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Introduction
The following objective was agreed for the study of integrity support for RAT dependent positioning:
	· Improved accuracy, integrity, and power efficiency:
· Study solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1]:
· Identify the error sources, [RAN1, RAN2].
· Study methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning [RAN2]
· Focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, where possible.




[bookmark: _Hlk46825232]During RAN1#109e, agreement were made for the study of the error sources for timing based positioning and angle based positioning methods. In RAN1 #110, the error sources where identified and it was agreed to proceed with analysis of the statistics for the time and angle measurement errors. In this paper, we provide our analysis of the error source characteristics. 
 
[bookmark: _Ref178064866] Discussion
list of considered error sources
based on the agreements in RAN1#110, the following error sources are considered:

	
	LMF based positioning
	UE based positioning

	Time based methods
	RSTD measurement
	TRP location

	
	inter-TRP synchronization
	Inter-TRP synchronization

	
	RTOA measurement
	

	
	UE Rx-Tx time difference measurement
	

	
	gNB Rx-Tx time difference measurement
	

	Angle based methods
	angle of arrival measurement
	TRP location

	
	ARP location
	



Integrity of timing- and angle-based positioning techniques
TRP and UE measurement errors for timing-based positioning techniques
During the evaluation of time-based positioning methods, TOA, RSTD and RxTx measurements where evaluated. Figure 1 shows that a Gaussian distribution approximates well enough the error distribution. One can observe that the Gaussian distribution is actually a conservative model for the error distribution, since it comparatively over represents larger errors and under represents errors close to zero. 
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Figure 1 Distribution of RSTD error, gNB RxTx and UE RxTx, together with fitted normal distribution.


In LPP, The IE NR-TimingQuality-r16 is present measurements reports for DL-TDOA RSTD measurements,  UE RxTx measurements. In NRPPa, Measurement Quality may be provided for UL angle of arrival, RSRP, RTOA and gNB RxTx measurements.  It is proposed to re-use the measurement quality for the purpose of integrity computation.  However, since the measurement quality is not necessarily equal to the standard deviation of the measurement, it is propose to discuss a scaling factor to translate the reported quality into the standard deviation of the distribution. 
[bookmark: _Toc115445360]For the purpose of integrity computation, the UE and/or TRP measurement error for a given time-based measurement is modelled as a Gaussian distribution with zero mean. 
a. [bookmark: _Toc115445361]Note: time based measurements are UL RTOA, DL RSTD, gNB RxTx and UE RxTx
· [bookmark: _Toc115445362]The standard deviation is for TRP or UE measurement error is based on the reported measurement quality.
a. [bookmark: _Toc115445363]FFS: whether a scaling of the reported measurement quality is necessary

Errors in assistance data
TRP location error  
 During RAN1#109e, we discussed the modelling of errors in assistance data, including TRP location and beam information. TRP location may not be exactly known, depending on how accurately the TRP has been positioned, and LPP/NRPPa already features IEs to provide the TRP location uncertainty. The IE encodes the maximum uncertainty of the TRP location but does not provide a distribution of the uncertainty. Since the IE is a maximum, the distribution can be assumed to be bounded by the uncertainty. Without additional information as to how the uncertainty was measured, we can only assume the distribution to be uniform between 0 and the maximum uncertainty. 

	From 37.355:
locationUNC
This field specifies the uncertainty of the location coordinates and comprises the following sub-fields:
-	horizontalUncertainty indicates the horizontal uncertainty of the ARP latitude/longitude. The ′horizontalUncertainty′ corresponds to the encoded high accuracy uncertainty as defined in TS 23.032 [15] and ′horizontalConfidence′ corresponds to confidence as defined in TS 23.032 [15].
-	verticalUncertainty indicates the vertical uncertainty of the ARP altitude. The 'verticalUncertainty' corresponds to the encoded high accuracy uncertainty as defined in TS 23.032 [15] and 'verticalConfidence' corresponds to confidence as defined in TS 23.032 [15].
If this field is absent, the uncertainty is the same as for the associated reference point location.
In 38.455:
[bookmark: _Toc51776070][bookmark: _Toc56773092][bookmark: _Toc64447721][bookmark: _Toc74152377][bookmark: _Toc81323080]9.2.52	Location Uncertainty
This information element provides the location uncertainty information. 
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	>Horizontal Uncertainty
	M
	
	INTEGER (0..255)
	Horizontal uncertainty of the ARP latitude/longitude. Corresponds to the encoded high accuracy uncertainty as defined in TS 23.032 [8]

	>Horizontal Confidence
	M
	
	INTEGER (0..100)
	Corresponds to confidence as defined in TS 23.032 [8].

	>Vertical Uncertainty
	M
	
	INTEGER (0..255)
	Vertical uncertainty of the ARP altitude. Corresponds to the encoded high accuracy uncertainty as defined in TS 23.032 [8]

	>Vertical Confidence
	M
	
	INTEGER (0..100)
	Corresponds to confidence as defined in TS 23.032 [8].







[bookmark: _Toc115445364] for the purpose of integrity computations, TRP location information error is assumed to be uniformly distributed between 0 and the maximum location uncertainty for both longitude and latitude. 
[bookmark: _Toc115445365]- The range for maximum value of location uncertainty follows the format for  reported location uncertainty in LPP/NRPPa.
 
Synchronization error 
For DL TDOA, timing quality is provided by the LMF to the UE for UE based positioning in  NR-RTD-Info. The accuracy is provided in meters using the generic quality IE NR-TimingQuality-r16.  Since the information is already either available at the LMF or provided via LPP for UE-based positioning, we propose not to introduce further reporting to support integrity calculation for synch.  We propose to also assume a gaussian distribution for the timing error. For the standard deviation of the distribution, it is not clear whether the reported timing quality corresponds to the standard deviation or another percentile. Therefore it is proposed to discuss the possible scaling of the timing quality to obtain the standard deviation. 

[bookmark: _Toc115342006]LPP already supports synch quality assistance data in NR-RTD-Info
[bookmark: _Toc115445366]For the purpose of integrity computation, the sync error distribution is assumed to be Gaussian.
[bookmark: _Toc115445367]Discuss whether a scaling of the available timing quality is necessary to obtain the standard deviation of the synch error distribution.
[bookmark: _Toc115445368]Do not introduce further signalling support for synch quality for the purpose of integrity computation

For UL TDOA, it was agreed to identify inter-TRP synchronization as an error source. The specification impact was left FFS. In our view, the communication of the inter TRP synch error  to the LMF must be left to implementation, since gNBs will not be able to provide it. 
[bookmark: _Toc115445369]  Do not add support for inter-TRP synch for UL TDOA in RAN specifications. 


TRP and UE measurement errors for angle based methods
Similar to timing based methods, measurements for angle based methods also support measurement quality information to be reported to the LMF.  For the purpose of integrity computation, we propose to also assume gaussian distribution for the UL SRS-RSRP, UL angle of arrival used in UL AOA and for the DL PRS RSRP/RSRPP used in DL-AOD.  For the translation of the quality indication into the distribution’s standard deviation,  we propose to discuss an eventual scaling factor. 
[bookmark: _Toc115445370]For the purpose of integrity computation, the UE and/or TRP measurement error for a given angle-based method measurement is modelled as a Gaussian distribution with zero mean. 
· [bookmark: _Toc115445371]The standard deviation is for TRP or UE measurement error is based on the reported measurement quality.
a. [bookmark: _Toc115445372]FFS: whether a scaling of the reported measurement quality is necessary
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AoA Error Distribution


Figure 2 AoD and AoA measurement error distribution, together with fitted normal distributions
NLOS as an error source
NLOS indication is already supported since rel17 for all timing and angle based positioning methods. The soft and hard values can be used by the positioning algorithm to weight/exclude unreliable measurements. That is to say, the NLOS indicator is already providing a measure of integrity to the positioning algorithm, we therefore think it would be redundant to also support NLOS as a error source in the integrity framework. 
[bookmark: _Toc115342007]NLOS soft and hard values indicators already provides a measure of a measurement’s integrity
[bookmark: _Toc115445373]Do not support NLOS as an error source in the integrity framework.

Tx /Rx timing error and TEG errors 
Tx and Rx timing errors as well as errors due to wrong TEG selection were discussed in RAN1#110, without converging to an agreement.  These errors will contribute to the measurement error and therefore should not be separately signalled to the integrity framework, since it would lead the integrity computation unit to consider the error twice as much as it really impacts the measurement.  Therefore, we propose not to include the TEG-related errors  as independent error sources. 

[bookmark: _Toc115445374]Do not define the TEG-related timing error as an independent error source from timing related measurement error

Conclusion
In the previous sections we made the following observations: 
Observation 1	LPP already supports synch quality assistance data in NR-RTD-Info
Observation 2	NLOS soft and hard values indicators already provides a measure of a measurement’s integrity
 
Based on the discussion in the previous sections we propose the following:
Proposal 1	For the purpose of integrity computation, the UE and/or TRP measurement error for a given time-based measurement is modelled as a Gaussian distribution with zero mean.
a.	Note: time based measurements are UL RTOA, DL RSTD, gNB RxTx and UE RxTx
	The standard deviation is for TRP or UE measurement error is based on the reported measurement quality.
a.	FFS: whether a scaling of the reported measurement quality is necessary
Proposal 2	for the purpose of integrity computations, TRP location information error is assumed to be uniformly distributed between 0 and the maximum location uncertainty for both longitude and latitude.
- The range for maximum value of location uncertainty follows the format for  reported location uncertainty in LPP/NRPPa.
Proposal 3	For the purpose of integrity computation, the sync error distribution is assumed to be Gaussian.
Proposal 4	Discuss whether a scaling of the available timing quality is necessary to obtain the standard deviation of the synch error distribution.
Proposal 5	Do not introduce further signalling support for synch quality for the purpose of integrity computation
Proposal 6	Do not add support for inter-TRP synch for UL TDOA in RAN specifications.
Proposal 7	For the purpose of integrity computation, the UE and/or TRP measurement error for a given angle-based method measurement is modelled as a Gaussian distribution with zero mean.
	The standard deviation is for TRP or UE measurement error is based on the reported measurement quality.
a.	FFS: whether a scaling of the reported measurement quality is necessary
Proposal 8	Do not support NLOS as an error source in the integrity framework.
Proposal 9	Do not define the TEG-related timing error as an independent error source from timing related measurement error
 

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: ipnqnammm8if]3GPP RP-213561, New SID on Study on expanded and improved NR positioning, 3GPP TSG RAN Meeting #94e, Dec. 6-17, 2021
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