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Introduction
In the approved new SI for expanded and improved NR positioning [1], one important direction is to study solutions for Integrity for RAT dependent positioning techniques.· Study solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1]:
· Identify the error sources, [RAN1, RAN2].
· Study methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning [RAN2]
· Focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, where possible.


This contribution discusses aspects related to integrity of RAT dependent positioning techniques.
Background
The trustworthiness of position estimates is the study of positioning integrity, which is adapted from TR 22.872 [2] as follows:
Positioning Integrity: A measure of the trust in the accuracy of the position-related data provided by the positioning system and the ability to provide timely and valid warnings to the Location Services (LCS) client when the positioning system does not fulfil the condition for intended operation.
Different from the definition of positioning accuracy, the integrity also reflects the statistical positioning error associated with a specific time duration. As defined in TR 38.857 [3], there are four key performance indicators, which can be described as:
Target Integrity Risk (TIR): The probability that the positioning error exceeds the Alert Limit (AL) without warning the user within the required Time-to-Alert (TTA). 
NOTE: The TIR is usually defined as a probability rate per some time unit (e.g., per hour, per second or per independent sample).
Alert Limit (AL): The maximum allowable positioning error such that the positioning system is available for the intended application. If the positioning error is beyond the AL, the positioning system should be declared unavailable for the intended application to prevent loss of positioning integrity.
NOTE: When the AL bounds the positioning error in the horizontal plane or on the vertical axis then it is called Horizontal Alert Limit (HAL) or Vertical Alert Limit (VAL), respectively.
Time-to-Alert (TTA): The maximum allowable elapsed time from when the positioning error exceeds the Alert Limit (AL) until the function providing positioning integrity annunciates a corresponding alert.
Integrity Availability: The integrity availability is the percentage of time that the protection level (PL) is below the required AL, where the PL is defined as follows:
Protection Level: The PL is a statistical upper-bound of the Positioning Error (PE) that ensures that, the probability per unit of time of the true error being greater than the AL and the PL being less than or equal to the AL, for longer than the TTA, is less than the required TIR, i.e., the PL satisfies the following inequality:
Prob per unit of time [((PE> AL) & (PL<=AL)) for longer than TTA] < required TIR
NOTE: When the PL bounds the positioning error in the horizontal plane or on the vertical axis then it is called Horizontal Protection Level (HPL) or Vertical Protection Level (VPL) respectively.
NOTE: A specific equation for the PL is not specified as this is implementation-defined. For the PL to be considered valid, it must simply satisfy the inequality above.
 In the procedure of Integrity for GNSS, LMF send assistance data and TIR value to request UE to measure the GNSS signal, while UE first identify the error distributions of each source using given assistance data, and then, use the known each error source distribution and TIR calculate the PL and report this with measurement result to the LMF to identify the trustworthiness. Refer to the error distributions of each source, it can be express as [4]
P(Error > Bound for longer than TTA | NOT DNU) <= Residual Risk + IRallocation
where the parameter of Bound, DNU, Residual Risk and IRallocation can be obtained by the assistance data from LMF.
Clarification of Study Scope
Rel-16 specified solutions for NR Positioning with different positioning methods, i.e. TDOA, Multi-RTT, AOA, AOD, etc. For different positioning methods, UE will report different measurement results. For example, TDOA and Multi-RTT will report the time difference for multiple measurement to acquire the UE's position information, and AOA, AOD will report the RSRP for positioning.
In Rel-17, for UE-based and UE-assisted positioning, UE support to report more than one measurement instance of RSTD, DL RSRP, and/or UE Rx-Tx time difference measurements in a single measurement report, and support a TRP to report more than one measurement instance of RTOA, UL RSRP, and/or gNB Rx-Tx time difference measurements in a single measurement report. Refer to the Integrity for RAT dependent positioning, it should be noticed that there are different error sources according to different positioning methods or different measurement results, considering some error sources mainly affect TDOA and Multi-RTT or the measurement result of RSTD and some error sources mainly influence AOA and AOD or   measurement result of RSRP. Therefore, different from Integrity for GNSS, the Integrity for RAT dependent positioning techniques shall be discussed based on different positioning methods or different measurement results.
Proposal 1: The Integrity for RAT dependent positioning shall study according to different positioning methods or different measurement results.
The criteria to be an error source
As shown in the background, each error source should have an error distribution. For integrity operation, the network will ensure that the probability of positioning error larger than bound for longer than TTA should less than or equal to the integrity risk probability (Residual Risk + IRallocation provided by LMF) under the condition that the all assistance data are within its validity period (NOT DNU). For example, it should be ensured that the probability of positioning error larger than 10 m for longer than 10 ms should less than or equal to 5% according to some valid positioning assistance data. According to the describe above, we can find that the bound is closely related to the error distribution of the error source. To obtain a solid error distribution for different error sources, the availability of true value shall be studied when we select some positioning error as the error sources. In addition, it should be noted that the most basic criteria to be an error source is that these error sources have an important impact on the measurement results and will arouse some measurement errors to a certain degree.
Proposal 2: RAN1 shall study the criteria to be an error source for Integrity for RAT dependent positioning techniques. In our opinion, the most basic criteria to be an error source is that these error sources have an important impact on the measurement results and will arouse some measurement errors to a certain degree.
Identify error sources
[bookmark: _GoBack]TS 38.305 has specified some error sources in the GNSS case which are shown in table 8.1.2.1b-1, i.e. orbit, clock, code bias, phase bias, ionosphere and troposphere, etc. Considering the criteria we proposed in 3.1, the synchronization and TEG for time based positioning methods or measurement results shall be studied at least in our opinion. More specifically, the synchronization error between serving gNB, neighboring gNB and UE influence the RSTD obtained by TDOA severely, and the true value can be easily acquired from the serving gNB. Similarly, inaccurate TEG associated with one or more measurements also influence the RSTD obtained by TDOA, and the time error difference within a certain margin can be used for create the error distribution.
Table 8.1.2.1b-1: Mapping of Integrity Parameters [4]
	Error
	GNSS Assistance Data
	Integrity Fields

	
	
	Integrity Alerts
	Integrity Bounds (Mean)
	Integrity Bounds (StdDev)
	Residual Risks
	Integrity Correlation Times

	Orbit
	SSR Orbit Corrections
	Real-Time Integrity
(see Clause 8.1.2.1.8)
	Calculated according to Equation 8.1.1a-3
	Calculated according to Equation 8.1.1a-3
	Probability of Onset of Constellation Fault

Probability of Onset of Satellite Fault

Mean Constellation Fault Duration

Mean Satellite Fault Duration
	Orbit Range Error Correlation Time

Orbit Range Rate Error Correlation Time

	Clock
	SSR Clock Corrections
	
	Mean Clock Residual Error Vector
	Standard Deviation Clock Error
	
	Clock Range Error Correlation Time

Clock Range Rate Error Correlation Time

	Code Bias
	SSR Code Bias
	
	Mean Code Bias Error

Mean Code Bias Rate Error
	Standard Deviation Code Bias Error

Standard Deviation Code Bias Rate Error
	
	

	Phase Bias
	SSR Phase Bias
	
	Mean Phase Bias Error

Mean Phase Bias Rate Error
	Standard Deviation Phase Bias Error

Standard Deviation Phase Bias Rate Error
	
	

	Ionosphere
	SSR STEC Correction
	Ionosphere DNU
	Mean Ionospherre Error

Mean Ionospherre Rate Error
	Standard Deviation Ionosphere Error

Standard Deviation Ionosphere Rate Error
	Probability of Onset of Ionosphere Fault

Mean Ionosphere Fault Duration
	Ionosphere Range Error Correlation Time
Ionosphere Range Rate Error Correlation Time

	Troposphere Vertical Hydro Static Delay
	SSR Gridded Corrections
	Troposphere DNU

	Mean Troposphere Vertical Hydro Static Delay Error

Mean Troposphere Vertical Hydro Static Delay Rate Error
	Standard Deviation Troposphere Vertical Hydro Static Delay Error

Standard Deviation Troposphere Vertical Hydro Static Delay Rate Error
	Probability of Onset of Troposphere Fault

Mean Troposphere Fault Duration
	Troposphere Range Error Correlation Time

Troposphere Range Rate Error Correlation Time

	TroposphereVertical WetDelay
	
	
	Mean Troposphere Vertical Wet Delay Error

Mean Troposphere Vertical Wet Delay Rate Error
	Standard Deviation Troposphere Vertical Wet Delay Error

Standard Deviation Troposphere Vertical Wet Delay Rate Error
	
	



Proposal 3: RAN1 shall study some possible error sources for Integrity for RAT dependent positioning techniques, and RAN1 can ask for RAN2’s further confirmation. The synchronization and TEG for time based positioning methods or measurement results shall be studied at least in our opinion.
Conclusion
This contribution discusses the solutions for integrity of RAT dependent positioning techniques. Observations and proposals are summarized as follows: 
Proposal 1: The Integrity for RAT dependent positioning shall study according to different positioning methods or different measurement results.
Proposal 2: RAN1 shall study the criteria to be an error source for Integrity for RAT dependent positioning techniques. In our opinion, the most basic criteria to be an error source is that these error sources have an important impact on the measurement results and will arouse some measurement errors to a certain degree.
Proposal 3: RAN1 shall study some possible error sources for Integrity for RAT dependent positioning techniques, and RAN1 can ask for RAN2’s further confirmation. The synchronization and TEG for time based positioning methods or measurement results shall be studied at least in our opinion.
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