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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this document, we present our views on some remaining issues on LPP for Rel-16 NR positioning.
2. Discussion
Issue 1 : Description of ‘TimingReportingGranularityFactor’ 
In R4-2005845[1], the absolute value of RSTD has the following agreement in RAN4:
· RSTD
· Absolute value
· The reporting range is from -985024Tc to +985024Tc, for FR1 and FR2
· The reporting granularity is uniform across the reporting range in each report mapping table (one table per k) and is defined as T = Tc*2k where
· k is from the set {0, 1, 2, 3, 4, 5}
· LMF provides a recommended k value (k1). UE selects parameter k (k2) and informs to the LMF (RAN4 will further discuss the relation between UE selected parameter k2 and LMF recommended value k1). The bit-width corresponding to each k is different enabling LMF to identify which k was used.
· The number of reportable entities, depending on k, is:
· k=0: 1970050
· k=1: 985026
· k=2: 492514
· k=3: 246258
· k=4: 123130
· k=5: 61566
· Differential RSTD reporting 
· The reporting range is from 0 to +8191Tc
· Absolute value is reported for the smallest RSTD measurements and the differential reports are for the other RSTD measurements.
· The reporting granularity is the same as for absolute value reporting above
· The number of reportable entities, depending on k, is:
· k=0: 8192
· k=1: 4096
· k=2: 2048
· k=3: 1024
· k=4: 512
· k=5: 256
Rely on this LS, in TS37.355[2], the IE NR-DL-TDOA-SignalMeasurementInformation is used by the target device to provide NR-DL TDOA measurements to the location server as below.
NR-DL-TDOA-SignalMeasurementInformation-r16 ::= SEQUENCE {
[bookmark: _Hlk30954207]	dl-PRS-ReferenceInfo-r16		DL-PRS-IdInfo-r16,
	nr-DL-TDOA-MeasList-r16			NR-DL-TDOA-MeasList-r16,
	...
}
NR-DL-TDOA-MeasElement-r16 ::= SEQUENCE {
	trp-ID-r16						TRP-ID-r16,
	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-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,
	...
}

Correspondingly, the IE NR-DL-TDOA-RequestLocationInformation is used by the location server to request NR DL-TDOA location measurements from a target device as below.
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-ReportConfig-r16 ::= SEQUENCE {
	maxDL-PRS-RSTD-MeasurementsPerTRPPair-r16	INTEGER (1..4)					OPTIONAL, -- Need ON
	timingReportingGranularityFactor-r16 		INTEGER (0..5)					OPTIONAL, -- Need ON
	...
}
Furthermore, regarding ‘timingReportingGranularityFactor’, the following description is given.
	timingReportingGranularityFactor
This field specifies the reporting granularity for the UE timing measurements (DL RSTD, the UE Rx-Tx time difference). 


However, the above description related to ‘timingReportingGranularityFactor’ is not enough to reflect the relationship between LMF request and UE report. According to the LS, LMF provides a recommended k value (k1) and UE may select parameter k (k2) and informs to the LMF. Therefore, we propose to add detailed description of ‘timingReportingGranularityFactor’ to indicate the relationship between LMF request and UE report. Then we make the following changes to the relevant description.
	timingReportingGranularityFactor
This field specifies the reporting granularity for the UE timing measurements (DL RSTD, the UE Rx-Tx time difference). Value (0..5 )correspond to (k0-r16.. k5-r16 ) of nr-RSTD-r16  and  nr-RSTD-ResultDiff-r16 in NR-DL-TDOA-MeasElement-r16.
This field in NR-DL-TDOA-RequestLocationInformation is used for the LMF to recommend the reporting granularity. The UE may select a granularity value for timing report which is different from  the LMF request and informs the LMF.



Proposal 1: 
· Detailed descriptions for ‘timingReportingGranularityFactor’ should be added.
	timingReportingGranularityFactor
This field specifies the reporting granularity for the UE timing measurements (DL RSTD, the UE Rx-Tx time difference). Value (0..5 )correspond to (k0-r16.. k5-r16 ) of nr-RSTD-r16  and  nr-RSTD-ResultDiff-r16 in NR-DL-TDOA-MeasElement-r16.
This field in NR-DL-TDOA-RequestLocationInformation is used for the LMF to recommend the reporting granularity. The UE may select a granularity value for timing report which is different from  the LMF request and informs the LMF.



Issue 2 : Description of ‘nr-RSTD-ResultDiff’
In current TS37.355[2], there is no descriptions of ‘nr-RSTD-ResultDiff’ in NR-DL-TDOA-SignalMeasurementInformation field descriptions.
Therefore, we propose that
Proposal 2: Description of nr-RSTD-ResultDiff should be added.
	nr-RSTD-ResultDiff
This field specifies the relative timing of the reference TRP between different resources under the reference path.
nr-RSTD-ResultDiff also need follow timingReportingGranularityFactor-r16 requirement in NR-DL-TDOA-ReportConfig-r16



Issue 3 : Description of ‘SSB index’ in the descriptions of NR-SSB-Config
NR-SSB-Config defines SSB configuration. This field can be used when SSB configuration is required such as QCL relation between PRS and SSB or PRS punctured by SSB. 
NR-SSB-Config-r16 ::= SEQUENCE {
	nr-PhysCellID-r16					NR-PhysCellID-r16,
	nr-ARFCN-r16						ARFCN-ValueNR-r15,
	ss-PBCH-BlockPower-r16				INTEGER (-60..50),
	halfFrameIndex-r16					INTEGER (0..1),
	ssb-periodicity-r16					ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, ...},
	ssb-PositionsInBurst-r16			CHOICE {
		shortBitmap-r16						BIT STRING (SIZE (4)),
		mediumBitmap-r16					BIT STRING (SIZE (8)),
		longBitmap-r16						BIT STRING (SIZE (64))
	}																			OPTIONAL, --Need OR
	ssb-SubcarrierSpacing-r16			ENUMERATED {kHz15, kHz30, kHz60, kHz120, kHz240, ...},
	sfn-SSB-Offset-r16					INTEGER (0..15),
	...
}
Further description is as follows
	NR-SSB-Config field descriptions

	ssb-PositionsInBurst
Indicates the time domain positions of the transmitted SS-blocks in a half frame with SS/PBCH blocks as defined in TS 38.213 [39], clause 4.1. The first/ leftmost bit corresponds to SS/PBCH block index 0, the second bit corresponds to SS/PBCH block index 1, and so on. Value 0 in the bitmap indicates that the corresponding SS/PBCH block is not transmitted while value 1 indicates that the corresponding SS/PBCH block is transmitted. 

	ss-PBCH-BlockPower
Average EPRE of the resources elements that carry secondary synchronization signals in dBm that the NW used for SSB transmission, see TS 38.213 [13], clause 7.

	ssb-periodicity
The SSB periodicity in ms for the rate matching purpose. If the field is absent, the UE applies the value ms5. (see TS 38.213 [39], clause 4.1).

	ssb-SubcarrierSpacing
Subcarrier spacing of SSB. Only the values 15 kHz or 30 kHz (FR1), and 120 kHz or 240 kHz (FR2) are applicable.

	ssb-Index
For a DL-PRS Resource, SSB index indicated for QCL Type D and QCL Type C is same.


However, compared NR-SSB-Config field with the descriptions, it can be seen that there is no ‘ssb-Index’ in NR-SSB-Config field but the descriptions of ‘ssb-Index’ appears. Therefore, we propose to delete related descriptions of ‘ssb-Index’ in NR-SSB-Config field descriptions.
Proposal 3: 
· Descriptions of ‘ssb-Index’ in NR-SSB-Config field descriptions should be deleted. 
3. Conclusion
Based on the discussion, we propose the following:
Proposal 1: 
· Detailed descriptions for ‘timingReportingGranularityFactor’ should be added.
	timingReportingGranularityFactor
This field specifies the reporting granularity for the UE timing measurements (DL RSTD, the UE Rx-Tx time difference). Value (0..5 )correspond to (k0-r16.. k5-r16 ) of nr-RSTD-r16  and  nr-RSTD-ResultDiff-r16 in NR-DL-TDOA-MeasElement-r16.
This field in NR-DL-TDOA-RequestLocationInformation is used for the LMF to recommend the reporting granularity. The UE may select a granularity value for timing report which is different from  the LMF request and informs the LMF.


Proposal 2: Description of nr-RSTD-ResultDiff should be added.
	nr-RSTD-ResultDiff
This field specifies the relative timing of the reference TRP between different resources under the reference path.
nr-RSTD-ResultDiff also need follow timingReportingGranularityFactor-r16 requirement in NR-DL-TDOA-ReportConfig-r16



Proposal 3: 
· Descriptions of ‘ssb-Index’ in NR-SSB-Config field descriptions should be deleted. 
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5. Annex A
The following texts are extracted from the 3GPP TS 37.355 [2]:
[bookmark: _Toc12618281][bookmark: _Toc37681195][bookmark: _Toc46486767]6.5.10.4	NR DL-TDOA Location Information Elements
[bookmark: _Toc12618282][bookmark: _Toc37681196][bookmark: _Toc46486768]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 {
	dl-PRS-ReferenceInfo-r16		DL-PRS-ID-Info-r16,
	nr-DL-TDOA-MeasList-r16			NR-DL-TDOA-MeasList-r16,
	...
}

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,
[bookmark: _GoBack]	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-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,
...
}

-- 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.

	nr-PRS-RSRP-Result
This field specifies the reference signal received power (RSRP) measurement, as defined in TS 38.331 [35].

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

	nr-RSTD-ResultDiff
This field specifies the relative timing of the reference TRP between different resources under the reference path.
nr-RSTD-ResultDiff also need follow timingReportingGranularityFactor-r16 requirement in NR-DL-TDOA-ReportConfig-r16




[bookmark: _Toc37681198][bookmark: _Toc46486770]6.5.10.5	NR DL-TDOA Location Information Request
[bookmark: _Toc12618287][bookmark: _Toc37681199][bookmark: _Toc46486771]–	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-ReportConfig-r16 ::= SEQUENCE {
	maxDL-PRS-RSTD-MeasurementsPerTRPPair-r16	INTEGER (1..4)					OPTIONAL, -- Need ON
	timingReportingGranularityFactor-r16 		INTEGER (0..5)					OPTIONAL, -- Need ON
	...
}

-- 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 reporting granularity for the UE timing measurements (DL RSTD, the UE Rx-Tx time difference). Value (0..5 )correspond to (k0-r16.. k5-r16 ) of nr-RSTD-r16  and  nr-RSTD-ResultDiff-r16 in NR-DL-TDOA-MeasElement-r16.
This field in NR-DL-TDOA-RequestLocationInformation is used for the LMF to recommend the reporting granularity. The UE may select a granularity value for timing report which is different from  the LMF request and informs the LMF. 



[bookmark: _Toc27765178][bookmark: _Toc37680845][bookmark: _Toc46486416]6.4.3	Common NR Positioning Information Elements
[bookmark: _Toc46486430]–	NR-SSB-Config
The IE NR-SSB-Config defines SSB configuration.
-- ASN1START

NR-SSB-Config-r16 ::= SEQUENCE {
	nr-PhysCellID-r16					NR-PhysCellID-r16,
	nr-ARFCN-r16						ARFCN-ValueNR-r15,
	ss-PBCH-BlockPower-r16				INTEGER (-60..50),
	halfFrameIndex-r16					INTEGER (0..1),
	ssb-periodicity-r16					ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, ...},
	ssb-PositionsInBurst-r16			CHOICE {
		shortBitmap-r16						BIT STRING (SIZE (4)),
		mediumBitmap-r16					BIT STRING (SIZE (8)),
		longBitmap-r16						BIT STRING (SIZE (64))
	}																			OPTIONAL, --Need OR
	ssb-SubcarrierSpacing-r16			ENUMERATED {kHz15, kHz30, kHz60, kHz120, kHz240, ...},
	sfn-SSB-Offset-r16					INTEGER (0..15),
	...
}

-- ASN1STOP

	NR-SSB-Config field descriptions

	ssb-PositionsInBurst
Indicates the time domain positions of the transmitted SS-blocks in a half frame with SS/PBCH blocks as defined in TS 38.213 [39], clause 4.1. The first/ leftmost bit corresponds to SS/PBCH block index 0, the second bit corresponds to SS/PBCH block index 1, and so on. Value 0 in the bitmap indicates that the corresponding SS/PBCH block is not transmitted while value 1 indicates that the corresponding SS/PBCH block is transmitted. 

	ss-PBCH-BlockPower
Average EPRE of the resources elements that carry secondary synchronization signals in dBm that the NW used for SSB transmission, see TS 38.213 [13], clause 7.

	ssb-periodicity
The SSB periodicity in ms for the rate matching purpose. If the field is absent, the UE applies the value ms5. (see TS 38.213 [39], clause 4.1).

	ssb-SubcarrierSpacing
Subcarrier spacing of SSB. Only the values 15 kHz or 30 kHz (FR1), and 120 kHz or 240 kHz (FR2) are applicable.

	ssb-Index
For a DL-PRS Resource, SSB index indicated for QCL Type D and QCL Type C is same.



