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Introduction
[bookmark: OLE_LINK6]In the RAN1 #110bis-e meeting [1], sufficient progress was made in terms of error sources and associated distributions for RAT-dependent positioning methods. 
In this paper, we further analyze the remaining issues of RAT-dependent positioning integrity.
According to the agreement of the last meeting, remaining issues include
· The expression of angle of arrival measurement error.
· Error sources
· DL PRS RSRP/RSRPP measurement for DL-AoD
· Boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) of DL PRS for UE-based positioning integrity mode.
· SFN initialization time for UL-TDOA or DL-TDOA. 

Expression of AoA measurement error
Decorrelate the angle error of AoA and ZoA
In RAN1#110bis-e [1], we made the following agreements with respect to AoA measurement error.
	Agreement
· [bookmark: _Hlk117502400]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)



The reason why we think that Alt. 2, i.e., a conversion function expression of AoA/ZoA in the LCS, should be adopted is because the definition of AOA and ZOA is not symmetric, where ZOA is the angle between UE and z’-axis, while AOA is the angle between the projected UE direction in the x’Oy’ plane and x’-axis if UE is not in the same horizontal plane as the gNB.
It is worth noting that in Rel-17, when we discussed linear array AoA enhancement, the following options were considered due to the same reason [2].
	Agreement:
· Further study which option is used to potentially enhance signaling of UL-AOA measurement report in case of a linear array antenna
· Option 1: gNB reports UL-AOA measurement which is a function of the actual azimuth and zenith angles of arrival in a given coordinate system
· Option 2: The z-axis of LCS is defined along the linear array axis. gNB reports only the ZoA relative to z-axis in the LCS, and the LCS-to-GCS translation function is used to set up the specific z-axis direction
· Other options are not precluded from the study



When it comes to integrity, this asymmetry will result in the covariance matrix of AOA and ZOA error to be non-diagonal, i.e.,

With .







[bookmark: _Ref19808354]Figure 1 Introducing  as the angle between UE and y’-axis
To diagonalize the covariance matrix, we can angle  defined as the angle between UE and y’-axis, shown in Figure 1, which corresponds to ZoA if the local z axis is along with y’ axis in Figure 1, and for the sake of simplicity, we can name it as YoA. 
It can be shown that , and one can prove that  is diagonal, meaning YoA error and ZoA error are independent.
[image: ]
[bookmark: _Ref115085755]Figure 2 The covariance of ZoA/AoA error and ZoA/YoA error
Figure 2 shows the covariance matrix of ZoA/AoA and ZoA/YoA under three different UE directions
 and 
 and 
 and 
It can be shown when  (AoA) deviates from the boresight direction, the cross-correlation (C12) between ZoA error and AoA error also increase as shown in the left-handed side of Figure 2. The cross-correlation (C12) between ZoA error and YoA error remain very low as shown in the right-handed side of  Figure 2.
It is also worth noting that when  (AoA) deviates from the boresight direction, the error of AoA itself also increases.
Observation 1: YoA, which is defined as , has independent error from ZoA, while AoA error may be correlated with ZoA error.
[bookmark: _Hlk115113796]Proposal 1: The AoA measurement error can be described as ZoA and YoA error when both ZoA and AoA are reported.
YoA is defined as 

Angle-independent angle error
We notice that angle error is a function of the angle itself. For example, when the UE direction is close to the boresight of the antenna array, the angle error is small; however when the UE direction is close to the endfire of the antenna array, the angle error is large as the beam width is also large. 
One possible solution is to consider modelling the angle error as  and 
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[bookmark: _Ref19810253]Figure 3 The error covariance of ZoA/YoA error and cos(ZoA)/cos(YoA) error
Figure 3 shows the covariance of ZoA/YoA error and cos(ZoA)/cos(YoA) under three different UE directions.
 and 
 and 
 and 
It can be seen that the relative error magnitude between cos(YoA) and cos(ZoA) is almost constant and does not change over different AoA directions, which means that the estimate of the cos(YoA) or cos(ZoA) error is independent from the estimated YoA/ZoA itself. This is very beneficial to describe the error profile and the error bound.
Proposal 2: The AoA measurement error is represented by the error of the following two quantities



Error sources
For positioning integrity, both measurement error and assistance data error can be error sources. Although sufficient progress was made in terms of error sources and associated distributions for RAT-dependent positioning methods in the last meeting, there are some remaining issues about error source of positioning integrity to be discussed. 
Error source for DL PRS RSRP/RSRPP
During RAN1#110bis-e [1], agreement was reached to study whether DL PRS RSRP/RSRPP measurement is an error source for DL-AoD.
	Agreement
· [bookmark: OLE_LINK7]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 positioning method, TRPs transmit multiple DL PRS signals associated with multiples DL PRS resources and each DL PRS resource corresponds to one Tx beam. The beam information of each DL PRS resource is reported to LMF in LMF-based mode or UE in UE-based mode. The UE receives each DL PRS beam and measures RSRPP of the first detected path of each DL PRS beam.  Then LMF or UE combines beam information with the measured RSRPP to derive the DL-AoD. Obviously, the measurement error of DL PRS RSRPP will lead to the error of DL-AOD. Therefore, DL PRS RSRPP measurement error is an error source for DL-AoD.
It is worth noting that even if the noise and interference factors can be perfectly eliminated, the first path detected by UE across multiple DL PRS resources may not be the same first path. There had been discussion in Rel-17 to overcome this issue e.g. by ensuring the same path across all the reported DL PRS RSRPP measurements, or by reporting relative ToA between the selected first paths for the reported DL PRS RSRPP measurements.
Therefore, a more critical and unique measurement error of RSRPP is the path misalignment due to the inherent path-level measurement if compared to measurement error of RSRP. On one hand, a general method to detect the first path of multiple beams is to utilizing the ToA of the first path of strongest received PRS beam to extract the first path of other PRS beams, but the clock drift is the main factor of path misalignment when measuring different PRS beams. On the other hand, compared with error caused by noise and interference, path misalignment may make the measurement error of RSRPP untraceable and thus the RSRPP measurement may be unusable. UE may or may not align the first path of multiple PRS beams according to its internal processing capability. Consequently, for LMF-based positioning integrity mode, it is vital to indicate whether the reported RSRPP for the first path of multiple PRS beams is time aligned.  Therefore, we have the following proposal.
Proposal 3: DL PRS RSRP/RSRPP measurement is an error source for DL-AoD.
For LMF-based positioning integrity mode, UE should indicate whether the RSRPP for the first path of multiple PRS resources is time aligned.

Error source for beam information
[bookmark: _Hlk117503471]Agreement was made to study whether boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) of DL PRS are error sources in RAN1#110bis-e [1].
	Agreement
· [bookmark: _Hlk117589582]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


In our understanding, it is very coarse for DL-AoD positioning using only boresight direction. For RSRP/RSRPP mapping based only on the boresight direction, the DL-AoD angle calculation is likely based on the direction of the PRS with the highest RSRP, which motivated the enhancement of beam antenna information in Rel-17 in first place. It is unclear with such coarse AoD estimation already, how the protection level can be obtained at the given target integrity risk. Therefore, boresight direction of DL PRS (NR-DL-PRS-BeamInfo) should not be considered as an error source.  The following proposal is made.
Proposal 4: Boresight direction of DL PRS (NR-DL-PRS-BeamInfo) is not considered as the error source for DL-AoD positioning integrity.

Error source for SFN initialization time
[bookmark: _Hlk117503719]Agreement was reached to determine whether SFN initialization time is an independent error source for UL-TDOA and DL-TDOA in LMF-based positioning integrity mode in the last meeting. 
	[bookmark: _Hlk117152652]Agreement
· [bookmark: _Hlk117611782]Study to determine whether SFN initialization time is an independent error source for the following positioning methods and integrity mode 
· [bookmark: _Hlk117611796]UL-TDOA with LMF-based positioning integrity mode 
· [bookmark: _Hlk117611812]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


In TS 38.455 [3] SFN Initialization Time can be used to calculate the RTOA reference time by definition of SRS search window at a TRP. Thus, errors in SFN Initialization Time error may cause RTOA error. 
	[bookmark: _Toc478159770]9.2.26	Search Window Information
This information element contains search window information for the TRP.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Expected Propagation Delay
	M
	
	INTEGER 
(-3841..3841,…)
	Indicates when the SRS is expected to arrive in time at the TRP relative to the UL RTOA Reference Time.
The UL RTOA Reference Time for a target SRS is defined as , where
-      is the SFN Initialisation Time 
-     , where  and  are the system frame number and the subframe number of the SRS, respectively.
Granularity 4Ts, where Ts=1/(15103 2048) seconds.
Centre of the search window.





For LMF-based DL-TDOA positioning method, LMF could rely in the SFN initialization time reported from each TRP to derive RTD info in a similar way of UL-TDOA method. Therefore, for LMF-based UL-TDOA and DL-TDOA, SFN initialization time is an independent error source. For the distribution modelling of SFN initialization time error, it can be either uniform distribution or normal distribution, which can be up to RAN2 to decide.
[bookmark: OLE_LINK1]Proposal 5: SFN initialization time is an independent error source for UL-TDOA and DL-TDOA in LMF-based positioning integrity mode and it is up to RAN2 to model its error distribution.

Conclusion
In this contribution, we further analyze the remaining issues of RAT-dependent positioning integrity in terms of the expression of angle of arrival measurement error and error sources. Based on discussion, we have the following observation and proposals.
Observation 1: YoA, which is defined as , has independent error from ZoA, while AoA error may be correlated with ZoA error.
Proposal 1: The AoA measurement error can be described as ZoA and YoA error when both ZoA and AoA are reported.
YoA is defined as 
Proposal 2: The AoA measurement error is represented by the error of the following two quantities


Proposal 3: DL PRS RSRP/RSRPP measurement is an error source for DL-AoD.
For LMF-based positioning integrity mode, UE should indicate whether the RSRPP for the first path of multiple PRS resources is time aligned.
Proposal 4: Boresight direction of DL PRS (NR-DL-PRS-BeamInfo) is not considered as the error source for DL-AoD positioning integrity.
Proposal 5: SFN initialization time is an independent error source for UL-TDOA and DL-TDOA in LMF-based positioning integrity mode and it is up to RAN2 to model its error distribution.
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Annex: TP to the TR
[bookmark: _Toc112369720]Annex B.2: Evaluation Results for Integrity for RAT-Dependent Positioning Techniques
[bookmark: _Toc112369712]B.2.X	Results from source [X]
[bookmark: _Toc112369728]B.2.X.1	Description of evaluation scenarios
For NR RAT-dependent positioning techniques in the integrity evaluation, only UL AoA is considered.
Evaluation scenarios and assumptions for integrity for the UL AoA positioning method are provided in Table B.2.X.1-1. 

Table B.2.X.1-1: Integrity for NR RAT-dependent positioning techniques - evaluation scenarios and parameters from [X]
	Parameter
	Case 1

	Channel model
	CDL-D with additional angle offset so that the LoS angle is directed to the desired ZoA/AoA

	Carrier frequency, or multiple carrier frequencies, GHz
	4GHz

	Bandwidth, MHz
	100MHz

	Subcarrier spacing, kHz
	30kHz

	Positioning methods
	UL-AoA

	SNR
	10dB

	Additional notes, if any
	Three sets of (ZoA, AoA) in the local coordinate system are evaluated:
Subcase 1: ZoA(theta) = 120 degrees, AoA(phi) = 0 degrees
Subcase 2: ZoA(theta) = 120 degrees, AoA(phi) = 30 degrees
Subcase 3: ZoA(theta) = 120 degress, AoA(phi) = 60 degrees



B.2.X.2	Evaluation results for integrity for NR RAT-dependent positioning techniques
Figure B.2.X.2-1 provides normalized correlation coefficient between ZoA error and AoA error, and between ZoA error and YoA error, where YoA is defined as cos-1(sin(ZoA)*sin(AoA)) in the local coordinate system.
[bookmark: _GoBack]Figure B.2.X.2-2 provides the normalized correlation coefficient between ZoA error and YoA error, and between cos(ZoA) error and cos(YoA) error.

Figure B.2.X.2-1: Normalized correlation coefficient between ZoA error and AoA error and between ZoA error and YoA error from [X]
[image: ]

Figure B.2.X.2-1: Normalized correlation coefficient between ZoA error and YoA error and between cos(ZoA) error and cos(YoA) error from [X]
[image: ]
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