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Introduction
In February WG groups, RAN2 sent RAN1an LS R2-2302271(R1-2302282) on the error source distributions as follows [1]
	During the discussion on RAT-dependent positioning integrity, RAN2 has reached the following agreement regarding the distribution of error sources:
	Agreements:
RAN2 anticipate that the error sources are overbounded by a Gaussian distribution.


RAN2 would like to confirm with RAN1 on the above agreement regarding the distribution of error sources and respectfully ask RAN1 to provide the parameters (e.g. mean and standard deviation) for the overbound Gaussian distribution.


During Study Item of NR positioning in Rel-18, RAN1 discussed the topic on integrity of NR positioning and reached some agreements on the models of the error sources. The table 6.1.1-2 in TR 38.859 presents the choices of statistical distributions of the errors for the identified error sources [2].
Table 6.1.1-2 in 38.859: Identified candidates for distributions to model the errors due to different error sources
	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 [16])
	-	Uniform distribution (NOTE 5)
-	Gaussian distribution

	TRP location error (e.g., Geographical coordinates in [17])
	-	Uniform distribution
-	Gaussian distribution

	ARP location error (e.g., ARPLocationInformation in [17])
	-	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 [16].
NOTE 5: This may already be consistent with the uncertainty related to NR-TRP-LocationInfo in [16].



In this contribution, we would like to continue the discussion on the parameters for each error source model in the following sections including Angle of arrival measurement error for UL-AOA positioning method.
Discussion
2.1 Error source model 
2.1.1 Timing measurement errors
The candidate distributions of the timing related measurement error were identified in RAN1#109 meeting. However, more details should be provided for the distribution, i.e. std for normal distribution.
As shown in the following, the IE NR-TimingQuality in TS 37.355 defines the quality of a timing measurement value for DL-TDOA and Multi-RTT measurement at UE side [3], and the IE Measurement Quality in TS 38.455 defines the quality of timing value for UL-TDOA and Multi-RTT measurement at TRP side in terms of meter [4].   
37.355:
NR-TimingQuality-r16 ::= SEQUENCE {
	timingQualityValue-r16			INTEGER (0..31),
	timingQualityResolution-r16		ENUMERATED {mdot1, m1, m10, m30, ...},
	...
}

38.455:
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Measurement Quality
	M
	
	
	

	>Timing Measurement Quality
	
	
	
	

	>>Measurement Quality
	M
	
	INTEGER(0..31)
	TS 37.355 [14]

	>>Resolution
	M
	
	ENUMERATED(0.1m, 1m, 10m, 30m, …)
	TS 37.355 [14]

	>Angle Measurement Quality
	
	
	
	

	>>Azimuth Quality
	M
	
	INTEGER(0..255)
	

	>>Zenith Quality
	O
	
	INTEGER(0..255)
	

	>>Resolution
	M
	
	ENUMERATED (0.1deg, …)
	


These IEs are used to represent the deviation of the real distance from the estimation between a UE and a TRP. Basically, we think the candidate values of standard deviation of the error source model for integrity can be based on the candidate values of the above IEs, where the measurement uncertainty range is timingQualityValue*timingQualityResolution, so the maximum uncertainty values with different resolutions can be {3.1m, 31m, 310m, 930m}, i.e. 31*timingQualityResolution. 
Based on the uncertainty value range, we suggest the maximum standard deviation of the timing error source model is 


[image: ][image: ]
Figure1 Timing related measurements distribution with different stds
According to related parameters, the maximum of the uncertainty value is 31. Figure 1 shows the value of the uncertainty with n varying from 2 to 5. For normal distribution, the probability in the interval [-3std, +3std] is typically 0.9974. In general, it can be assumed that the distribution is almost all concentrated in the interval [-3std, +3std]. That is, the case of n = 3 represents that 99.74% timing error uncertainty is limited to [ which is also shown in the right one of Figure 1. When n is bigger or smaller than 3, the actual value range distributions seem too narrow or wider. Hence, we think n = 3 is appropriate for std value. Furthermore, we suggest add new resolution values 0.5m, 5m, 20m for finer report granularity. 
Since the timing measurement error has been agreed as Normal distribution in Study Item, the mean value should be zero. 
Proposal 1: For distributions of timing measurement error sources which have been agreed as Normal distribution, the range of std can be based on the maximum value of the existing parameter NR-TimingQuality-r16:
· Std value :{0,1,2,... stdmax}, where   , and n= 3
· Resolution: {mdot1, mdot5, m1, m5, m10, m20, m30}

2.1.2 Inter-TRP synchronization errors
In RAN1#110 meeting, inter-TRP synchronization was identified as an error source for UE-based positioning methods, and in RAN1#111 meeting inter-TRP synchronization error was identified as an error source for UE-assisted DL-TDOA method for LMF-based positioning integrity mode. 
For UE-based positioning methods, the IE NR-RTD-Info is used by the location server to provide time synchronization information between a reference TRP and a list of neighboring TRPs in the existing 37.355. 
For UE based positioning, it has been agreed the inter-TRP synchronization error is either uniform distribution or normal distribution. Because the inter-TRP synchronization is signaled by higher layer parameter NR-RTD-Info as follows, and the error is reflected by the synchronization uncertainty, i.e. rtd-RefQuality or rtd-Quality, hence, the similar distribution for timing measurement error can be used as shown in section 2.1.1. That is, normal distribution should be supported.  
NR-RTD-Info-r16 ::= SEQUENCE {
	referenceTRP-RTD-Info-r16		ReferenceTRP-RTD-Info-r16,
	rtd-InfoList-r16				RTD-InfoList-r16,
	...
}
ReferenceTRP-RTD-Info-r16 ::= SEQUENCE {
	dl-PRS-ID-Ref-r16				INTEGER (0..255),
	nr-PhysCellID-Ref-r16			NR-PhysCellID-r16		OPTIONAL,	-- Need ON
	nr-CellGlobalID-Ref-r16			NCGI-r15				OPTIONAL,	-- Need ON
	nr-ARFCN-Ref-r16				ARFCN-ValueNR-r15		OPTIONAL,	-- Need ON
	refTime-r16						CHOICE {
			systemFrameNumber-r16		BIT STRING (SIZE (10)),
			utc-r16						UTCTime,
			...
	},
	rtd-RefQuality-r16				NR-TimingQuality-r16	OPTIONAL,	-- Need ON
	...
}
RTD-InfoElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16		OPTIONAL,	-- Need ON
	nr-CellGlobalID-r16				NCGI-r15				OPTIONAL,	-- Need ON
	nr-ARFCN-r16					ARFCN-ValueNR-r15		OPTIONAL,	-- Need ON
	subframeOffset-r16				INTEGER (0..1966079),
	rtd-Quality-r16					NR-TimingQuality-r16,
	...
}
For LMF-based positioning integrity mode, inter-TRP synchronization error can be caused in part by errors in SFN initialization time. Similar as the UE -based positioning method, we think the error model should also be normal distribution.
Proposal 2: Inter-TRP synchronization error is normal distribution.
· Std value:{0,1,2,... stdmax}, where  , and n= 3
· Resolution: {mdot1, mdot5, m1, m5, m10, m20, m30}

2.1.3 TRP location errors
During the RAN1#110 meeting, TRP/ARP location was identified as error sources.
Since TRP/ARP location indicates the coordinates of the transmission/antenna reference points for a set of TRPs, we can assume that the TRP/ARP location error can be modeled as normal distribution for horizontal and vertical domain respectively. 
The existing IE LocationUncertainty describes the uncertainty of the location coordinates in TS 37.355 as follows [3]
LocationUncertainty-r16 ::= SEQUENCE {
[bookmark: OLE_LINK1]	horizontalUncertainty-r16				INTEGER (0..255),
	horizontalConfidence-r16				INTEGER (0..100),
	verticalUncertainty-r16					INTEGER (0..255),
	verticalConfidence-r16					INTEGER (0..100)
}
	locationUNC
This field specifies the uncertainty of the location coordinates and comprises the following sub-fields:
-	horizontalUncertainty indicates the horizontal uncertainty of the ARP latitude/longitude. The ′horizontalUncertainty′ corresponds to the encoded high accuracy uncertainty as defined in TS 23.032 [15] and ′horizontalConfidence′ corresponds to confidence as defined in TS 23.032 [15].
-	verticalUncertainty indicates the vertical uncertainty of the ARP altitude. The 'verticalUncertainty' corresponds to the encoded high accuracy uncertainty as defined in TS 23.032 [15] and 'verticalConfidence' corresponds to confidence as defined in TS 23.032 [15].
If this field is absent, the uncertainty is the same as for the associated reference point location.


Further, we checked the interpretation for location uncertainty and confidence in TS 23.032 as follows [6]
	[bookmark: _Toc524940649][bookmark: _Toc67980271][bookmark: _Toc91133090][bookmark: _Toc67980275][bookmark: _Toc524940653][bookmark: _Toc91133095]6.2a	High Accuracy Uncertainty
The high accuracy uncertainty r, expressed in metres, is mapped to a number K, with the following formula:

	
with C = 0.3 and x = 0.02. With 0  K  255, a suitably useful range between 0 and 46.49129 metres is achieved for the high accuracy uncertainty, while still being able to code down to values as small as 6 millimetre. The uncertainty can then be coded on 8 bits, as the binary encoding of K.
Table 6.2a-1: Example values for the high accuracy uncertainty function
	Value of K
	Value of uncertainty

	0
	0 m

	1
	0.006 m

	2
	0.01212 m

	-
	-

	20
	0.14578 m

	-
	-

	40
	0.36241 m

	-
	-

	60
	0.68430 m

	-
	-

	80
	1.16263 m

	-
	-

	100
	1.87339 m

	-
	-

	120
	2.92954 m

	-
	-

	127
	3.40973 m

	-
	-

	255
	46.49129 m


6.5	Confidence
The confidence by which the position of a target entity is known to be within the shape description, (expressed as a percentage) is directly mapped from the 7 bit binary number K, except for K=0 which is used to indicate 'no information', and 100 < K ≤128 which should not be used but may be interpreted as "no information" if received.


Based on the assumption of Gaussian distribution for TRP location uncertainty, the classic probability density is shown in Figure 2. And then, the range of x in the following formula is [-a, a] where a = horizontalUncertainty. The result of integral computation of f(x) should be equal to P, where P is horizontalConfidence. Hence, the following equations are satisfied.


then, 

,



, wherein the  is error function, and.

,

.


So the standard deviation is  , where  is the inverse error function.
[image: ]
Figure 2 Probability density of Gaussian distribution
In short, the value of std (i.e. ) can be derived from the values of location uncertainty and confidence value , and should make the uncertainty location error within a percentage range, where the percentage range is reported by the confidence value.  
Based on the understanding, we think the std can be completely computed from the existing LocationUncertainty reporting where it is either LMF reporting to UE for UE based positioning or TRP reporting to LMF. The extra signaling for TRP location error of positioning integrity is not needed. 
Proposal 3: TRP/ARP location error distribution is modeled as normal distribution. The std can be calculated based on the existing parameter LocationUncertainty including uncertainty value and confidence value.
· 



[bookmark: _GoBack]The std value  should make , and , where P is the confidence value, a is the Uncertainty value, and  is the inverse error function, and .
        
· The extra signaling is not needed.

2.1.4 Angle measurement error
The angle of arrival measurement was identified as an error source for LMF-based positioning method in RAN1#110 meeting. 
The following information element contains the TRP's best estimate of the angle measurement quality [4].
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Measurement Quality
	M
	
	
	

	>Timing Measurement Quality
	
	
	
	

	>>Measurement Quality
	M
	
	INTEGER(0..31)
	TS 37.355 [14]

	>>Resolution
	M
	
	ENUMERATED(0.1m, 1m, 10m, 30m, …)
	TS 37.355 [14]

	>Angle Measurement Quality
	
	
	
	

	>>Azimuth Quality
	M
	
	INTEGER(0..255)
	

	>>Zenith Quality
	O
	
	INTEGER(0..255)
	

	>>Resolution
	M
	
	ENUMERATED (0.1deg, …)
	


A similar mechanism as timing measurement can be considered for angle measurement error distribution. That is, we can provide candidate values of the standard deviation based on value range of Angle Measurement Quality. From the table above, the measurement uncertainty range is Azimuth Quality/Zenith Quality*Resolution, so the maximum uncertainty value will be 255*Resolution.
Hence, we suggest that the maximum standard deviation of the angle related error source model is 


Similarly, we consider n=3 is an appropriate value.
Proposal 4: For angle related error sources, the range of the std can be based on the maximum value of the existing parameter of Angle Measurement Quality.
· Std value:{0,1,2,... stdmax}, where, and n = 3
· Resolution: {0.1deg,...}

Conclusion
In this contribution, we discuss the error source model for integrity of RAT dependent positioning, and we have the following proposals to reply RAN2’s LS:
Proposal 1: For distributions of timing measurement error sources which have been agreed as Normal distribution, the range of std can be based on the maximum value of the existing parameter NR-TimingQuality-r16:
· Std value :{0,1,2,... stdmax}, where   , and n= 3
· Resolution: {mdot1, mdot5, m1, m5, m10, m20, m30}

Proposal 2: Inter-TRP synchronization error is normal distribution.
· Std value:{0,1,2,... stdmax}, where  , and n= 3
· Resolution: {mdot1, mdot5, m1, m5, m10, m20, m30}

Proposal 3: TRP/ARP location error distribution is modeled as normal distribution. The std can be calculated based on the existing parameter LocationUncertainty including uncertainty value and confidence value.
· 



The std value  should make , and , where P is the confidence value, a is the Uncertainty value, and  is the inverse error function, and .
        
· The extra signaling is not needed.

Proposal 4: For angle related error sources, the range of the std can be based on the maximum value of the existing parameter of Angle Measurement Quality.
· Std value:{0,1,2,... stdmax}, where , and n = 3
· Resolution: {0.1deg,...}
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