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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN #94e Meeting, the SID on study on expanded and improved NR positioning RP-213588[1] was approved including the following objective related to integrity:
	· 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.


In the previous meeting, a bunch of agreements were reached. In this contribution, we provide our views on the remaining issue of Integrity for RAT-dependent positioning methods.
[bookmark: Pro2]Discussion on the measurement error for RAT-dependent positioning
In this section, we discuss the remaining issue of timing measurement error and angle measurement error.
UE measurement error for UE-assisted timing-based positioning
	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.
Agreement
· Timing measurement error can be modeled as Normal distribution.
· Note : The timing measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement
· Note: it is assumed that the timing measurement error is associated with the first path
· Note: it is up to RAN2 how to use the identified distribution


[bookmark: OLE_LINK4]Based on the above agreement in the last meeting, the measurement error follows Norm distribution. In this case， for UE assisted positioning, the related timing error can be reported in a measurement report. And for Network assisted positioning, the related timing error can be reported from gNB to LMF.
Proposal 1: 
· [bookmark: _Hlk115370733]For UE assisted positioning, the related timing error can be reported in measurement report sent from UE to the LMF(e.g., including mean and standard deviation of the timing error)
· For Network assisted positioning, the related timing error can be reported in measurement report(e.g., RTOA) sent from gNB to the LMF(e.g., including mean and standard deviation of the timing error)
Meanwhile, considering the confidence parameter NR-TimingQuality of RSTD measurement indicates the best estimate of the uncertainty of measurement. That is, the error of RSTD measurement should not exceed the range of NR-TimingQuality.  In this case, the standard deviations can be calculated by NR-TimingQuality(e.g., NR- standard deviations can be  1/2 Timing Quality or 1/3 Timing Quality to guarantee 95%-99.7% measurement error within the range of NR-TimingQuality.)
	TS 38.214 5.1.6.5
[bookmark: _Hlk109757090]The UE may be configured to report quality metrics NR-TimingQuality corresponding to the DL RSTD and UE Rx-Tx time difference measurements which include the following fields:
[bookmark: _Hlk109756785]-	timingQualityValue which provides the best estimate of the uncertainty of the measurement
-	timingQualityResolution which specifies the resolution levels used in the timingQualityValue field.


Proposal 2: [bookmark: _Hlk110873952]
· For the measurement error, the mean and standard deviation of the timing error can be
·  , at least for LoS case 
· NR-TimingQuality or NR-TimingQuality.
Lastly, we would like to note more than one RSTD can be reported for a TRP, leading that more than one mean/standard deviation can be associated and reported for a TRP if each quality metric would be mapped into a mean/standard deviation. But, there may be only one RSTD for a TRP that can be used to calculate UE location and only the error associated with the RSTD can be used to calculate UE location integrity. 
Proposal 3: [bookmark: _Hlk110873971]
· If more than one RSTD measurement can be reported for a TRP, more than one set of mean/standard can be associated and reported for a TRP
· For example, for a TRP, up to 4(RSTD)* 8( path) *8 (TEG) sets of mean/standard can be associated.
UE measurement error for UE-based timing-based positioning
To support the calculation of the positioning error bound used to be compared against the alert limit to issue the warning, the location engine should be able to collect and evaluate multiple TRPs’ measurement errors. As is common sense, the untrustworthiness of one TRP measurement doesn't mean the positioning result is unreliable considering the redundant results from other TRPs. For example, there are up to 64 TRPs taking a part measurement, and the actual UE location estimation may only be calculated by part of TRPs’ measurements. In this case, it makes no sense that the final positioning result is judged to be unreliable because of the overbounding error in several TRPs. Therefore, we propose a minimum available TRP number for positioning integrity. The measurement can be seen as reliable if the available TRP number in the position solver equation is larger than the minimum TRP number.
Proposal 4: [bookmark: _Hlk110873980]
· For UE-based timing-based positioning, introducing the minimum TRP number for positioning integrity, and the measurement can be seen as available if the available TRP number in the position solver equation is larger than the minimum TRP number.
UE measurement error for AoA positioning
	Agreement
Study the distribution of arrival measurement error focusing on the following aspects 
· Whether the angle of arrival measurement 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
· Distribution of AoA measurement error for an NLOS/LOS link
· Other Details (e.g., mean, standard deviation)
Note: 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, 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.
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 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)











[bookmark: _Ref19808354]Figure 1 AoA , ZoA and  as the angle between arrival signal and xoy plane
In this section, we analyze measurement errors for angle-based positioning (UL AoA). Firstly, we would like to note that the randomness of the NLOS influence on the angle is far greater than the delay. So, for angle-based positioning, we propose the integrity of NLoS angle measurement can be DNU.
Secondly,  AoA measurement error follows the Gaussian distribution with . So, for us, no conversion is preferred based on the distribution of AoA
[image: ]
Figure 2  The distribution of AoA measurement error for LoS case
[bookmark: _Hlk115370719]Observation 1:
· Based on the system evaluation of InF-SH, the AoA error follow the Gaussian distribution with  in LoS case.
In addition, similar to time-based positioning, the confidence parameter for angle measurement (eg. Azmuth quality or zenith quality) can be used to estimate the statistical distributions of LoS angle measurement errors of AoA and ZoA.
Proposal 5: [bookmark: _Hlk110874000][bookmark: _Hlk118209894]
· Reuse the confidence parameter for angle measurement (e.g., Azmuth quality or zenith quality) to estimate the statistical distributions of LoS angle measurement errors of AoA and ZoA.
Proposal 6: [bookmark: _Hlk110874013]
· [bookmark: OLE_LINK1][bookmark: _Hlk118209941]For AoA measurement error follows the Gaussian distribution, and the mean and standard deviation can be
· , 
· Azmuth/ zenith quality or Azmuth/ zenith quality.
UE measurement error for AoD positioning
	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)
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 RSRP or RSRPP measurement, we prefer DL PRS RSRP/RSRPP measurement is not an error source for DL-AoD given the RSRP varies with time and channel, and the impact of pathloss with distance on RSRP is relatively small.  In short, quantifying the impact of RSRP measurement on the positioning is very difficult 
Proposal 7: [bookmark: _Hlk118209952]
· DL PRS RSRP/RSRPP measurement error cannot be concluded as an error source given DL PRS RSRP/RSRPP measurement is not stable and the impact on DL-AoD is unclear.
For boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and beam information (NR-TRP-BeamAntennaInfo) of DL PRS, it is similar to RTD information for RSTD, So, in principle, it should be seen as an error information. But the beam information that is agreed in Rel-17 is too complex, which is the relative power between PRS resources per angle per TRP and may include an excess of 6 million relative powers per TRP / resource to be signaled.  Therefore, we prefer to agree to boresight direction only as an error source for AoD positioning first.
Proposal 8: [bookmark: _Hlk118209959]
· The boresight direction of DL PRS (NR-DL-PRS-BeamInfo) can be an error source of DL-AoD.
Conclusion
In this contribution, we discuss error sources for Integrity for RAT-dependent positioning techniques with the following observation and proposals.
Observation 1:
· Based on the system evaluation of InF-SH, the AoA error follow the Gaussian distribution with  in LoS case.
Proposal 1: 
· For UE assisted positioning, the related timing error can be reported in measurement report sent from UE to the LMF(e.g., including mean and standard deviation of the timing error)
·  For Network assisted positioning, the related timing error can be reported in measurement report (e.g., RTOA) sent from gNB to the LMF(e.g., including mean and standard deviation of the timing error)
Proposal 2: 
· For the measurement error, the mean and standard deviation of the timing error can be
·  , at least for LoS case 
· NR-TimingQuality or NR-TimingQuality.
Proposal 3: 
· If more than one RSTD measurement can be reported for a TRP, more than one set of mean/standard can be associated and reported for a TRP
· For example, for a TRP, up to 4(RSTD)* 8( path) *8 (TEG) sets of mean/standard can be associated.
Proposal 4: 
· For UE-based timing-based positioning, introducing the minimum TRP number for positioning integrity, and the measurement can be seen as available if the available TRP number in the position solver equation is larger than the minimum TRP number.
Proposal 5: 
· Reuse the confidence parameter for angle measurement (e.g., Azmuth quality or zenith quality) to estimate the statistical distributions of LoS angle measurement errors of AoA and ZoA.
Proposal 6: 
· For AoA measurement error follows the Gaussian distribution, and the mean and standard deviation can be
· , 
· Azmuth/ zenith quality or Azmuth/ zenith quality.
Proposal 7: 
· DL PRS RSRP/RSRPP measurement error cannot be concluded as an error source given DL PRS RSRP/RSRPP measurement is not stable and the impact on DL-AoD is unclear.
Proposal 8: 
· The boresight direction of DL PRS (NR-DL-PRS-BeamInfo) can be an error source of DL-AoD.
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