Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 #110-bis-e	R1-2212514
Toulouse, France, November 14th – 18th, 2022
Agenda Item:	9.5.2.1
Source:	Ericsson
Title:	Error Sources characterization for integrity of RAT dependent positioning techniques
Document for:	Discussion, Decision
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 were 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 and RAN1#110b-e, the following error sources are considered:

	
	LMF based positioning
	UE based positioning
	Distribution

	Time based methods
	RSTD measurement
	N/A
	Normal

	
	TRP location
	TRP location
	Uniform or Normal

	
	inter-TRP synchronization
	Inter-TRP synchronization
	Uniform or Normal

	
	RTOA measurement
	N/A
	Normal

	
	UE Rx-Tx time difference measurement
	N/A
	Normal

	
	gNB Rx-Tx time difference measurement
	N/A
	Normal

	Angle based methods
	angle of arrival measurement
	
	TBD

	
	TRP location
	TRP location
	TBD

	
	ARP location
	
	TBD



Integrity of timing- and angle-based positioning techniques

Errors in assistance data
 
Error in assistance data for UE based DL-AOD 
	Agreement
· 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




Regarding the feasibility of obtaining quality/statistical parameters of the beam information from the gNB, we do not see it as a possibility. In general, gNBs are not aware of the beam patterns they transmit, and only consider channels and reference signals’s antenna ports. PRS is transmitted on a single port so the beam pattern is entirely up to gNB implementation.  
[bookmark: _Toc118672878]Do not support further reporting from the gNB to the LMF to support obtaining quality/statistical parameters of beam information from the gNB
Additionally, beams do not typically have the same shape and error distribution may vary between beams across different implementations. This means that firstly, a general model is complex to obtain for the error distribution that could be applicable across different implementations, and secondly each beam would need to carry its own integrity parameter information (such as mean, variance and  distribution), which could cause a great amount of overhead for LPP.  Considering the difficulty and overhead cost to handle beam information in the integrity framework, we prefer not to include it. As a simplification, DNU flags may be used on the beam information, but this is up to RAN2 to decide. 

The inclusion of additional parameters for error source description in the beam information generates excessive overhead
[bookmark: _Toc118672879]Do not support adding beam information as an error source for UE based AOD. 


Synchronization error 
	[bookmark: _Hlk117152652]Agreement
· 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




For LMF based UL TDOA and DL TDOA methods, the LMF will compensate  the UL RTOA and DL RSTD measurements with each TRP SFN initialisation. The resulting inter-TRP synch error  has been agreed already as an error source for UL TDOA:
	Agreement
For LMF-based positioning integrity mode, at least inter-TRP synchronization is an error source for UL-TDOA. 
· FFS : Specification impact of inter-TRP synchronization as an error source for UL-TDOA
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857




The LMF will derive the inter-TRP synchronization based on the SFN initialization time, therefore for UL RTOA, there is no need to define an additional error source, and there is no need for specification impact. For DL TDOA, the inter TRP synchronization of the different PRS may also be a factor. However, again there is no specification impact as the LMF will evaluate the error variance, i.e. no additional message needs to be specified. 

[bookmark: _Toc118672880]SFN initialization time is not an independent error source for LMF based UL TDOA or DL TDOA


 
TRP and UE measurement errors for angle based methods
RSRPP/RSRP for DL-AOD
	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 PRS RSRP/RSRPP is the measurement used by the LMF/UE to assess the angle of departure in DL-AOD. Clearly, the measurement is an error source for LMF based AoD. The reported RSRP/RSRPP is subject to error due to LOS/NLOS and receiver noise, both of which may lead the UE to select the wrong strongest PRS RSRP/RSRPP for reporting to the LMF. For UE based AoD, while we agree that the measurement is an error source, there is no specification impact as the UE performs the measurement itself. 
Similarly to other measurements, we propose to use a Gaussian distribution to describe the measurement error. For reporting the error variance, we propose to consider re-using the measurement quality, together with appropriate scaling:
[bookmark: _Toc118672881]DL PRS RSRP/RSRPP measurement is an error source for DL-AoD
· [bookmark: _Toc118672882]The error distribution is modeled with a Gaussian distribution
· [bookmark: _Toc118672883]For LMF based AoD, the reported measurement quality may be used to express the error variance. 
· [bookmark: _Toc118672884]For UE-based AoD, there is no specification impact. 


Distribution of the angle of arrival measurement errors

We evaluated the distribution of he AoA error distribution and it was seen that it could be fitted to a Gaussian (Normal) distribution.  Similar to timing based methods, measurements for angle based methods also support measurement quality information to be reported to the LMF. This quality indicator may be reused to report the error variance used by the error bounding equation to the LMF.  For the translation of the quality indication into the distribution’s standard deviation,  we propose to discuss an eventual scaling factor. 
Regarding the distribution for NLOS/LOS links, we think the discussion is similar to the timing measurement errors. 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.  We do not think that the error distribution for NLOS case can be using a Gaussian distribution or paired over bounding. However,  in the case of NLOS measurement, the DNU flag could be used to discard the measurement. Hence we propose to agree on the Gaussian distribution for AoA measurement errors, without specifying if that applies to the LOS/NLOS case. 

[bookmark: _Toc118672885]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: _Toc118672886]The standard deviation is for TRP or UE measurement error is based on the reported measurement quality.
a. [bookmark: _Toc118672887]FFS: whether a scaling of the reported measurement quality is necessary
	[image: Chart, histogram

Description automatically generated]
AoA Error Distribution


Figure 2 AoD and AoA measurement error distribution, together with fitted normal distributions


Angle of arrival measurement error
During RAN1#110b-e, the following agreement was reached. 
	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)




During RAN1#110b-e the AoA/ZOA error was discussed and contributions showed that there was a correlation between the reported AoA/ZoA error, due to the definition of AoA/ZoA. To solve this, it was proposed to use a function to convert the measured AoA/ZoA so that the measurement errors for AoA and ZoA could be decorrelated.  
The need of decorrelating the errors in AoA and ZoA depends on how these distributions will be used in the integrity framework. Considering that the measurement report will always be considering the pair of measurements, and that it is not likely that one of the AoA or ZoA will be used while the other is discarded by the integrity framework due to higher error, it seems unnecessary to decouple the two errors as independent error sources.   Since this is the last meeting in the study, it will be too late to send an LS to RAN2 to clarify if independent error for AoA and ZoA are required, but RAN1 could conclude that AoA and ZoA measurement errors are not independent errors and capture the observation in the TR, and the need of decorrelating the errors can be discussed by RAN2 during the normative phase. 

[bookmark: _Toc118672888]Capture the following observation in the TR: in the expression for the angle of arrival measurement error, for determination of positioning integrity for UL-AoA, the measurement error for AoA and ZoA are correlated and cannot be modelled as independent sources.  The need to decorrelate the two measurement errors may be assessed by RAN2 during the eventual normative phase. 
  
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	Do not support further reporting from the gNB to the LMF to support obtaining quality/statistical parameters of beam information from the gNB
Proposal 2	Do not support adding beam information as an error source for UE based AOD.
Proposal 3	SFN initialization time is not an independent error source for LMF based UL TDOA or DL TDOA
Proposal 4	DL PRS RSRP/RSRPP measurement is an error source for DL-AoD
-	The error distribution is modeled with a Gaussian distribution
-	For LMF based AoD, the reported measurement quality may be used to express the error variance.
-	For UE-based AoD, there is no specification impact.
Proposal 5	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 6	Capture the following observation in the TR: in the expression for the angle of arrival measurement error, for determination of positioning integrity for UL-AoA, the measurement error for AoA and ZoA are correlated and cannot be modelled as independent sources.  The need to decorrelate the two measurement errors may be assessed by RAN2 during the eventual normative phase.
 
[bookmark: _In-sequence_SDU_delivery]References
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