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1. Introduction
[bookmark: _Hlk30969022]The Rel-18 SID on expanded and improved NR positioning was approved in RAN#94e [1], including the RAN1-centric objective of identifying the error sources for solutions of Integrity for NR RAT dependent positioning techniques. The pertinent agreements on error sources and integrity are summarized as:
	[bookmark: _Hlk103672001]Agreement
· Study sources of error for timing-based positioning and angle-based positioning methods, focusing on the following aspects
· Origin of the error source
· e.g., At UE and/or network side
· e.g., From assistance information, and/or measurements
· Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· Criteria to become an error source (e.g., whether it is quantifiable, how much influence an error source has on determination on integrity)
· It is encouraged to provide evaluation assumptions (e.g., requirements in TS 38.101, TS 38.104, TS 38.133, evaluation assumptions in TR 38.857) if evaluation is used to determine a distribution, mean and standard deviation or range of values of an error source
· UE-based/assisted DL positioning methods, UL and DL&UL positioning methods are considered in the study

Agreement
· At least the following error sources for timing-based positioning methods are studied
· TRP/UE measurements errors (e.g., ToA, Rx-Tx timing difference)
· FFS: Effect of multipath/NLoS channels on TRP/UE measurement errors
· Error in assistance data (e.g., TRP location, Inter-TRP synchronization errors (e.g., RTD))
· TRP/UE Timing error
· FFS: Further study identification of error sources resulting from the multipath/NLoS channel/radio propagation environment, including multipath/NLoS channel itself as an error source
· Other error sources are not precluded
· FFS: details of each error source, e.g., mean/standard deviation/range associated with each error

Agreement
· At least the following error sources for angle -based positioning methods are studied
· TRP/UE measurements errors (e.g., AoA, RSRP, RSRPP)
· FFS: Effect of multipath/NLoS channels on TRP/UE measurement errors
· Error in assistance data (e.g TRP location, TRP beam antenna information)
· FFS: Further study identification of error sources resulting from the multipath/NLoS channel/radio propagation environment, including multipath/NLoS channel itself as an error source
· Other error sources are not precluded
· FFS: details of each error source, e.g., mean/standard deviation/range associated with each error

Agreement
For the purpose of discussion of error sources, reuse the definitions for RAT-dependent integrity and update the references to GNSS in Section 8.1.1a in TS38.305 to also include RAT-dependent methods.
· Note: The intention of the proposal is not to make text proposals for TS 38.305
· FFS: whether to modify and/or how to modify, for the purpose of discussion in RAN1, terms in 8.1.1a in TS 38.305 (e.g., definitions for “Error”, “Bound”, “Time-to-Alert (TTA)”, “DNU”, “Residual Risk”, “irMinimum, irMaximum”) for RAT dependent positioning methods

[bookmark: _Hlk104074995]Agreement
In addition to the agreed aspects for the study, study the following aspects for error sources for timing/angle based positioning methods
· Mapping between an error source and a positioning method (e.g., DL, UL, DL&UL positioning method)
· e.g., error in TRP location can be an error source for UE-based DL-AoD
· Other aspects are not precluded


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. RAT-dependent Positioning methods
NR has supported the following RAT dependent positioning techniques so far. Each of those RAT dependent positioning relies on NR measurement to calculate the UE position:
· DL-DTOA method: the UE measures the relative arrival time of different TRPs and then the UE location is calculated based on the measurement results of relative arrival time and coordinate of TRPs.
· DL-AoD method: the UE measures multiple DL PRS resources of multiple TRPs and then report the ‘best’ DL PRS resource. The system estimates the angle of departure of one UE with respect to each TRP and then calculate the location of UE based on the estimated angle of departure. 
· UL-DTOA method: the TRP measures the arrival time of UL reference signal and the measured arrival time is used to calculate the UE position.
· UL-AoA method: the TRP estimates the angle of arrival of UL reference signal and then the angle of arrival is used to calculate the UE position. 
· Multi-RTT method: Both UE and TRP measures the Rx-Tx time difference and then the system calculates the round-trip latency. 
For the solutions of Integrity for RAT dependent methods., RAN1 needs to identify the error sources for each positioning technique, as stated in SI [1]. In general, the following factors have impact on NR positioning measurement and calculation:
· The errors related with reference signal configuration and transmission.
· The errors related with reference signal processing and measurement;
· The multi-path channel and NLOS factor in the channel.
· The gNB synchronization errors
· The time delay at gNB side and UE side
· The error in UE position calculation.
In the following sections, we will analyze the errors source for each NR positioning technique.
3. Error Sources in Timing-based methods
In NR positioning, timing-based methods include DL TDOA, UL TDOA and Multi-RTT methods. First of all, all the timing-based positioning method suffer from measurement errors. 
In DL-DTOA, the measurement is RSTD, which is the difference between TOA measurement of two TRPs. The errors in each TOA measurement could include the noise, interference, errors caused by multipath. If the channel is NLOS, the NLOS factor could also cause a error in each TOA measurement. Since the NLOS is always longer than LOS path, the error caused by NLOS is positive value. However, the RSTD measurement is the difference between TOA of two TRPs and each RSTD measurement includes the error difference caused by two NLOS factors. Thus, the error part in RSTD caused by NLOS factors could be either positive or negative. The error in RSTD measurement can be modeled a normal distribution.
Proposal 1: the RSTD measurement error can be modeled as a normal distribution. 
In UL-DTOA, the measurement is UL Relative Time of Arrival, which is TOA relative to an absolute reference time. The measurement error in RTOA except the NLOS factor can be modeled as a normal distribution. However, the error caused by NLOS factor cannot be like that since the error caused by NLOS would be always a positive value. The error caused by NLOS can be modeled as lognormal distribution. One can argue that the error caused by NLOS can be represented by the NLOS indicator, which is specified in Rel-17. In our view, the NLOS indicator can not be used to represent the error caused by NLOS. The NLOS indicator only indicates the confidence level of LOS or NLOS link but it does not provide any information on the values of measurement errors caused by NLOS. With a RTOA measurement marked with NLOS probability set to some value, the system still can not figure out how much error is in the measurement result.  
Proposal 2: For the error in UL RTOA measurement:
· Without NLOS, the measurement error in RTOA can be modeled as normal distribution.
· The measurement error of NLOS can be modeled as lognormal distribution.
The measurement result in multi-RTT method include UE Rx-Tx time difference that is measured by the UE and the gNB Rx-Tx time difference that is measured by the TRP. Without NLOS, the error in both UE Rx-Tx time difference and gNB Rx-Tx time difference can be modeled as normal distribution. In contrast, the NLOS could cause positive errors in either one. Thus, the error caused by NLOS can not be modeled as normal distribution. For the same reason, the NLOS indicator for Rx -Tx time difference can not represent the errors caused by NLOS. Similarly, the NLOS error in UE Rx-Tx time difference and gNB Rx-Tx time difference can be modeled as a lognormal distribution. 
 Proposal 3: For the error in UE Rx-Tx time difference and gNB Rx-Tx time difference:
· Without NLOS, the measurement error can be modeled as normal distribution.
· The measurement error caused by NLOS can be modeled as lognormal distribution.
The DL TDOA and UL DTOA method are affected by TRP synchronization error since both of them assumes the TRP involving in positioning measurement are time synchronized. The TRP synchronization error can be modeled as a uniform distribution within +/- bounds. The TRP and UE timing errors have impact on all timing-based positioning methods. For DL TDOA method, the TRP timing error affects the transmission timing of DL PRS and the UE Rx timing error affects the DL TOA estimation. For UL TODA method, the UE timing error affects the transmission timing of SRS for positioning and the TRP Rx timing error affects the UL TOA estimate. The error caused by TRP and UE timing error can be modeled as a uniform distribution within +/- bound. 
Proposal 4: TRP synchronization error for DL TDOA and UL DTOA method can be modeled as uniform distribution and the TRP/UE timing error for DL TDOA, UL TDOA and multi-RTT can be modeled as uniform distribution. 
The error sources for timing-based positioning methods are summarized in the following table:
	Error sources
	RSTD
	RTOA
	gNB/UE Rx-Tx time difference
	Distribution

	Measurement error w/o NLOS
	Yes
	Yes
	Yes
	Normal distribution

	Error caused by NLOS
	Not separately modeled
	yes
	yes
	Lognormal distribution

	TRP synchronization error
	yes
	yes
	No
	Uniform distribution

	TRP/UE timing error
	Yes
	Yes
	Yes
	Uniform distribution



4. Error Source in Angle-based methods
In NR positioning, angle-based methods are DL-AoD and UL-AoA. In DL-AoD method, the TRP transmit multiple DL PRS resources and each DL PRS resource bear one Tx beam. The beam information on each DL PRS resource is reported to LMF or UE. The UE measures the PRS RSRP or RSRPP. Thus, the DL-AoD method can include the following error sources:
· The measurement errors in PRS RSRP or RSRPP. The UE receives each DL PRS resource and then measure the RSRP of one DL PRS resource or RSRPP of the first detected path in DL PRS resource. The measurement error in RSRP or RSRPP can be modeled as a normal distribution.
· The error in Tx beam configuration: in DL-AoD method, the LMF or the UE estimates the UE location based on the UE measurement (RSRP or RSRPP) and the Tx beam information. Thus, the error in Tx beam configuration would cause error in UE positioning estimate. The TRP provides the PRS beam information to the system. 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.
Proposal 5: DL-AoD contains the following error sources:
· Measurement error in PRS RSRP or RSRPP: it can be modeled as normal distribution.
· Error in DL PRS Tx beam configuration: it can be the error in boresight direction angle and it can be modeled as normal distribution in both azimuth angle and zenith angle. 
Another angle-based method is 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.

Proposal 6:  UL-AoA method contains the following error sources:
· Measurement errors in azimuth angle and zenith angle: they can be modeled as a normal distribution.
· Error caused by NLOS path: the error in azimuth angle and zenith angle can be approximated as a normal distribution with a larger variance. 
The error sources for angle-based positioning methods are summarized in the following table:
	Error sources
	DL AoD: PRS RSRP or RSRPP
	UL AoA: ZoA and AoA measurement
	Distribution

	Measurement errors 
	Yes
	Yes
	normal distribution

	Error caused by NLOS
	No
	yes
	normal distribution with larger variance

	TRP beam configuration
	yes
	No
	normal distribution



5. 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: the RSTD measurement error can be modeled as a normal distribution. 
Proposal 2: For the error in UL RTOA measurement:
· Without NLOS, the measurement error in RTOA can be modeled as normal distribution.
· The measurement error of NLOS can be modeled as lognormal distribution.
Proposal 3: For the error in UE Rx-Tx time difference and gNB Rx-Tx time difference:
· Without NLOS, the measurement error can be modeled as normal distribution.
· The measurement error caused by NLOS can be modeled as lognormal distribution.
Proposal 4: TRP synchronization error for DL TDOA and UL DTOA method can be modeled as uniform distribution and the TRP/UE timing error for DL TDOA, UL TDOA and multi-RTT can be modeled as uniform distribution. 
Proposal 5: DL-AoD contains the following error sources:
· Measurement error in PRS RSRP or RSRPP: it can be modeled as normal distribution.
· Error in DL PRS Tx beam configuration: it can be the error in boresight direction angle and it can be modeled as normal distribution in both azimuth angle and zenith angle. 
Proposal 6:  UL-AoA method contains the following error sources:
· Measurement errors in azimuth angle and zenith angle: they can be modeled as a normal distribution.
· Error caused by NLOS path: the error in azimuth angle and zenith angle can be approximated as a normal distribution with a larger variance. 
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