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[bookmark: _Ref521334010]Introduction
In reference [1], RAN2 informs to RAN1 about the following agreement reached regarding the allocation of error sources. RAN2 requests confirmation from RAN1 regarding the agreement, and also asks RAN1 to provide the parameters (e.g. mean and standard deviation) for the overbound Gaussian distribution.
	Agreements:
RAN2 anticipate that the error sources are overbounded by a Gaussian distribution.



In this contribution, we discuss the issue and share our viewpoint on how to respond to the RAN2 LS.
Discussion
Distribution of the error sources.
RAN1 has conducted an analysis on the error source distributions for integrity RAT-dependent positioning methods during Rel-18 SI, with the conclusions summarized in TR 38.859 as follows [2]:
Table 6.1.1-2: Identified candidates for distributions to model the errors due to different error sources (TR 38.859 [2])
	Error source
	Candidate(s) for distribution for error source

	Timing measurement errors (NOTE 1, 2, 3)
	Gaussian distribution

	Inter-TRP synchronization errors
	· Uniform distribution (NOTE 4)
· Gaussian distribution

	TRP location error (e.g., NR-TRP-LocationInfo in [3])
	· Uniform distribution (NOTE 5)
· Gaussian distribution

	TRP location error (e.g., Geographical coordinates in [4])
	· Uniform distribution
· Gaussian distribution

	ARP location error (e.g., ARPLocationInformation in [4])
	· Uniform distribution
· Gaussian distribution

	NOTE 1: Timing measurement errors are applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurements.
NOTE 2: It is assumed that the timing measurement error is associated with the first path.
NOTE 3: It is assumed that the timing measurement error contains TEG related TX/RX timing error if the TEG related information is provided
NOTE 4: This may already be consistent with the uncertainty related to NR-RTD-Info in [3].
NOTE 5: This may already be consistent with the uncertainty related to NR-TRP-LocationInfo in [3].



The above table reveals that Gaussian distribution was considered as a potential distribution for all the error sources. Therefore, we recommend that RAN1 confirms the RAN2’s agreement.

[bookmark: P1]Proposal 1: Confirms RAN2’s agreement: “the error sources are overbounded by a Gaussian distribution”.

Gaussian distribution parameters
If a random variable  follows the Gaussian distribution (aka normal distribution)the probability density function  is presented as follows:

where μ is the mean and σ is the standard deviation In this case, a Gaussian distribution can be defined by two parameters, namely the mean and the standard deviation, which is commonly noted as .
Some error sources may be time-correlated. For example, the time synchronization error between 2 TRPs may not change too much at two sequential time instances, i.e., the time synchronization errors of two sequential time instances are closely time-correlated. If the time-correlation of an error source is considered, there is also a need to introduce an additional parameter to present the correlation time.
Some error sources, such as RSTD measurement, may be cross-correlated Gaussian variable. Multivariate Gaussian distributed variable can be represented as a random vector , which follows the Gaussian distribution. It is commonly noted as  where  is the mean of  and   is the covariance matrix of . The probability density function  is presented as follows:

where  is the dimension of . In this case, it requires  parameters to define the Gaussian distribution of the vector , with the consideration of the symmetric property of the covariance matrix .
[bookmark: O1]Observation 1: The error sources may be cross-correlated and time-correlated. The parameterization of the Gaussian distribution for error sources is contingent upon whether the cross correlation and time correlation of the error sources are taken into account. 
The focus of the error source modeling during Rel-18 SI was on whether the error sources follow Gaussian distribution or other distribution, but did not delve into the specifics of the distribution. As a matter of fact, there was not much discussion regarding the cross correlation and nor the time correlation of the error sources. Therefore, for simplicity we propose treating all error sources as independent Gaussian distribution variables in Rel-18.
[bookmark: P2]Proposal 2: In Rel-18, all identified error sources can be treated as independent Gaussian distribution variables. Time correlation of the error sources will not be considered.

Gaussian distribution parameters of the error sources
In reference [1], RAN2 asks RAN1 to provide the distribution parameters such as mean and standard deviation for the error sources for RAT-dependent positioning. During Rel-18 SI, RAN1 has identified the error sources for LMF-based and UE-based positioning integrity for different positioning methods, which are summarized in Table 6.1.1-1 of TR 38.859 as follows [2]:

Table 6.1.1-1: Error sources for LMF-based and UE-based positioning integrity modes (TR 38.859 [2])
	Positioning Integrity Mode
	DL TDOA
	UL TDOA
	Multi-RTT
	UL AoA
	DL AoD

	LMF-based (as defined in Table 9.4.1.1.1 in TR 38.857 [2])
	-	RSTD measurement 
-	TRP location 
-	Inter-TRP synchronization (can be caused in part by errors in SFN initialization time.)
	-	RTOA measurement
-	TRP location 
-	Inter-TRP synchronization (can be caused in part by errors in SFN initialization time.)
	-	UE Rx-Tx time difference measurement
-	gNB Rx-Tx time difference measurement
-	TRP location
	-	Angle of arrival measurement
-	TRP location 
-	ARP location (e.g., ARPLocationInformation in TS 38.455 [4])
	-	TRP location 
-	DL-PRS RSRPP of the first path or RSRP

	UE-based (as defined in Table 9.4.1.1.1 in TR 38.857 [2])
	-	TRP location (e.g., NR-TRP-LocationInfo in TS 37.355 [3]) 
-	Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355 [3])
	
	
	
	-	TRP location (e.g., NR-TRP-LocationInfo in TS 37.355 [3])



Mean of Gaussian distribution of the error sources
In general, when the UE/gNB provides measurements or the LMF provides assistance data, it strives to provide unbiased estimates. If there is a bias in the estimates, it is likely unknown to the UE/gNB/LMF, as they would have corrected it before providing the measurements or the assistance data. Therefore, it is reasonable to assume that the error sources follow zero-mean Gaussian distribution by default. 
In reality, not all error sources follow the Gaussian distribution. For minimizing the error range (or deviation), the UE/gNB may provide measurements by the use of biased estimation algorithm. In this case, the UE/gNB/LMF may also be able to provide the non-zero mean for an error source. However, this may not be a common practice in the implementation. Therefore, we suggest not considering non-zero mean in Rel-18.
[bookmark: P3]Proposal 3: Each identified error source can be considered as a variable following a zero-mean Gaussian distribution. 

Standard deviation of Gaussian distribution of the error sources
For most of the error sources identified during Rel-18 SI, there are already quality information, which can be used to present the standard deviation of the error sources as shown in the following table.

	Error source
	Standard deviation
	Description

	RSTD error
	nr-TimingQuality (TS 37.355)
nr-PathQuality(TS 37.355)
	nr-TimingQuality specifies the target device′s best estimate of the quality of the RSTD measurement.
nr-PathQuality, specifies the target device′s best estimate of the quality of the detected timing of the additional path.

	UE Rx-Tx time difference measurement error
	nr-TimingQuality (TS 37.355)
nr-PathQuality (TS 37.355)
	nr-TimingQuality specifies the target device′s best estimate of the quality of the UE Rx-Tx time measurement.
nr-PathQuality, specifies the target device′s best estimate of the quality of the detected timing of the additional path.

	Inter-TRP synchronization
	rtd-RefQuality (TS 37.355)
rtd-Quality (TS 37.355)
	rtd-RefQuality specifies the quality of the timing of reference TRP.
rtd-Quality specifies the quality of the RTD

	TRP/ARP location error
	locationUNC (TS 37.355)

	locationUNC specifies the uncertainty of the location coordinates and comprises the following sub-fields:
- horizontalUncertainty indicates the horizontal uncertainty of the ARP latitude/longitude.
- verticalUncertainty indicates the vertical uncertainty of the ARP altitude.

	RTOA measurement error
	Timing Measurement Quality (TS 38.455)
	specifies the quality of the RTOA measurement.


	AOA measurement error
	Angle Measurement Quality (TS 38.455)
	specifies the quality of the AoA measurement



[bookmark: P4]Proposal 4: Inform RAN2 that the standard deviation of Gaussian distribution of the error sources can be presented by the quality parameters defined in TS 37.355 and TS 38.455 as shown in the following table.
· Note: Whether to use existing parameters or introduce new parameters to represent the standard deviation of Gaussian distribution of the error sources can be determined by RAN2 or RAN3.
	Error source
	Standard deviation
	Description

	RSTD error
	nr-TimingQuality (TS 37.355)
nr-PathQuality (TS 37.355)
	nr-TimingQuality specifies the target device′s best estimate of the quality of the RSTD measurement.
nr-PathQuality specifies the target device′s best estimate of the quality of the detected timing of the additional path.

	UE Rx-Tx time difference measurement error
	nr-TimingQuality (TS 37.355)
nr-PathQuality (TS 37.355)
	nr-TimingQuality specifies the target device′s best estimate of the quality of the UE Rx-Tx time measurement.
nr-PathQuality specifies the target device′s best estimate of the quality of the detected timing of the additional path.

	Inter-TRP synchronization
	rtd-RefQuality (TS 37.355)
rtd-Quality (TS 37.355)
	rtd-RefQuality specifies the quality of the timing of reference TRP.
rtd-Quality specifies the quality of the RTD.

	TRP/ARP location error
	locationUNC (TS 37.355)

	locationUNC specifies the uncertainty of the location coordinates and comprises the following sub-fields:
- horizontalUncertainty indicates the horizontal uncertainty of the ARP latitude/longitude.
- verticalUncertainty indicates the vertical uncertainty of the ARP altitude.

	RTOA measurement error
	Timing Measurement Quality (TS 38.455)
	specifies the quality of the RTOA measurement.


	AOA measurement error
	Angle Measurement Quality (TS 38.455)
	specifies the quality of the AoA measurement



Conclusion
In this contribution, we discussed the response to RAN2’s LS on the distribution model for the error sources and the error modelling parameters. Based on the discussion, we have the following observations and proposals:
Observation 1: The error sources may be cross-correlated and time-correlated. The parameterization of the Gaussian distribution for error sources is contingent upon whether the cross correlation and time correlation of the error sources are taken into account. 
Proposal 1: Confirms RAN2’s agreement: “the error sources are overbounded by a Gaussian distribution”.
Proposal 2: In Rel-18, all identified error sources can be treated as independent Gaussian distribution variables. Time correlation of the error sources will not be considered.
Proposal 3: Each identified error source can be considered as a variable following a zero-mean Gaussian distribution. 
Proposal 4: Inform RAN2 that the standard deviation of Gaussian distribution of the error sources can be presented by the quality parameters defined in TS 37.355 and TS 38.455 as shown in the following table.
· Note: Whether to use existing parameters or introduce new parameters to represent the standard deviation of Gaussian distribution of the error sources can be determined by RAN2 or RAN3.
	Error source
	Standard deviation
	Description

	RSTD error
	nr-TimingQuality (TS 37.355)
nr-PathQuality (TS 37.355)
	nr-TimingQuality specifies the target device′s best estimate of the quality of the RSTD measurement.
nr-PathQuality specifies the target device′s best estimate of the quality of the detected timing of the additional path.

	UE Rx-Tx time difference measurement error
	nr-TimingQuality (TS 37.355)
nr-PathQuality (TS 37.355)
	nr-TimingQuality specifies the target device′s best estimate of the quality of the UE Rx-Tx time measurement.
nr-PathQuality specifies the target device′s best estimate of the quality of the detected timing of the additional path.

	Inter-TRP synchronization
	rtd-RefQuality (TS 37.355)
rtd-Quality (TS 37.355)
	rtd-RefQuality specifies the quality of the timing of reference TRP.
rtd-Quality specifies the quality of the RTD.

	TRP/ARP location error
	locationUNC (TS 37.355)

	locationUNC specifies the uncertainty of the location coordinates and comprises the following sub-fields:
- horizontalUncertainty indicates the horizontal uncertainty of the ARP latitude/longitude.
- verticalUncertainty indicates the vertical uncertainty of the ARP altitude.

	RTOA measurement error
	Timing Measurement Quality (TS 38.455)
	specifies the quality of the RTOA measurement.


	AOA measurement error
	Angle Measurement Quality (TS 38.455)
	specifies the quality of the AoA measurement
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