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Introduction
In RAN#94, the integrity of RAT dependent positioning technology was approved for research and discussion in the Rel-18 stage, as follows [1]：
	· Improved accuracy, integrity, and power efficiency:
· 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.


Some problems about the error source in the integrity of RAT positioning technology were discussed in RAN#110. And reached some consensus, summarized as follows [2]：
	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
· 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
Agreement
For UE-based positioning integrity mode, at least the following are error sources in assistance data : 
· 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
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
Agreement
For LMF-based positioning integrity mode, at least inter-TRP synchronization is an error source for UL-TDOA. 
· FFS : Specification impact of inter-TRP synchronization as an error source for UL-TDOA
· 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
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.


In this paper, we will put forward our own views on the integrity error of TRP/UE and integrity assistance data in the integrity of RAT positioning technology.
TRP/UE integrity error source
2.1 UE Rx/Tx and or gNB Rx/Tx timing error
[image: ]
Figure 1 UE Rx/Tx and or gNB Rx/Tx timing error
In the process of TRP and UE transmitting and receiving signals, there is a certain degree of timing error at the transmitter and receiver. This timing error is unknown to the device and will drift at a relatively slow speed over time. 
Through the LOS TOA ranging experiment with a static distance of 10m, the following results are obtained:
[image: ]
Figure 2 Distance measurement TOA
It can be seen from the above figure that the TOA data obtained from the experiment fluctuates greatly with time, which will affect the actual ranging accuracy and generate large positioning errors.
Observation 1：UE Rx/Tx and or gNB Rx/Tx timing error source will greatly affect the positioning accuracy.
Through the above data processing, the statistical characteristics can be approximately subject to the Gaussian normal distribution with the mean value of 0 and the standard deviation of 30.12 ns. Therefore, TOA error can be regarded as following the normal distribution law.
Proposal 1：It is suggested that TOA error be considered as an error source with normal distribution. 
2.2 Measurement error caused by NLOS environment
[image: ]
Figure 3 LOS/NLOS Correlation peak
In the positioning simulation experiment based on PRS signal, gNB2 and UE to be located are respectively placed in LOS and NLOS environments. It can be seen from the figure that the correlation peak under LOS condition is more obvious than that under NLOS condition, and the correlation peak under NLOS condition may be affected by attenuation and penetration loss, which will lead to the decline of ranging accuracy, and ultimately affect the positioning effect of UE.
Observation 2：NLOS error caused by NLOS environment is an important error source that affects the integrity of RAT dependent positioning.
Integrity assistance data
In order to mitigate the impact of UE Rx/Tx and or gNB Rx/Tx timing error source on the positioning performance, during the discussion at the Rel-17 stage, RAN1#104bis-e[3] agreed to send TEG as association information to the TRP/UE/LMF.
Similarly, the meeting RAN1#106bis-e[4] agreed to set the NLOS indicator, and finally supported the soft value and hard value to express the indicator to mitigate the impact of NLOS/multipath on the positioning results. 
As the integrity of RAT-dependent positioning requires comprehensive consideration of actual positioning measurement value, assistance data and TIR for indication. Therefore, we believe that the integrity of RAT-dependent positioning can be improved by incorporating TEG information and NLOS indicator into assistance data.
Proposal 2：It is suggested that Rx-Tx TEG information be used as part of the integrity assistance data to consider the integrity of RAT-dependent positioning. 
Proposal 3：It is suggested to consider the integrity of the RAT-dependent positioning by taking the NLOS indicator as a part of the integrity assistance data.
It is mentioned in file[5] “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)”. We suggest that TEG related timing error should be considered as a part of the assistance data error.
Proposal 4：TEG related timing error should be considered as part of the assistance data error.
Conclusion
Observation 1：UE Rx/Tx and or gNB Rx/Tx timing error source will greatly affect the positioning accuracy.
Observation 2：NLOS error caused by NLOS environment is an important error source that affects the integrity of RAT dependent positioning.
Proposal 1：It is suggested that TOA error be considered as an error source with normal distribution. 
Proposal 2：It is suggested that Rx-Tx TEG information be used as part of the integrity assistance data to consider the integrity of RAT-dependent positioning. 
Proposal 3：It is suggested to consider the integrity of the RAT-dependent positioning by taking the NLOS indicator as a part of the integrity assistance data.
Proposal 4：TEG related timing error should be considered as part of the assistance data error.
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