE is to provide the modified list of PLMN allowed for MDT.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	MDT PLMN Modification List
	
	0..<maxnoofMDTPLMNs>
	
	An empty list indicates there is no PLMN allowed for MDT.

	>PLMN Identity
	M
	
	9.2.2.4
	

	>CAG List
	O
	
	
	

	>>CAG-Identifier
	O
	
	9.2.2.66
	

	>SNPN NID List
	O
	
	
	

	>>NID
	O
	
	9.2.2.65
	



	Range bound
	Explanation

	maxnoofMDTPLMNs
	Maximum no. of PLMNs in the MDT PLMN list. Value is 16.



9.2.3.x	Area Scope Extension
This IE is used to specify the area scope extension.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CAG List
	O
	
	
	

	>CAG ID
	O
	
	9.2.2.66
	

	SNPN NID List
	O
	
	
	

	>NID
	O
	
	9.2.2.65
	




3GPP
