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1
Introduction
In R16, RAN2 introduced the immediate MDT. In order to support Immediate MDT, the existing R15 RRC measurement configuration and reporting procedures apply and some extensions are used to carry the location information. The existing R15 RRC measurement includes the intra-RAT and inter-RAT measurement. Therefore we think the network can also configure the UE to report the inter-RAT measurement with location information. But according to the 38.331, there is only location reporting configuration in the intra-RAT reporting configuration. In this contribution, we will discuss the location reporting in the inter-RAT measurement.
2
Discussion
2.1 Definition of location reporting for inter-RAT purpose in TS 36.331
According to TS 36.331[1], the network can include location info for inter-RAT measurement reporting purpose. Similar as for intra-RAT case (including includeLocationInfo in the IE ReportCofigEUTRA), the purpose of including location info for intra-RAT/inter-RAT is immediate MDT requirement.
	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;

1>
if the includeWLAN-Meas is configured in the corresponding reportConfig for this measId, set the measResults as follows:


ReportConfigInterRAT ::=


SEQUENCE {


triggerType






CHOICE {



event







SEQUENCE {
[…]

]],


[[
includeLocationInfo-r11


BOOLEAN




OPTIONAL
-- Need ON


]],

2.2 Definition of location reporting for inter-RAT purpose in TS 37.320

In TS 37.320[3], it is clearly defined that location information is required for immediate MDT purposes.
	For Immediate MDT, RAN measurements and UE measurements can be configured. The configuration for UE measurements is based on the existing RRC measurement procedures for configuration and reporting with some extensions for location information.


In addition, location info is agreed to be included in some existing RRC measurement procedures including the inter-RAT measurements.
	5.4.1
RRC_CONNECTED

In RRC_CONNECTED state UE supports Immediate MDT as described in 5.1.2. In order to support Immediate MDT, the existing RRC measurement configuration and reporting procedures apply. Some extensions are used to carry location information.
5.4.1.1
Measurements and reporting triggers for Immediate MDT

Measurements to be performed for Immediate MDT purposes involve reporting triggers and criteria utilized for RRM. In addition, there are associated network performance measurements performed in the gNB.

In particular, the following measurements shall be supported for Immediate MDT performance:

Measurements:

⁻
M1: DL signal quantities measurement results for the serving cell and for intra-frequency/Inter-frequency/inter-RAT neighbour cells, including cell/beam level measurement for NR cells only, TS 38.215 [19].

⁻
M2: Power Headroom measurement by UE, TS 38.213 [20].

⁻
M3: Void.

⁻
M4: PDCP SDU Data Volume measurement separately for DL and UL, per DRB per UE, see TS 28.552 [17].

⁻
M5: Average UE throughput measurement separately for DL and UL, per DRB per UE and per UE for the DL, per DRB per UE and per UE for the UL, by gNB, see TS 28.552 [17].

⁻
M6: Packet Delay measurement separately for DL and UL, per DRB per UE, TS 28.552 [17] and TS 38.314 [18].

⁻
M7: Packet loss rate measurement separately for DL and UL, per DRB per UE, TS 28.552 [17] and TS 38.314 [18].

⁻
M8: RSSI measurement by UE (for WLAN/Bluetooth measurement) see TS 38.331 [15].
⁻
M9: RTT Measurement by UE (for WLAN measurement) see TS 38.331 [15].

NOTE 1:
M5 ~ M7 do not apply to EN-DC SN terminated MCG/split bearers and MN terminated SCG/split bearers in Rel-16.
Measurement collection triggers:

-
For M1:

-
Event-triggered measurement reports according to existing RRM configuration for events A1, A2, A3, A4, A5, A6, B1 or B2.

-
Periodic, A2 event-triggered, or A2 event triggered periodic measurement report according to MDT specific measurement configuration.


2.3 Definition of location reporting for inter-RAT purpose in TS 38.413

In TS 38.413 [4], it is clearly defined that the signalling based immediate MDT can use the existing RRM configuration to report the M1 and the location information may be also configured for the immediate MDT.
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
	
	
	

	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
	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
	

	>>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
	


9.3.1.171
M1 Configuration

This IE defines the parameters for M1 measurement collection.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	M1 Reporting Trigger
	M
	
	ENUMERATED (periodic, A2event-triggered, A2event-triggered periodic, …)
	

	M1 Threshold Event A2
	C-ifM1A2trigger
	
	
	

	>CHOICE Threshold Type
	M
	
	
	

	>>RSRP
	
	
	
	

	>>>Threshold RSRP
	M
	
	INTEGER (0..127)
	This IE is defined in TS 38.331 [18].

	>>RSRQ
	
	
	
	

	>>>Threshold RSRQ
	M
	
	INTEGER (0..127)
	This IE is defined in TS 38.331 [18].

	>>SINR
	
	
	
	

	>>>Threshold SINR
	M
	
	INTEGER (0..127)
	This IE is defined in TS 38.331 [18].

	M1 Periodic Reporting
	C-ifperiodicMDT
	
	
	

	>Report Interval
	M
	
	ENUMERATED (ms120, ms240, ms480, ms640, ms1024, ms2048, ms5120, ms10240, min1, min6, min12, min30, min60)
	This IE is defined in TS 38.331 [18].

	>Report Amount
	M
	
	ENUMERATED (1, 2, 4, 8, 16, 32, 64, infinity)
	Number of reports.


Observation 1: In NR, according to the 5.4.1 of 37.320 and the 9.3.1.169 of 38.413, both M1 and location reporting can be configured simultaneously, and it means the location reporting in the inter-RAT measurement is allowed.
2.4 Definition of location reporting for inter-RAT purpose in TS 38.331
According to [2], the location configuration is available in the IE ReportConfigNR, i.e. EventTriggerConfig, PeriodicalReportConfig. 

EventTriggerConfig::=                       SEQUENCE {

[…]
    useT312-r16                                 BOOLEAN                                                        OPTIONAL,   -- Need M

    includeCommonLocationInfo-r16               ENUMERATED {true}                                              OPTIONAL,   -- Need R

    includeBT-Meas-r16                          SetupRelease {BT-NameList-r16}                                 OPTIONAL,   -- Need M

    includeWLAN-Meas-r16                        SetupRelease {WLAN-NameList-r16}                               OPTIONAL,   -- Need M

    includeSensor-Meas-r16                      SetupRelease {Sensor-NameList-r16}                             OPTIONAL    -- Need M

    ]]

}

In addition, location info is available in the IE MeasResults.

–
MeasResults

The IE MeasResults covers measured results for intra-frequency, inter-frequency, inter-RAT mobility and measured results for sidelink.

MeasResults information element

-- ASN1START

-- TAG-MEASRESULTS-START

MeasResults ::=                         SEQUENCE {

    measId                                  MeasId,

    measResultServingMOList                 MeasResultServMOList,

    measResultNeighCells                    CHOICE {

        measResultListNR                        MeasResultListNR,

        ...,

        measResultListEUTRA                     MeasResultListEUTRA,

        measResultListUTRA-FDD-r16              MeasResultListUTRA-FDD-r16

    }                                                                                                                   OPTIONAL,

    ...,

    [[

    measResultServFreqListEUTRA-SCG         MeasResultServFreqListEUTRA-SCG                                             OPTIONAL,
    measResultServFreqListNR-SCG            MeasResultServFreqListNR-SCG                                                OPTIONAL,

    measResultSFTD-EUTRA                    MeasResultSFTD-EUTRA                                                        OPTIONAL,

    measResultSFTD-NR                       MeasResultCellSFTD-NR                                                       OPTIONAL
     ]],

     [[

    measResultCellListSFTD-NR               MeasResultCellListSFTD-NR                                                   OPTIONAL
    ]],

    [[

    measResultForRSSI-r16                   MeasResultForRSSI-r16                                                       OPTIONAL,
    locationInfo-r16                        LocationInfo-r16                                                            OPTIONAL,

    ul-PDCP-DelayValueResultList-r16        UL-PDCP-DelayValueResultList-r16                                            OPTIONAL,

    measResultsSL-r16                       MeasResultsSL-r16                                                           OPTIONAL,

    measResultCLI-r16                       MeasResultCLI-r16                                                           OPTIONAL
    ]]

}

However, there is no location configuration in the IE EventTriggerConfigInterRAT. So it is different from LTE definition and is not aligned with the TS 37.320 and TS 38.413.

Observation 2: It is impossible for the network to include location configuration in inter-RAT measurements for connected mode, and also impossible for the UE to report the location info correspondingly. This issue does not exist in LTE RRC specs as the location configuration and reporting for inter-RAT measurments have been supported in LTE.
2.5 Solutions
In order to solve the issue as mentioned in section 2.3, we propose to add location configuration for inter-RAT measurement purpose, while there should be no impacts on the reporting as the location info is available in the IE MeasResults.
Currenlty, the IE EventTriggerConfigInterRAT  is extensible as there is “…” inside the IE.

Proposal 1: It is propose to add the following Ies into EventTriggerConfigInterRAT:

· includeCommonLocationInfo-r16

· includeBT-Meas-r16

· includeWLAN-Meas-r16

· includeSensor-Meas-r16
3
Conclusion
In this paper, we discuss the issue of the location reporting in inter-RAT measurement. Basically the current NR defintion is different from LTE definition on this feature, and it is also not aligned with stage-2 [3] definition and RAN3 specification. We have the following observation:
Observation 1: In NR, according to the 5.4.1 of 37.320 and the 9.3.1.169 of 38.413, both M1 and location reporting can be configured simultaneously, and it means the location reporting in the inter-RAT measurement is allowed.
Observation 2: It is impossible for the network to include location configuration in inter-RAT measurements for connected mode, and also impossible for the UE to report the location info correspondingly. This issue does not exist in LTE RRC specs as the location configuration and reporting for inter-RAT measurements have been supported in LTE.
It is proposed:

Proposal 1: It is propose to add the following Ies into EventTriggerConfigInterRAT:

· includeCommonLocationInfo-r16

· includeBT-Meas-r16

· includeWLAN-Meas-r16

· includeSensor-Meas-r16
A draft CR is provided in section 5.
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6.3.2
Radio resource control information elements

–
ReportConfigInterRAT

The IE ReportConfigInterRAT specifies criteria for triggering of an inter-RAT measurement reporting event. The inter-RAT measurement reporting events for E-UTRA and UTRA-FDD are labelled BN with N equal to 1, 2 and so on.
Event B1:
Neighbour becomes better than absolute threshold;

Event B2:
PCell becomes worse than absolute threshold1 AND Neighbour becomes better than another absolute threshold2;

ReportConfigInterRAT information element

-- ASN1START

-- TAG-REPORTCONFIGINTERRAT-START

ReportConfigInterRAT ::=                    SEQUENCE {

    reportType                                  CHOICE {

        periodical                                  PeriodicalReportConfigInterRAT,

        eventTriggered                              EventTriggerConfigInterRAT,

        reportCGI                                   ReportCGI-EUTRA,

        ...,

        reportSFTD                                  ReportSFTD-EUTRA

    }

}

ReportCGI-EUTRA ::=                         SEQUENCE {

    cellForWhichToReportCGI         EUTRA-PhysCellId,

    ...,

    [[

    useAutonomousGaps-r16           ENUMERATED {setup}                OPTIONAL     -- Need R

    ]]

}

ReportSFTD-EUTRA ::=                     SEQUENCE {

    reportSFTD-Meas                            BOOLEAN,

    reportRSRP                                 BOOLEAN,

    ...

}

EventTriggerConfigInterRAT ::=              SEQUENCE {

    eventId                                     CHOICE {

        eventB1                                     SEQUENCE {

            b1-ThresholdEUTRA                           MeasTriggerQuantityEUTRA,

            reportOnLeave                               BOOLEAN,

            hysteresis                                  Hysteresis,

            timeToTrigger                               TimeToTrigger,

            ...

        },

        eventB2                                     SEQUENCE {

            b2-Threshold1                               MeasTriggerQuantity,

            b2-Threshold2EUTRA                          MeasTriggerQuantityEUTRA,

            reportOnLeave                               BOOLEAN,

            hysteresis                                  Hysteresis,

            timeToTrigger                               TimeToTrigger,

            ...

        },

        ...,

        [[

        eventB1-UTRA-FDD-r16                         SEQUENCE {

            b1-ThresholdUTRA-FDD-r16                    MeasTriggerQuantityUTRA-FDD-r16,

            reportOnLeave-r16                           BOOLEAN,

            hysteresis-r16                              Hysteresis,

            timeToTrigger-r16                           TimeToTrigger,

            ...

        },

        eventB2-UTRA-FDD-r16                         SEQUENCE {

            b2-Threshold1-r16                           MeasTriggerQuantity,

            b2-Threshold2UTRA-FDD-r16                   MeasTriggerQuantityUTRA-FDD-r16,

            reportOnLeave-r16                           BOOLEAN,

            hysteresis-r16                              Hysteresis,

            timeToTrigger-r16                           TimeToTrigger,

            ...

        }

        ]]

    },

    rsType                              NR-RS-Type,

    reportInterval                      ReportInterval,

    reportAmount                        ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},

    reportQuantity                      MeasReportQuantity,

    maxReportCells                      INTEGER (1..maxCellReport),

    ...,

    [[

    reportQuantityUTRA-FDD-r16          MeasReportQuantityUTRA-FDD-r16         OPTIONAL   -- Need R

    ]],

    [[

    includeCommonLocationInfo-r16               ENUMERATED {true}                                              OPTIONAL,   -- Need R

    includeBT-Meas-r16                          SetupRelease {BT-NameList-r16}                                 OPTIONAL,   -- Need M

    includeWLAN-Meas-r16                        SetupRelease {WLAN-NameList-r16}                               OPTIONAL,   -- Need M

    includeSensor-Meas-r16                      SetupRelease {Sensor-NameList-r16}                             OPTIONAL    -- Need M

    ]]

}

PeriodicalReportConfigInterRAT ::=              SEQUENCE {

    reportInterval                                  ReportInterval,

    reportAmount                                    ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},

    reportQuantity                                  MeasReportQuantity,

    maxReportCells                                  INTEGER (1..maxCellReport),

    ...,

    [[

    reportQuantityUTRA-FDD-r16                      MeasReportQuantityUTRA-FDD-r16         OPTIONAL   -- Need R

    ]],

    [[

    includeCommonLocationInfo-r16               ENUMERATED {true}                                              OPTIONAL,   -- Need R

    includeBT-Meas-r16                          SetupRelease {BT-NameList-r16}                                 OPTIONAL,   -- Need M

    includeWLAN-Meas-r16                        SetupRelease {WLAN-NameList-r16}                               OPTIONAL,   -- Need M

    includeSensor-Meas-r16                      SetupRelease {Sensor-NameList-r16}                             OPTIONAL    -- Need M

    ]]

}

MeasTriggerQuantityUTRA-FDD-r16 ::=          CHOICE{

    utra-FDD-RSCP-r16                            INTEGER (-5..91),

    utra-FDD-EcN0-r16                            INTEGER (0..49)

}

MeasReportQuantityUTRA-FDD-r16 ::=        SEQUENCE {

    cpich-RSCP                                BOOLEAN,

    cpich-EcN0                                BOOLEAN
}

-- TAG-REPORTCONFIGINTERRAT-STOP

-- ASN1STOP

	ReportConfigInterRAT field descriptions

	reportType

Type of the configured measurement report. In EN-DC, network does not configure report of type ReportCGI-EUTRA.


	ReportCGI-EUTRA field descriptions

	useAutonomousGaps

Indicates whether or not the UE is allowed to use autonomous gaps in acquiring system information from the E-UTRAN neighbour cell. When the field is included, the UE applies the corresponding value for T321.


	EventTriggerConfigInterRAT field descriptions

	b2-Threshold1

NR threshold to be used in inter RAT measurement report triggering condition for event B2.

	bN-ThresholdEUTRA

E-UTRA threshold value associated with the selected trigger quantity (RSRP, RSRQ, SINR) to be used in inter RAT measurement report triggering condition for event number bN. In the same eventB2, the network configures the same CHOICE name (rsrp, rsrq or sinr) for the MeasTriggerQuantity of the b2-Threshold1 and for the MeasTriggerQuantityEUTRA of the b2-Threshold2EUTRA.

	eventId

Choice of inter RAT event triggered reporting criteria.

	maxReportCells

Max number of non-serving cells to include in the measurement report.

	reportAmount

Number of measurement reports applicable for eventTriggered as well as for periodical report types

	reportOnLeave

Indicates whether or not the UE shall initiate the measurement reporting procedure when the leaving condition is met for a cell in cellsTriggeredList, as specified in 5.5.4.1.

	reportQuantity, reportQuantityUTRA-FDD

The cell measurement quantities to be included in the measurement report. If the field eventB1-UTRA-FDD or eventB2-UTRA-FDD is present, the UE shall ignore the value(s) provided in reportQuantity.

	timeToTrigger

Time during which specific criteria for the event needs to be met in order to trigger a measurement report.

	bN-ThresholdUTRA-FDD

UTRA-FDD threshold value associated with the selected trigger quantity (RSCP, EcN0) to be used in inter RAT measurement report triggering condition for event number bN.
utra-FDD-RSCP corresponds to CPICH_RSCP in TS 25.133 [46] for FDD. utra-FDD-EcN0 corresponds to CPICH_Ec/No in TS 25.133 [46] for FDD.

For utra-FDD-RSCP: The actual value is field value – 115 dBm.

For utra-FDD-EcN0: The actual value is (field value – 49)/2 dB.


	PeriodicalReportConfigInterRAT field descriptions

	maxReportCells

Max number of non-serving cells to include in the measurement report.

	reportAmount

Number of measurement reports applicable for eventTriggered as well as for periodical report types

	reportQuantity, reportQuantityUTRA-FDD

The cell measurement quantities to be included in the measurement report. If the field reportQuantityUTRA-FDD is present, the UE shall ignore the value(s) provided in reportQuantity.


