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Introduction
In RAN1#98, an LS [1] was sent to RAN2 to inform about agreed reference signals, measurements and also some relation to positioning techniques for which the reference signals and associated measurements are intended to facilitate. The positioning techniques are indicated for information purpose as examples and do not intend to influence higher layer signalling to be developed by RAN2. The tables below from the LS provide mappings between reference signals and gNB measurements based on the latest status of the RAN1 discussion. 

	DL/UL Reference Signals 
	gNB Measurements 
	To facilitate support of the following positioning techniques 

	Rel.16 SRS for positioning 
	UL RTOA 
	UL-TDOA 

	Rel.16 SRS for positioning 
	UL SRS-RSRP 
	UL-TDOA, UL-AoA, Multi-RTT 

	Rel.16 SRS for positioning, Rel.16 DL PRS 
	gNB Rx-Tx time difference 
	Multi-RTT 

	Rel.16 SRS for positioning, 
	AoA and ZoA 
	UL-AoA, Multi-RTT 


 

	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	E-CID




In general, a combination of these reference signals and measurements can be adopted in a hybrid positioning solution. Therefore, it is relevant to define general procedures that can be flexibly used for positioning. In this contribution, we discuss related stage-3 definitions and procedures for NR positioning in relation to the WID objectives [2]:
RAN2 centric objectives
Define functional interfaces, signaling and procedures including UE reporting, to support NR RAT-dependent positioning for the NR positioning techniques listed in RAN1 objectives [RAN2]
Define extensions of LPP protocol for NR RAT-dependent positioning [RAN2]

Furthermore, we discuss some explicit LPP and ECID details.
[bookmark: _Ref178064866]Discussion
[bookmark: _Hlk13053798]Based on the agreed RAN1 measurements, it is timely to start categorizing the positioning methods and measurements. As discussed in [3], it is relevant to separate the new additions in Rel 16 into three categoriesof NR positioning:
· Downlink positioning, essentially based on configured UE positioning measurements
· Uplink positioning, essentially based on configured gNB measurements 
· ECID positioning, essentially based on UE measurements made available due to radio resource management procedures
As for previous RATs, the ECID positioning method concerns measurements that are available due to other configured procedures and mechanisms, mainly for radio resource management. These measurements har configured via RRC and can either be reported via RRC or via LPP.
Tthe existing ECID positioning method can be enhanced to include also support for NR measurements. 
[bookmark: _Toc20991001]Enhance ECID Positioning subsection of the Positioning Method IEs section in LPP to introduce support for Rel-16 NR ECID positioning
The NR RRC measurement reporting structure for measurement results is rather different compared to the LTE RRC measurement reporting structure. 
[bookmark: _Toc20991000]	The LTE RRC and NR RRC measurement result reporting structures are significantly different
Therefore, it is not relevant to enhance existing information elements to support NR RRM measurements. Instead, we propose to introduce a new information element ECID-SignalMeasurementInformationNR in LPP to handle NR measurements made available due to NR RRC configuration.
[bookmark: _Toc20991002]Introduce a new information element to represent the NR ECID measurements
The NR RRC measurement scope also includes measurements per beam, associated to either SSB or CSI-RS. It also includes a more comprehensive cell global information. Furthermore, SFTD has been introduced to enable reporting of timing differences, which also is related to positioning. Moreover, UE Rx-Tx based on RRC-configured signals should also be reported as part of LPP NR ECID.
[bookmark: _Toc20991003]Introduce LPP NR ECID reporting of Rel-15 NR measurements, including measurements per beam associated to either SSB or CSI-RS, CGI and SFTD.
The Appendix contains a text proposal for introducing support for NR ECID in LPP.
[bookmark: _Toc20991004]Agree to the Text Proposal in Appendix A.

Based on the discussion in [3], proposing to introduce downlink and uplink positioning method categories and measurements, it seems reasonable to group capabilities, assistance data transfer, location information transfer and error handling in downlink and uplink categories. By introducing subsections per downlink and uplink positioning in LPP [4], sections 6.5, support for NR downlink and uplink positioning can be smoothly introduced.
[bookmark: _Toc20991005]Introduce new subsections in the Positioning Method IEs for downlink and uplink positioning to introduce support for Rel-16 NR positioning


Conclusion
[bookmark: _In-sequence_SDU_delivery]In the previous sections we made the following observations: 
Observation 1	The LTE RRC and NR RRC measurement result reporting structures are significantly different

Based on the discussion in the previous sections we propose the following:
Proposal 1	Enhance ECID Positioning subsection of the Positioning Method IEs section in LPP to introduce support for Rel-16 NR ECID positioning
Proposal 2	Introduce a new information element to represent the NR ECID measurements
Proposal 3	Introduce LPP NR ECID reporting of Rel-15 NR measurements, including measurements per beam associated to either SSB or CSI-RS, CGI and SFTD.
Proposal 4	Agree to the Text Proposal in Appendix A.
Proposal 5	Introduce new subsections in the Positioning Method IEs for downlink and uplink positioning to introduce support for Rel-16 NR positioning
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[bookmark: _Toc12618450]6.5.3	Enhanced Cell ID Positioning
[bookmark: _Toc12618451]6.5.3.1	E‑CID Location Information
[bookmark: _Toc12618452]–	ECID-ProvideLocationInformation
The IE ECID-ProvideLocationInformation is used by the target device to provide E‑CID location measurements to the location server. It may also be used to provide ECID positioning specific error reason.
-- ASN1START

ECID-ProvideLocationInformation ::= SEQUENCE {
	ecid-SignalMeasurementInformation	ECID-SignalMeasurementInformation		OPTIONAL,
	ecid-Error							ECID-Error								OPTIONAL,
	...,
[[ ecid-SignalMeasurementInformationNR-r16	ECID-SignalMeasurementInformationNR-r16		OPTIONAL
]]

}

-- ASN1STOP

[bookmark: _Toc12618453]6.5.3.2	E‑CID Location Information Elements
[bookmark: _Toc12618454]–	ECID-SignalMeasurementInformation
The IE ECID-SignalMeasurementInformation is used by the target device to provide various UE‑measurements to the location server.
-- ASN1START

ECID-SignalMeasurementInformation ::= SEQUENCE {
	primaryCellMeasuredResults	MeasuredResultsElement	OPTIONAL,
	measuredResultsList			MeasuredResultsList,
	...
}

MeasuredResultsList ::= SEQUENCE (SIZE(1..32)) OF MeasuredResultsElement

MeasuredResultsElement ::= SEQUENCE {
	physCellId						INTEGER (0..503),
	cellGlobalId					CellGlobalIdEUTRA-AndUTRA	OPTIONAL,
	arfcnEUTRA						ARFCN-ValueEUTRA,
	systemFrameNumber				BIT STRING (SIZE (10))		OPTIONAL,
	rsrp-Result						INTEGER (0..97)				OPTIONAL,
	rsrq-Result						INTEGER (0..34)				OPTIONAL,
[bookmark: _Hlk20988088]	ue-RxTxTimeDiff					INTEGER (0..4095)			OPTIONAL,
	...,
	[[	arfcnEUTRA-v9a0				ARFCN-ValueEUTRA-v9a0		OPTIONAL		-- Cond EARFCN-max
	]],
	[[	nrsrp-Result-r14			INTEGER (0..113)			OPTIONAL,
		nrsrq-Result-r14			INTEGER (0..74)				OPTIONAL,
		carrierFreqOffsetNB-r14		CarrierFreqOffsetNB-r14		OPTIONAL,		-- Cond NB-IoT
		hyperSFN-r14				BIT STRING (SIZE (10))		OPTIONAL
	]],
	[[
		rsrp-Result-v1470			INTEGER (-17..-1)			OPTIONAL,
		rsrq-Result-v1470			INTEGER (-30..46)			OPTIONAL
	]]
}

-- ASN1STOP

	Conditional presence
	Explanation

	EARFCN-max
	The field is mandatory present if the corresponding arfcnEUTRA (i.e. without suffix) is set to maxEARFCN. Otherwise the field is not present.

	NB-IoT
	The field is mandatory present if the measured cell is a NB-IoT cell. Otherwise it is not present.



	ECID-SignalMeasurementInformation field descriptions

	primaryCellMeasuredResults
This field contains measurements for the primary cell (if the primary cell is a E-UTRA or NB-IoT cell), when the target device reports measurements for both primary cell (E-UTRA or NB-IoT) and neighbour cells. This field shall be omitted when the target device reports measurements for the primary cell (E-UTRA or NB-IoT) only, in which case the measurements for the primary cell (E-UTRA or NB-IoT) is reported in the measuredResultsList. This field shall be omitted when the primary cell is not a E-UTRA or NB-IoT cell.

	measuredResultsList
This list contains the E‑CID measurements for up to 32 E-UTRA or NB-IoT cells.

	physCellId
This field specifies the physical cell identity of the measured cell.

	cellGlobalId
This field specifies cell global ID of the measured cell. The target device shall provide this field if it was able to determine the ECGI of the measured cell at the time of measurement.

	arfcnEUTRA
This field specifies the ARFCN of the measured E-UTRA carrier frequency, as defined in TS 36.331 [12]. In case the target device includes arfcnEUTRA-v9a0, the target device shall set the corresponding arfcnEUTRA (i.e. without suffix) to maxEARFCN.

	systemFrameNumber
This field specifies the system frame number of the measured cell during which the measurements have been performed. The target device shall include this field if it was able to determine the SFN of the cell at the time of measurement.

	rsrp-Result
This field specifies the reference signal received power (RSRP) measurement, as defined in TS 36.331 [12], TS 36.214 [17]. In case the target device includes rsrp-Result-v1470, the target device shall set the corresponding rsrp-Result (i.e. without suffix) to value 0.

	rsrq-Result
This field specifies the reference signal received quality (RSRQ) measurement, as defined in TS 36.331 [12], TS 36.214 [17]. In case the target device includes rsrq-Result-v1470, the target device shall set the corresponding rsrq-Result (i.e. without suffix) to value 0 or 34.

	ue-RxTxTimeDiff
This field specifies the UE Rx–Tx time difference measurement, as defined in TS 36.214 [17]. It is provided only for measurements on the UE's primary cell.
Measurement report mapping is according to TS 36.133 [18]. 

	nrsrp-Result
This field specifies the narrowband reference signal received power (NRSRP) measurement, as defined in TS 36.214 [17]. Measurement report mapping is according to TS 36.133 [18].

	nrsrq-Result
This field specifies the narrowband reference signal received quality (NRSRQ) measurement, as defined in TS 36.214 [17].
Measurement report mapping to the value defined in TS 36.133 [18]. Values 0..29 map to values
NRSRQ_-30..NRSRQ_-1. Values 30..62 map to NRSRQ_01..NRSRQ_33. Values 63..74 map to NRSRQ_35..NRSRQ_46. The UE does not report NRSRQ_00 nor NRSRQ_34.

	carrierFreqOffsetNB
This field specifies the offset of the NB-IoT channel number to ARFCN given by arfcnEUTRA as defined in TS 36.101 [21].

	hyperSFN
This field specifies the hyper-SFN of the measured cell during which the measurements have been performed. The target device shall include this field if it was able to determine the hyper-SFN of the cell at the time of measurement.



–	ECID-SignalMeasurementInformationNR
The IE ECID-SignalMeasurementInformationNR is used by the target device to provide various UE NR measurements to the location server.
-- ASN1START

ECID-SignalMeasurementInformationNR-r16 ::= SEQUENCE {
	primaryCellNRMeasuredResults-r16	MeasuredResultsNRElement-r16			OPTIONAL,
	measuredResultsNRList-r16			MeasuredResultsNRList-r16,
	measResultCellListSFTD-NR-r16		MeasResultCellListSFTD-NR-r16			OPTIONAL
	...
}

MeasuredResultsNRList-r16 ::= SEQUENCE (SIZE(1..32)) OF MeasuredResultsNRElement-r16

MeasuredResultsNRElement-r16 ::= SEQUENCE {
	physCellIdNR-r16				INTEGER (0..1007),
	measResultNR-r16				SEQUENCE {
		cellResults-r16					SEQUENCE{
			resultsSSB-Cell-r16				MeasQuantityResults-r16				OPTIONAL,
			resultsCSI-RS-Cell-r16			MeasQuantityResults-r16				OPTIONAL
		},
		rsIndexResults-r16				SEQUENCE{
			resultsSSB-Indexes-r16			ResultsPerSSB-IndexList-r16			OPTIONAL,
			resultsCSI-RS-Indexes-r16		ResultsPerCSI-RS-IndexList-r16		OPTIONAL
		}																		OPTIONAL
	},
    cgi-InfoNR-r16					CGI-InfoNR-r16				OPTIONAL
	ue-RxTxTimeDiff-r16				INTEGER (0..4095)			OPTIONAL,
}

MeasQuantityResults-r16 ::= SEQUENCE {
    rsrp-r16	INTEGER (0..127)		OPTIONAL,
    rsrq-r16	INTEGER (0..127)		OPTIONAL
}

ResultsPerSSB-IndexList-r16::= SEQUENCE (SIZE (1..64)) OF ResultsPerSSB-Index-r16

ResultsPerSSB-Index-r16 ::= SEQUENCE {
    ssb-Index-r16					INTEGER (0..63),
    ssb-Results-r16					MeasQuantityResults-r16					OPTIONAL
}

ResultsPerCSI-RS-IndexList-r16::= SEQUENCE (SIZE (1..64)) OF ResultsPerCSI-RS-Index-r16

ResultsPerCSI-RS-Index-r16 ::= SEQUENCE {
    csi-RS-Index-r16				INTEGER (0..95),
    csi-RS-Results-r16				MeasQuantityResults-r16					OPTIONAL
}


CGI-InfoNR-r16 ::=	SEQUENCE {
	plmn-IdentityInfoList-r16			OCTET STRING				OPTIONAL,
	frequencyBandList-r16				OCTET STRING				OPTIONAL,
	noSIB1								SEQUENCE {
		ssb-SubcarrierOffset-r16		INTEGER (0..15),
		pdcch-ConfigSIB1-r16			OCTET STRING
    }																OPTIONAL,
    ...
}


-- ASN1STOP

	Conditional presence
	Explanation

	
	



	MeasResultNR field descriptions

	cellResults
Cell level measurement results.

	physCellId
The physical cell identity of the NR cell for which the reporting is being performed.

	resultsSSB-Cell
Cell level measurement results based on SS/PBCH related measurements.

	resultsSSB-Indexes
Beam level measurement results based on SS/PBCH related measurements.

	resultsCSI-RS-Cell
Cell level measurement results based on CSI-RS related measurements.

	resultsCSI-RS-Indexes
Beam level measurement results based on CSI-RS related measurements.

	rsIndexResults
Beam level measurement results.




	ECID-SignalMeasurementInformation field descriptions

	primaryCellNRMeasuredResults
This field contains measurements for the NR primary cell, when the target device reports measurements for both primary cell and NR neighbour cells. This field shall be omitted when the target device reports measurements for the NR primary cell only, in which case the measurements for the NR primary cell is reported in the measuredResultsNRList. This field shall be omitted when the primary cell is not an NR cell.

	measuredResultsList
This list contains the E‑CID measurements for up to 32 NR cells.

	physCellIdNR
This field specifies the physical cell identity of the measured cell.

	measResultNR
Measured results of an NR cell.

	noSIB1
Contains ssb-SubcarrierOffset and pdcch-ConfigSIB1 fields acquired by the UE from MIB of the cell for which report CGI procedure was requested by the network in case SIB1 was not broadcast by the cell.

	plmn-IdentityInfoList
The plmn-IdentityInfoList contains a list of one or more PLMN Identities and additional information associated with those PLMNs. The total number of PLMNs in the PLMN-IdentityInfoList does not exceed 12. The parameter is defined in TS 36.331 [12] as PLMN-IdentityInfoList. The first/leftmost bit of the first octet contains the most significant bit.

	frequencyBandList
List of one or multiple frequency bands to which this carrier(s) belongs. The parameter is defined in TS 36.331 [12] as MultiFrequencyBandListNR. The first/leftmost bit of the first octet contains the most significant bit.

	ssb-SubcarrierOffset
Corresponds to kSSB (see TS 38.213 [13]), which is the frequency domain offset between SSB and the overall resource block grid in number of subcarriers. (See TS 38.211 [16], clause 7.4.3.1).
The value range of this field may be extended by an additional most significant bit encoded within PBCH as specified in TS 38.213 [13].
This field may indicate that this cell does not provide SIB1 and that there is hence no CORESET#0 configured in MIB (see TS 38.213 [13], clause 13). In this case, the field pdcch-ConfigSIB1 may indicate the frequency positions where the UE may (not) find a SS/PBCH with a control resource set and search space for SIB1 (see TS 38.213 [13], clause 13). The parameter is defined in TS 36.331 [12] as PDCCH-ConfigSIB1. The first/leftmost bit of the first octet contains the most significant bit.

	pdcch-ConfigSIB1
Determines a common ControlResourceSet (CORESET), a common search space and necessary PDCCH parameters. If the field ssb-SubcarrierOffset indicates that SIB1 is absent, the field pdcch-ConfigSIB1 indicates the frequency positions where the UE may find SS/PBCH block with SIB1 or the frequency range where the network does not provide SS/PBCH block with SIB1 (see TS 38.213 [13], clause 13).

	ue-RxTxTimeDiff
This field specifies the UE Rx–Tx time difference measurement, as defined in TS 36.214 [17]. It is provided only for measurements on the UE's primary cell.
Measurement report mapping is according to TS 36.133 [18]. 

	measResultCellListSFTD-NR
SFTD measurement results between the PCell and the NR neighbour cell(s) in NR standalone.



[bookmark: _Toc12618455]6.5.3.3	E‑CID Location Information Request
[bookmark: _Toc12618456]–	ECID-RequestLocationInformation
The IE ECID-RequestLocationInformation is used by the location server to request E‑CID location measurements from a target device.
-- ASN1START

ECID-RequestLocationInformation ::= SEQUENCE {
	requestedMeasurements		BIT STRING {	rsrpReq		(0),
												rsrqReq		(1),
												ueRxTxReq	(2),
												nrsrpReq-r14	(3),
												nrsrqReq-r14	(4),
												nrRRMReq-r16	(5)} (SIZE(1..8)),
	...
}

-- ASN1STOP

	ECID-RequestLocationInformation field descriptions

	requestedMeasurements
This field specifies the E‑CID measurements requested. This is represented by a bit string, with a one‑value at the bit position means the particular measurement is requested; a zero‑value means not requested.



[bookmark: _Toc12618457]6.5.3.4	E‑CID Capability Information
[bookmark: _Toc12618458]–	ECID-ProvideCapabilities
The IE ECID-ProvideCapabilities is used by the target device to indicate its capability to support E‑CID and to provide its E‑CID location capabilities to the location server.
-- ASN1START

ECID-ProvideCapabilities ::= SEQUENCE {
	ecid-MeasSupported	BIT STRING {	rsrpSup		(0),
										rsrqSup		(1),
										ueRxTxSup	(2),
										nrsrpSup-r14	(3),
										nrsrqSup-r14	(4),
										nrRRM-r16	(5)} (SIZE(1..8)),
	...,
	[[	ueRxTxSupTDD-r13					ENUMERATED { true }				OPTIONAL
	]],
	[[	periodicalReporting-r14				ENUMERATED { supported }		OPTIONAL,
		triggeredReporting-r14				ENUMERATED { supported }		OPTIONAL,
		idleStateForMeasurements-r14		ENUMERATED { required }			OPTIONAL
	]]
}

-- ASN1STOP

	ECID-Provide-Capabilities field descriptions

	ecid-MeasSupported
This field specifies the E‑CID measurements supported by the target device. This is represented by a bit string, with a one‑value at the bit position means the particular measurement is supported; a zero‑value means not supported. A zero-value in all bit positions in the bit string means only the basic Cell ID positioning method is supported by the target device.
If the UE Rx-Tx time difference measurement is supported by the target device (i.e., ueRxTxSup field is set to one), it means that the UE supports the UE Rx-Tx time difference measurement reporting via both LPP signaling and RRC signalling.
If a target device doesn't support LPP, the E-SMLC may assume the target device can not report the UE Rx-Tx time difference measurement results via RRC signalling.
If NR RRM measurement reporting is supported by the target device, it means that the UE supports NR RRM measurements via RRC, including SS-RSRP, SS-RSRQ, CSI-RSRP, CSI-RSRQ, and SS-RSRPB. 

	ueRxTxSupTDD
This field, if present, indicates that any UE Rx-Tx time difference measurement reporting for TDD from the target device includes the NTAoffset according to TS 36.211 [16], TS 36.214 [17] and uses the UE Rx-Tx time difference measurement report mapping for TDD as specified in TS 36.133 [18]. This field may only be included if the ueRxTxSup field in ecid‑MeasSupported is set to value one.

	periodicalReporting
This field, if present, indicates that the target device supports periodicalReporting of ECID measurements. If this field is absent, the location server may assume that the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.

	triggeredReporting
This field, if present, indicates that the target device supports triggeredReporting for the cellChange event. If this field is absent, the location server may assume that the target device does not support triggeredReporting in CommonIEsRequestLocationInformation.

	idleStateForMeasurements
This field, if present, indicates that the target device requires idle state to perform ECID measurements.



[bookmark: _Toc12618459]6.5.3.5	E‑CID Capability Information Request
[bookmark: _Toc12618460]–	ECID-RequestCapabilities
The IE ECID-RequestCapabilities is used by the location server to request E‑CID positioning capabilities from a target device.
-- ASN1START

ECID-RequestCapabilities ::= SEQUENCE {
	...
}

-- ASN1STOP

[bookmark: _Toc12618461]6.5.3.6	E‑CID Error Elements
[bookmark: _Toc12618462]–	ECID-Error
The IE ECID-Error is used by the location server or target device to provide E‑CID error reasons to the target device or location server, respectively.
-- ASN1START

ECID-Error ::= CHOICE {
	locationServerErrorCauses		ECID-LocationServerErrorCauses,
	targetDeviceErrorCauses			ECID-TargetDeviceErrorCauses,
	...
}

-- ASN1STOP

[bookmark: _Toc12618463]–	ECID-LocationServerErrorCauses
The IE ECID-LocationServerErrorCauses is used by the location server to provide E‑CID error reasons to the target device.
-- ASN1START

ECID-LocationServerErrorCauses ::= SEQUENCE {
	cause		ENUMERATED	{	undefined,								
								...
							},
	...
}

-- ASN1STOP

[bookmark: _Toc12618464]–	ECID-TargetDeviceErrorCauses
The IE ECID-TargetDeviceErrorCauses is used by the target device to provide E-CID error reasons to the location server.
-- ASN1START

ECID-TargetDeviceErrorCauses ::= SEQUENCE {
	cause		ENUMERATED {	undefined,
								requestedMeasurementNotAvailable,
								notAllrequestedMeasurementsPossible,
								...
							},
	rsrpMeasurementNotPossible				NULL		OPTIONAL,
	rsrqMeasurementNotPossible				NULL		OPTIONAL,
	ueRxTxMeasurementNotPossible			NULL		OPTIONAL,
	...,
	[[
	 nrsrpMeasurementNotPossible-r14		NULL		OPTIONAL,
	 nrsrqMeasurementNotPossible-r14		NULL		OPTIONAL
	]]
}

-- ASN1STOP

	ECID-TargetDeviceErrorCauses field descriptions

	cause
This field provides a ECID specific error cause. If the cause value is 'notAllRequestedMeasurementsPossible', the target device was not able to provide all requested ECID measurements (but may be able to provide some measurements). In this case, the target device should include any of the rsrpMeasurementNotPossible, rsrqMeasurementNotPossible, ueRxTxMeasurementNotPossible, nrsrpMeasurementNotPossible, or nrsrqMeasurementNotPossible fields, as applicable.
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