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[bookmark: _Ref521334010]Introduction
RAN1 has been working on R18 NR positioning integrity for RAT-dependent positioning techniques in “Study on expanded and improved NR positioning” [1] since RAN1#109-e, and has achieved significant progress in these previous meetings [2-4]. In this contribution, we further discuss the remaining issues for the integrity of RAT-dependent positioning techniques.
Discussion
In this section, we present our views on the remaining issues related to the modelling of different error sources for the integrity of RAT-dependent positioning techniques.
Timing-related measurement errors
The following agreements were made in RAN1#110 related to the modelling of timing-related measurement error sources [4]. With these agreements, it looks like there is no more issue left for timing-related measurement error sources and error modelling for RAN1 in this SI.
	Agreement (RAN1#110bis-e)
· Timing measurement error can be modeled as Normal distribution.
· Note: The timing measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement
· Note: it is assumed that the timing measurement error is associated with the first path
· Note: it is up to RAN2 how to use the identified distribution

Agreement (RAN1#110bis-e)
· In the agreement on the distribution of the timing measurement error, it is assumed that the timing measurement error contains TEG related TX/RX timing error if the TEG related information is provided.
· Note: The timing measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement
· Note: it is assumed that the timing measurement error is associated with the first path
· Note: no more discussion on TEG related TX/RX timing error as an independent error source from timing measurement error




TRP synchronization errors
The following agreements were made in RAN1#110bis-e related to the modelling of TRP synchronization errors [4]. 

	Agreement (RAN1#110bis-e)
· The following distributions are identified as candidates for modeling of the distribution for inter-TRP synchronization error (e.g., NR-RTD-Info in TS 37.355)
· Uniform distribution
· Note: this may already be consistent with the existing parameter NR-RTD-Info in TS 37.355
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions

[bookmark: _Hlk117152652]Agreement (RAN1#110bis-e)
· Study to determine whether SFN initialization time is an independent error source for the following positioning methods and integrity mode 
· UL-TDOA with LMF-based positioning integrity mode 
· UE-assisted DL-TDOA with LMF-based positioning integrity mode
· FFS: Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857



Our understanding is that LMF may use the SFN initialization time to determine the TRP time differences, which can be used for the position calculation for LMF-based positioning, or can be used to determine NR-RTD-Info for UE-based positioning. Thus, For UE-based positioning, it is not an independent error source, since NR-RTD-Info depends on it. For LMF-based positioning (e.g., UL-TDOA and DL-TDOA), however, it can be seen as an error source. the LMF may use the error information of the SFN initialization time to derive the error distribution for inter-TRP synchronization error (e.g., NR-RTD-Info in TS 37.355).
[bookmark: P1]Proposal 1: SFN initialization time is an independent error source for the following LMF-based positioning methods:
· UL-TDOA
· UE-assisted DL-TDOA
About the error distribution of SFN initialization time, we think it should follow the same distribution as the inter-TRP synchronization error. In RAN1#110bis-e, two candidates are identified for modeling the distribution for inter-TRP synchronization error, and it is up to RAN2 how to use the identified distributions. 
[bookmark: P2]Proposal 2: The error distribution of SFN initialization time should be the same as the inter-TRP synchronization error. 

UL AoA/ZoA errors
The modelling of the angle of arrival measurement error was discussed in RAN1#110bis-e. The following agreement was made in RAN1#110bis-e to down-select one of the alternatives [4]:
	Agreement
· Study the following alternatives for expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, and down select between Alt 1 and Alt 2:
· Alt. 1: No conversion (e.g., the measurement error is expressed as error in AoA or ZoA in LCS/GCS)
· Alt. 2: conversion function (defined function of AoA/ZoA in LCS)
· FFS: Distribution of AoA measurement error for an NLOS/LOS link
· FFS: Other Details (e.g., mean, standard deviation)



For angle of arrival (AoA) measurements, the measurement errors depend on many factors, e.g., the direction of the received signal, the algorithm for AoA estimation, as well as the RF environment. For example, the AoA measurement error when the direction of the received signal is perpendicular to the Rx antenna plane is normally smaller than the case when the direction of the received signal is away from the perpendicular direction of the Rx antenna plane. Thus, the AoA error and ZoA error may not be independent. Furthermore, similar to timing related measurement, the estimated AoA measurement may be unbiased in LOS dominant environment, but biased in NLOS dominant environment. In our view, providing exact error modelling for AoA measurements suitable for all RF environments in real-time would be very difficult and may not be practical. 
Therefore, in our view, the selected error models should be flexible enough, at least to be applicable to most of the positioning environments for NR positioning integrity, i.e., which can be used to determine the PL even when the real error distribution may not be the same as the error model. In the selection of the error model, we also need to consider the implementation issue. Thus, it is reasonable to use Gaussian distribution. The correlation between AoA and ZoA can be represented with a correlation parameter.
[bookmark: P3]Proposal 3: The measurement error of angle of arrival measurement (AoA/ZoA) can be modelled as a pair of correlated parameters with the Gaussian distribution in LCS.

TRP Location /ARP errors
The following agreements were achieved at RAN1#110 related to modelling of TRP Location /ARP errors [3]:
	Agreement
For UE-based positioning integrity mode, at least the following are error sources in assistance data : 
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) and Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355) are error sources for DL-TDOA
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) is an error source for DL-AoD
· FFS: whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source
· FFS: whether beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo in TS 37.355) is an error source 
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· Other error sources are not precluded
· FFS : Applicability of the above error sources to LMF-based positioning integrity mode
· Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

Agreement (RAN1#110)
For LMF-based positioning integrity mode, ARP location (e.g., ARPLocationInformation in TS 38.455) is an error source for UL-AoA.
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity)
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
· FFS : Whether the error statistics of ARP location is available at the gNB
· Other error sources are not precluded

Agreement (RAN1#110bis-e)
· For LMF-based positioning integrity mode, TRP location (e.g., Geographical Coordinates in TS 38.455) is an error source for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT.
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
· FFS: Specification impact of TRP location as an error source for LMF-based positioning integrity mode
· FFS: Model of the error source (e.g., distribution, mean and/or standard deviation for integrity)



For supporting NR positioning, the gNB needs to provide the coordinates of the TRP Antenna Reference Points (ARP) to the LMF. The LMF needs also to provide the TRP Location /ARP coordinates to the UE for UE-based positioning. However, the coordinates of the TRP Location /ARP may not be obtained exactly. Thus, the TRP/ARP coordinates may not be exact. In our view, the errors of the TRP Location /ARP coordinates can be simply modelled as Gaussian distribution with zero-mean, since if the gNB/LMF knows the mean of the ARP error distribution, it can and should remove the mean value when it provides the coordinates of the TRP/ARP.
[bookmark: P4]Proposal 4: The TRP Location /ARP errors can be modelled statistically as zero-mean Gaussian distribution for NR RAT-dependent positioning.

DL PRS RSRP/RSRPP errors
	Agreement
· Study to determine whether DL PRS RSRP/RSRPP measurement is an error source for DL-AoD, focusing at least on the following aspect
· Impact of RSRP/RSRPP measurement on positioning accuracy
· FFS: Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)



DL-AoD positioning is based on the DL PRS RSRP/RSRPP measurement provided by the UE. Needless to say, the DL-AoD positioning performance depends on the DL PRS RSRP/RSRPP measurements. Larger DL PRS RSRP/RSRPP errors will in general lead to larger DL-AoD positioning. Therefore, it is clear that DL PRS RSRP/RSRPP measurement is an error source for DL-AoD.
About the modelling of the DL PRS RSRP/RSRPP measurement errors, similar to other UE measurement, in our view, providing exact error modelling for DL PRS RSRP/RSRPP measurements suitable for all RF environments in real-time would be very difficult and may not be practical. Thus, our suggestion is still to use Gaussian distribution for DL PRS RSRP/RSRPP measurements. In general, when UE reports the DL PRS RSRP/RSRPP measurement, the impact of bias known to the UE should be removed. Thus, even if there is a bias in the DL PRS RSRP/RSRPP measurement, the UE may not know the value of the bias. Therefore, it makes more sense to assume the DL PRS RSRP/RSRPP measurement errors are modelled as zero-mean Gaussian distribution.

[bookmark: P5]Proposal 5: DL PRS RSRP/RSRPP measurement is an error source for DL-AoD positioning. 
[bookmark: P6]Proposal 6: DL PRS RSRP/RSRPP measurement error can be modelled by a zero-mean Gaussian distribution.

Boresight direction and beam information errors
The following agreements were achieved at RAN1#110 related to modelling of TRP Location /ARP errors [3]:
	Agreement (RAN1#110bis-e)
· For UE-based positioning integrity mode, study whether boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) of DL PRS are error sources or not, focusing on the following aspects:
· Granularity of boresight direction of DL-PRS and its influence on positioning integrity
· Feasibility and complexity of modeling
· Feasibility of obtaining quality/statistical parameters of beam information from the gNB
· Influence on measurement errors at the UE 
· Other aspects are not precluded
· Note: Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857



The NR-DL-PRS-BeamInfo and NR-TRP-BeamAntennaInfo are defined in TS 37.355 for UE-based DL-AoD positioning. 
	-- ASN1START

NR-DL-PRS-BeamInfo-r16 ::= SEQUENCE (SIZE (1..nrMaxFreqLayers-r16)) OF
																NR-DL-PRS-BeamInfoPerFreqLayer-r16

NR-DL-PRS-BeamInfoPerFreqLayer-r16 ::= SEQUENCE (SIZE (1..nrMaxTRPsPerFreq-r16)) OF
																NR-DL-PRS-BeamInfoPerTRP-r16

NR-DL-PRS-BeamInfoPerTRP-r16 ::= SEQUENCE {
	dl-PRS-ID-r16						INTEGER (0..255),
	nr-PhysCellID-r16					NR-PhysCellID-r16		OPTIONAL,	-- Need ON
	nr-CellGlobalID-r16					NCGI-r15				OPTIONAL,	-- Need ON
	nr-ARFCN-r16						ARFCN-ValueNR-r15		OPTIONAL,	-- Need ON
	associated-DL-PRS-ID-r16			INTEGER (0..255)		OPTIONAL,	-- Need OP
	lcs-GCS-TranslationParameter-r16	LCS-GCS-TranslationParameter-r16	
																OPTIONAL,	-- Need OP
	dl-PRS-BeamInfoSet-r16				DL-PRS-BeamInfoSet-r16	OPTIONAL,	-- Need OP
	...
}

DL-PRS-BeamInfoSet-r16 ::= SEQUENCE (SIZE(1..nrMaxSetsPerTrpPerFreqLayer-r16)) OF
																DL-PRS-BeamInfoResourceSet-r16

DL-PRS-BeamInfoResourceSet-r16 ::= SEQUENCE (SIZE(1..nrMaxResourcesPerSet-r16)) OF
																DL-PRS-BeamInfoElement-r16

DL-PRS-BeamInfoElement-r16 ::= SEQUENCE {
	dl-PRS-Azimuth-r16				INTEGER (0..359),
	dl-PRS-Azimuth-fine-r16			INTEGER (0..9)					OPTIONAL,	-- Need ON
	dl-PRS-Elevation-r16			INTEGER (0..180)				OPTIONAL,	-- Need ON
	dl-PRS-Elevation-fine-r16		INTEGER (0..9)					OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP



	-- ASN1START

NR-TRP-BeamAntennaInfo-r17 ::= SEQUENCE (SIZE (1..nrMaxFreqLayers-r16)) OF
														NR-TRP-BeamAntennaInfoPerFreqLayer-r17

NR-TRP-BeamAntennaInfoPerFreqLayer-r17 ::= SEQUENCE (SIZE (1..nrMaxTRPsPerFreq-r16)) OF
														NR-TRP-BeamAntennaInfoPerTRP-r17

NR-TRP-BeamAntennaInfoPerTRP-r17 ::= SEQUENCE {
	dl-PRS-ID-r17						INTEGER (0..255),
	nr-PhysCellID-r17					NR-PhysCellID-r16					OPTIONAL,	-- Need ON
	nr-CellGlobalID-r17					NCGI-r15							OPTIONAL,	-- Need ON
	nr-ARFCN-r17						ARFCN-ValueNR-r15					OPTIONAL,	-- Need ON
	associated-DL-PRS-ID-r17			INTEGER (0..255)					OPTIONAL,	-- Need OP
	lcs-GCS-TranslationParameter-r17	LCS-GCS-TranslationParameter-r16	OPTIONAL,	-- Need OP
	nr-TRP-BeamAntennaAngles-r17		NR-TRP-BeamAntennaAngles-r17		OPTIONAL, 	-- Need OP
	...
}

NR-TRP-BeamAntennaAngles-r17 ::= SEQUENCE (SIZE(1..3600)) OF
										NR-TRP-BeamAntennaInfoAzimuthElevation-r17

NR-TRP-BeamAntennaInfoAzimuthElevation-r17 ::= SEQUENCE {
	azimuth-r17					INTEGER (0..359)						OPTIONAL,	-- Cond Az
	azimuth-fine-r17			INTEGER (0..9)							OPTIONAL,	-- Cond AzOpt
	elevationList-r17			SEQUENCE (SIZE(1..1801)) OF ElevationElement-R17,
	...
}

ElevationElement-R17 ::= SEQUENCE {
	elevation-r17				INTEGER (0..180)						OPTIONAL,	-- Cond El
	elevation-fine-r17			INTEGER (0..9)							OPTIONAL,	-- Cond ElOpt
	beamPowerList-r17			SEQUENCE (SIZE (2..maxNumResourcesPerAngle-r17)) OF
										BeamPowerElement-r17,
	...
}

BeamPowerElement-r17 ::= SEQUENCE {
	nr-dl-prs-ResourceSetID-r17		NR-DL-PRS-ResourceSetID-r16			OPTIONAL,	-- Need OP
	nr-dl-prs-ResourceID-r17		NR-DL-PRS-ResourceID-r16,
	nr-dl-prs-RelativePower-r17		INTEGER (0..30),
	nr-dl-prs-RelativePowerFine-r17	INTEGER (0..9)						OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP



As discussed in the previous meeting [], our view is that it is over-complicated for gNB to provide the detailed error distributions for each beam and each antenna beam element. It also requires the gNB to perform the beam calibration after the deployment, which may not be practical in general. In addition, it is unclear how the information, if available, is used for the UE to determine the PL for the integrity. Therefore, our preference is not to consider the boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) of DL PRS as the error sources for DL-AoD in Rel-18.
[bookmark: P7]Proposal 7: The boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) of DL PRS are not considered as the error sources for the integrity of RAT-dependent positioning. 
Conclusion
In this contribution, we further discuss the solutions for the integrity of RAT-dependent positioning techniques and give the following observations and proposals.
Proposal 1: SFN initialization time is an independent error source for the following LMF-based positioning methods:
· UL-TDOA
· UE-assisted DL-TDOA
Proposal 2: The error distribution of SFN initialization time should be the same as the inter-TRP synchronization error. 
Proposal 3: The measurement error of angle of arrival measurement (AoA/ZoA) can be modelled as a pair of correlated parameters with the Gaussian distribution in LCS.
Proposal 4: The TRP Location /ARP errors can be modelled statistically as zero-mean Gaussian distribution for NR RAT-dependent positioning.
Proposal 5: DL PRS RSRP/RSRPP measurement is an error source for DL-AoD positioning. 
Proposal 6: DL PRS RSRP/RSRPP measurement error can be modelled by a zero-mean Gaussian distribution.
Proposal 7: The boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) of DL PRS are not considered as the error sources for the integrity of RAT-dependent positioning. 
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