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1	Introduction
Part of the Rel 17 positioning enhancements objectives concerns accuracy improvements 
· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]

[bookmark: _Ref178064866]In this paper, we discuss high accuracy aspects in terms of positioning enhancements related to timing errors, DL-AoD and LoS/NLoS/multipath. 
2	Discussion
Different positioning enhancements contribute in different ways to the benefit of high accuracy positioning, including different aspects of richer reporting for enhanced UE-assisted positioning. The enhancements can be separated in some different categories, matching the WID objectives:
1. Support for timing delay management
2. Enhancements to DL-AoD and UL-AoA
3. [bookmark: _Hlk79040125]Support for further multipath/NLOS management

In this paper, we discuss these aspects from a RAN2 perspective based on recent agreements from RAN1 #106bis and #107 [1]. 
2.1	Timing delay management
RAN1 has recently agreed handling of timing errors between different internal entities in the device and has introduced the notion of timing error groups (TEG), where there are no timing delays between entities of the same TEG, but timing delays cannot be precluded between entities of different TEGs. From a RAN2 perspective, this means that UE positioning measurements will be enhanced with TEG ID information. 
Hence, for DL-TDOA, the UE can include one UE Rx TEG ID for the RSTD reference time and one UE Rx TEG ID for each DL RSTD measurement (including each additional DL RSTD measurement), in the DL TDOA measurement report. The support for providing UE Rx TEG IDs needs to be associated to a UE capability.
[bookmark: _Toc92731498]Given the RAN1 agreements, Rx TEG IDs shall be introduced for RSTD reference time and for each DL RSTD measurement in the UE DL-TDOA measurement report. 
[bookmark: _Toc92731499]Introduction of a UE capability indicating support for UE Rx TEG IDs for DL-TDOA is needed
Moreover, LMF can request a UE to measure DL timing over different UE Rx TEG IDs for the same DL-PRS in a sweeping fashion. In that process, LMF can specify the number of different UE Rx TEGs that a UE to measures for the same DL PRS resource of a TRP for RSTD. This enables an RX TEG sweeping function. 
[bookmark: _Toc92731500]Given the RAN1 agreements, introduce support for an LMF request and UE attributes to enable Rx TEG sweeping 
For UL positioning, one or several UL SRSs can be associated to a UE Tx TEG ÍD. The UE can either provide this information to the gNB, which forwards the information to LMF, or the UE can forward the information directly to LMF. The support for providing UE Tx TEG IDs needs to be associated to a UE capability.
[bookmark: _Toc92731501]Given the RAN1 agreements, Tx TEG IDs shall be introduced for UL-SRSs
[bookmark: _Toc92731502]Introduction of a UE capability indicating support for UE Tx TEG IDs for UL positioning is needed
Furthermore, for Multi-RTT, the UE can indicate the UE Rx TEG ID for the DL-PRS measurement and the associated UE Tx TEG ID for the transmission of the UL-SRS for positioning, or indicate a combined UE RxTx TEG ID.
[bookmark: _Toc92731503]Given the RAN1 agreements, Rx TEG IDs shall be introduced for each DL measurement and Tx TEG IDs shall be introduced for UL-SRSs (two possible signalling options, UE->gNB->LMF or UE->LMF), and UE RxTx TEG IDs shall be introduced for the combined UL+DL TEGs
[bookmark: _Toc92731504]Introduction of a UE capability indicating support for i) UE Tx TEG IDs and UE Rx TEG IDs, ii) UE RxTx TEG IDs for Multi-RTT positioning is needed
[bookmark: _Hlk85731434]Based on the above observations, we have the following proposal
[bookmark: _Toc92731492]RAN2 to discuss representing the information observed from RAN1 TEG-relaated agreements 

2.2	Enhancements to DL-AoD
RAN1 has agreed enhancements to DL-AoD, which enables the LMF to request a UE to include additional information about a first received path such as the PRS RSRP associated to specifically this path. 
[bookmark: _Toc85759347][bookmark: _Toc92731505]Given the RAN1 agreements, introduce support for an LMF request and UE attributes to enable first path PRS RSRP reporting for DL-AoD 
Based on the above observations, we have the following proposal
[bookmark: _Toc85759352][bookmark: _Toc92731493]RAN2 to discuss representing the information observed from RAN1 DL-AoD-related agreements 



2.3	Further multipath/NLOS management
With a wider bandwidth of positioning reference signals compared to LTE (20 MHz BW), the impulse response resolution becomes significantly finer in FR1 (up to 100MHz BW) and even more so in FR2 (up to 400 MHz BW). The time resolution is proportional to the inverse of the signal bandwidth implying that paths with similar path delays can be separated to a greater extent. Rel-16 introduced support for up to 2 additional paths, and RAN1 has now agreed to extend the number of supported additional paths
[bookmark: _Toc92731506]Given the RAN1 agreements, introduce support for extended additional pths

Non line of sight signal paths between transmitter and receiver has a significant impact on the positioning performance. Therefore, identifying and marginalizing NLOS effects are crucial for high accuracy positioning. RAN1 has introduced a LoS/NLoS indicator for RSTD, RSRP and RxTx measurements, where the UE can be requested to provide the likelihood of LoS associated to positioning signal measurements.
[bookmark: _Toc92731507]Given the RAN1 agreements, introduce support for a LoS/NLoS indication per RSTD, RSRP and UE RxTx measurements 
[bookmark: _Toc92731508]Introduction of UE capabilities indicating support for LoS/NLoS indication
Based on the above observations, we have the following proposal
[bookmark: _Toc92731494]RAN2 to discuss representing the information observed from RAN1 multipath and LoS/NLoS-related agreements 
2.4 Related text proposals
Related to Proposals 1-3, consider the text proposal in Appendix for introducing the RAN1 agreed positioning enhancements. 
[bookmark: _Toc92731495]RAN2 to consider the text proposal in Appendix when introducing the RAN1 agreements for timing errors, AoD and LoS/NLoS/multipath
The associated UE capabilities also need to be represented. However, several of the capabilities can be defined either per positioning method or as a common capability for all positioning methods. Therefore, RAN2 should discuss how to represent the capabilities corresponding to the RAN1 agreements
[bookmark: _Toc92731496]RAN2 to discuss capabilities for the RAN1 agreements for timing errors, AoD and LoS/NLoS/multipath, and whether capabilities shall be per positioning method or be in common for the positioning methods

RAN1 also agreed to include LoS/NLoS indicators in the positioning assistance data from LMF for enhanced UE-based positioning. Such assistance data is dependent on the location of the target device and LMF needs means to gather information to populate the assistance data. RAN2 needs to discuss how to represent the LoS/NLoS information spatially in the assistance data, and also would benefit from the ability to configure devices to gather the information.
One key enabler would be, dependent on a UE capability, to be able to configure devices to report both position estimates and LoS/NLoS indicators simultaneously to crowd source the LoS/NLoS information. This would need the introduction of a new location type in LPP, where LMF can require the target device to report both location information in terms of a position estimate and in terms of positioning measurements such as LoS/NLoS indicators.
[bookmark: _Toc92731497]RAN2 to discuss introducing a location type that enables LMF to require UEs to report both a position estimate and positioning measurements in the form of LoS/NLoS indications.


Conclusion
In the previous sections we made the following observations: 
Observation 1	Given the RAN1 agreements, Rx TEG IDs shall be introduced for RSTD reference time and for each DL RSTD measurement in the UE DL-TDOA measurement report.
Observation 2	Introduction of a UE capability indicating support for UE Rx TEG IDs for DL-TDOA is needed
Observation 3	Given the RAN1 agreements, introduce support for an LMF request and UE attributes to enable Rx TEG sweeping
Observation 4	Given the RAN1 agreements, Tx TEG IDs shall be introduced for UL-SRSs
Observation 5	Introduction of a UE capability indicating support for UE Tx TEG IDs for UL positioning is needed
Observation 6	Given the RAN1 agreements, Rx TEG IDs shall be introduced for each DL measurement and Tx TEG IDs shall be introduced for UL-SRSs (two possible signalling options, UE->gNB->LMF or UE->LMF), and UE RxTx TEG IDs shall be introduced for the combined UL+DL TEGs
Observation 7	Introduction of a UE capability indicating support for i) UE Tx TEG IDs and UE Rx TEG IDs, ii) UE RxTx TEG IDs for Multi-RTT positioning is needed
Observation 8	Given the RAN1 agreements, introduce support for an LMF request and UE attributes to enable first path PRS RSRP reporting for DL-AoD
Observation 9	Given the RAN1 agreements, introduce support for extended additional pths
Observation 10	Given the RAN1 agreements, introduce support for a LoS/NLoS indication per RSTD, RSRP and UE RxTx measurements
Observation 11	Introduction of UE capabilities indicating support for LoS/NLoS indication


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to discuss representing the information observed from RAN1 TEG-relaated agreements
Proposal 2	RAN2 to discuss representing the information observed from RAN1 DL-AoD-related agreements
Proposal 3	RAN2 to discuss representing the information observed from RAN1 multipath and LoS/NLoS-related agreements
Proposal 4	RAN2 to consider the text proposal in Appendix when introducing the RAN1 agreements for timing errors, AoD and LoS/NLoS/multipath
Proposal 5	RAN2 to discuss capabilities for the RAN1 agreements for timing errors, AoD and LoS/NLoS/multipath, and whether capabilities shall be per positioning method or be in common for the positioning methods
Proposal 6	RAN2 to discuss introducing a location type that enables LMF to require UEs to report both a position estimate and positioning measurements in the form of LoS/NLoS indications.
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[bookmark: _Toc46486418][bookmark: _Toc52546763][bookmark: _Toc52547293][bookmark: _Toc52547823][bookmark: _Toc52548353][bookmark: _Toc83656217]–	NR-AdditionalPathList
The IE NR-AdditionalPathList is used by the target device to provide information about additional paths in association to the TOA measurements associated to NR positioning in the form of a relative time difference and a quality value. The additional path nr-relativeTimeDifference is the detected path timing relative to the detected path timing used for the TOA value, and each additional path can be associated with a quality value nr-path-Quality.
-- ASN1START

NR-AdditionalPathList-r16 ::= SEQUENCE (SIZE(1..2)) OF NR-AdditionalPath-r16

NR-AdditionalPath-r16 ::= SEQUENCE {
	nr-RelativeTimeDifference-r16	CHOICE {
				k0-r16					INTEGER(0..16351),
				k1-r16					INTEGER(0..8176),
				k2-r16					INTEGER(0..4088),
				k3-r16					INTEGER(0..2044),
				k4-r16					INTEGER(0..1022),
				k5-r16					INTEGER(0..511),
				...
	},
	nr-PathQuality-r16				NR-TimingQuality-r16					OPTIONAL,
	...
}

NR-AdditionalPathList-r17 ::= SEQUENCE (SIZE(1.. maxNumOfAdditionalPath-r17)) OF NR-AdditionalPath-r17

NR-AdditionalPath-r17 ::= SEQUENCE {
	nr-RelativeTimeDifference-r17	CHOICE {
				k0-r16					INTEGER(0..16351),
				k1-r16					INTEGER(0..8176),
				k2-r16					INTEGER(0..4088),
				k3-r16					INTEGER(0..2044),
				k4-r16					INTEGER(0..1022),
				k5-r16					INTEGER(0..511),
				...
	},
	nr-PathQuality-r17				NR-TimingQuality-r16					OPTIONAL,
 	nr-losNlosIndicator-r17			CHOICE {
				losnlos-hard-r17		ENUMERATED {n0, n10},
				losnlos-soft-r17		INTEGER (0..10),
				...
	}																		OPTIONAL,
	...
}


-- ASN1STOP

	NR-AdditionalPathListfield descriptions

	nr-RelativeTimeDifference
This field specifies the additional detected path timing relative to the detected path timing of the reference resource. The mapping of reported values and measured quantity value is defined in TS 38.133 [46] clause 10.1.23.3.3 and 10.1.25.3.3. A positive value indicates that the particular path is later in time than the detected path of the reference; a negative value indicates that the particular path is earlier in time than the detected path of the reference.

	nr-PathQuality
This field specifies the target device′s best estimate of the quality of the detected timing of the additional path.

	nr-losNlosIndicator 
This field specifies the target device′s best estimate of the likelihood of line of sight of the measurement. Either hard 0/1 or soft [0,1] values can be reported, where n0 and n10 corresponds to 0 and 10 respectively. Scale factor 0.1.   



[…]

[bookmark: _Toc12618281][bookmark: _Toc37681195][bookmark: _Toc46486767][bookmark: _Toc52547112][bookmark: _Toc52547642][bookmark: _Toc52548172][bookmark: _Toc52548702][bookmark: _Toc83656566]6.5.10.4	NR DL-TDOA Location Information Elements
[bookmark: _Toc12618282][bookmark: _Toc37681196][bookmark: _Toc46486768][bookmark: _Toc52547113][bookmark: _Toc52547643][bookmark: _Toc52548173][bookmark: _Toc52548703][bookmark: _Toc83656567]–	NR-DL-TDOA-SignalMeasurementInformation
The IE NR-DL-TDOA-SignalMeasurementInformation is used by the target device to provide NR DL-TDOA measurements to the location server.
NOTE 1:	The dl-PRS-ReferenceInfo defines the "RSTD reference" TRP. The nr-RSTD's and nr-RSTD-ResultDiff's in nr-DL-TDOA-MeasList are provided relative to the "RSTD reference" TRP.
NOTE 2:	The "RSTD reference" TRP may or may not be the same as the "assistance data reference" TRP provided by nr-DL-PRS-ReferenceInfo in IE NR-DL-PRS-AssistanceData.
NOTE 3:	The target device includes a value of zero for the nr-RSTD and nr-RSTD-ResultDiff of the "RSTD reference" TRP in nr-DL-TDOA-MeasList.
-- ASN1START

NR-DL-TDOA-SignalMeasurementInformation-r16 ::= SEQUENCE {
[bookmark: _Hlk30954207]	dl-PRS-ReferenceInfo-r16		DL-PRS-ID-Info-r16,
	nr-DL-TDOA-MeasList-r16			NR-DL-TDOA-MeasList-r16,
	...,
	[[
	nr-losNlosIndicator-r17			CHOICE {
			losnlos-hard-r17			ENUMERATED {n0, n10},
			losnlos-soft-r17			INTEGER (0..10),
				...
	}																				OPTIONAL
	]]
}

NR-DL-TDOA-MeasList-r16 ::= SEQUENCE (SIZE(1..nrMaxTRPs-r16)) OF NR-DL-TDOA-MeasElement-r16

NR-DL-TDOA-MeasElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16								OPTIONAL,
	nr-CellGlobalID-r16				NCGI-r15										OPTIONAL,
	nr-ARFCN-r16					ARFCN-ValueNR-r15								OPTIONAL,
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16	 					OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16						OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-RSTD-r16						CHOICE {
			k0-r16						INTEGER (0..1970049),
			k1-r16						INTEGER (0..985025),
			k2-r16						INTEGER (0..492513),
			k3-r16						INTEGER (0..246257),
			k4-r16						INTEGER (0..123129),
			k5-r16						INTEGER (0..61565),
			...
	},
	nr-AdditionalPathList-r16		NR-AdditionalPathList-r16						OPTIONAL,
	nr-TimingQuality-r16			NR-TimingQuality-r16,
	nr-DL-PRS-RSRP-Result-r16		INTEGER (0..126)								OPTIONAL,
	nr-DL-TDOA-AdditionalMeasurements-r16
									NR-DL-TDOA-AdditionalMeasurements-r16			OPTIONAL,
	...,
	[[ 
	nr-Rx-TEG-ID-r17				INTEGER (1.. maxNumOfUE-RxTEG-r17)				OPTIONAL,
	nr-losNlosIndicator-r17			CHOICE {
			losnlos-hard-r17			ENUMERATED {n0, n10},
			losnlos-soft-r17			INTEGER (0..10),
				...
	}																				OPTIONAL,
	nr-ExtAdditionalPathList-r17	NR-AdditionalPathList-r17						OPTIONAL
	]]
}

NR-DL-TDOA-AdditionalMeasurements-r16 ::= SEQUENCE (SIZE (1..3)) OF
													NR-DL-TDOA-AdditionalMeasurementElement-r16

NR-DL-TDOA-AdditionalMeasurementElement-r16 ::= SEQUENCE {
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16	 					OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16 					OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-RSTD-ResultDiff-r16			CHOICE {
			k0-r16						INTEGER (0..8191),
			k1-r16						INTEGER (0..4095),
			k2-r16						INTEGER (0..2047),
			k3-r16						INTEGER (0..1023),
			k4-r16						INTEGER (0..511),
			k5-r16						INTEGER (0..255),
			...
	},
	nr-TimingQuality-r16			NR-TimingQuality-r16,
	nr-DL-PRS-RSRP-ResultDiff-r16	INTEGER (0..61)									OPTIONAL,
	nr-AdditionalPathList-r16		NR-AdditionalPathList-r16						OPTIONAL,
...,
	[[ 
	nr-Rx-TEG-ID-r17				INTEGER (1.. maxNumOfUE-RxTEG-r17)				OPTIONAL,
	nr-losNlosIndicator-r17			CHOICE {
			losnlos-hard-r17			ENUMERATED {n0, n10},
			losnlos-soft-r17			INTEGER (0..10),
				...
	}																				OPTIONAL,
	nr-ExtAdditionalPathList-r17	NR-AdditionalPathList-r17						OPTIONAL
	]]

}

-- ASN1STOP

	NR-DL-TDOA-SignalMeasurementInformation field descriptions

	dl-PRS-ID
This field is used along with a DL-PRS Resource Set ID and a DL-PRS Resources ID to uniquely identify a DL-PRS Resource. This ID can be associated with multiple DL-PRS Resource Sets associated with a single TRP.
Each TRP should only be associated with one such ID.

	nr-PhysCellID
This field specifies the physical cell identity of the associated TRP, as defined in TS 38.331 [35].

	nr-CellGlobalID
This field specifies the NCGI, the globally unique identity of a cell in NR, of the associated TRP, as defined in TS 38.331 [35].

	nr-ARFCN
This field specifies the NR-ARFCN of the TRP's CD-SSB (as defined in TS 38.300 [47]) corresponding to nr-PhysCellID.

	nr-TimeStamp
This field specifies the time instance at which the TOA and DL PRS-RSRP (if included) measurement is performed. The nr-SFN and nr-Slot in IE NR-TimeStamp correspond to the TRP provided in dl-PRS-ReferenceInfo as specified in TS 38.214 [45]. Note, the TOA measurement refers to the TOA of this neighbour TRP or the reference TRP, as applicable, used to determine the nr-RSTD or nr-RSTD-ResultDiff.

	nr-RSTD
This field specifies the relative timing difference between this neighbour TRP and the PRS reference TRP, as defined in TS 38.215 [36].  Mapping of the measured quantity is defined as in TS 38.133 [46].

	nr-AdditionalPathList
This field specifies one or more additional detected path timing values for the TRP or resource, relative to the path timing used for determining the nr-RSTD value. If this field was requested but is not included, it means the UE did not detect any additional path timing values.

	nr-TimingQuality
This field specifies the target device′s best estimate of the quality of the TOA measurement. Note, the TOA measurement refers to the TOA of this neighbour TRP or the reference TRP, as applicable, used to determine the nr-RSTD or nr-RSTD-ResultDiff.

	nr-DL-PRS-RSRP-Result
This field specifies the NR DL-PRS reference signal received power (DL PRS-RSRP) measurement, as defined in TS 38.215 [36]. The mapping of the quantity is defined as in TS 38.133 [46].

	nr-RSTD-ResultDiff
This field provides the additional DL RSTD measurement result relative to nr-RSTD. The RSTD value of this measurement is obtained by adding the value of this field to the value of the nr-RSTD field. The mapping of the field is defined in TS 38.133 [46].

	nr-DL-PRS-RSRP-ResultDiff
This field provides the additional DL-PRS RSRP measurement result relative to nr-DL-PRS-RSRP-Result. The DL-PRS RSRP value of this measurement is obtained by adding the value of this field to the value of the nr-DL-PRS-RSRP-Result field. The mapping of the field is defined in TS 38.133 [46].

	nr-Rx-TEG-ID
This field provides the ID of the RX timing error group associated to the timing measurement.

	nr-losNlosIndicator 
This field specifies the target device′s best estimate of the likelihood of line of sight of the measurement. Either hard 0/1 or soft [0,1] values can be reported, where n0 and n10 corresponds to 0 and 10 respectively. Scale factor 0.1.   



[bookmark: _Toc37681198][bookmark: _Toc46486770][bookmark: _Toc52547115][bookmark: _Toc52547645][bookmark: _Toc52548175][bookmark: _Toc52548705][bookmark: _Toc83656569][bookmark: _Toc12618288][bookmark: _Toc37681200][bookmark: _Toc46486772][bookmark: _Toc52547117][bookmark: _Toc52547647][bookmark: _Toc52548177][bookmark: _Toc52548707][bookmark: _Toc83656571]6.5.10.5	NR DL-TDOA Location Information Request
[bookmark: _Toc12618287][bookmark: _Toc37681199][bookmark: _Toc46486771][bookmark: _Toc52547116][bookmark: _Toc52547646][bookmark: _Toc52548176][bookmark: _Toc52548706][bookmark: _Toc83656570]–	NR-DL-TDOA-RequestLocationInformation
The IE NR-DL-TDOA-RequestLocationInformation is used by the location server to request NR DL-TDOA location measurements from a target device.
-- ASN1START

NR-DL-TDOA-RequestLocationInformation-r16 ::= SEQUENCE {
	nr-DL-PRS-RstdMeasurementInfoRequest-r16	ENUMERATED { true }				OPTIONAL,-- Need ON
	nr-RequestedMeasurements-r16				BIT STRING { prsrsrpReq (0) } (SIZE(1..8)),
	nr-AssistanceAvailability-r16				BOOLEAN,
	nr-DL-TDOA-ReportConfig-r16					NR-DL-TDOA-ReportConfig-r16		OPTIONAL, -- Need ON
	additionalPaths-r16							ENUMERATED { requested }		OPTIONAL, -- Need ON
	...,
	[[
	nr-DL-TDOA-RxTEG-PerPRSResource-r17			NR-DL-TDOA-RxTEG-PerPRSResource-r17																									OPTIONAL  -- Need ON
	extAdditionalPaths-r17						ENUMERATED { requested }		OPTIONAL, -- Need ON
	losNlosIndicator-r17						ENUMERATED { requested }		OPTIONAL  -- Need ON
	]]
}

NR-DL-TDOA-ReportConfig-r16 ::= SEQUENCE {
	maxDL-PRS-RSTD-MeasurementsPerTRPPair-r16	INTEGER (1..4)					OPTIONAL, -- Need ON
	timingReportingGranularityFactor-r16 		INTEGER (0..5)					OPTIONAL, -- Need ON
	...
}

NR-DL-TDOA-RxTEG-PerPRSResource-r17 ::= SEQUENCE {
	nr-numOfUERxTEG-PerPRSResource				ENUMERATED [n2, n3, n4, n6, n8, ...}				dl-PRS-Info-r17								DL-PRS-ID-Info-r16,
	...
}

-- ASN1STOP

	NR-DL-TDOA-RequestLocationInformation field descriptions

	nr-AssistanceAvailability
This field indicates whether the target device may request additional PRS assistance data from the server. TRUE means allowed and FALSE means not allowed.

	nr-RequestedMeasurements
This field specifies the NR DL-TDOA 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.

	nr-DL-PRS-RstdMeasurementInfoRequest
This field indicates whether the target device is requested to report DL-PRS Resource ID(s) or DL-PRS Resource Set ID(s) used for determining the timing of each TRP in RSTD measurements.

	maxDL-PRS-RSTD-MeasurementsPerTRPPair
This field specifies the maximum number of. DL-PRS RSTD measurements per pair of TRPs. The maximum number is defined across all Positioning Frequency Layers.

	timingReportingGranularityFactor
This field specifies the recommended reporting granularity for the DL RSTD measurements. Value (0..5) corresponds to (k0..k5) used for nr-RSTD and nr-RSTD-ResultDiff in NR-DL-TDOA-MeasElement. The UE may select a different granularity value for nr-RSTD and nr-RSTD-ResultDiff.

	additionalPaths
This field, if present, indicates that the target device is requested to provide the nr-AdditionalPathList in IE NR-DL-TDOA-SignalMeasurementInformation.

	nr-numOfUERxTEG-PerPRSResource
This field indicates the max number of UE Rx TEGs the UE is requested to consider in order to measure the indicated same DL PRS resource of a TRP, and report the corresponding multiple RSTD measurements

	extAdditionalPaths
This field, if present, indicates that the target device is requested to provide the nr-ExtAdditionalPathList in IE NR-DL-TDOA-SignalMeasurementInformation.

	losNlosIndicator
This field, if present, indicates that the target device is requested to provide the nr-losNlosIndicator in IE NR-DL-TDOA-SignalMeasurementInformation.



6.5.10.6	NR DL-TDOA Capability Information
[bookmark: _Toc12618289][bookmark: _Toc37681201][bookmark: _Toc46486773][bookmark: _Toc52547118][bookmark: _Toc52547648][bookmark: _Toc52548178][bookmark: _Toc52548708][bookmark: _Toc83656572]–	NR-DL-TDOA-ProvideCapabilities
The IE NR-DL-TDOA-ProvideCapabilities is used by the target device to indicate its capability to support NR DL-TDOA and to provide its NR DL-TDOA positioning capabilities to the location server.
-- ASN1START

NR-DL-TDOA-ProvideCapabilities-r16 ::= SEQUENCE {
	nr-DL-TDOA-Mode-r16						PositioningModes,
	nr-DL-TDOA-PRS-Capability-r16			NR-DL-PRS-ResourcesCapability-r16,
	nr-DL-TDOA-MeasurementCapability-r16	NR-DL-TDOA-MeasurementCapability-r16,
	nr-DL-PRS-QCL-ProcessingCapability-r16	NR-DL-PRS-QCL-ProcessingCapability-r16,
	nr-DL-PRS-ProcessingCapability-r16		NR-DL-PRS-ProcessingCapability-r16,
	additionalPathsReport-r16				ENUMERATED { supported }					OPTIONAL,
	periodicalReporting-r16					PositioningModes							OPTIONAL,
	...
}

-- ASN1STOP

	NR-DL-TDOA-ProvideCapabilities field descriptions

	nr-DL-TDOA-Mode
This field specifies the NR DL-TDOA mode(s) supported by the target device.

	periodicalReporting
This field, if present, specifies the positioning modes for which the target device supports periodicalReporting. This is represented by a bit string, with a one‑value at the bit position means periodicalReporting for the positioning mode is supported; a zero‑value means not supported. If this field is absent, the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.
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The IE NR-DL-TDOA-MeasurementCapability defines the DL-TDOA measurement capability. The UE can include this IE only if the UE supports NR-DL-PRS-ResourcesCapability for DL-TDOA. Otherwise, the UE does not include this IE;
-- ASN1START

NR-DL-TDOA-MeasurementCapability-r16 ::= SEQUENCE {
	dl-RSTD-MeasurementPerPairOfTRP-FR1-r16			INTEGER (1..4),
	dl-RSTD-MeasurementPerPairOfTRP-FR2-r16			INTEGER (1..4),
	supportOfDL-PRS-RSRP-MeasFR1-r16				ENUMERATED { supported}	OPTIONAL,
	supportOfDL-PRS-RSRP-MeasFR2-r16				ENUMERATED { supported}	OPTIONAL,
	...,
	[[
	extMaxAdditionalPaths-r17						ENUMERATED { n4, n8 }	OPTIONAL,
	losNlosIndicator-r17							ENUMERATED { supported}	OPTIONAL
	]]

}
-- ASN1STOP

	NR-DL-TDOA-MeasurementCapability field descriptions

	dl-RSTD-MeasurementPerPairOfTRP-FR1
Indicates number of DL RSTD measurements per pair of TRPs on FR1.

	dl-RSTD-MeasurementPerPairOfTRP-FR2
Indicates number of DL RSTD measurements per pair of TRPs on FR2.

	supportOfDL-PRS-RSRP-MeasFR1
Indicates whether the UE supports DL-PRS RSRP measurement for DL-TDOA on FR1.

	supportOfDL-PRS-RSRP-MeasFR2
Indicates whether the UE supports DL-PRS RSRP measurement for DL-TDOA on FR2.

	extMaxAdditionalPaths
Indicates the max number of additional paths the UE supports to measure and report, where n4 and n8 corresponds to 4 and 8 paths, respectively.

	losNlosIndicator
Indicates whether the UE supports LoS/NLoS likelihood assessments of measurements.
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The IE NR-DL-AoD-SignalMeasurementInformation is used by the target device to provide NR DL-AoD measurements to the location server. The measurements are provided as a list of TRPs, where the first TRP in the list is used as reference TRP.
-- ASN1START

NR-DL-AoD-SignalMeasurementInformation-r16 ::= SEQUENCE {
	nr-DL-AoD-MeasList-r16			NR-DL-AoD-MeasList-r16,
	...
}

NR-DL-AoD-MeasList-r16 ::= SEQUENCE (SIZE(1..nrMaxTRPs-r16)) OF NR-DL-AoD-MeasElement-r16

NR-DL-AoD-MeasElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16						OPTIONAL,
	nr-CellGlobalID-r16				NCGI-r15								OPTIONAL,
	nr-ARFCN-r16					ARFCN-ValueNR-r15						OPTIONAL,
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16	 			OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16 			OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-DL-PRS-RSRP-Result-r16		INTEGER (0..126),
	nr-DL-PRS-RxBeamIndex-r16		INTEGER (1..8)							OPTIONAL,
	nr-DL-AoD-AdditionalMeasurements-r16
									NR-DL-AoD-AdditionalMeasurements-r16	OPTIONAL,
	...,
	[[
	nr-DL-AoD-firstPathRSRP-r17		INTEGER (0..126)						OPTIONAL,
	nr-losNlosIndicator-r17			CHOICE {
			losnlos-hard-r17			ENUMERATED {n0, n10},
			losnlos-soft-r17			INTEGER (0..10),
				...
	}																		OPTIONAL
	]]
}

NR-DL-AoD-AdditionalMeasurements-r16 ::= SEQUENCE (SIZE (1..7)) OF
													NR-DL-AoD-AdditionalMeasurementElement-r16

NR-DL-AoD-AdditionalMeasurementElement-r16 ::= SEQUENCE {
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16	 			OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16 				OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-DL-PRS-RSRP-ResultDiff-r16	INTEGER (0..30),
	nr-DL-PRS-RxBeamIndex-r16		INTEGER (1..8)							OPTIONAL,
	... ,
	[[
	nr-losNlosIndicator-r17			CHOICE {
			losnlos-hard-r17			ENUMERATED {n0, n10},
			losnlos-soft-r17			INTEGER (0..10),
				...
	}																		OPTIONAL
	]]
}

-- ASN1STOP

	NR-DL-AoD-SignalMeasurementInformation field descriptions

	dl-PRS-ID
This field is used along with a DL-PRS Resource Set ID and a DL-PRS Resources ID to uniquely identify a DL-PRS Resource. This ID can be associated with multiple DL-PRS Resource Sets associated with a single TRP.
Each TRP should only be associated with one such ID.

	nr-PhysCellID
This field specifies the physical cell identity of the associated TRP, as defined in TS 38.331 [35].

	nr-CellGlobalID
This field specifies the NCGI, the globally unique identity of a cell in NR, of the associated TRP, as defined in TS 38.331 [35].

	nr-ARFCN
This field specifies the NR-ARFCN of the TRP's CD-SSB (as defined in TS 38.300 [47]) corresponding to nr-PhysCellID.

	nr-TimeStamp
This field specifies the time instance at which the measurement is performed.

	nr-DL-PRS-RSRP-Result
This field specifies the NR DL-PRS reference signal received power (DL PRS-RSRP) measurement, as defined in TS 38.215 [36]. The mapping of the measured quantity is defined as in TS 38.133 [46].

	nr-DL-PRS-RxBeamIndex
This field provides an index of the target device receive beam used for DL-PRS measurements. If the value of the receive beam index for two or more DL PRS measurements is the same, it indicates that the target device receive beam for the two or more DL PRS measurements were made with the same RX beam. The field is mandatory present if at least two DL-PRS RSRP measurements from the same DL-PRS Resource Set have been made with the same RX beam by the target device; otherwise it is not present.

	nr-DL-PRS-RSRP-ResultDiff
This field provides the additional DL-PRS RSRP measurement result relative to nr-DL-PRS-RSRP-Result. The DL-PRS RSRP value of this measurement is obtained by adding the value of this field to the value of the nr-DL-PRS-RSRP-Result field. The mapping of the field is defined in TS 38.133 [46].

	nr-DL-AoD-firstPathRSRP
This field provides the first path DL-PRS RSRP measurement result. The mapping of the field is defined in TS 38.133 [46].

	nr-losNlosIndicator 
This field specifies the target device′s best estimate of the likelihood of line of sight of the measurement. Either hard 0/1 or soft [0,1] values can be reported, where n0 and n10 corresponds to 0 and 10 respectively. Scale factor 0.1.   



[bookmark: _Toc37681217][bookmark: _Toc46486790][bookmark: _Toc52547135][bookmark: _Toc52547665][bookmark: _Toc52548195][bookmark: _Toc52548725][bookmark: _Toc83656589]–	NR-DL-AoD-LocationInformation
The IE NR-DL-AoD-LocationInformation is included by the target device when location information derived using NR DL-AoD is provided to the location server.
-- ASN1START

NR-DL-AoD-LocationInformation-r16 ::= SEQUENCE {
	measurementReferenceTime-r16	CHOICE {
			sfn-time-r16					NR-TimeStamp-r16,
			utc-time-r16					UTCTime,
			...
			}															OPTIONAL,
	...
}

-- ASN1STOP

	NR-DL-AoD-LocationInformation field descriptions

	measurementReferenceTime
This field specifies the time for which the location estimate is valid.
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The IE NR-DL-AoD-RequestLocationInformation is used by the location server to request NR DL-AoD location measurements from a target device.
-- ASN1START

NR-DL-AoD-RequestLocationInformation-r16 ::= SEQUENCE {
	nr-AssistanceAvailability-r16				BOOLEAN,
	nr-DL-AoD-ReportConfig-r16					NR-DL-AoD-ReportConfig-r16,
	...
}

NR-DL-AoD-ReportConfig-r16 ::= SEQUENCE {
	maxDL-PRS-RSRP-MeasurementsPerTRP-r16		INTEGER (1..8)			OPTIONAL, -- Need ON
	...,
	[[
	requestFirstPathRSRP.r17					ENUMERATED { requested}	OPTIONAL	-- Need ON
	losNlosIndicator-r17						ENUMERATED { requested}	OPTIONAL	-- Need ON
	]]
}

-- ASN1STOP

	NR-DL-AoD-RequestLocationInformation field descriptions

	nr-AssistanceAvailability
This field indicates whether the target device may request additional PRS assistance data from the server. TRUE means allowed and FALSE means not allowed.

	maxDL-PRS-RSRP-MeasurementsPerTRP
This field specifies the maximum number of DL-PRS RSRP measurements on different DL-PRS Resources from the same TRP. 

	requestFirstPathRSRP
This field is used to request a target device to report the PRS RSRP of first arrival path.

	losNlosIndicator
This field, if present, indicates that the target device is requested to provide the nr-losNlosIndicator in IE NR-DL-AoD-SignalMeasurementInformation.
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The IE NR-DL-AoD-ProvideCapabilities is used by the target device to indicate its capability to support NR DL-AoD and to provide its NR DL-AoD positioning capabilities to the location server.
-- ASN1START

NR-DL-AoD-ProvideCapabilities-r16 ::= SEQUENCE {
	nr-DL-AoD-Mode-r16						PositioningModes,
	nr-DL-AoD-PRS-Capability-r16			NR-DL-PRS-ResourcesCapability-r16,
	nr-DL-AoD-MeasurementCapability-r16		NR-DL-AoD-MeasurementCapability-r16,
	nr-DL-PRS-QCL-ProcessingCapability-r16	NR-DL-PRS-QCL-ProcessingCapability-r16,
	nr-DL-PRS-ProcessingCapability-r16		NR-DL-PRS-ProcessingCapability-r16,
	periodicalReporting-r16					PositioningModes						OPTIONAL,
	...
}

-- ASN1STOP

	NR-DL-AoD-ProvideCapabilities field descriptions

	nr-DL-AoD-Mode
This field specifies the NR DL-AoD mode(s) supported by the target device.

	periodicalReporting
This field, if present, specifies the positioning modes for which the target device supports periodicalReporting. This is represented by a bit string, with a one‑value at the bit position means periodicalReporting for the positioning mode is supported; a zero‑value means not supported. If this field is absent, the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.
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The IE NR-DL-AoD-MeasurementCapability defines the DL-AoD measurement capability. The UE can include this IE only if the UE supports NR-DL-PRS-ResourcesCapability for DL-AoD. Otherwise, the UE does not include this IE;
-- ASN1START

NR-DL-AoD-MeasurementCapability-r16 ::= SEQUENCE {
	maxDL-PRS-RSRP-MeasurementFR1-r16		INTEGER (1..8),
	maxDL-PRS-RSRP-MeasurementFR2-r16		INTEGER (1..8),
	dl-AoD-MeasCapabilityBandList-r16		SEQUENCE (SIZE (1..nrMaxBands-r16)) OF
													DL-AoD-MeasCapabilityPerBand-r16,
	... ,
	[[
	losNlosIndicator-r17							ENUMERATED { supported}	OPTIONAL
	]]

}

DL-AoD-MeasCapabilityPerBand-r16 ::= SEQUENCE {
	freqBandIndicatorNR-r16				FreqBandIndicatorNR-r16,
	simul-NR-DL-AoD-DL-TDOA-r16			ENUMERATED { supported}	OPTIONAL,
	simul-NR-DL-AoD-Multi-RTT-r16		ENUMERATED { supported}	OPTIONAL,
	...
}

-- ASN1STOP

	NR-DL-AoD-MeasurementCapability field descriptions

	maxDL-PRS-RSRP-MeasurementFR1
Indicates the maximum number of DL-PRS RSRP measurements on different PRS resources from the same TRP supported by the UE on FR1.

	maxDL-PRS-RSRP-MeasurementFR2
Indicates the maximum number of DL-PRS RSRP measurements on different PRS resources from the same TRP supported by the UE on FR2.

	simul-NR-DL-AoD-DL-TDOA
Indicates whether the UE supports simultaneous processing for DL-AoD and DL-TDOA measurements. The UE can include this field only if the UE supports DL-TDOA and DL-AoD. Otherwise, the UE does not include this field;

	simul-NR-DL-AoD-Multi-RTT
Indicates whether the UE supports simultaneous processing for DL-AoD and UE Multi-RTT measurements. The UE can include this field only if the UE supports Multi-RTT and DL-AoD. Otherwise, the UE does not include this field;

	losNlosIndicator
Indicates whether the UE supports LoS/NLoS likelihood assessments of measurements.
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The IE NR-Multi-RTT-SignalMeasurementInformation is used by the target device to provide NR Multi-RTT measurements to the location server. The measurements are provided as a list of TRPs, where the first TRP in the list is used as reference TRP.
-- ASN1START

NR-Multi-RTT-SignalMeasurementInformation-r16 ::= SEQUENCE {
	nr-Multi-RTT-MeasList-r16		NR-Multi-RTT-MeasList-r16,
[bookmark: _Hlk42710993]	nr-NTA-Offset-r16				ENUMERATED { nTA1, nTA2, nTA3, nTA4, ... }		OPTIONAL,
	...
}

NR-Multi-RTT-MeasList-r16 ::= SEQUENCE (SIZE(1..nrMaxTRPs-r16)) OF NR-Multi-RTT-MeasElement-r16

NR-Multi-RTT-MeasElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16								OPTIONAL,
	nr-CellGlobalID-r16				NCGI-r15										OPTIONAL,
	nr-ARFCN-r16					ARFCN-ValueNR-r15								OPTIONAL,
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16						OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16 					OPTIONAL,
	nr-UE-RxTxTimeDiff-r16			CHOICE {
			k0-r16						INTEGER (0..1970049),
			k1-r16						INTEGER (0..985025),
			k2-r16						INTEGER (0..492513),
			k3-r16						INTEGER (0..246257),
			k4-r16						INTEGER (0..123129),
			k5-r16						INTEGER (0..61565),
			...
	},
	nr-AdditionalPathList-r16		NR-AdditionalPathList-r16						OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-TimingQuality-r16			NR-TimingQuality-r16,
	nr-DL-PRS-RSRP-Result-r16		INTEGER (0..126)								OPTIONAL,
	nr-Multi-RTT-AdditionalMeasurements-r16
									NR-Multi-RTT-AdditionalMeasurements-r16			OPTIONAL,
	...,
	[[
	nr-TEG-ID-r17					NR-Multi-RTT-TEG-ID-r17							OPTIONAL
	nr-losNlosIndicator-r17			CHOICE {
			losnlos-hard-r17			ENUMERATED {n0, n10},
			losnlos-soft-r17			INTEGER (0..10),
				...
	}																				OPTIONAL,
	nr-ExtAdditionalPathList-r17	NR-AdditionalPathList-r17						OPTIONAL
	]]
}

NR-Multi-RTT-AdditionalMeasurements-r16 ::= SEQUENCE (SIZE (1..3)) OF
									NR-Multi-RTT-AdditionalMeasurementElement-r16

NR-Multi-RTT-AdditionalMeasurementElement-r16 ::= SEQUENCE {
	nr-DL-PRS-ResourceID-r16			NR-DL-PRS-ResourceID-r16					OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16			NR-DL-PRS-ResourceSetID-r16 				OPTIONAL,
	nr-DL-PRS-RSRP-ResultDiff-r16		INTEGER (0..61)								OPTIONAL,
	nr-UE-RxTxTimeDiffAdditional-r16	CHOICE {
			k0-r16							INTEGER (0..8191),
			k1-r16							INTEGER (0..4095),
			k2-r16							INTEGER (0..2047),
			k3-r16							INTEGER (0..1023),
			k4-r16							INTEGER (0..511),
			k5-r16							INTEGER (0..255),
			...
	},
	nr-TimingQuality-r16				NR-TimingQuality-r16,
	nr-AdditionalPathList-r16			NR-AdditionalPathList-r16					OPTIONAL,
	nr-TimeStamp-r16					NR-TimeStamp-r16,
	...,
	[[
	nr-ueRxTxTEG-ID-group-r17			NR-ueRxTxTEG-ID-group-r17					OPTIONAL
	nr-losNlosIndicator-r17			CHOICE {
			losnlos-hard-r17			ENUMERATED {n0, n10},
			losnlos-soft-r17			INTEGER (0..10),
				...
	}																				OPTIONAL,
	nr-ExtAdditionalPathList-r17	NR-AdditionalPathList-r17						OPTIONAL
	]]

}

NR-ueRxTxTEG-ID-group-r17 ::= CHOICE {
	nr-ueRxTxTEG-ID-group-1-r17					SEQUENCE {
		nr-RxTx-TEG-ID-r17				INTEGER (1.. maxNumOfUE-RxTxTEG-r17)
	},
	nr-ueRxTxTEG-ID-group-2-r17					SEQUENCE {
		nr-RxTx-TEG-ID-r17				INTEGER (1.. maxNumOfUE-RxTxTEG-r17),
		nr-Rx-TEG-ID-r17				INTEGER (1.. maxNumOfUE-RxTEG-r17)
	},
	nr-ueRxTxTEG-ID-group-3-r17					SEQUENCE {
		nr-Rx-TEG-ID-r17				INTEGER (1.. maxNumOfUE-RxTEG-r17),
		nr-Tx-TEG-ID-r17				INTEGER (1.. maxNumOfUE-TxTEG-r17)
	}
}


-- ASN1STOP

	NR-Multi-RTT-SignalMeasurementInformation field descriptions

	nr-NTA-Offset
This field provides the NTAoffset used by the target device as specified in TS 38.133 [46], Table 7.1.2-2. Enumerated values nTA1, nTA2, nTA3, and nTA4 correspond to NTAoffset of 25600 Tc, 0 Tc, 39936 Tc, and 13792 Tc, respectively.

	dl-PRS-ID
This field is used along with a DL-PRS Resource Set ID and a DL-PRS Resources ID to uniquely identify a DL-PRS Resource. This ID can be associated with multiple DL-PRS Resource Sets associated with a single TRP.
Each TRP should only be associated with one such ID.

	nr-PhysCellID
This field specifies the physical cell identity of the associated TRP, as defined in TS 38.331 [35].

	nr-CellGlobalID
This field specifies the NCGI, the globally unique identity of a cell in NR, of the associated TRP, as defined in TS 38.331 [35].

	nr-ARFCN
This field specifies the NR-ARFCN of the TRP's CD-SSB (as defined in TS 38.300 [47]) corresponding to nr-PhysCellID.

	nr-UE-RxTxTimeDiff
This field specifies the UE Rx–Tx time difference measurement, as defined in TS 38.215 [36]. 

	nr-AdditionalPathList
This field specifies one or more additional detected path timing values for the TRP or resource, relative to the path timing used for determining the nr-UE-RxTxTimeDiff value. If this field was requested but is not included, it means the UE did not detect any additional path timing values.

	nr-TimeStamp
This field specifies the time instance for which the measurement is performed.

	nr-TimingQuality
This field specifies the target device′s best estimate of the quality of the measurement.

	nr-DL-PRS-RSRP-Result
This field specifies the NR DL-PRS reference signal received power (DL PRS-RSRP) measurement, as defined in TS 38.215 [36]. The mapping of the quantity is defined as in TS 38.133 [46].

	nr-DL-PRS-RSRP-ResultDiff
This field provides the additional DL-PRS RSRP measurement result relative to nr-DL-PRS-RSRP-Result. The DL-PRS RSRP value of this measurement is obtained by adding the value of this field to the value of the nr-DL-PRS-RSRP-Result. The mapping of this field is defined as in TS 38.133 [46].

	nr-UE-RxTxTimeDiffAdditional
This field provides the additional UE Rx-Tx Difference measurement result relative to nr-UE-RxTxTimeDiff. The UE Rx-Tx Difference value of this measurement is obtained by adding the value of this field to the value of the nr-UE-RxTxTimeDiff field. The mapping of the field is defined in TS 38.133 [46].

	nr-RxTx-TEG-ID
This field provides the ID of the RXTX timing error group associated to the timing measurement.

	nr-losNlosIndicator 
This field specifies the target device′s best estimate of the likelihood of line of sight of the measurement. Either hard 0/1 or soft [0,1] values can be reported, where n0 and n10 corresponds to 0 and 10 respectively. Scale factor 0.1.   
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The IE NR-Multi-RTT-RequestLocationInformation is used by the location server to request NR Multi-RTT location measurements from a target device.
-- ASN1START

NR-Multi-RTT-RequestLocationInformation-r16 ::= SEQUENCE {
	nr-UE-RxTxTimeDiffMeasurementInfoRequest-r16
										ENUMERATED { true }					OPTIONAL, -- Need ON
	nr-RequestedMeasurements-r16		BIT STRING { prsrsrpReq(0)} (SIZE(1..8)),
	nr-AssistanceAvailability-r16		BOOLEAN,
	nr-Multi-RTT-ReportConfig-r16		NR-Multi-RTT-ReportConfig-r16,
	additionalPaths-r16					ENUMERATED { requested }			OPTIONAL, -- Need ON
	... ,
	[[
	nr-DL-Multi-RTT-TEG-PerPRSResource-r17			NR-DL-Multi-RTT-TEG-PerPRSResource-r17																						OPTIONAL  -- Need ON
	extAdditionalPaths-r17						ENUMERATED { requested }	OPTIONAL, -- Need ON
	losNlosIndicator-r17						ENUMERATED { requested }	OPTIONAL  -- Need ON
	]]

}

NR-Multi-RTT-ReportConfig-r16 ::= SEQUENCE {
	maxDL-PRS-RxTxTimeDiffMeasPerTRP-r16 	INTEGER (1..4)					OPTIONAL, -- Need ON
	timingReportingGranularityFactor-r16 	INTEGER (0..5)					OPTIONAL	-- Need ON
}

NR-Multi-RTT-TEG-PerPRSResource-r17 ::= SEQUENCE {
	nr-numOfUERxTEG-PerPRSResource				ENUMERATED [n2, n3, n4, n6, n8, ...}	OPTIONAL,		nr-numOfUERxTxTEG-PerPRSResource			ENUMERATED [n2, n3, n4, n6, n8, ...} 	OPTIONAL,
	dl-PRS-Info-r17								DL-PRS-ID-Info-r16,
	...
}


-- ASN1STOP

	NR-Multi-RTT-RequestLocationInformation field descriptions

	nr-UE-RxTxTimeDiffMeasurementInfoRequest
This field, if present, indicates that the target device is requested to report the DL-PRS Resource ID(s) or DL-PRS Resource Set ID(s) associated with the DL-PRS Resources(s) or the DL-PRS Resource Set(s) which are used in determining the UE Rx-Tx time difference measurements.

	nr-AssistanceAvailability
This field indicates whether the target device may request additional PRS assistance data from the server. TRUE means allowed and FALSE means not allowed.

	maxDL-PRS-RxTxTimeDiffMeasPerTRP
This field specifies the maximum number of UE-Rx-Tx time difference measurements for different DL-PRS Resources or DL-PRS Resource Sets per TRP. 

	timingReportingGranularityFactor
This field specifies the recommended reporting granularity for the UE Rx-Tx time difference measurements. Value (0..5) corresponds to (k0..k5) used for nr-UE-RxTxTimeDiff and nr-UE-RxTxTimeDiffAdditional in NR-Multi-RTT-MeasElement. The UE may select a different granularity value for nr-UE-RxTxTimeDiff and nr-UE-RxTxTimeDiffAdditional.

	additionalPaths
This field, if present, indicates that the target device is requested to provide the nr-AdditionalPathList in IE NR-Multi-RTT-SignalMeasurementInformation.

	nr-numOfUERxTEG-PerPRSResource
This field indicates the max number of UE Rx TEGs the UE is requested to consider in order to measure the indicated same DL PRS resource of a TRP, and report the corresponding multiple UE RxTx measurements

	nr-numOfUERxTxTEG-PerPRSResource
This field indicates the max number of UE RxTx TEGs the UE is requested to consider in order to measure the indicated same DL PRS resource of a TRP, and report the corresponding multiple UE RxTx measurements

	extAdditionalPaths
This field, if present, indicates that the target device is requested to provide the nr-ExtAdditionalPathList in IE NR-Multi-RTT-SignalMeasurementInformation.

	losNlosIndicator
This field, if present, indicates that the target device is requested to provide the nr-losNlosIndicator in IE NR-Multi-RTT-SignalMeasurementInformation.



[…]
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The IE NR-Multi-RTT-ProvideCapabilities is used by the target device to indicate its capability to support NR Multi-RTT and to provide its NR Multi-RTT positioning capabilities to the location server.
-- ASN1START

NR-Multi-RTT-ProvideCapabilities-r16 ::= SEQUENCE {
	nr-Multi-RTT-PRS-Capability-r16			NR-DL-PRS-ResourcesCapability-r16,
	nr-Multi-RTT-MeasurementCapability-r16	NR-Multi-RTT-MeasurementCapability-r16,
	nr-DL-PRS-QCL-ProcessingCapability-r16	NR-DL-PRS-QCL-ProcessingCapability-r16,
	nr-DL-PRS-ProcessingCapability-r16		NR-DL-PRS-ProcessingCapability-r16,
	nr-UL-SRS-Capability-r16				NR-UL-SRS-Capability-r16,
	additionalPathsReport-r16				ENUMERATED { supported }					OPTIONAL,
	periodicalReporting-r16					ENUMERATED { supported }					OPTIONAL,
	...
}

-- ASN1STOP

[bookmark: _Toc46486815][bookmark: _Toc52547160][bookmark: _Toc52547690][bookmark: _Toc52548220][bookmark: _Toc52548750][bookmark: _Toc83656614]–	NR-Multi-RTT-MeasurementCapability
The IE NR-Multi-RTT-MeasurementCapability defines the Multi-RTT measurement capability. The UE can include this IE only if the UE supports NR-DL-PRS-ResourcesCapability for Multi-RTT. Otherwise, the UE does not include this IE;
-- ASN1START

NR-Multi-RTT-MeasurementCapability-r16 ::= SEQUENCE {
	maxNrOfRx-TX-MeasFR1-r16					INTEGER (1..4)	OPTIONAL,
	maxNrOfRx-TX-MeasFR2-r16					INTEGER (1..4)	OPTIONAL,
	supportOfRSRP-MeasFR1-r16					ENUMERATED { supported}	OPTIONAL,
	supportOfRSRP-MeasFR2-r16					ENUMERATED { supported}	OPTIONAL,
	srs-AssocPRS-MultiLayersFR1-r16				ENUMERATED { supported}	OPTIONAL,
	srs-AssocPRS-MultiLayersFR2-r16				ENUMERATED { supported}	OPTIONAL,
	...,
	[[
	extMaxAdditionalPaths-r17						ENUMERATED { n4, n8 }	OPTIONAL,
	losNlosIndicator-r17							ENUMERATED { supported}	OPTIONAL
	]]

}

-- ASN1STOP

	NR-Multi-RTT-MeasurementCapability field descriptions

	maxNrOfRx-TX-MeasFR1
Indicates the maximum number of UE Rx–Tx time difference measurements corresponding to a single SRS resource/resource set for positioning with each measurement corresponding to a single DL-PRS resource/resource set on FR1.

	maxNrOfRx-TX-MeasFR2
Indicates the maximum number of UE Rx–Tx time difference measurements corresponding to a single SRS resource/resource set for positioning with each measurement corresponding to a single DL-PRS resource/resource set on FR2.

	srs-AssocPRS-MultiLayersFR1
Indicates whether the UE supports measurements derived on one or more DL-PRS resource/resource sets which may be in different positioning frequency layers for SRS transmitted in a single CC. PRS and SRS may be on different bands. This is for FR1 only.

	srs-AssocPRS-MultiLayersFR2
Indicates whether the UE supports measurements derived on one or more DL-PRS resource/resource sets which may be in different positioning frequency layers for SRS transmitted in a single CC. PRS and SRS may be on different bands. This is for FR2 only.

	supportOfRSRP-MeasFR1
Indicates whether the UE supports RSRP measurement for Multi-RTT on FR1.

	supportOfRSRP-MeasFR2
Indicates whether the UE supports RSRP measurement for Multi-RTT on FR2.

	extMaxAdditionalPaths
Indicates the max number of additional paths the UE supports to measure and report, where n4 and n8 corresponds to 4 and 8 paths, respectively.

	losNlosIndicator
Indicates whether the UE supports LoS/NLoS likelihood assessments of measurements.
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-- ASN1START

maxEARFCN					INTEGER ::= 65535	-- Maximum value of EUTRA carrier frequency
maxEARFCN-Plus1				INTEGER ::= 65536	-- Lowest value extended EARFCN range
maxEARFCN2					INTEGER ::= 262143	-- Highest value extended EARFCN range

maxMBS-r14					INTEGER ::= 64
maxWLAN-AP-r13				INTEGER ::= 64
maxKnownAPs-r14				INTEGER ::= 2048
maxVisibleAPs-r14			INTEGER ::= 32
maxWLAN-AP-r14				INTEGER ::= 128
maxWLAN-DataSets-r14		INTEGER ::= 8

maxBT-Beacon-r13			INTEGER ::= 32

nrMaxBands-r16							INTEGER ::= 1024	-- Maximum number of supported bands in
															-- UE capability.
nrMaxFreqLayers-r16						INTEGER ::= 4		-- Max freq layers
nrMaxFreqLayers-1-r16					INTEGER ::= 3
nrMaxNumDL-PRS-ResourcesPerSet-1-r16 	INTEGER ::= 63
nrMaxNumDL-PRS-ResourceSetsPerTRP-1-r16	INTEGER ::= 7
nrMaxResourceIDs-r16					INTEGER ::= 64		-- Max Resource IDs
nrMaxResourceOffsetValue-1-r16 			INTEGER ::= 511
nrMaxResourcesPerSet-r16				INTEGER ::= 64		-- Maximum resources for one set
nrMaxSetsPerTrp-r16						INTEGER ::= 2		-- Maximum resource sets for one TRP
nrMaxSetsPerTrp-1-r16					INTEGER ::= 1
nrMaxTRPs-r16							INTEGER ::= 256		-- Max TRPs per UE
nrMaxTRPsPerFreq-r16					INTEGER ::= 64		-- Max TRPs per freq layers
nrMaxTRPsPerFreq-1-r16					INTEGER ::= 63
maxSimultaneousBands-r16				INTEGER ::= 4		-- Maximum number of simultaneously
															-- measured bands
maxBandComb-r16							INTEGER ::= 1024
nrMaxConfiguredBands-r16				INTEGER ::= 16

maxNumOfAdditionalPath-r17				INTEGER ::= 8       -- Max number of additional paths
maxNumOfUE-RxTEG-r17					INTEGER ::= 8       -- Max number of RX TEG groups
maxNumOfUE-TxTEG-r17					INTEGER ::= 8       -- Max number of TX TEG groups
maxNumOfUE-RxTxTEG-r17					INTEGER ::= 256     -- Max number of RXTX TEG groups


-- ASN1STOP
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