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1	Introduction
The Area Scope parameter in MDT configuration defines the area where the MDT data collection shall take place. This paper discusses the Area Scope parameter for MDT in Rel-16.

This paper is a revision of R2-1909506, highlighting the limitation of MDT framework of LTE to cover UE in FR2 and have a better coverage and QoS assessment of such cells in NR deployments. 
2	Background 
In LTE, the Area Scope optional parameter defines the area in terms of cells or tracking area where the MDT data collection shall take place [1]. If the parameter is not present, the MDT data collection shall be done throughout the PLMNs of the MDT PLMN list.
The Area Scope parameter is either:

· list of cells, identified by E-UTRAN-CGI. Maximum 32 CGI can be defined, or
· list of Tracking Area, identified by TAC. Maximum of 8 TAC can be defined, or 
· list of Tracking Area Identity, identified by TAC with associated plmn-Identity perTAC-List containing the PLMN identity for each TAC. Maximum of 8 TAI can be defined.
[bookmark: _Ref178064866]2.1 Management-based MDT
For management-based MDT, upon receiving the MDT configuration, a RAN node selects UE and activates the MDT functionality to the selected UEs. A UE which is outside of the area scope shall not been selected by the RAN node. If there are more than one cells in one RAN node, the RAN node may select a UE when the UE camps on a cell which is a part of the area scope and the user consent for the UE is available.

[bookmark: _Toc21011074]In LTE, for management-based MDT, eNB selects UEs which are in the Area Scope defined in the MDT configuration. 






Table 1: Choices of area scope in MDT configuration received by eNB, as defined in TS 36.413.
	IE/Group Name
	Range

	CHOICE Area Scope of MDT
	

	>Cell based
	

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

	>>>E-CGI (i.e., E-UTRAN Cell Global Identifier)
	

	>TA based
	

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

	>>>TAC (i.e., Tracking Area Code)
	

	>TAI based
	

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

	>>>TAI (i.e., Tracking Area Identifier, PLMN +TAC)
	



Note: in the case of TA based, the TAI is derived using the current serving PLMN.
For immediate MDT, UE does not check the Area Scope since the MDT configuration is not sent to the UE. For Logged MDT, the UE will receive the Area Scope when the MDT configuration is sent to the UE. The corresponding IE is called as AreaConfiguration defined in TS 36.331. 

AreaConfiguration information element which is sent to UE 
-- ASN1START

AreaConfiguration-r10 ::=	CHOICE {
	cellGlobalIdList-r10			CellGlobalIdList-r10,
	trackingAreaCodeList-r10		TrackingAreaCodeList-r10
}

AreaConfiguration-v1130 ::=		SEQUENCE {
	trackingAreaCodeList-v1130		TrackingAreaCodeList-v1130
}

CellGlobalIdList-r10 ::=				SEQUENCE (SIZE (1..32)) OF CellGlobalIdEUTRA

TrackingAreaCodeList-r10 ::=			SEQUENCE (SIZE (1..8)) OF TrackingAreaCode

TrackingAreaCodeList-v1130 ::=	SEQUENCE {
	plmn-Identity-perTAC-List-r11			SEQUENCE (SIZE (1..8)) OF PLMN-Identity
}

-- ASN1STOP

For Logged MDT (in management-based or signaling based MDT), the UE camping normally on a cell will check if the serving cell is part of the Area Scope if configured, as illustrated in TS 36.331. 
	3>	if the UE is in any cell selection state:
4>	perform the logging at regular time intervals, as defined by the loggingInterval in VarLogMeasConfig;
3>	else if the UE is camping normally on an E-UTRA cell and if the RPLMN is included in plmn-IdentityList stored in VarLogMeasReport and, if the cell is part of the area indicated by areaConfiguration if configured in VarLogMeasConfig:
4>	perform the logging at regular time intervals, as defined by the loggingInterval in VarLogMeasConfig;



[bookmark: _Toc21011075]For Logged MDT in LTE, a UE camping normally in a cell performs MDT logging if the serving cell is part of the configured area (i.e., areaConfiguration). 

2.2 Signalling-based MDT
For signalling-based MDT in LTE, the Area Scope can be also included in the MDT configuration. After the UE is selected by OAM and MME for MDT functionality, MME sends Trace Start containing the MDT configuration to the serving eNB of the UE, if the area scope criterion is specified and satisfied. If the area criterion is specified and is not satisfied, the MME shall keep the MDT configuration first and then forward it to the serving eNB only when the area criterion is satisfied. 

When the UE is served by a cell that is in the eNodeB but not in the MDT area scope then the eNodeB shall store the MDT configuration and configure the UE when the UE moves to a cell in the eNodeB (intra eNodeB handover) that satisfies the area scope.  

During the intra-RAT handover, the eNB shall propagate the MDT parameters to the target cell regardless of whether the source or target cell is part of the configured area scope in case of an Intra-PLMN handover over X2 or S1.

[bookmark: _Toc21011076]In LTE, for signaling-based MDT, eNB configures the UE (selected by MME) to perform MDT functionality when the area scope is satisfied after receiving the MDT configuration. If the area scope criterion is not satisfied, the eNB propagates the MDT configuration during the intra-PLMN and intra-RAT handover.

[bookmark: _Toc509497794]3	Discussion
For MDT in NR, there is RNA area which is used for RRC_INATIVE state. However, the RNA area is mainly maintained by the RAN nodes. It does not make sense for OAM to include RNA area in the MDT configuration. Furthermore, it was agreed that RRC_INACTIVE and RRC_IDLE shall have the common MDT period in RAN2 #105bis meeting [2]. If area scope for RRC_INACTIVE has different configuration from the RRC_IDLE, UE has to maintain two logged MDT configurations in parallel, which increases the complexity and memory usage at UE unnecessarily. Thus, in our view, it is not necessary to include RNA area in the MDT configuration. 
Agreements from RAN2 #105bis:
1: The release operation for logged measurement configuration in the INACTIVE UE is realized only by configuration replacement when the configuration is overwritten or by configuration clearance (due to logging duration expiry).
2: For Logged MDT measurement collection for RRC INACTIVE UEs, the actual process of logging within the UE, takes place in RRC INACTIVE and continued in RRC IDLE.
3: The logged measurement stored in UE during RRC INACTIVE and IDLE are kept for a given common period before they are deleted as in LTE MDT.
4: MDT measurement reporting from RRC INACTIVE and IDLE is preceded by logs availability indicator to indicate logs availability.  


[bookmark: _Toc21011077]RNA area is maintained by RAN nodes and the Area Scope/Configuration is defined by OAM. It is difficult and not necessary to include RNA area as one of the options in the Area Scope. 
Therefore, in our view, the area scope and AreaConfiguration can be configured for MDT in NR and the choices of the values can be similar as in LTE. 
Table 2: Choices of area scope in MDT configuration received by gNB.
	IE/Group Name
	Range

	CHOICE Area Scope of MDT
	

	>Cell based
	

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

	>>>NR-CGI 
	

	>TA based
	

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

	>>>TAC (i.e., Tracking Area Code)
	

	>TAI based
	

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

	>>>TAI (i.e., Tracking Area Identifier, PLMN +TAC)
	



Note: in the case of TA based, the TAI is derived using the current serving PLMN.
For Logged MDT in NR, the AreaConfiguration included in MDT configuration sent to UE is shown below.
Proposed AreaConfiguration information element sent to UE in NR
-- ASN1START

AreaConfiguration-r16 ::=	CHOICE {
	cellGlobalIdList-r16			CellGlobalIdList-r16,
	trackingAreaCodeList-r16		TrackingAreaCodeList-r16,
	trackingAreaIdentityList-r16    TrackingAreaIdentityList-r16
}

CellGlobalIdList-r16 ::=				SEQUENCE (SIZE (1..FFS)) OF CellGlobalIdNR

TrackingAreaCodeList-r16 ::=			SEQUENCE (SIZE (1..FFS)) OF TrackingAreaCode

TrackingAreaIdentityList-r16 ::=	    SEQUENCE (SIZE (1..FFS)) OF TrackingAreaIdentity-r16

TrackingAreaIdentity-r16 ::=	SEQUENCE {
    plmn-Identity			PLMN-Identity,
	trackingAreaCode        TrackingAreaCode
}

-- ASN1STOP



Based on the agreements in previous meetings and the above discussions, we have the following proposals:

[bookmark: _Toc16759339]For MDT in NR, Area Scope is introduced as an optional parameter for gNB to perform the UE selection (for management based), and to determine whether to configure the selected UE with MDT configurations (for both management based and signaling based), as in LTE.
[bookmark: _Toc16759340]For Logged MDT in NR, the optional parameter, AreaConfiguration, is introduced for UE to determine whether to perform the logging when the UE is camping normally on a cell, as in LTE.
[bookmark: _Toc16759341]The choice of Area Scope and the AreaConfiguration parameter is either: list of cells identified by NR-CGI, list of Tracking Area identified by TAC, or list of Tracking Area Identity (TAI) where each TAI is identified by TAC with associated PLMN identity, as in LTE. 

3.1 Limitations of the Area Scope 
For management-based MDT, one limitation of the area scope/configuration is that UE can be configured by RAN nodes with the logged MDT configuration when the UE is moving into the configured cells and UE is in Connected mode. In NR, there may be many cells with smaller coverage compared with LTE coverage. The number of UEs which is in RRC_CONNECTED in the desired cells can be very small. It would be beneficial for RAN nodes to be able to activate the MDT in a slightly larger area than the desired area when the MDT is performed to have a greater number of UEs to be selected. For example, a gNB can start MDT activation when at least one of its neighbor cells are part of the Area Scope. 

[bookmark: _Toc21011078]The number of UEs which is in RRC_CONNECTED in the desired cells can be very small, ie in FR2 cells. It would be beneficial for RAN nodes to be able to activate the MDT in a slightly larger area than the desired area when the MDT is performed to have a greater number of UEs to be selected.

[bookmark: _Toc16759342]RAN2 to discuss whether a gNB can start management-based Logged MDT when at least one of its neighbor cells are part of the Area Scope in the received MDT configuration.

Furthermore, there is another limitation on the Area Scope when it comes to the logged MDT in NR. If the operators would like UEs camping on low-frequency NR cells to collect the measurements on high-frequency NSA NR neighboring cells, there are no way for UE to check if a detected neighbor cell is one of the desired NR neighbor cell since the current way (in LTE) is that UE only checks if the serving cell is a part of the Area Configuration. 


[bookmark: _Toc16759343]RAN2 to discuss whether a UE can perform logged MDT when at least one of the neighbor cells are part of a configured area. For example, a UE camping on a low-frequency NR cell starts the logged MDT when one of the neighboring cells is the desired high-frequency neighboring NR cell. 

[bookmark: _Toc16759344]RAN2 to send LS to SA5 and RAN3 about the above limitations of Area Scope in LTE and RAN2 preferred solutions.

[bookmark: _GoBack]R2-1912827 [3] investigates this problems and explains the sub area concept to handle this requirement for FR2 cell monitoring in NR.
Conclusion
In the previous sections we made the following observations: 
Observation 1	In LTE, for management-based MDT, eNB selects UEs which are in the Area Scope defined in the MDT configuration.
Observation 2	For Logged MDT in LTE, a UE camping normally in a cell performs MDT logging if the serving cell is part of the configured area (i.e., areaConfiguration).
Observation 3	In LTE, for signaling-based MDT, eNB configures the UE (selected by MME) to perform MDT functionality when the area scope is satisfied after receiving the MDT configuration. If the area scope criterion is not satisfied, the eNB propagates the MDT configuration during the intra-PLMN and intra-RAT handover.
Observation 4	RNA area is maintained by RAN nodes and the Area Scope/Configuration is defined by OAM. It is difficult and not necessary to include RNA area as one of the options in the Area Scope.
Observation 5	The number of UEs which is in RRC_CONNECTED in the desired cells can be very small, ie in FR2 cells. It would be beneficial for RAN nodes to be able to activate the MDT in a slightly larger area than the desired area when the MDT is performed to have a greater number of UEs to be selected.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For MDT in NR, Area Scope is introduced as an optional parameter for gNB to perform the UE selection (for management based), and to determine whether to configure the selected UE with MDT configurations (for both management based and signaling based), as in LTE.
Proposal 2	For Logged MDT in NR, the optional parameter, AreaConfiguration, is introduced for UE to determine whether to perform the logging when the UE is camping normally on a cell, as in LTE.
Proposal 3	The choice of Area Scope and the AreaConfiguration parameter is either: list of cells identified by NR-CGI, list of Tracking Area identified by TAC, or list of Tracking Area Identity (TAI) where each TAI is identified by TAC with associated PLMN identity, as in LTE.
Proposal 4	RAN2 to discuss whether a gNB can start management-based Logged MDT when at least one of its neighbor cells are part of the Area Scope in the received MDT configuration.
Proposal 5	RAN2 to discuss whether a UE can perform logged MDT when at least one of the neighbor cells are part of a configured area. For example, a UE camping on a low-frequency NR cell starts the logged MDT when one of the neighboring cells is the desired high-frequency neighboring NR cell.
Proposal 6	RAN2 to send LS to SA5 and RAN3 about the above limitations of Area Scope in LTE and RAN2 preferred solutions.
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