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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. 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. For those methods, the following pertinent agreements were made:
	Agreement
· For LMF-based positioning integrity mode, at least the followings are error sources for timing related measurements :
· RSTD measurement is an error source for DL-TDOA 
· RTOA measurement is an error source for UL-TDOA
· UE Rx-Tx time difference measurement is an error source for Multi-RTT
· gNB Rx-Tx time difference measurement is an error source for Multi-RTT
· 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
Agreement
Study the distribution of RSTD, RTOA and UE/gNB Rx-Tx time measurement error considering the following aspects: 
· Whether TEG-related timing error is an independent error source from timing related measurement error (e.g., RTOA, RSTD, UE/gNB Rx-Tx time difference)
· Whether the measurement error is considered for each ToA or for the reported RSTD value
· Other Details (e.g., mean and standard deviation)
Note : it is encouraged to provide the evaluation assumptions used by companies (e.g., requirements in TS 38.101, TS 38.104, TS 38.133, evaluation assumptions in TR 38.857, LOS/NLOS probability, measurement algorithm) and results (e.g., error histogram) if evaluation is used to determine the distribution, mean and standard deviation or range of values of an error source.


The reported measurement results in DL-TDOA method is RSTD measurement, not each ToA value. The ToA value is intermediate result and are not used by LMF to calculate UE position. Thus, the measurement error in DL-TDOA shall be considered for each reported RSTD value, instead of each ToA value.
The TEG-related timing error would cause error in each ToA measurement and generally, Tx or Rx timing error would cause positive error in each ToA measurement. But the measurement result in DL-TDOA is actually RSTD, which is the differential between two ToA values. If those two ToA values are measured with the same REG, the Rx timing error can be removed. If those two ToA values are measured with different REG, the error residual in the RSTD measurement is the differential between different timing errors. Thus, it is not needed to consider the TEG-related timing error as an independent error source for DL-TDOA.  
Another factor that shall be considered is the impact of NLOS channel. If the channel is NLOS, the NLOS factor could also cause an 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.
[bookmark: _Hlk115118215]Proposal 1: For the error in the RSTD measurement: 
· The measurement error is considered for the reported RSTD measurement.
· TEG-related timing error is not considered as an independent error source.
· NLOS is not considered as a separate error source for RSTD measurement.
· The measurement error in RSTD can be modeled as a normal distribution.
In UL-DTOA, the reported measurement is RTOA, which is TOA relative to an absolute reference time.  When the channel is LOS, the measurement error in RTOA can be modeled as a normal distribution. But, if the channel is NLOS, the measurement error caused cannot be like that since part of the error is caused by NLOS and this part 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 cannot 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 cannot figure out how much error is in the measurement result. 
Each reported RTOA measurement result contains the Rx timing error of the gNB side and Tx timing error of the UE side. Thus, the TEG-related timing error shall be separately considered for a reported RTOA measurement result. 
[bookmark: _Hlk115118220]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.
· TEG-related timing error shall be considered separately. 
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 cannot 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. 
[bookmark: _Hlk115118224] 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.
· TEG-related timing error is not considered independently.
3. Error Source in Angle-based measurement
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. The measurement errors are in each 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.
[bookmark: _Hlk115118228]Proposal 4: For DL-AoD, the measurement error in PRS RSRP or RSRPP can be modeled as normal distribution.

It was agreed that AoA measurement is error source for UL-AoA. 
	Agreement
· For LMF-based positioning integrity mode, at least angle of arrival measurement is an error source for UL-AoA
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS: The error can be expressed as the error of the AoA/ZoA in LCS or GCS or the error of a defined function of AoA/ZoA in LCS.
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857


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 5:  For the angel of arrival measurement in UL-AoA:
· 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. 
It was agreed that ARP location is an error source for UL-AoA:
	Agreement
For LMF-based positioning integrity mode, ARP location (e.g., ARPLocationInformation in TS 38.455) is an error source for UL-AoA.
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity)
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
· FFS : Whether the error statistics of ARP location is available at the gNB
· Other error sources are not precluded


The error in ARP location can be expressed as the distance between the real ARP location and the reported ARP location. That can be modeled by a normal distribution.
[bookmark: _Hlk115118241]Proposal 6: the error in reported ARP location is model by a normal distribution.
4. Error in Assistance/Configuration Data
The following agreement was made on the error sources in assistance data:
	Agreement
For UE-based positioning integrity mode, at least the following are error sources in assistance data : 
· [bookmark: _Hlk113486134]TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) and Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355) are error sources for DL-TDOA
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) is an error source for DL-AoD
· FFS: whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source
· FFS: whether beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo in TS 37.355) is an error source 
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· Other error sources are not precluded
· FFS : Applicability of the above error sources to LMF-based positioning integrity mode
· 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.
[bookmark: _Hlk115118249]Proposal 7:  For UE-based DL-AoD, boresight direction of DL-PRS and beam information of DL-PRS are error sources.

For the LMF-based positioning method, the above error sources also apply:
· The TRP location error also has impact on LMF-based positioning since all the LMF-based positioning methods use the TRP location as reference point to calculate the UE location. Any error in one TRP location would result in error in UE location estimate.
· Inter-TRP synchronization also has impact on the LMF-based DL-TDOA method. 
· In LMF-based DL-DoA method, the beam information of DL PRS resource is used by the LMF to estimate the angle of UE and then calculate the UE location. Thus, the boresight direction or beam information of DL PRS resource is also an error source.
[bookmark: _Hlk115118254]Proposal 8:  LMF-based positioning shall consider the following error sources.
· TRP location
· Inter-TRP synchronization
· Boresight direction of DL PRS and beam information of DL PRS

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: For the error in the RSTD measurement: 
· The measurement error is considered for the reported RSTD measurement.
· TEG-related timing error is not considered as an independent error source.
· NLOS is not considered as a separate error source for RSTD measurement.
· The measurement error in RSTD 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.
· TEG-related timing error shall be considered separately. 
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.
· TEG-related timing error is not considered independently.
Proposal 4: For DL-AoD, the measurement error in PRS RSRP or RSRPP can be modeled as normal distribution.
Proposal 5:  For the angel of arrival measurement in UL-AoA:
· 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 6: the error in reported ARP location is model by a normal distribution.
Proposal 7:  For UE-based DL-AoD, boresight direction of DL-PRS and beam information of DL-PRS are error sources.
Proposal 8:  LMF-based positioning shall consider the following error sources.
· TRP location
· Inter-TRP synchronization
· Boresight direction of DL PRS and beam information of DL PRS
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