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1 [bookmark: _Ref40390915][bookmark: _Ref189046994]Introduction
RAN1 is currently disucssiong to add the equivalent of LTE timing advance type 2 measurement in NR as part of TEI-17 [1]. 
R1-2103740, “NR positioning support for TA-based positioning in E-CID (TEI)”, Ericsson, Polaris Wireless, Verizon, Intel, NTT Docomo, China Telecom, FirstNet, Deutsche Telekom

The E-UTRA-based positioning solutions defined in LPPa and NRPPa included the use of Timing Advance (TA)-based measurement as part of E-CID. As this feature has no equivalent in NR, it was observed during the Rel-17 study item that there was a gap in the NR positioning solution compared to LTE. It was in fact previously proposed by [2] to align NR and LTE by including the TA-based methods in NR E-CID. 
We also propose to discuss whether RAN2 can agree to introduce the full TA reporting in NR including type 1 as well as this imapcts RAN2 primarily:
Introduce the NR type 2 TA measurement type, as defined in LTE, into the NR specification;
Discuss whether to introduce NR TA Type 1 as well, in order to have the full reporting of NR TA in NRPPa
2 [bookmark: _Ref7792543][bookmark: _Ref7598514] Discussion 
2.1 Motivation
TA-based methods were already available in LTE for E-CID positioning, which were mainly used for meeting important regulatory requirements (e.g. localization during emergency calls). It is essential that when operators deploy NR Network and migrate from the LTE-based TA type 1/type2 solutions, NR positioning should also be capable of providing this same important functionality, instead of a downgrading, which we have today. 
Specifically, not every network element (gNBs, LMFs) or UEs may support Rel-16 UL SRS or DL-PRS based positioning – this is especially true in multi-vendor scenario environments, where network elements are coming from different vendors, and hence the possibility of interoperability issues which may lead to longer deployment period. Therefore, solutions similar to LTE which are based upon simple basic communication procedure such as TA should be made available to address such migration issue in a timely manner, and meet the same requirement for 5GS on providing UE location information during emergency calls.

[bookmark: _Toc71558479]Measurements and reporting similar to LTE TA Type1, Type2 are also needed in NR to provide positioning solutions to meet regulatory requirements and to ensure seamless positioning solutions when migrating from LTE to NR. 

Besides helping to comply with regulatory requirements, TA measurements could also improve latency. Release 17 NR positioning use cases have considerably lower latency requirements compared to Release 16 and in [2] it was indeed observed that the latency could be greatly reduced if the network can report existing measurements based on timing advance, instead of using the PRS-based gNB Rx-Tx time difference measurement.  Moreover, re-using already available measurement such as TA could help complementing the other measurement reports (such as PRS/SRS based reports) without introducing more RS overhead. 

[bookmark: _Toc71558480]The network can report TA-based gNB RxTx time difference measurement without additional RS overhead cost or additional LPP signalling. 
2.2 TA-based positioning in the specifications
When looking at the LPPa/NRPPa specifications, in E-UTRA RAT the eNBs/ng-eNBs are able to report E-UTRA Angle of Arrival and Timing Advance Type 1/Type 2 in E-CID to the location server. Timing Advance Type 2, which is eNB Rx-Tx time difference measurement, is based upon PRACH (as seen in TS 36.214 extract below), which is considered a usual and required measurement to be signalled by UE to gNB in order to perform communication. Thus, it should already be supported by all networks.

	5.2.4 Timing advance (TADV)

	Definition
	Type1:
Timing advance (TADV) type 1 is defined as the time difference 

	TADV = (eNB Rx – Tx time difference) + (UE Rx – Tx time difference),
where the eNB Rx – Tx time difference corresponds to the same UE that reports the UE Rx – Tx time difference.

Type2:
Timing advance (TADV) type 2 is defined as the time difference 

	TADV = (eNB Rx – Tx time difference),
where the eNB Rx – Tx time difference corresponds to a received uplink radio frame containing PRACH from the respective UE or similarly NPRACH from the respective NB-IoT UE..







In this respect, Type 2 TA is only dependent on the gNB reporting and does not introduce any new measurement or reporting from the UE side, or any big system level impact. Therefore, the specification impact to support TA type 2 would be very limited, and it would not impact the UE. 

[bookmark: _Toc71558481]TA type 2 does not impact the UE 
To provide the full solution as in LTE and address this RAT migration downgrade, reporting of TA type 1 is also necessary. However, the inclusion of type 1 TA may have more specification impacts on RRC and on the UE. RRC impacts is also straight forward and provided below.

[bookmark: _Toc71558482]While the addition of TA type 2 can be simple and straightforward, from 3GPP point of view, type1 TA can have more specification impacts (e.g RRC) and on Rel-16 UEs 

The imapct of Type 2 addition from RAN2 perspective would be in stage 2 TS 38.305. The change needed is shown in the Annex.
 
[bookmark: _Toc71558483]RAN2 to review the TP.

Conclusion
In the previous sections we made the following observations: 
Observation 1	Measurements and reporting similar to LTE TA Type1, Type2 are also needed in NR to provide positioning solutions to meet regulatory requirements and to ensure seamless positioning solutions when migrating from LTE to NR.
Observation 2	The network can report TA-based gNB RxTx time difference measurement without additional RS overhead cost or additional LPP signalling.
Observation 3	TA type 2 does not impact the UE
Observation 4	While the addition of TA type 2 can be simple and straightforward, from 3GPP point of view, type1 TA can have more specification impacts (e.g RRC) and on Rel-16 UEs

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to review the TP.
[bookmark: _In-sequence_SDU_delivery]
3 References
[1]	R1-2103740, “NR positioning support for TA-based positioning in E-CID (TEI)”, Ericsson, Polaris Wireless, Verizon, Intel, NTT Docomo, China Telecom, FirstNet, Deutsche Telekom
R1-2006732, Discussion on potential techniques for NR Positioning Enhancements, NTT DOCOMO, inc., RAN1#102e, 2020  

4 Annex
TS 38.305
[bookmark: _Toc37338332][bookmark: _Toc46489175][bookmark: _Toc52567528][bookmark: _Toc67987468][bookmark: _Toc37338333][bookmark: _Toc46489176][bookmark: _Toc52567529][bookmark: _Toc67987469]8.9	NR Enhanced cell ID positioning methods
8.9.1	General
NR Enhanced Cell ID (NR E-CID) positioning refers to techniques which use UE and/or NR radio resource related measurements to improve the UE location estimate. In the case of uplink NR E-CID inter-RAT E-UTRA measurements reported by UE may also be used.
NOTE 1:	For NR E-CID positioning methods the UE reports only the measurements that it has available rather than being required to take additional measurement actions. Therefore, the measurement gap request procedure described in clause 7.4.1.1 is not applicable for NR E-CID positioning methods.
NR E-CID measurements may include:
UE measurements (TS 38.215 [37]):
-	SS Reference signal received power (SS-RSRP);
-	SS Reference Signal Received Quality (SS-RSRQ);
-	CSI Reference signal received power (CSI-RSRP);
-	CSI Reference Signal Received Quality (CSI-RSRQ).
The UE measurements above may be aggregated at cell level or measured per SSB or CSI-RS resource.
NR E-CID UE measurements for other RAT may include:
-	E-UTRA Reference signal received power (RSRP);
-	E-UTRA Reference Signal Received Quality (RSRQ);
NOTE 2:	The above E-UTRA measurements by UE are only used for Uplink NR E-CID positioning.
gNB measurements (TS 38.215 [37]):
-	UL Angle of Arrival (azimuth and elevation);.
-	Type2: TADV = gNB Rx – Tx time difference.
Various techniques exist to use these measurements to estimate the location of the UE. The specific techniques are beyond the scope of this specification.


TS 38.331

[bookmark: _Toc60776880][bookmark: _Toc68014820]5.5.3	Performing measurements
[bookmark: _Toc60776881][bookmark: _Toc68014821]5.5.3.1	General
<Removed unmodified changes>
The UE shall:
1>	whenever the UE has a measConfig, perform RSRP and RSRQ measurements for each serving cell for which servingCellMO is configured as follows:
2>	if the reportConfig associated with at least one measId included in the measIdList within VarMeasConfig contains an rsType set to ssb and ssb-ConfigMobility is configured in the measObject indicated by the servingCellMO:
3>	if the reportConfig associated with at least one measId included in the measIdList within VarMeasConfig contains a reportQuantityRS-Indexes and maxNrofRS-IndexesToReport and contains an rsType set to ssb:
4>	derive layer 3 filtered RSRP and RSRQ per beam for the serving cell based on SS/PBCH block, as described in 5.5.3.3a;
3>	derive serving cell measurement results based on SS/PBCH block, as described in 5.5.3.3;
2>	if the reportConfig associated with at least one measId included in the measIdList within VarMeasConfig contains an rsType set to csi-rs and CSI-RS-ResourceConfigMobility is configured in the measObject indicated by the servingCellMO:
3>	if the reportConfig associated with at least one measId included in the measIdList within VarMeasConfig contains a reportQuantityRS-Indexes and maxNrofRS-IndexesToReport and contains an rsType set to csi-rs:
4>	derive layer 3 filtered RSRP and RSRQ per beam for the serving cell based on CSI-RS, as described in 5.5.3.3a;
3>	derive serving cell measurement results based on CSI-RS, as described in 5.5.3.3;
1>	for each serving cell for which servingCellMO is configured, if the reportConfig associated with at least one measId included in the measIdList within VarMeasConfig contains SINR as trigger quantity and/or reporting quantity:
2>	if the reportConfig contains rsType set to ssb and ssb-ConfigMobility is configured in the servingCellMO:
3>	if the reportConfigcontains a reportQuantityRS-Indexes and maxNrofRS-IndexesToReport:
4>	derive layer 3 filtered SINR per beam for the serving cell based on SS/PBCH block, as described in 5.5.3.3a;
3>	derive serving cell SINR based on SS/PBCH block, as described in 5.5.3.3;
2>	if the reportConfig contains rsType set to csi-rs and CSI-RS-ResourceConfigMobility is configured in the servingCellMO:
3>	if the reportConfigcontains a reportQuantityRS-Indexes and maxNrofRS-IndexesToReport:
4>	derive layer 3 filtered SINR per beam for the serving cell based on CSI-RS, as described in 5.5.3.3a;
3>	derive serving cell SINR based on CSI-RS, as described in 5.5.3.3;
1>	for each measId included in the measIdList within VarMeasConfig:
2>	if the reportType for the associated reportConfig is set to reportCGI and timer T321 is running:
3>	if useAutonomousGaps is configured for the associated reportConfig:
4>	perform the corresponding measurements on the frequency and RAT indicated in the associated measObject using autonomous gaps as necessary;
3>	else:
4>	perform the corresponding measurements on the frequency and RAT indicated in the associated measObject using available idle periods;
3>	if the cell indicated by reportCGI field for the associated measObject is an NR cell and that indicated cell is broadcasting SIB1 (see TS 38.213 [13], clause 13):
4>	try to acquire SIB1 in the concerned cell;
3>	if the cell indicated by reportCGI field is an E-UTRA cell:
4>	try to acquire SystemInformationBlockType1 in the concerned cell;
2>	if the ul-DelayValueConfig is configured for the associated reportConfig:
3>	ignore the measObject;
3>	for each of the configured DRBs, configure the PDCP layer to perform corresponding average UL PDCP packet delay measurement per DRB;
2>	if the reportType for the associated reportConfig is periodical, eventTriggered or condTriggerConfig:
3>	if a measurement gap configuration is setup, or
3>	if the UE does not require measurement gaps to perform the concerned measurements:
4>	if s-MeasureConfig is not configured, or
4>	if s-MeasureConfig is set to ssb-RSRP and the NR SpCell RSRP based on SS/PBCH block, after layer 3 filtering, is lower than ssb-RSRP, or
4>	if s-MeasureConfig is set to csi-RSRP and the NR SpCell RSRP based on CSI-RS, after layer 3 filtering, is lower than csi-RSRP:
5>	if the measObject is associated to NR and the rsType is set to csi-rs:
6>	if reportQuantityRS-Indexes and maxNrofRS-IndexesToReport for the associated reportConfig are configured:
7>	derive layer 3 filtered beam measurements only based on CSI-RS for each measurement quantity indicated in reportQuantityRS-Indexes, as described in 5.5.3.3a;
6>	derive cell measurement results based on CSI-RS for the trigger quantity and each measurement quantity indicated in reportQuantityCell using parameters from the associated measObject, as described in 5.5.3.3;
5>	if the measObject is associated to NR and the rsType is set to ssb:
6>	if reportQuantityRS-Indexes and maxNrofRS-IndexesToReport for the associated reportConfig are configured:
7>	derive layer 3 beam measurements only based on SS/PBCH block for each measurement quantity indicated in reportQuantityRS-Indexes, as described in 5.5.3.3a;
6>	derive cell measurement results based on SS/PBCH block for the trigger quantity and each measurement quantity indicated in reportQuantityCell using parameters from the associated measObject, as described in 5.5.3.3;
5>	if the measObject is associated to E-UTRA:
6>	perform the corresponding measurements associated to neighbouring cells on the frequencies indicated in the concerned measObject, as described in 5.5.3.2;
5>	if the measObject is associated to UTRA-FDD:
6>	perform the corresponding measurements associated to neighbouring cells on the frequencies indicated in the concerned measObject, as described in 5.5.3.2;
4>	if the measRSSI-ReportConfig is configured in the associated reportConfig:
5>	perform the RSSI and channel occupancy measurements on the frequency indicated in the associated measObject;
4>	if the ueRxTxTimeDiff is configured in the associated reportConfig:
5>	perform the UE Rx – Tx time difference measurements on the serving cell;

2>	if the reportType for the associated reportConfig is set to reportSFTD and the numberOfReportsSent as defined within the VarMeasReportList for this measId is less than one:


[bookmark: _Toc60776900][bookmark: _Toc68014840]5.5.5	Measurement reporting
[bookmark: _Toc60776901][bookmark: _Toc68014841]5.5.5.1	General
1> 

Figure 5.5.5.1-1: Measurement reporting
The purpose of this procedure is to transfer measurement results from the UE to the network. The UE shall initiate this procedure only after successful AS security activation.
For the measId for which the measurement reporting procedure was triggered, the UE shall set the measResults within the MeasurementReport message as follows:
1>	set the measId to the measurement identity that triggered the measurement reporting;
1>	for each serving cell configured with servingCellMO:
2>	if the reportConfig associated with the measId that triggered the measurement reporting includes rsType:
3>	if the serving cell measurements based on the rsType included in the reportConfig that triggered the measurement report are available:
4>	set the measResultServingCell within measResultServingMOList to include RSRP, RSRQ and the available SINR of the serving cell, derived based on the rsType included in the reportConfig that triggered the measurement report;
2>	else:
3>	if SSB based serving cell measurements are available:
4>	set the measResultServingCell within measResultServingMOList to include RSRP, RSRQ and the available SINR of the serving cell, derived based on SSB;
3>	else if CSI-RS based serving cell measurements are available:
4>	set the measResultServingCell within measResultServingMOList to include RSRP, RSRQ and the available SINR of the serving cell, derived based on CSI-RS;
1>	if the ueRxTxTimeDiffPeriodical is configured within the corresponding reportConfig for this measId;
2>	set the ueRxTxTimeDiffResult to the measurement result provided by lower layers;
2>	set the currentSFN;

· MeasResults
The IE MeasResults covers measured results for intra-frequency, inter-frequency, inter-RAT mobility and measured results for sidelink.
2> 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
    ]],
	[[
	measResultUERxTxTimeDiff-r17 		MeasResultUERxTxTimeDiff-r17																		OPTIONAL
	]]


}

MeasResultUERxTxTimeDiff-r17       ::= SEQUENCE {
	ueRxTxTimeDiffResult-r17				INTEGER (0..8191),
	currentSFN-r17							BIT STRING (SIZE (10))

}


	ueRxTxTimeDiffResult
UE Rx-Tx time difference measurement result, provided by lower layers [TS 38.133] .

	currentSFN
Indicates the current system frame number when receiving the UE Rx-Tx time difference measurement results from lower layer.





ReportConfigNR information element
-- ASN1START
-- TAG-REPORTCONFIGNR-START

ReportConfigNR ::=                          SEQUENCE {
    reportType                                  CHOICE {
        periodical                                  PeriodicalReportConfig,
        eventTriggered                              EventTriggerConfig,
        ...,
        reportCGI                                   ReportCGI,
        reportSFTD                                  ReportSFTD-NR,
        condTriggerConfig-r16                       CondTriggerConfig-r16,
        cli-Periodical-r16                          CLI-PeriodicalReportConfig-r16,
        cli-EventTriggered-r16                      CLI-EventTriggerConfig-r16
    }
}

ReportCGI ::=                     SEQUENCE {
    cellForWhichToReportCGI          PhysCellId,
        ...,
    [[
    useAutonomousGaps-r16            ENUMERATED {setup}                OPTIONAL   -- Need R
    ]]

}

ReportSFTD-NR ::=                 SEQUENCE {
    reportSFTD-Meas                  BOOLEAN,
    reportRSRP                       BOOLEAN,
    ...,
    [[
    reportSFTD-NeighMeas             ENUMERATED {true}                                OPTIONAL,   -- Need R
    drx-SFTD-NeighMeas               ENUMERATED {true}                                OPTIONAL,   -- Need R
    cellsForWhichToReportSFTD        SEQUENCE (SIZE (1..maxCellSFTD)) OF PhysCellId   OPTIONAL    -- Need R
    ]]
}

CondTriggerConfig-r16 ::=        SEQUENCE {
    condEventId                      CHOICE {
        condEventA3                      SEQUENCE {
            a3-Offset                        MeasTriggerQuantityOffset,
            hysteresis                       Hysteresis,
            timeToTrigger                    TimeToTrigger
        },
        condEventA5                      SEQUENCE {
            a5-Threshold1                    MeasTriggerQuantity,
            a5-Threshold2                    MeasTriggerQuantity,
            hysteresis                       Hysteresis,
            timeToTrigger                    TimeToTrigger
        },
        ...
    },
    rsType-r16                       NR-RS-Type,
    ...
}

EventTriggerConfig::=                       SEQUENCE {
    eventId                                     CHOICE {
        eventA1                                     SEQUENCE {
            a1-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
        },
        eventA2                                     SEQUENCE {
            a2-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
        },
        eventA3                                     SEQUENCE {
            a3-Offset                                   MeasTriggerQuantityOffset,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        eventA4                                     SEQUENCE {
            a4-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        eventA5                                     SEQUENCE {
            a5-Threshold1                               MeasTriggerQuantity,
            a5-Threshold2                               MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        eventA6                                     SEQUENCE {
            a6-Offset                                   MeasTriggerQuantityOffset,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        ...
    },
    rsType                                      NR-RS-Type,
    reportInterval                              ReportInterval,
    reportAmount                                ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},
    reportQuantityCell                          MeasReportQuantity,
    maxReportCells                              INTEGER (1..maxCellReport),
    reportQuantityRS-Indexes                     MeasReportQuantity                                            OPTIONAL,   -- Need R
    maxNrofRS-IndexesToReport                   INTEGER (1..maxNrofIndexesToReport)                            OPTIONAL,   -- Need R
    includeBeamMeasurements                     BOOLEAN,
    reportAddNeighMeas                          ENUMERATED {setup}                                             OPTIONAL,   -- Need R
    ...,
    [[
    measRSSI-ReportConfig-r16                   MeasRSSI-ReportConfig-r16                                      OPTIONAL,   -- Need R
    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
    ]],
	[[
	ueRxTxTimeDiffPeriodical-r7			ENUMERATED {true}			OPTIONAL    --Need M
	]]


}
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