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1	Introduction
In RAN2 #105, there is a following FFS about location report:
FFS:	In Rel-16, a UE supports the location report if the location information is available, i.e., do not include the “locationReport” in the UE-NR-Capability field.
This paper discusses the details about the location report for MDT in NR in Rel-16. 
2	Use cases of location Information 
In LTE, the use cases identified for MDT [1] mainly include:
· Coverage use cases: the MDT data reported from UEs and the RAN may be used to monitor and detect coverage problems in the network. Some examples are described in TS 37.320 shown below.
· Coverage hole
· Weak coverage
· Pilot Pollution
· Overshoot coverage
· Coverage mapping
· UL coverage
· Cell boundary mapping
· Coverage mapping for pico cell in CA scenario
· QoS verification use cases: 
· Traffic Location: MDT functionality to obtain information of where data traffic is transferred within a cell.
· User QoS Experience: MDT functionality to assess the QoS experience for a specific UE together with location information.

It is obvious that the geographical location information is essential for the use cases. 
In LTE, the IE LocationInfo is used to transfer detailed location information available at the UE to correlate measurements and UE position information. The LocationInfo IE is defined in TS 36.331 [2] as follows.
LocationInfo information element
-- ASN1START

LocationInfo-r10 ::=	SEQUENCE {
	locationCoordinates-r10					CHOICE {
		ellipsoid-Point-r10						OCTET STRING,
		ellipsoidPointWithAltitude-r10			OCTET STRING,
	...,
		ellipsoidPointWithUncertaintyCircle-r11					OCTET STRING,
		ellipsoidPointWithUncertaintyEllipse-r11				OCTET STRING,
		ellipsoidPointWithAltitudeAndUncertaintyEllipsoid-r11	OCTET STRING,
		ellipsoidArc-r11										OCTET STRING,
		polygon-r11												OCTET STRING
	},
	horizontalVelocity-r10					OCTET STRING				OPTIONAL,
	gnss-TOD-msec-r10						OCTET STRING				OPTIONAL,
	...,
	[[	verticalVelocityInfo-r15		CHOICE {
			verticalVelocity-r15				OCTET STRING,
			verticalVelocityAndUncertainty-r15	OCTET STRING
	}			OPTIONAL
	]]
}

-- ASN1STOP

The specified use cases in LTE to include the LocationInfo are illustrated in the following sub-sections. 

2.1 Detailed location information in Logged MDT
[bookmark: _Ref178064866]The Logged MDT measurements are tagged by the UE with location data in the following manner:
· ECGI or Cell-Id of the serving cell when the measurement was taken is always included.
· Detailed location information (e.g. GNSS location information) is included if available in the UE when the measurement was taken. If detailed location information is available, the reporting shall consist of latitude and longitude. Depending on availability, altitude, uncertainty and confidence may be also additionally included. UE tags available detailed location information only once with upcoming measurement sample, and then the detailed location information is discarded, i.e. the validity of detailed location information is implicitly assumed to be one logging interval.
· 
The locationInfo is included in the LogMeasInfo shown below in the UEInformationResponse message.

	LogMeasInfo-r10 ::=		SEQUENCE {
	locationInfo-r10					LocationInfo-r10				OPTIONAL,
	relativeTimeStamp-r10				INTEGER (0..7200),
	servCellIdentity-r10				CellGlobalIdEUTRA,
	measResultServCell-r10				SEQUENCE {
		rsrpResult-r10						RSRP-Range,
		rsrqResult-r10						RSRQ-Range
	},



2.2 Location information in Immediate MDT
For Immediate MDT, the eNB shall request the location information if available to be included for the M1 measurements by the UE in the following manners, if the positioning method is set to GNSS in the MDT configuration parameters:
A. Include available location information for corresponding measurement report
	1>	if the includeLocationInfo is configured in the corresponding reportConfig for this measId or if purpose for the reportConfig associated with the measId that triggered the measurement reporting is set to reportLocation; and detailed location information that has not been reported is available, set the content of the locationInfo as follows:
2>	include the locationCoordinates;
2>	if available, include the gnss-TOD-msec, except if purpose for the reportConfig associated with the measId that triggered the measurement reporting is set to reportLocation;
2>	include the verticalVelocityInfo, if available;



The reportLocation included in the reportConfig is shown below.

ReportConfigEUTRA ::=				SEQUENCE {
…
[[	includeLocationInfo-r10				ENUMERATED {true}		OPTIONAL,	-- Need OR
		reportAddNeighMeas-r10				ENUMERATED {setup}		OPTIONAL	-- Need OR
	]],
…
[[	
		purpose-v1430			ENUMERATED {reportLocation, sidelink, spare2, spare1}		
															OPTIONAL	-- Need ON
	]],


ReportConfigInterRAT ::=			SEQUENCE {
…
[[	includeLocationInfo-r11			BOOLEAN					OPTIONAL	-- Need ON
	]],

B. Include available location information for subsequent measurement report

	1>	if the received otherConfig includes the obtainLocation:
2>	attempt to have detailed location information available for any subsequent measurement report;
NOTE:	The UE is requested to attempt to have valid detailed location information available whenever sending a measurement report for which it is configured to include available detailed location information. The UE may not succeed e.g. because the user manually disabled the GPS hardware, due to no/poor satellite coverage. Further details, e.g. regarding when to activate GNSS, are up to UE implementation.
obtainLocation
Requests the UE to attempt to have detailed location information available using GNSS. E-UTRAN configures the field only if includeLocationInfo is configured for one or more measurements.



The obtainLocation included in the otherConfig is shown below.

OtherConfig-r9 ::= SEQUENCE	{
	reportProximityConfig-r9			ReportProximityConfig-r9		OPTIONAL,	-- Need ON
	...,
	[[	idc-Config-r11					IDC-Config-r11					OPTIONAL,	-- Need ON
		powerPrefIndicationConfig-r11	PowerPrefIndicationConfig-r11	OPTIONAL,	-- Need ON
		obtainLocationConfig-r11		ObtainLocationConfig-r11		OPTIONAL	-- Need ON
	]],

ObtainLocationConfig-r11 ::= SEQUENCE {
	obtainLocation-r11				ENUMERATED {setup}					OPTIONAL	-- Need OR
}

The locationInfo is included in the MeasResults shown below in the MeasurementReport message.

MeasResults ::=						SEQUENCE {
	measId								MeasId,
	measResultPCell						SEQUENCE {
		rsrpResult							RSRP-Range,
		rsrqResult							RSRQ-Range
	},
	measResultNeighCells				CHOICE {
		measResultListEUTRA					MeasResultListEUTRA,
		measResultListUTRA					MeasResultListUTRA,
		measResultListGERAN					MeasResultListGERAN,
		measResultsCDMA2000					MeasResultsCDMA2000,
		...,
		measResultNeighCellListNR-r15			MeasResultCellListNR-r15
	}																		OPTIONAL,
	...,
	[[	measResultForECID-r9				MeasResultForECID-r9			OPTIONAL
	]],
	[[	locationInfo-r10					LocationInfo-r10				OPTIONAL,

2.3 RLF report with detailed location information: 
When the RLF is detected, UE shall set the content of the locationInfo if available at UE as follows:
· include the locationCoordinates
· include the horizontalVelocity, if available
The locationInfo is included in the RLF-Report shown below in the UEInformationResponse message.

	RLF-Report-r9 ::=					SEQUENCE {
	measResultLastServCell-r9			SEQUENCE {
		rsrpResult-r9						RSRP-Range,
		rsrqResult-r9						RSRQ-Range						OPTIONAL
	},
	measResultNeighCells-r9				SEQUENCE {
		measResultListEUTRA-r9				MeasResultList2EUTRA-r9			OPTIONAL,
		measResultListUTRA-r9				MeasResultList2UTRA-r9			OPTIONAL,
		measResultListGERAN-r9				MeasResultListGERAN				OPTIONAL,
		measResultsCDMA2000-r9				MeasResultList2CDMA2000-r9		OPTIONAL
	}	OPTIONAL,
	...,
	[[	locationInfo-r10				LocationInfo-r10					OPTIONAL,




2.4 Accessibility measurements 
When an RRC connection establishment procedure failure is detected, the UE shall set the content of the locationInfo if available at UE as follows:
· include the locationCoordinates
· include the horizontalVelocity, if available
The locationInfo is included in the ConEstFailReport shown below in the UEInformationResponse message.

	ConnEstFailReport-r11 ::=				SEQUENCE {
	failedCellId-r11					CellGlobalIdEUTRA,
	locationInfo-r11					LocationInfo-r10					OPTIONAL,
	measResultFailedCell-r11			SEQUENCE {
		rsrpResult-r11						RSRP-Range,
		rsrqResult-r11						RSRQ-Range						OPTIONAL
	},



2.5 Out of coverage
In Rel-15, an out-of-coverage detection indicator is introduced in the Logged MDT for LTE. If the serving cell is not suitable and UE could not find any new suitable cells within a pre-defined time window (10 s for E-UTRA), the UE enters “Any Cell Selection” state. In this state, the UE shall attempt to find a suitable cell by following the cell selection process. If failed after a complete scan of all RATs and all frequency bands supported by the UE, it shall attempt to find an acceptable cell of any PLMN to camp on. The UE in this state shall perform logging of available information including at least an indicator “anyCellSelectionDetected” and time stamp. Including the GNSS location information would help the operators to identify the geographical location where the out-of-coverage is detected. 

The locationInfo is included in the LogMeasInfo shown below in the UEInformationResponse message.

LogMeasInfo-r10 ::=		SEQUENCE {
	locationInfo-r10					LocationInfo-r10				OPTIONAL,
	relativeTimeStamp-r10				INTEGER (0..7200),
	servCellIdentity-r10				CellGlobalIdEUTRA,
	measResultServCell-r10				SEQUENCE {
		rsrpResult-r10						RSRP-Range,
		rsrqResult-r10						RSRQ-Range
	},
	measResultNeighCells-r10			SEQUENCE {
		measResultListEUTRA-r10				MeasResultList2EUTRA-r9		OPTIONAL,
		measResultListUTRA-r10				MeasResultList2UTRA-r9		OPTIONAL,
		measResultListGERAN-r10				MeasResultList2GERAN-r10	OPTIONAL,
		measResultListCDMA2000-r10			MeasResultList2CDMA2000-r9	OPTIONAL
	}	OPTIONAL,
	...,
	[[	measResultListEUTRA-v1090			MeasResultList2EUTRA-v9e0	OPTIONAL
	]],
	[[	measResultListMBSFN-r12				MeasResultListMBSFN-r12		OPTIONAL,
		measResultServCell-v1250			RSRQ-Range-v1250			OPTIONAL,
		servCellRSRQ-Type-r12				RSRQ-Type-r12				OPTIONAL,
		measResultListEUTRA-v1250			MeasResultList2EUTRA-v1250	OPTIONAL
	]],
	[[	inDeviceCoexDetected-r13			ENUMERATED {true}			OPTIONAL
	]],
	[[	measResultServCell-v1360			RSRP-Range-v1360			OPTIONAL
	]],
	[[	logMeasResultListBT-r15				LogMeasResultListBT-r15		OPTIONAL,
		logMeasResultListWLAN-r15			LogMeasResultListWLAN-r15	OPTIONAL
	]],
	[[	anyCellSelectionDetected-r15		ENUMERATED {true}			OPTIONAL
	]]
2.6 Way Point Location
The way point location includes location coordinates for a UE for Aerial UE operation. The waypoints describe planned locations for the UE.

The locationInfo is included in the WayPointLocation shown below in the UEInformationResponse message.

WayPointLocation-r15 ::=			SEQUENCE {
	wayPointLocation-r15						LocationInfo-r10,
	timeStamp-r15							AbsoluteTimeInfo-r10 		OPTIONAL
}

[bookmark: _Toc509497794]3	Discussion
From the use cases described in Section 2, we have the following observations:
[bookmark: _Toc7705856]OAM expects that the GNSS location information if available at UE is included for Logged MDT.  
[bookmark: _Toc7705857]OAM expects the GNSS location information if available at UE is included for Immediate MDT when the “positioning method” parameter in the MDT configuration parameters is set to “GNSS”.
[bookmark: _Toc7705858]OAM expects that the GNSS location information if available at UE is included for RLF reporting.
[bookmark: _Toc7705859]OAM expects that the GNSS location information if available at UE is included for accessibility measurements.
[bookmark: _Toc7705860]OAM expects that the GNSS location information if available at UE is included for out-of-coverage reporting (i.e., “anyCellSelectionDetected”).

Including the detailed location information (e.g., GNSS) is one of the key advantages for MDT use cases described in Section 2.  However, in LTE, even if the RAN node obtains the user consent for MDT purpose and the UE is capable of GNSS (indicated by “standaloneGNSS-Location”), the UE can still choose to not support the location report to the RAN node. An indicator “locationReport” is specified in UE-EUTRA-Capability field to indicate whether the UE supports reporting of its geographical location information to eNB.
The parameter, “locationReport”, indicates whether UE supports reporting of location information to eNB is defined in TS 36.306 and in the IE UE-EUTRA-Capability in TS 36.331 shown below. 

	[bookmark: _Toc535259268]4.3.13.5	locationReport-r14
This parameter defines whether the UE supports reporting of its geographical location information to eNB.



	UE-BasedNetwPerfMeasParameters-v1430 ::=	SEQUENCE {
	locationReport-r14						ENUMERATED {supported}		OPTIONAL
}




The parameter, standaloneGNSS-Location, indicates whether UE is equipped with a standalone GNSS receiver is defined in TS 36.306 and in the IE UE-EUTRA-Capability in TS 36.331 shown below.
	[bookmark: _Toc535259265]4.3.13.2	standaloneGNSS-Location
This parameter defines whether the UE is equipped with a standalone GNSS receiver that may be used to provide detailed location information in RRC measurement report and logged measurements in RRC_IDLE.



	UE-BasedNetwPerfMeasParameters-r10 ::=	SEQUENCE {
	loggedMeasurementsIdle-r10				ENUMERATED {supported}		OPTIONAL,
	standaloneGNSS-Location-r10				ENUMERATED {supported}		OPTIONAL
}




[bookmark: _Toc7705861]In LTE, UE may not report the location information for the use cases described in the above observations, even if the location information derived from GNSS receiver is available and the user consent for MDT is obtained at eNB.

For the area-based MDT in LTE, the MDT configurations are sent to the eNB. After receiving the MDT activation, eNB performs the UE selection based on the input information received from OAM, the device capability (MDT capable and UE capable of logging Measurements for MBSFN) and the availability of the user consent information (i.e., the Management Based MDT Allowed IE). Figure 1 shows the MDT configuration for area-based MDT and the expected location information at eNB. 

[bookmark: _Toc7705862]For area-based MDT in LTE, the number of UEs to be selected by eNB to perform MDT with location information can be limited since UEs which are in the desired area may not indicate the support of location report.

For signaling-based MDT, the UE selection is performed by OAM based on IMSI/IMEI(SV)/IMEI-TAC or IMSI/IMEI(SV)/IMEI-TAC combined with geographical area. After the IMSI, IMEISV or IMEI-TAC type user attached to the network, the MME shall forward the MDT configurations to the corresponding eNB, when the area criterion is satisfied if the area criterion is configured.


Figure 1. MDT configuration for area-based MDT and the expected location information

[bookmark: _Toc7705863]For signaling-based MDT in LTE, the UE selected to perform MDT based on IMSI/IMEI(SV)/IMEI-TAC or IMSI/IMEI(SV)/IMEI-TAC combined with geographical area may not support the location report.

The location report is optional which results that many UE vendors do not support the location report even if the location information (e.g., GNSS information) can be derived when the UE performs logged measurement. There is a difference between the UE can report but it does not, and the detailed location information is not available so that the UE cannot report. It would be beneficial for a UE which is equipped with a standalone GNSS receiver to report the GNSS location information, given that the detailed location information is essential for the use cases. 

1. [bookmark: _Toc7729190]In Rel-16, UE shall include the GNSS location information for Logged MDT, DL signal quantities measurement of Immediate MDT, RLF report, accessibility measurement and out-of-coverage logging, if the GNSS location information is available when the measurement was taken. 
1. [bookmark: _Toc7729191] No separate “locationReport” related UE-NR-Capability field is added in NR i.e., if the UE supports “standaloneGNSS-Location”, then the UE mandatorily support the reporting of the geographical location to the gNB.
Conclusion
In the previous sections we made the following observations: 
Observation 1	OAM expects that the GNSS location information if available at UE is included for Logged MDT.
Observation 2	OAM expects the GNSS location information if available at UE is included for Immediate MDT when the “positioning method” parameter in the MDT configuration parameters is set to “GNSS”.
Observation 3	OAM expects that the GNSS location information if available at UE is included for RLF reporting.
Observation 4	OAM expects that the GNSS location information if available at UE is included for accessibility measurements.
Observation 5	OAM expects that the GNSS location information if available at UE is included for out-of-coverage reporting (i.e., “anyCellSelectionDetected”).
Observation 6	In LTE, UE may not report the location information for the use cases described in the above observations, even if the location information derived from GNSS receiver is available and the user consent for MDT is obtained at eNB.
Observation 7	For area-based MDT in LTE, the number of UEs to be selected by eNB to perform MDT with location information can be limited since UEs which are in the desired area may not indicate the support of location report.
Observation 8	For signaling-based MDT in LTE, the UE selected to perform MDT based on IMSI/IMEI(SV)/IMEI-TAC or IMSI/IMEI(SV)/IMEI-TAC combined with geographical area may not support the location report.

Based on the discussion in the previous sections we propose the following:
Proposal 1	In Rel-16, UE shall include the GNSS location information for Logged MDT, DL signal quantities measurement of Immediate MDT, RLF report, accessibility measurement and out-of-coverage logging, if the GNSS location information is available when the measurement was taken.
Proposal 2	No separate “locationReport” related UE-NR-Capability field is added in NR i.e., if the UE supports “standaloneGNSS-Location”, then the UE mandatorily support the reporting of the geographical location to the gNB.
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