
3GPP TSG RAN WG1 #111		R1-2211434
Toulouse, France, November 14th – 18th, 2022

Source:	OPPO
Title:	Discussions on Integrity for NR Positioning
Agenda Item:	9.5.2.1
Document for:	Discussion and Decision

1. Introduction
[bookmark: _Hlk30969022]The Rel-18 SID on expanded and improved NR positioning [1] includes the RAN1-centric objective of identifying the error sources for solutions of Integrity for NR RAT dependent positioning techniques. For the work of integrity of RAT-dependent positioning, the work in RAN 1 shall focus on error sources for each NR positioning method. In this contribution, we will discuss and identify the error sources for each RAT dependent positioning technique supported in NR systems.
2. Discussion on Error Sources 
It was agreed to further study whether RSRP measurement is an error source 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)


In DL-AoD method, the system or UE use the RSRP measurement to determine the angle of UE and then the location of UE can be calculated based on the angle measurement of UE with respect to multiple TRPs. The measurement error in RSRP would cause error in angle estimation. For example, an extra large error in RSRP measurement could cause totally wrong estimation of angle and then cause large error in UE location calculation. However, it is true that it is hard to model the direct impact of RSRP measurement error on DL-AoD. In our view, at least the case of extreme large error in RSRP measurement shall be considered. Thus, paired-overbounding can be used to model the error in RSRP.
[bookmark: _Hlk115118228]Proposal 1: DL PRS RSRP/RSRPP measurement is an error source for DL-AoD and paired-overbounding can be used to model it.
It was agreed that AoA measurement is error source for UL-AoA and we have the following two Alts for defining the error model of AoA measurement: 
	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)


In our view, Alt1 is preferred. In UL-AoA, the UE transmits SRS for positioning. The TRP measures the UL AoA from the SRS for positioning and then reports the UL AoA measurement to LMF. The UL-AoA method could have the following errors:
· First of all, the measurements of azimuth angle and zenith angle have measurement errors. The measurement error can be caused by noise, interference, multi-path and other imperfect factors.  The error in either azimuth angle or zenith angle can be modeled as a normal distribution. For the TRP with linear antenna array, only the azimuth angle with respect to the antenna arrary axis is reported and the measurement error is the error in azimuth angle, which can be modeled as normal distribution too.
· The AoA estimated from a NLOS path would include an absolute error in comparison with the AoA estimated from the LOS. For each particular NLOS path, the error in azimuth angle or zenith angle can be modeled as a normal distribution with a non-zero mean and that mean is determined by the difference between angle of arrival of the NLOS path and the angle of arrival of the NLOS path. However, the angle of arrival of the NLOS path could be random and thus the mean of the distribution is also a random variable. Overall, the error caused by NLOS path can be modeled as normal distribution too but with a larger variance than measurement error without NLOS path.
· In UL-AoA method, the TRP measures and reports the angle measurement directly and the calculation of UE location does not utilize the configuration information of TRP beams. Thus, the configuration of TRP beam could not be a error source.
[bookmark: _Hlk115118237]Proposal 2:  For the angel of arrival measurement in UL-AoA:
· Alt1 is supported.
· The error can be expressed in in azimuth angle and zenith angle with a normal distribution.
· If the channel is NLOS: the error in azimuth angle and zenith angle can be approximated as a normal distribution with a larger variance. 
In our view, the error in boresight direction of DL PRS and beam information do have impact on the performance of DL AoD. We have the following agreement to further study this aspect:
	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


For UE-based DL-AoD method, the beam information is provided to the UE and the UE utilize such information to calculate the angle of UE with respect to each TRP. Thus, the beam information of each DL PRS resource has critical impact on the performance of UE-based DL-AoD method. For UE-based method, the PRS beam information is provided to the UE. The error in Tx beam configuration can include various aspects. For example, the error in the beam angle which means the real boresight direction might be different from the designed boresight direction. In rel17, the beam information is provided through the beamforming gain at different directions. Such information could have error too and the beamforming gain on some directions could have error. To simply the problem, the error in Tx beam configuration can be modeled by the angle in boresight direction angle and it can be modeled as a normal distribution in both azimuth angle and vertical angle.
The boresight direction of DL-PRS has two types of errors: the first error source is the error in the boresight direction. The boresight direction is used as reference to determine the angle of UEs. If the boresight direction has errors, the determined angle of UE would have the corresponding same errors. The second type of error is the granularity of boresight direction. The estimate error of the angle of UE is limited by the granularity. 
[bookmark: _Hlk115118249][bookmark: _Hlk118404020]Proposal 3:  The error in boresight direction of DL-PRS is error source for UE-based DL-AoD.
Similarly, the error in beam information provided to the UE would affect the performance of UE-based DL-AoD. However, it is hard to obtain the statistical error information of the beam configuration information. And it is also hard to determine the direct impact of error of beam information on the measurement results.
It was agreed to study the error source of SFN initialization time:
	[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


The SFN Initialisation Time is provided in positioning information response message from TRP to LMF, as defined in 38.455. The error in SFN Initialisation Time does have impact on the performance of UL-TDOA since it would cause error in RTOA measurement. However, in our view, the error in SFN Initialisation Time shall be part of TRP synchronization error. It is not needed to model it separately. 
[bookmark: _Hlk115118254]Proposal 4: The error in SFN initialization Time is part of the inter-TRP synchronization error. 
3. Conclusions
In this contribution, we investigate the error sources for each NR RAT dependent positioning technique. Accordingly, the following proposals on error sources were made:
Proposal 1: DL PRS RSRP/RSRPP measurement is an error source for DL-AoD and paired-overbounding can be used to model it.
Proposal 2:  For the angel of arrival measurement in UL-AoA:
· Alt1 is supported.
· The error can be expressed in in azimuth angle and zenith angle with a normal distribution.
· If the channel is NLOS: the error in azimuth angle and zenith angle can be approximated as a normal distribution with a larger variance. 
Proposal 3:  The error in boresight direction of DL-PRS is error source for UE-based DL-AoD.
Proposal 4: The error in SFN initialization Time is part of the inter-TRP synchronization error. 
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