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[bookmark: _Ref521334010]Introduction
RAN1 has been working on R18 NR positioning integrity for RAT-dependent positioning techniques in “Study on expanded and improved NR positioning” [1] since RAN1#109-e, and has achieved significant progress in these previous meetings [2][3]. In this contribution, we further discuss the solutions for the integrity of RAT-dependent positioning techniques.
Discussion
The modelling of the error sources for NR integrity was discussed in the previous meetings without conclusion. In this section, we present our views on the modelling of different error sources for the integrity of RAT-dependent positioning techniques.
Modelling of timing-related measurements error sources
The following agreements were achieved at RAN1#110 related to modelling of timing-related measurements error sources [3]:
	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.




TS 38.305 [7] has also defined the criterion for the integrity of the parameters included in integrity assistance data:
	For integrity operation, the network will ensure that:
P(Error > Bound for longer than TTA | NOT DNU) <= Residual Risk + IRallocation   (Equation 8.1.1a-1)
for all values of IRallocation in the range irMinimum <= IRallocation <= irMaximum
for all the errors in Table 8.1.2.1b-1, which have corresponding integrity assistance data available and where the corresponding DNU flag(s) are set to false.
….

Bound for a particular error is computed according to the following formula:
Bound = mean + K * stdDev					               (Equation 8.1.1a-2)
K = normInv(IRallocation / 2)
irMinimum <= IRallocation <= irMaximum
where:	mean: mean value for this specific error, as per Table 8.1.2.1b-1
	stdDev: standard deviation for this specific error, as per Table 8.1.2.1b-1

Equation (8.1.1a-1) holds for all assistance data that has been issued that is still within its validity period. If this condition cannot be met then the corresponding DNU flag must be set.



As shown above, the terms “mean”, “stdDev”, and “normInv” are used to derive the error bound, which implies the underline assumption is that the errors of the integrity parameters need to be statistically modelled as Gaussian distribution.
[bookmark: O1]Observation 1: In TS 38.305, the error bound of the parameters in the GNSS integrity assistant data is determined based on Gaussian distribution. 
For timing related measurements, including RSTD, RTOA, UE/gNB Rx-Tx time difference measurements, the measurement errors depend highly on the implementation algorithm and the RF environment. For example, for the LOS dominant environment, the measurements may be unbiased, and may follow Gaussian distribution, while under NLOS dominant environment, the measurements may be biased, and may not necessarily follow Gaussian distribution. Thus, providing exact error modelling for RSTD, RTOA, UE/gNB Rx-Tx time difference measurements in real-time may not be possible, although the main purpose of NR positioning integrity is to support the determination of the protection level (PL) in real-time. 
[bookmark: O2]Observation 2: It is very difficult for the receiver to provide the exact error distribution in real-time for RSTD, RTOA, UE/gNB Rx-Tx time difference measurements under different RF environments. 
Therefore, in our view, the selected error models should be flexible enough, at least to be applicable to most of the positioning environments for NR positioning integrity, i.e., which can be used to determine the PL even when the real error distribution may not be the same as the error model. In the selection of the error model, we also need to consider the implementation issue. In general, a receiver does not know the errors of the timing measurements and the error distribution. It may need to use other information, e.g., SINR and/or RSRP, to estimate the error bound. Thus, for all timing related measurements, our suggestion is to model them as Gaussian distribution. The receiver may report the distribution parameters, e.g., mean and/or standard deviation for integrity for the determination of the PL.
[bookmark: P1]Proposal 1: The measurement errors of all timing related measurements, including RSTD, RTOA, UE/gNB Rx-Tx time difference measurements, can be modelled statistically as Gaussian distribution for NR RAT-dependent positioning.

Modelling of the angle of arrival measurements error sources 
The following agreements were achieved at RAN1#110 related to modelling of the angle of arrival measurements error sources [3]:
	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
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.



For angle of arrival (AoA) measurements, the measurement errors depend on the direction of the received signal, the algorithm for AoA estimation, as well as the RF environment. For example, the AoA measurement error when the direction of the received signal is perpendicular to the Rx antenna plane is normally smaller than the case when the direction of the received signal is away from the perpendicular direction of the Rx antenna plane. Similar to timing related measurement, the estimated AoA measurement may be unbiased in LOS dominant environment, but biased in NLOS dominant environment. In our view, providing exact error modelling for AoA measurements suitable for all RF environments in real-time would be very difficult and may not be practical. 
[bookmark: O3]Observation 3: It is very difficult for the receiver to provide the exact error distribution in real-time for AoA measurements under different RF environments. 
Therefore, in our view, the selected error models should be flexible enough, at least to be applicable to most of the positioning environments for NR positioning integrity, i.e., which can be used to determine the PL even when the real error distribution may not be exactly the same as the error model. In the selection of the error model, we also need to consider the implementation issue. In general, a receiver does not know the errors of the timing measurements and the error distribution. It may need to use other information, e.g., SINR and/or RSRP, to estimate the error bound. Thus, for all timing related measurements, our suggestion is to model them as Gaussian distribution. The receiver may report the distribution parameters, e.g., mean and/or standard deviation for integrity for the determination of the PL.
About the “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”, our understanding is that the estimation of the angle of arrival measurement is in general performed in LCS. Thus, it would be easier to model the AoA/ZoA in LCS. As discussed previously, the AoA/ZoA errors may depend on the AoA/ZoA in LCS. Intuitively, it might be better to model AoA/ZoA errors as the function of the AoA/ZoA in LCS. However, this issue can be considered by the receiver when reporting the AoA/ZoA measurement, i.e., the receiver may indicate different error margins/bounds for different estimated AoA/ZoAs. Similarly, the receiver can determine the impact of the NLOS/LOS on the error bound of the AoA measurement error by the implementation. 
[bookmark: P2]Proposal 2: The measurement error of angle of arrival measurement (AoA/ZoA) can be modelled statistically as Gaussian distribution in LCS for NR RAT-dependent positioning.
[bookmark: P3]Proposal 3: The impact of the signal direction (AoA/ZoA) and the LOS/NLOS on the error bound of the angle of arrival measurement (AoA/ZoA) can be determined by the receiver associated with each (AoA/ZoA) measurement. There is thus no need to define an additional function to address the impact of the signal direction (AoA/ZoA) and the LOS/NLOS.

Modelling of TRP Location /ARP errors
The following agreements were achieved at RAN1#110 related to modelling of TRP Location /ARP errors [3]:

	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




For supporting NR positioning, the gNB needs to provide the coordinates of the TRP Antenna Reference Points (ARP) to the LMF. The LMF needs also to provide the TRP Location /ARP coordinates to the UE for UE-based positioning. However, the coordinates of the TRP Location /ARP may not be obtained exactly. Thus, the TRP/ARP coordinates may not be exact. In our view, the errors of the TRP Location /ARP coordinates can be simply modelled as Gaussian distribution with zero-mean, since if the gNB/LMF knows the mean of the ARP error distribution, it can and should remove the mean value when it provides the coordinates of the TRP/ARP.
[bookmark: P4]Proposal 4: The TRP Location /ARP errors can be modelled statistically as zero-mean Gaussian distribution for NR RAT-dependent positioning.

Modelling of TRP synchronization errors
The following agreements were achieved at RAN1#110 related to modelling of TRP synchronization errors [3]:
	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



Inter-TRP synchronization error will have the impact on timing based positioning, including DL-TDOA and UL-TDOA. For supporting UL-TDOA, the TRPs will try to synchronize to the same timing reference, such as the GNSS timing. The timing synchronization error is in general unknown to the gNB, although the gNB may have certain knowledge of the timing synchronization error bound. Thus, the TRP time synchronization errors can be modelled statistically as zero-mean Gaussian distribution for NR RAT-dependent positioning.
[bookmark: P5]Proposal 5: The TRP time synchronization errors can be modelled statistically as zero-mean Gaussian distribution for NR RAT-dependent positioning.

Mapping of error sources to the integrity of positioning methods
The following agreement was made in RAN1#109-e on the mapping between error sources and positioning methods [2]:
	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



Different RAT-dependent positioning methods may be impacted by different error sources. For example, DL positioning may be impacted by TRP signal transmission, signal propagation error and UE measurement errors, UL positioning may be impacted by UE signal transmission, signal propagation error and TRP measurement errors, while DL+UL positioning may be impacted by the UE and TRP transmission, signal propagation error and reception errors. Thus, there is a need to identify which error sources have an impact on which of the RAT-dependent positioning methods for supporting the determination of the determining the integrity. In our view, the following table can be used as the mapping purpose.
[bookmark: P9][bookmark: P6]Proposal 6: The following table can be used for the mapping between the error sources and the RAT-dependent positioning methods.
Table 1: Mapping of error sources and RAT-dependent positioning methods
	Error sources
	RAT-dependent positioning methods

	
	DL-TDOA
	UL-TDOA
	Multi-RTT
	DL-AoD
	UL-AoA
	E-CID

	gNB/
TRP
	Time synchronization errors
	· 
	· 
	
	
	
	

	
	gNB Clock drift
	
	
	· 
	
	
	

	
	TRP Rx timing errors
	
	· 
	· 
	
	
	

	
	TRP Tx timing errors
	· 
	
	· 
	
	
	

	
	TRP RxTx timing errors
	
	
	· 
	
	
	

	
	Antenna phase center offset (PCO)
	· 
	· 
	· 
	· 
	· 
	· 

	
	RTOA measurement errors
	
	· 
	
	
	
	

	
	gNB Rx-Tx time difference measurement errors
	
	
	· 
	
	
	

	
	UL RSRP/RSRPP measurement errors
	
	
	
	
	
	· 

	UE
	UE Clock drift
	
	
	· 
	
	
	

	
	UE Rx timing errors
	· 
	
	· 
	
	
	

	
	UE Tx timing errors
	
	· 
	· 
	
	
	

	
	UE RxTx timing errors
	
	
	· 
	
	
	

	
	UE Antenna phase center offset (PCO)
	· 
	· 
	· 
	· 
	· 
	· 

	
	RSTD measurement errors
	· 
	
	
	
	
	

	
	UE Rx-Tx time difference measurement errors
	
	
	· 
	
	
	

	
	DL RSRP/RSRPP measurement errors
	
	
	
	· 
	
	

	Signal propagation error
	Multipath/NLOS 
	· 
	· 
	· 
	· 
	· 
	· 

	Position calculation errors
	TRP location / antenna reference point (ARP) coordinate errors
	· 
	· 
	· 
	· 
	· 
	· 


Notes:
· For the determination of PL for Multi-RTT, there may not be the need to include the impact of Rx/Tx/RxTx timing errors. For example, if RxTx TEG IDs are reported with UE/gNB Rx-Tx time difference measurements, the RxTx time error margin can be considered, while if {Rx TEG ID, Tx TEG ID} pair are reported, the Rx time error margin and Tx time error margin can be considered.
Conclusion
In this contribution, we further discuss the solutions for the integrity of RAT dependent positioning techniques and give the following observations and proposals.
Observation 1: In TS 38.305, the error bound of the parameters in the GNSS integrity assistant data is determined based on Gaussian distribution. 
Observation 2: It is very difficult for the receiver to provide the exact error distribution in real-time for RSTD, RTOA, UE/gNB Rx-Tx time difference measurements under different RF environments. 
Observation 3: It is very difficult for the receiver to provide the exact error distribution in real-time for AoA measurements under different RF environments. 
Proposal 1: The measurement errors of all timing related measurements, including RSTD, RTOA, UE/gNB Rx-Tx time difference measurements, can be modelled statistically as Gaussian distribution for NR RAT-dependent positioning.
Proposal 2: The measurement error of angle of arrival measurement (AoA/ZoA) can be modelled statistically as Gaussian distribution in LCS for NR RAT-dependent positioning.
Proposal 3: The impact of the signal direction (AoA/ZoA) and the LOS/NLOS on the error bound of the angle of arrival measurement (AoA/ZoA) can be determined by the receiver associated with each (AoA/ZoA) measurement. There is thus no need to define additional function or modelling to address the impact of the  signal direction (AoA/ZoA) and the LOS/NLOS.
Proposal 4: The TRP/ARP errors can be modelled statistically as zero-mean Gaussian distribution for NR RAT-dependent positioning.
Proposal 5: The TRP time synchronization errors can be modelled statistically as zero-mean Gaussian distribution for NR RAT-dependent positioning.
Proposal 6: The following table can be used for the mapping between the error sources and the RAT-dependent positioning methods.
Table 1: Mapping of error sources and RAT-dependent positioning methods
	Error sources
	RAT-dependent positioning methods

	
	DL-TDOA
	UL-TDOA
	Multi-RTT
	DL-AoD
	UL-AoA
	E-CID

	gNB/
TRP
	Time synchronization errors
	· 
	· 
	
	
	
	

	
	gNB Clock drift
	
	
	· 
	
	
	

	
	TRP Rx timing errors
	
	· 
	· 
	
	
	

	
	TRP Tx timing errors
	· 
	
	· 
	
	
	

	
	TRP RxTx timing errors
	
	
	· 
	
	
	

	
	Antenna phase center offset (PCO)
	· 
	· 
	· 
	· 
	· 
	· 

	
	RTOA measurement errors
	
	· 
	
	
	
	

	
	gNB Rx-Tx time difference measurement errors
	
	
	· 
	
	
	

	
	UL RSRP/RSRPP measurement errors
	
	
	
	
	
	· 

	UE
	UE Clock drift
	
	
	· 
	
	
	

	
	UE Rx timing errors
	· 
	
	· 
	
	
	

	
	UE Tx timing errors
	
	· 
	· 
	
	
	

	
	UE RxTx timing errors
	
	
	· 
	
	
	

	
	UE Antenna phase center offset (PCO)
	· 
	· 
	· 
	· 
	· 
	· 

	
	RSTD measurement errors
	· 
	
	
	
	
	

	
	UE Rx-Tx time difference measurement errors
	
	
	· 
	
	
	

	
	DL RSRP/RSRPP measurement errors
	
	
	
	· 
	
	

	Signal propagation error
	Multipath/NLOS 
	· 
	· 
	· 
	· 
	· 
	· 

	Position calculation errors
	TRP/UE antenna reference point (ARP) coordinate errors
	· 
	· 
	· 
	· 
	· 
	· 


Notes:
· For the determination of PL for Multi-RTT, there may not be the need to include the impact of Rx/Tx/RxTx timing errors. For example, if RxTx TEG IDs are reported with UE/gNB Rx-Tx time difference measurements, the RxTx time error margin can be considered, while if {Rx TEG ID, Tx TEG ID} pair are reported, the Rx time error margin and Tx time error margin can be considered.
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