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Introduction
In RAN1#109-e, sufficient progress was made in terms of the error source for RAT-dependent positioning methods.
In this paper, we further analyze the specification impact on the error sources to support integrity for RAT-dependent positioning methods.
The considered error sources include
TRP measurement error
UE measurement error
TRP location error
Inter-TRP synchronization error
TRP timing error
UE timing error
TRP beam antenna information error

Spec impact for the error provision
UE-based integrity calculation
For UE based integrity calculation, we primarily consider the UE-based positioning methods, i.e. DL-TDOA and DL-AoD.
The errors that may have specification impact with UE-based integrity for UE-based positioning methods are analyzed in Table 1.
[bookmark: _Ref109661178]Table 1 Spec impact analysis for UE-based integrity (for UE-based DL-only methods)
	UE based integrity
	Applicability
	Spec impact

	TRP measurement error
	No
	N/A

	UE measurement error
	DL-TDOA and DL-AoD
	UE implementation

	TRP location error
	DL-TDOA and DL-AoD
	LPP assistance data

	Inter-TRP synchronization error
	DL-TDOA
	LPP assistance data

	TRP timing error
	DL-TDOA
	LPP assistance data

	UE timing error
	DL-TDOA
	UE implementation

	TRP beam antenna information error
	DL-AoD
	LPP assistance data

	NOTE: other solutions that have specification impact are not precluded.



Observation 1: For UE-based integrity calculation, the error sources only have specification impact on LPP assistance data, e.g. indication of the error bound, DNU flag, etc.

LMF-based integrity calculation
In Rel-17, only UE-based integrity calculation is supported for GNSS integrity. LMF-based integrity was studied during the Rel-17 SI [2], but was not supported in the end.
Given RAN2 has not decided whether LMF-based integrity is considered for RAT-dependent positioning methods, the analysis in the paper assumes that the feature is enabled, which is not intended to influence RAN2 decision.
The errors that may have specification impact with LMF-based integrity for LMF-based positioning methods are analyzed in Table 1.
Table 2 Spec impact analysis for LMF-based integrity
	LMF based integrity
	Applicability
	Spec impact

	TRP measurement error
	UL-TDOA, UL-AoA, Multi-RTT
	NRPPa measurement response/report

	UE measurement error
	DL-TDOA, DL-AoD, Multi-RTT
	LPP measurement report

	TRP location error
	DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, Multi-RTT
	LMF implementation NOTE

	Inter-TRP synchronization error
	DL-TDOA, UL-TDOA
	LMF implementation NOTE

	TRP timing error
	DL-TDOA, UL-TDOA, Multi-RTT
	LMF implementation NOTE

	UE timing error
	DL-TDOA, UL-TDOA, Multi-RTT
	RRC UE assistance information
LPP measurement report

	TRP beam antenna information error
	DL-AoD
	LMF implementation NOTE

	NOTE: other solutions that have specification impact are not precluded.



It is worth noting that the TRP error exchange (except for the measurement error) between gNB/TRP and LMF can be done via implementation, e.g. using a PRU, or via OAM, which can be checked by RAN3 if needed.

Based on the discussion above, we have the following proposal with regards to error provision.
Proposal 1: If UE-based integrity is supported for RAT-dependent positioning methods, the error sources that have impact are those in the LPP assistance data, including
TRP location error
Inter-TRP synchronization error
TRP timing error
TRP beam antenna information error
Proposal 2: If LMF-based integrity is supported for RAT-dependent positioning methods, the error sources that have impact are those in the LPP/NRPPa measurement report, and RRC UE assistance information, including
TRP measurement error
UE measurement error
UE timing error

Details of measurement error
ToA error
For the ToA estimation method using super resolution, e.g. MUSIC, the estimated ToA appears to be a normal distribution due to the central limit theorem. Figure 1 shows the evaluation results of TOA error in terms of meters, with 50MHz bandwidth, using super resolution method. The TOA error distribution shows a curve similar to a normal distribution. 
[image: ]
[bookmark: _Ref16683471]Figure 1 TOA error histogram for a LOS channel using high-resolution algorithm

Observation 2: The TOA error is close to a normal distribution if super resolution ToA estimation is used.
Due to the distribution profile of the TOA error, the same paired over-bounding Gaussian formula as discussed in GNSS integrity [3] can be reused to determine the error bound corresponding to the allocated integrity risk, where the mean error can be set to 0 for ToA.
	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



With that, we have the following proposal.
Proposal 3: Model the ToA error as the normal distribution, and report to the LMF the error bound associated with the allocated integrity risk for the ToA measurement via the paired over-bounding Gaussian formula.
This should apply to all DL RSTD, UE Rx – Tx time difference measurement, UL RTOA, and gNB Rx – Tx time difference.
The reference timing for DL RSTD should also have its reported bound.

AoA error
Given that AoA measurement usually corresponds to the azimuth AoA and zenith AoA, we consider a better quantization of the angle quality if the angle is reported in the LCS.
The agreed definition of AOA and ZOA is not symmetric as ZOA is the angle between UE and z’-axis, while AOA is the angle between the projected UE direction in the x’Oy’ plane and x’-axis if UE is not in the same horizontal plane as the gNB. The asymmetry will result in the covariance matrix of AOA and ZOA error to be non-diagonal, i.e.,

With .







[bookmark: _Ref19808354]Figure 2 Introducing  as the angle between UE and y’-axis
To diagonalize the covariance matrix, i.e. de-correlate the errors, we can consider selecting a symmetric angle measurement to model the error. Since  is the angle between UE and z’-axis, we can use another angle  defined as the angle between UE and y’-axis, shown in Figure 2. It can be shown that , and one can prove that  is diagonal. This is because  is estimated based on phase difference between the antenna elements along z’-axis, while  is estimated based on the phase difference between antenna elements along y’-axis, and the underlying error is independent of each other.

Furthermore, we notice that angle error is a function of the angle itself. For example, when the UE direction is close to the boresight of the antenna array, the angle error is small; however when the UE direction is close to the endfire of the antenna array, the angle error is large as the beam width is also large. To remove the angle error dependence on angle itself, the angle error can be further modelled by the error of the following two quantities


Then with  not only it is a diagonal matrix, but also the diagonal elements is not a function of reported angle  and .
Option 1: 
Option 2:
Option 3: 

[bookmark: _Ref19810253]Figure 3 Covariance matrix distribution under three UE directions
Figure 3 shows the coefficients in the covariance matrix for three UE directions. Detailed simulation assumptions can be found in Appendix B.



Under each UE direction, we compare the three covariance matrices
Option 1: 
Option 2: 
Option 3: 
It can be seen that 
Option 1 suffers from strong cross-correlation (large green components) between zenith error and azimuth error when the UE direction is off the boresight of both zenith and azimuth, e.g.,  and .
Option 2 suffers from angle-dependent error power. For example, when , one can find that . The error of  (yellow) is larger than that of  (blue)
Option 3 can have both small cross-correlation and angle-independent error power.
Proposal 4: The AoA error is represented by the error of the following two quantities


Where  and  are the reported ZOA and AOA in the local coordinate system

With the decorrelation of the angle measurement error, the error bound of each individual error component can be estimated via the similar scheme as ToA error.
Proposal 5: Model the AoA error quantities and   as the normal distribution, and report to the LMF the error bound associated with the allocated integrity risk for the AoA measurement via the paired over-bounding Gaussian formula.

Other aspects
Other aspects affecting the error source may include NLoS condition and multi-path.
For the case of NLoS condition, Rel-17 already supports NLoS indictor including soft value and hard value. The soft value can serve as the priority indictor for the location server to perform the RAIM algorithm for monitoring whether a specific TRP should be considered as the outlier, while the hard value can serve as the DNU suggestion from the node that has performed the measurement.
For the case of multi-path, the understanding from our side is that multi-path will affect the ToA estimate for the first path, because there may be aliasing in the time domain. However since distribution of ToA is already up to UE/TRP, it should also be up to UE/TRP to adjust the variance of ToA measurement for the case of the dense multi-path condition.
Observation 3: No additional work is needed for handling the measurement reporting to support integrity with respect to the NLoS condition and the multi-path.
[bookmark: _GoBack]
Conclusion
In this contribution, we have analyzed the specification impact to the support the RAT-dependent integrity, and also provided the modelling of measurement error to support LMF-based integrity. Based on the discussion, we have the following observations and proposals.
Observation 1: For UE-based integrity calculation, the error sources only have specification impact on LPP assistance data, e.g. indication of the error bound, DNU flag, etc.
Observation 2: The TOA error is close to a normal distribution if super resolution ToA estimation is used.
Observation 3: No additional work is needed for handling the measurement reporting to support integrity with respect to the NLoS condition and the multi-path.
Proposal 1: If UE-based integrity is supported for RAT-dependent positioning methods, the error sources that have impact are those in the LPP assistance data, including
TRP location error
Inter-TRP synchronization error
TRP timing error
TRP beam antenna information error
Proposal 2: If LMF-based integrity is supported for RAT-dependent positioning methods, the error sources that have impact are those in the LPP/NRPPa measurement report, and RRC UE assistance information, including
TRP measurement error
UE measurement error
UE timing error
Proposal 3: Model the ToA error as the normal distribution, and report to the LMF the error bound associated with the allocated integrity risk for the ToA measurement via the paired over-bounding Gaussian formula.
This should apply to all DL RSTD, UE Rx – Tx time difference measurement, UL RTOA, and gNB Rx – Tx time difference.
The reference timing for DL RSTD should also have its reported bound.
Proposal 4: The AoA error is represented by the error of the following two quantities


Where  and  are the reported ZOA and AOA in the local coordinate system
Proposal 5: Model the AoA error quantities and   as the normal distribution, and report to the LMF the error bound associated with the allocated integrity risk for the AoA measurement via the paired over-bounding Gaussian formula.
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