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1	Introduction
In this paper, we resolve several open issues related to positioning accuracy enhancements, in particular UL CPP and SRS bandwidth aggregation.
[bookmark: _Hlk527071819]2	Discussion
2.1	Uplink carrier phase positioning (UL CPP)
UL CPP was discussed at the previous RAN3 meeting, and many of the encoding details of the time window configuration for UL-SRS transmission and measurement were agreed.
RAN3 has received an LS from RAN1 in [1] which provides Rel-18 higher-layer parameters. For UL CPP, it includes the following RAN1 agreement in row 94:
	Agreement
Support UE/TRP to report the phase quality indication for the RSCP/RSCPD measurements. The phase quality indication includes the following fields:
•	phase quality index
•	phase quality resolution
The values of the phase quality index and phase quality resolution are left for RAN4.



The TRP Measurement Result IE already supports associating a measurement quality with each measurement by including the Measurement Quality IE.  However, the Measurement Quality IE currently supports a choice between timing and angle measurement quality. Therefore, a third choice needs to be added for phase measurement quality.
Proposal 1:	Introduce Phase Measurement Quality as an addition choice in the Measurement Quality IE; it includes the Phase Quality Index IE and Phase Quality Resolution IE. Encoding details are pending RAN4.
Additionally, RAN 1 made the following agreement in row 93:
	Agreement
For the timestamp associated with a reported RSCP/RSCPD measurement, NR-TimeStamp, with the granularity of a slot, currently defined in TS 37.355, can be reused as the timestamp. 
•	Subject to UE capability, a UE may optionally provide an OFDM symbol index in the timestamp.
•	Note: It is up to RAN2/RAN3 how to signal the timestamp



The Symbol Index IE was already added in the Time Stamp IE with FFS. It is our understanding that the symbol level granularity is only applicable to RSCP, so this should be captured in the semantics description.
Proposal 2:	Remove the FFS for the Symbol Index IE in the Time Stamp and add the following semantics description: “Applicable to UL RSCP measurement only”.

2.2	SRS Bandwidth Aggregation
According to the LS from RAN4 in R3-237148 [2], RAN4 has made the following agreements:
-	k = {-1, -2} are feasible and beneficial from RAN4 perspective; and
-	k = {-3, -4, -5, -6} are also feasible for both UE and TRP, but whether to support is up to RAN1.
In addition, the LS from RAN4 in R3-237149 [3] provides the reporting mapping tables for gNB Rx-Tx and UL-RTOA measurements for k = {-1, -2}, which are aligned with the values that are already in the NRPPa Baseline CR.
Therefore, RAN3 can resolve the Editor’s Notes for bandwidth aggregation by introduce the Timing Reporting Granularity Factor Extended IE as an extensible INTEGER having two values: {-1, -2}. The IE can be later extended to support additional values such as {-3, -4, -5, -6} if agreed by RAN1 in Release 18+. There is no need to support legacy values in the new IE, to avoid two different ways to signal the same thing.
Proposal 3:	Encode the Timing Reporting Granularity Factor Extended IE as INTEGER (-2 .. -1, …), and remove the associated FFSes and Editor’s Notes.
3	Conclusions
In this paper, we evaluated open issues related to positioning accuracy enhancements and proposed the following:
For UL CPP:
Proposal 1:	Introduce Phase Measurement Quality as an addition choice in the Measurement Quality IE, which includes the Phase Quality Index IE and Phase Quality Resolution IE. Encoding details are pending RAN4.
Proposal 2:	Remove the FFS for the Symbol Index IE in the Time Stamp and add the following semantics description: “Applicable to UL RSCP measurement only”.
For SRS bandwidth aggregation:
Proposal 3:	Encode the Timing Reporting Granularity Factor Extended IE as INTEGER (-2 .. -1, …), and remove the associated FFSes and Editor’s Notes.
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This message is sent by the LMF to request the NG-RAN node to configure a positioning measurement.
Direction: LMF  NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	NRPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	LMF Measurement ID
	M
	
	INTEGER (1..65536, …) 
	
	YES
	reject

	TRP Measurement Request List
	
	1
	
	
	YES
	reject

	>TRP Measurement Request Item 
	
	1..<maxnoofMeasTRPs>
	
	
	EACH
	reject

	>>TRP ID
	M
	
	9.2.24
	
	-
	

	>>Search Window Information
	O
	
	9.2.26
	
	-
	

	>>Cell ID
	O
	
	NR CGI
9.2.9
	The Cell ID of the TRP identified by the TRP ID IE.
	YES
	ignore

	>>AoA Search Window Information
	O
	
	UL-AoA Assistance Information 9.2.66
	
	YES
	ignore

	>>Number of TRP Rx TEGs
	O
	
	ENUMERATED (2, 3, 4, 6, 8, …)
	
	YES
	ignore

	>>Number of TRP RxTx TEGs
	O
	
	ENUMERATED (2, 3, 4, 6, 8, …)
	
	YES
	ignore

	Report Characteristics
	M
	
	ENUMERATED (OnDemand, Periodic, ...)
	
	YES
	reject

	Measurement Periodicity
	C-ifReportCharacteristicsPeriodic
	
	ENUMERATED (120ms, 240ms, 480ms, 640ms, 1024ms, 2048ms, 5120ms, 10240ms, 1min, 6min, 12min, 30min, 60min,…, 20480ms, 40960ms, extended) 
	The codepoint 120ms, 240ms, 480ms, 1024ms, 2048ms, 1min, 6min, 12min, 30min, and 60min are not applicable
	YES
	reject

	TRP Measurement Quantities
	
	1
	
	
	YES
	reject

	>TRP Measurement Quantities Item
	
	1 .. <maxnoPosMeas>
	
	
	EACH
	reject

	>TRP Measurement Type
	M
	
	ENUMERATED (gNB-RxTxTimeDiff, UL-SRS-RSRP, UL-AoA, UL-RTOA,…,  Multiple UL-AoA, UL SRS-RSRPP, UL-RSCP)
	
	-
	

	>Timing Reporting Granularity Factor
	O
	
	INTEGER (0..5)
	Value (0..5) corresponds to (k0..k5)
TS 38.133 [16].
This IE is ignored when the Timing Reporting Granularity Factor Extended IE is included.
	-
	

	>Timing Reporting Granularity Factor Extended
	O
	
	INTEGER (-2..-1, …)
	Value -2 corresponds to kminus2 and so on, see
TS 38.133 [16]
	
	

	SFN initialisation Time
	O
	
	Relative Time 1900
9.2.36
	If this IE is not present, the TRP may assume that the value is same as its own SFN initialisation time.
	YES
	ignore

	SRS Configuration
	O
	
	9.2.28
	
	YES
	ignore

	Measurement Beam Information Request
	O
	
	ENUMERATED (true,...)
	This IE is ignored when the Measurement Characteristics Request Indicator IE is included.
	YES
	ignore

	[bookmark: OLE_LINK17]System Frame Number
	O 
	
	INTEGER(0..1023)
	
	YES
	ignore

	Slot Number
	O
	
	INTEGER(0..79)
	
	YES
	ignore

	Measurement Periodicity Extended
	C-ifMeasPerExt
	
	ENUMERATED (160ms, 320ms, 1280ms, 2560ms, 61440ms, 81920ms, 368640ms, 737280ms, 1843200ms, …)
	
	YES
	reject

	Response Time
	O
	
	9.2.68
	This IE is ignored when the Report Characteristics IE is set to “periodic”.
	YES
	ignore

	Measurement Characteristics Request Indicator
	O
	
	9.2.81
	
	YES
	ignore

	Measurement Time Occasion
	O
	
	ENUMERATED (o1, o4, …)
	
	YES
	ignore

	Measurement Amount
	O
	
	ENUMERATED (0, 1, 2, 4, 8, 16, 32, 64)
	This IE is ignored if the Report Characteristics IE is set to ‘OnDemand’. 
Value 0 represents an infinite number of periodic reporting.
	YES
	ignore

	Time Window Information for Measurement
	O
	
	9.2.x2
	
	YES
	ignore



	Condition
	Explanation

	ifReportCharacteristicsPeriodic
	This IE shall be present if the Report Characteristics IE is set to the value "Periodic".

	ifMeasPerExt
	This IE shall be present if the Measurement Periodicity IE is set to the value "extended".





	Range bound
	Explanation

	maxnoPosMeas
	Maximum no. of measured quantities that can be configured and reported with one positioning measurement message. Value is 16384.

	maxnoofMeasTRPs
	Maximum no. of TRPs that can be included within one message. Value is 64. 



<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>
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This information element contains the uplink RTOA measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	CHOICE UL RTOA Measurement
	M
	
	
	
	-
	

	>k0
	M
	
	INTEGER (0.. 1970049)
	TS 38.133 [16]
	-
	

	>k1
	M
	
	INTEGER (0.. 985025)
	TS 38.133 [16]
	-
	

	>k2
	M
	
	INTEGER (0.. 492513)
	TS 38.133 [16]
	-
	

	>k3
	M
	
	INTEGER (0.. 246257)
	TS 38.133 [16]
	-
	

	>k4
	M
	
	INTEGER (0.. 123129)
	TS 38.133 [16]
	-
	

	>k5
	M
	
	INTEGER (0.. 61565)
	TS 38.133 [16]
	-
	

	>kminus1
	M
	
	INTEGER (0..3940097)
	TS 38.133 [16]
	YES
	ignore

	>kminus2
	M
	
	INTEGER (0..7880193)
	TS 38.133 [16]
	YES
	ignore

	Additional Path List
	O
	
	9.2.41
	This IE is ignored if the Extended Additional Path List IE is included
	-
	

	Extended Additional Path List
	O
	
	9.2.74
	
	YES
	ignore

	TRP Rx TEG Information
	O
	
	9.2.85
	
	YES
	ignore
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This information element contains the gNB Rx-Tx Time Difference measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	CHOICE gNB Rx-Tx Time Difference Measurement
	M
	
	
	
	-
	

	>k0
	M
	
	INTEGER (0.. 1970049)
	TS 38.133 [16]
	-
	

	>k1
	M
	
	INTEGER (0.. 985025)
	TS 38.133 [16]
	-
	

	>k2
	M
	
	INTEGER (0.. 492513)
	TS 38.133 [16]
	-
	

	>k3
	M
	
	INTEGER (0.. 246257)
	TS 38.133 [16]
	-
	

	>k4
	M
	
	INTEGER (0.. 123129)
	TS 38.133 [16]
	-
	

	>k5
	M
	
	INTEGER (0.. 61565)
	TS 38.133 [16]
	-
	

	[bookmark: _Hlk143012163]>kminus1
	M
	
	INTEGER (0..3940097)
	TS 38.133 [16]
	YES
	ignore

	>kminus2
	M
	
	INTEGER (0..7880193)
	TS 38.133 [16]
	YES
	ignore

	Additional Path List
	O
	
	9.2.41
	This IE is ignored if the Extended Additional Path List IE is included
	-
	

	Extended Additional Path List
	O
	
	9.2.74
	
	YES
	ignore

	TRP TEG Information
	O
	
	9.2.80
	
	YES
	ignore
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This information element contains the additional path results of time measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	Additional Path Item
	
	1..<maxnopath>
	
	
	-
	

	>CHOICE Relative Path Delay
	M
	
	
	
	-
	

	>>k0
	M
	
	INTEGER(0..16351)
	
	-
	

	>>k1
	M
	
	INTEGER(0..8176)
	
	-
	

	>>k2
	M
	
	INTEGER(0..4088)
	
	-
	

	>>k3
	M
	
	INTEGER(0..2044)
	
	-
	

	>>k4
	M
	
	INTEGER(0..1022)
	
	-
	

	>>k5
	M
	
	INTEGER(0..511)
	
	-
	

	>kminus1
	M
	
	INTEGER (0..32701)
	
	YES
	ignore

	>kminus2
	M
	
	INTEGER (0..65401)
	
	YES
	ignore

	>Path Quality
	O
	
	Measurement Quality
9.2.43
	
	-
	

	>Multiple UL-AoA
	O
	
	9.2.71
	
	YES
	ignore

	>Path Power
	O
	
	UL SRS-RSRPP
9.2.72
	
	YES
	ignore



	Range bound
	Explanation

	maxnopath
	Maximum no. of additional path measurement. Value is 2.
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This information element contains the time stamp.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	System Frame Number
	M
	
	INTEGER(0..1023)
	
	-
	

	CHOICE Slot Index
	M
	
	
	
	-
	

	>SCS-15
	M
	
	INTEGER(0..9)
	
	
	

	>SCS-30
	M
	
	INTEGER(0..19)
	
	
	

	>SCS-60
	M
	
	INTEGER(0..39)
	
	
	

	[bookmark: OLE_LINK31][bookmark: OLE_LINK32]>SCS-120
	M
	
	INTEGER(0..79)
	
	
	

	 Measurement time
	O
	
	Relative Time 1900
9.2.36
	
	-
	

	Symbol Index
	O
	
	INTEGER(0..13)
	Applicable to UL RSCP measurement only
	YES
	ignore
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This information element contains the TRP’s best estimate of the quality of the measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	CHOICE Measurement Quality
	M
	
	
	
	-
	

	>Timing Measurement Quality
	
	
	
	Corresponds to information provided in NR-TimingQuality IE as defined in TS 37.355 [14]
	-
	

	>>Measurement Quality
	M
	
	INTEGER(0..31)
	
	
	

	>>Resolution
	M
	
	ENUMERATED(0.1m, 1m, 10m, 30m, …)
	
	
	

	>Angle Measurement Quality
	
	
	
	
	-
	

	>>Azimuth Quality
	M
	
	INTEGER(0..255)
	
	
	

	>>Zenith Quality
	O
	
	INTEGER(0..255)
	
	
	

	>>Resolution
	M
	
	ENUMERATED (0.1deg, …)
	
	
	

	>Phase Measurement Quality
	
	
	
	
	YES
	ignore

	>>Phase Quality Index
	M
	
	INTEGER(0..FFS)
	
	
	

	>>Phase Quality Resolution
	M
	
	ENUMERATED(FFS)
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This IE contains the extended additional path results of time measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	Additional Path Item
	
	1..<maxNoPathExtended>
	
	
	
	

	>CHOICE Relative Path Delay
	M
	
	
	
	
	

	>>k0
	M
	
	INTEGER(0..16351)
	
	
	

	>>k1
	M
	
	INTEGER(0..8176)
	
	
	

	>>k2
	M
	
	INTEGER(0..4088)
	
	
	

	>>k3
	M
	
	INTEGER(0..2044)
	
	
	

	>>k4
	M
	
	INTEGER(0..1022)
	
	
	

	>>k5
	M
	
	INTEGER(0..511)
	
	
	

	>>kminus1
	M
	
	INTEGER (0..32701)
	
	YES
	ignore

	>>kminus2
	M
	
	INTEGER (0..65401)
	
	YES
	ignore

	>Path Quality
	O
	
	Measurement Quality
9.2.43
	
	
	

	>Multiple UL-AoA
	O
	
	9.2.71
	
	
	

	>Path Power
	O
	
	UL SRS-RSRPP
9.2.72
	
	
	



	Range bound
	Explanation

	maxNoPathExtended
	Maximum no. of additional path measurement. Value is 8.
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9.3.5	Information Element definitions
-- ASN1START
-- **************************************************************
--
-- Information Element Definitions
--
-- **************************************************************

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]<<<<<<<<< unchanged texts omitted >>>>>>>>>>>
	id-transmissionCombn8,
	id-UL-RSCPMeas,
	id-Bandwidth-Aggregation-Request-Information,
	id-PosSRSResource-Aggregation-ID,
	id-ReportingGranularitykminus1,
	id-ReportingGranularitykminus2,
	id-SymbolIndex,
	id-TimingReportingGranularityFactorExtended,
	id-PhaseMeasQuality

<<<<<<<<< unchanged texts omitted >>>>>>>>>>>
TimingReportingGranularityFactorExtended ::=INTEGER(-2..-1, ...)

<<<<<<<<< unchanged texts omitted >>>>>>>>>>>
TrpMeasurementQuality ::= CHOICE {
	timingMeasQuality		TrpMeasurementTimingQuality,
	angleMeasQuality		TrpMeasurementAngleQuality,
	choice-Extension		ProtocolIE-Single-Container {{ TrpMeasurementQuality-ExtIEs}}

}

TrpMeasurementQuality-ExtIEs NRPPA-PROTOCOL-IES ::= {
	{ID id-PhaseMeasQuality 	CRITICALITY ignore TYPE TrpMeasurementPhaseQuality PRESENCE mandatory},
	...
}

TrpMeasurementPhaseQuality ::= SEQUENCE {
	phaseQualityIndex			INTEGER (0..31), -- values FFS
	phaseQualityResolution		ENUMERATED {ffs, ...}, -- codepoints FFS
	iE-extensions			ProtocolExtensionContainer { { TrpMeasurementPhaseQuality-ExtIEs } } OPTIONAL,
	...
}

TrpMeasurementPhaseQuality-ExtIEs NRPPA-PROTOCOL-EXTENSION ::= {
	...
}

TrpMeasurementTimingQuality ::= SEQUENCE {
	measurementQuality		INTEGER (0..31),
	resolution				ENUMERATED {m0dot1, m1, m10, m30, ...},
	iE-extensions			ProtocolExtensionContainer { { TrpMeasurementTimingQuality-ExtIEs } } OPTIONAL,
	...
}

TrpMeasurementTimingQuality-ExtIEs NRPPA-PROTOCOL-EXTENSION ::= {
	...
}

TrpMeasurementAngleQuality ::= SEQUENCE {
	azimuthQuality		INTEGER (0..255),
	zenithQuality		INTEGER (0..255)	OPTIONAL,
	resolution			ENUMERATED {deg0dot1, ...},
	iE-extensions		ProtocolExtensionContainer { { TrpMeasurementAngleQuality-ExtIEs } } OPTIONAL,
	...
}

TrpMeasurementAngleQuality-ExtIEs NRPPA-PROTOCOL-EXTENSION ::= {
	...
}
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-- ASN1START
-- **************************************************************
--
-- Constant definitions
--
-- **************************************************************

<<<<<<<<< unchanged texts omitted >>>>>>>>>>>
id-transmissionCombn8											ProtocolIE-ID ::= 111
id-Bandwidth-Aggregation-Request-Information					ProtocolIE-ID ::= xx1
id-PosSRSResource-Aggregation-ID								ProtocolIE-ID ::= xx2
id-ReportingGranularitykminus1									ProtocolIE-ID ::= xx3
id-ReportingGranularitykminus2									ProtocolIE-ID ::= xx4
id-TimingReportingGranularityFactorExtended						ProtocolIE-ID ::= xx5
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]id-TimeWindowInformation-SRS									ProtocolIE-ID ::= xx6
id-TimeWindowInformation-Measurement							ProtocolIE-ID ::= xx7
id-UL-RSCPMeas													ProtocolIE-ID ::= xx8
id-SymbolIndex													ProtocolIE-ID ::= xx9
id-LPHAPValidityAreaCells 										ProtocolIE-ID ::= x10
id-SRSReservationRequest										ProtocolIE-ID ::= x11
id-PhaseMeasQuality												ProtocolIE-ID ::= x12


END
-- ASN1STOP

End of modifications

