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1. Introduction
The Rel-18 WID [1] specifies positioning integrity for RAT-dependent methods as follows:
	· Specify the error modelling parameters, signalling, and procedures to support UE-based and LMF-based integrity of RAT-dependent positioning methods [RAN2, RAN3].


In this contribution, we provide our views on from RAN2 perspective to support integrity of RAT-dependent positioning methods.
2.  Discussion
 Error source bound signaling
In RAT-dependent positioning, the main task for RAN2 is to design signaling structure of different error source distributions agreed by RAN1. the following sub-sections give the specification impact of categorical error sources according to RAN1’s latest agreements and LSs.
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 Inter-TRP synchronization errors
RAN1’s latest LS R1-2304147[2] indicates that:
	Q2: RAN2 respectfully ask RAN1 to provide the parameters (e.g. mean and standard deviation) for the overbound Gaussian distribution.
Reply to Question 2: 
Parameters for the overbound Gaussian distribution can be mean and standard deviation.
From RAN1’s perspective, zero is a valid possible option for the mean value for the overbound Gaussian distribution for the error sources listed in Table 6.1.1-2 in TR 38.859.
From RAN1 perspective, the value ranges of existing fields corresponding to quality information (e.g., nr-TimingQuality, rtd-Quality-r16) and uncertainty information (e.g., LocationUncertainty-r16) can be reused as a reference to derive the value ranges for the parameters (e.g., standard deviation) for the overbound Gaussian distribution for the error sources listed in Table 6.1.1-2 in TR 38.859.


RAN1 just tells RAN2 that the standard deviation of the error source can be inferred by the existing field value (e.g., nr-TimingQuality, rtd-Quality-r16 or LocationUncertainty-r16), but they does not have consensus on the specific way to reuse as well as the concrete value range. 
For inter-TRP synchronization error, LMF tells UE the rtd-RefQuality which is the uncertainty of the RTD. LMF does not tell UE the confidence of the RTD. To simplify the calculation, it is assumed the confidence is 99.74% so that the confidence and uncertainty can formulate a zero-mean Gaussian distribution, with uncertainty value is equal to 3σ according to the attribute of Gaussian distribution. Based on this assumption, the standard deviation σ can be inferred once the Gaussian distribution is formed. To be specific, if the timing quality value is denoted as K, and the confidence is denoted as P=100%, the uncertainty of RTD with the confidence P is limited to [ , which is limited to [-K, +K], then the σ equals to . According to the value range of IE timingQualityValue, , unit is metre. Therefore, the value range of σ should be , the exact value of standard deviation in one LPP ProvideAssistanceData is calculated by UE to multiply  to the timingQualityValue of the RTD.
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The IE NR-TimingQuality defines the quality of a timing value (e.g., of a TOA measurement).
-- ASN1START
NR-TimingQuality-r16 ::= SEQUENCE {
	timingQualityValue-r16			INTEGER (0..31),
	timingQualityResolution-r16		ENUMERATED {mdot1, m1, m10, m30, ...},
	...
}
-- ASN1STOP

	NR-TimingQuality field descriptions

	timingQualityValue
This field provides an estimate of uncertainty of the timing value for which the IE NR-TimingQuality is provided in units of metres.

	timingQualityResolution
This field provides the resolution used in the timingQualityValue field. Enumerated values mdot1, m1, m10, m30 correspond to 0.1, 1, 10, 30 metres, respectively.


TRP synchronization as an error source means the error of wrong TRP synchronization relative to the real TRP synchronization obeys a distribution. The synchronization between two TRPs may not be stable when time varies, for example at one time TRP synchronization value between two TRPs is A, and at another time TRP synchronization value between the same two TRPs is B (in which value A and value B are very close), so its TRP synchronization shift(error) should form a distribution (a normal distribution or uniform distribution) and this distribution should be an attribute of the TRP pair. Therefore, the error source bound indication should be associated with each TRP in ReferenceTRP-RTD-Info-r16 and RTD-InfoElement-r16, or in NR-TimingQuality-r16. 
However, since the mean is fixed to 0, and standard deviation can be inferred by the existing timingQualityValue, that means, once UE gets the timingQualityValue of the TRP synchronization, the UE can know the standard deviation accordingly, so we think there is no need to introduce new ASN.1 IE of the error source bound of TRP synchronization error in LPP, it is enough to only include this relationship in the field description of NR-TimingQuality-r16. The example TP is given as in Annex A.
Proposal 1: For the error source bound of inter-TRP synchronization errors in assistance data, the value of mean equals to 0, the value range of standard deviation σ should be , and the exact value of standard deviation in one LPP ProvideAssistanceData is calculated by UE to multiply  to the timingQualityValue of the RTD.
Proposal 2: Support to add the description of integrity error source bound of inter-TRP synchronization errors in the LPP field description, not the ASN.1 IE. Take the TP in Annex A as baseline for further discussion.
 TRP location errors
TRP location as an error source means the error of wrong TRP location relative to the real TRP location obeys a distribution. The TRP’s location may not be stable when time varies, for example at one time TRP location is at point A, and at another time the TRP location is at point B (in which point A and point B are very close), so its TRP location shift(error) should form a distribution (a normal distribution or uniform distribution) and this distribution should be an attribute of the TRP. Therefore, the error source bound indication should be associated with each TRP in TRP-LocationInfoElement-r16 or RelativeLocation-r16. 
Similar as above analysis, RAN2 should determine the exact value range of standard deviation for TRP location errors in assistance data. In TS 37.355, the TRP location gives the IE of LocationUncertainty, which includes the uncertainty value and confidence value for horizontal and vertical, respectively. For a Gaussian distribution, the uncertainty value and confidence value can formulate the distribution. the standard deviation σ should satisfy the formula:


Wherein P is the confidence value as given in assistance data, and K is the uncertainty value as given in assistance data. Then the standard deviation σ can be derived as:




Wherein  is the inverse error function, and .
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The IE RelativeLocation provides a location relative to some known reference location.
-- ASN1START
RelativeLocation-r16 ::= SEQUENCE {
	milli-arc-second-units-r16	ENUMERATED { mas0-03, mas0-3, mas3, mas30, ...},
	height-units-r16			ENUMERATED {mm, cm, m, ...},
	delta-latitude-r16			Delta-Latitude-r16,
	delta-longitude-r16			Delta-Longitude-r16,
	delta-height-r16			Delta-Height-r16,
	locationUNC-r16				LocationUncertainty-r16				OPTIONAL,		-- Need OP
	...
}
Delta-Latitude-r16 ::= SEQUENCE {
	delta-Latitude-r16						INTEGER (-1024..1023),
	coarse-delta-Latitude-r16				INTEGER (0..4095)		OPTIONAL,		-- Need OP
	...
}
Delta-Longitude-r16 ::= SEQUENCE {
	delta-Longitude-r16						INTEGER (-1024..1023),
	coarse-delta-Longitude-r16				INTEGER (0..4095)		OPTIONAL,		-- Need OP
	...
}
Delta-Height-r16 ::= SEQUENCE {
	delta-Height-r16						INTEGER (-1024..1023),
	coarse-delta-Height-r16					INTEGER (0..4095)		OPTIONAL,		-- Need OP
	...
}
LocationUncertainty-r16 ::= SEQUENCE {
	horizontalUncertainty-r16				INTEGER (0..255),
	horizontalConfidence-r16				INTEGER (0..100),
	verticalUncertainty-r16					INTEGER (0..255),
	verticalConfidence-r16					INTEGER (0..100)
}
-- ASN1STOP

However, since the mean is fixed and equal to 0, standard deviation can be inferred by the existing LocationUncertainty, that means, once UE gets the LocationUncertainty of the TRP location in the assistance data, the UE can know the standard deviation accordingly, so we think there is no need to introduce new ASN.1 IE of the error source bound of TRP location error in LPP, it is enough to only include this relationship in the field description of LocationUncertainty-r16. The example TP is given as in Annex B.



Proposal 3: For the error source bound of TRP location errors in assistance data, the value of mean equals to 0, the value of standard deviation σ should be , wherein P is the confidence value indicated by horizontalConfidence-r16 and verticalConfidence-r16, K is the uncertainty value indicated by horizontalUncertainty-r16 and verticalUncertainty-r16,  is the inverse error function, and .
Proposal 4: Support to add the description of integrity error source bound of TRP location errors in the LPP field description, not the ASN.1 IE. Take the TP in Annex B as baseline for further discussion.
 DNU flag signaling
In RAN2#120[3], the following agreement have been achieved:
	Use DNU flag for RAT-dependent integrity, with the meaning that the concerned assistance data cannot be used for integrity calculation but may be usable for positioning.  Signalling details and relation to error sources can be determined in normative work.  FFS which positioning methods are affected based on the progress in RAN1.


In the legacy approach, the DNU flag in A-GNSS positioning integrity is shown in two parts, GNSS-Integrity-ServiceAlert and GNSS-RealTimeIntegrity. gnss-Integrity-ServiceAlert is embedded in GNSS-CommonAssistData and indicates the ionosphere and troposphere corrections can be used for integrity or not, GNSS-RealTimeIntegrity is embedded in the GNSS-GenericAssistData associated with each GNSS constellation, indicating the specific satellites in the GNSS constellation can be used for integrity or not.
In addition for RAT-dependent methods’ DNU flag in DL assistance data, using all the TRP’s measurements to calculate integrity will increase the UE complexity, since the UE may need more storage to process the huge data. Therefore, DNU flag can be well utilized to select the needed error bounds for calculating integrity, and reduce system burden. As for the configuration, the DNU flags can be configured per frequency layer, per TRP, per PRS resource set or per PRS resource, depending on the specified error source. From our point of view, DNU flag should be configured with each TRP in the DL assistance data together with the error sources, indicating which TRP’s assistance data is not able to be counted for integrity calculation.
Proposal 5: Support to configure DNU flags per TRP in the DL assistance data. 
 Annex A: Integrity description of the error source inter-TRP synchronization error in LPP DL assistance data
	–	NR-TimingQuality
The IE NR-TimingQuality defines the quality of a timing value (e.g., of a TOA measurement).
-- ASN1START
NR-TimingQuality-r16 ::= SEQUENCE {
	timingQualityValue-r16			INTEGER (0..31),
	timingQualityResolution-r16		ENUMERATED {mdot1, m1, m10, m30, ...},
	...
}
-- ASN1STOP

	NR-TimingQuality field descriptions

	timingQualityValue
This field provides an estimate of uncertainty of the timing value for which the IE NR-TimingQuality is provided in units of metres. As integrity use for the error source inter-TRP synchronization errors, the target device shall assume the Gaussian distribution. The value range of the standard deviation of the Gaussian distribution is . The target device shall derive the standard deviation value by multiplying  to the timingQualityValue. the target device shall assume the mean of the Gaussian distribution as 0.

	timingQualityResolution
This field provides the resolution used in the timingQualityValue field. Enumerated values mdot1, m1, m10, m30 correspond to 0.1, 1, 10, 30 metres, respectively.





 Annex B: Integrity description of the error source TRP location error in LPP DL assistance data
	–	RelativeLocation
The IE RelativeLocation provides a location relative to some known reference location.
-- ASN1START
RelativeLocation-r16 ::= SEQUENCE {
	milli-arc-second-units-r16	ENUMERATED { mas0-03, mas0-3, mas3, mas30, ...},
	height-units-r16			ENUMERATED {mm, cm, m, ...},
	delta-latitude-r16			Delta-Latitude-r16,
	delta-longitude-r16			Delta-Longitude-r16,
	delta-height-r16			Delta-Height-r16,
	locationUNC-r16				LocationUncertainty-r16				OPTIONAL,		-- Need OP
	...
}
Delta-Latitude-r16 ::= SEQUENCE {
	delta-Latitude-r16						INTEGER (-1024..1023),
	coarse-delta-Latitude-r16				INTEGER (0..4095)		OPTIONAL,		-- Need OP
	...
}
Delta-Longitude-r16 ::= SEQUENCE {
	delta-Longitude-r16						INTEGER (-1024..1023),
	coarse-delta-Longitude-r16				INTEGER (0..4095)		OPTIONAL,		-- Need OP
	...
}
Delta-Height-r16 ::= SEQUENCE {
	delta-Height-r16						INTEGER (-1024..1023),
	coarse-delta-Height-r16					INTEGER (0..4095)		OPTIONAL,		-- Need OP
	...
}
LocationUncertainty-r16 ::= SEQUENCE {
	horizontalUncertainty-r16				INTEGER (0..255),
	horizontalConfidence-r16				INTEGER (0..100),
	verticalUncertainty-r16					INTEGER (0..255),
	verticalConfidence-r16					INTEGER (0..100)
}
-- ASN1STOP
	RelativeLocation field descriptions

	milli-arc-second-units
This field provides the units and scale factor for the delta-latitude and delta-longitude fields. Enumerated values mas0-03, mas0-3, mas3, and mas30, correspond to 0.03, 0.3, 3, and 30 milliarcseconds, respectively. 

	height-units
This field provides the units and scale factor for the delta-height field. Enumerated values mm, cm, and m correspond to 10-3 metre, 10-2 metre, and 1 metres, respectively.

	delta-latitude
This field specifies the delta value in latitude of the desired location, defined as "desired location" minus "reference point location" and comprises the following sub-fields:
-	delta-Latitude specifies the delta value in latitude in the unit provided in milli-arc-second-units field.
-	coarse-delta-Latitude specifies the delta value in latitude in 1024 times the size of the unit provided in milli-arc‑second‑units field and with the same sign as in the delta-Latitude field. If this field is absent, the value for coarse-delta-Latitude is zero.
I.e., the full delta-latitude is given by:
(delta-Latitude × milli-arc-second-units) ± (coarse-delta-Latitude × 1024 × milli-arc-second-units) [milli-arc-seconds] 

	delta-longitude
This field specifies the delta value in longitude of the desired location, defined as "desired location" minus "reference point location" and comprises the following sub-fields:
-	delta-Longitude specifies the delta value in longitude in the unit provided in milli-arc-second-units field.
-	coarse-delta-Longitude specifies the delta value in longitude in 1024 times the size of the unit provided in milli-arc‑second‑units field and with the same sign as in the delta-Longitude field. If this field is absent, the value for coarse-delta-Longitude is zero.
I.e., the full delta-longitude is given by:
(delta-Longitude × milli-arc-second-units) ± (coarse-delta-Latitude × 1024 × milli-arc-second-units) [milli-arc-seconds] 

	delta-height
This field specifies the delta value in ellipsoidal height of the desired location, defined as "desired location" minus "reference point location" and comprises the following sub-fields:
-	delta-Height specifies the delta value in ellipsoidal height in the unit provided in height-units field.
-	coarse-delta-Height specifies the delta value in ellipsoidal height in 1024 times the size of the unit provided in height-units field and with the same sign as in the delta-Height field. If this field is absent, the value for coarse-delta-Height is zero.
I.e., the full delta-height is given by:
(delta-Height × height-units) ± (coarse-delta-Height × 1024 × height-units) [metres] 

	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].



As integrity use for the error source TRP location errors, the target device shall assume the Gaussian distribution. The target device shall derive the horizontal standard deviation value by ,wherein P is the confidence value provided by horizontalConfidence, K is the uncertainty value provided by horizontalUncertainty,  is the inverse error function, and . The target device shall assume the mean of the Gaussian distribution as 0.
-	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].



As integrity use for the error source TRP location errors, the target device shall assume the Gaussian distribution. the target device shall derive the vertical standard deviation value by ,wherein P is the confidence value provided by verticalConfidence, K is the uncertainty value provided by verticalUncertainty,  is the inverse error function, and . The target device shall assume the mean of the Gaussian distribution as 0.

If this field is absent, the uncertainty is the same as for the associated reference point location.






3. Conclusion
Proposal 1: For the error source bound of inter-TRP synchronization errors in assistance data, the value of mean equals to 0, the value range of standard deviation σ should be , and the exact value of standard deviation in one LPP ProvideAssistanceData is calculated by UE to multiply  to the timingQualityValue of the RTD.
Proposal 2: Support to add the description of integrity error source bound of inter-TRP synchronization errors in the LPP field description, not the ASN.1 IE. Take the TP in Annex A as baseline for further discussion.



Proposal 3: For the error source bound of TRP location errors in assistance data, the value of mean equals to 0, the value of standard deviation σ should be , wherein P is the confidence value indicated by horizontalConfidence-r16 and verticalConfidence-r16, K is the uncertainty value indicated by horizontalUncertainty-r16 and verticalUncertainty-r16,  is the inverse error function, and .
Proposal 4: Support to add the description of integrity error source bound of TRP location errors in the LPP field description, not the ASN.1 IE. Take the TP in Annex B as baseline for further discussion.
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