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In RAN #94e Meeting, the SID on study on expanded and improved NR positioning RP-213588[1] was approved including the following objective related to integrity:
	· 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.


[bookmark: Pro2]Identification of the error sources for RAT-dependent positioning
Based on TR 38.857[2], the following diagram is used for the error sources analysis of the GNSS case.
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From this diagram, the 5 sources of feared events are identified and summarized in the following table:
	Feared Event Category 
	Feared Event 
	Examples of positioning integrity assistance information (FFS) 

	1. Feared events in the GNSS Assistance Data 
	Incorrect computation of the GNSS Assistance Data, e.g. software bug, corrupt or lost data
	Validity or quality flags for existing assistance information

	
	External feared event impacting the GNSS Assistance Data, e.g. satellite, atmospheric or local environment feared events (Category 3) impacting the GNSS reference stations in the GNSS correction provider's network.
	

	2. Feared events during positioning data transmission 
	Data integrity faults
	Data corruption check, e.g. CRC

	
	
	Data Authentication / Signature

	3. GNSS feared events
	Satellite feared events
e.g. bad signal-in-space or bad broadcast navigation data
	Satellite health or quality flags

	
	Atmospheric feared events
	Ionospheric indicator

	
	
	Tropospheric indicator

	
	Local Environment feared events, e.g. Multipath, Spoofing, Interference
	Assistance information: Trustable time reference, Data Authentication / Signature, Regionalized indicator of multipath, interference, jamming, spoofing, etc

	4. UE feared events
	GNSS receiver measurement error
	e.g., GNSS-MeasurementList

	
	Hardware faults
	*

	
	Software faults
	*

	5. LMF feared events
	Hardware faults
	*

	
	Software faults
	*

	NOTE:	The positioning integrity assistance information IEs are FFS as part of the WI.
*NOTE:	The UE or LMF are responsible for mitigating these feared events locally, outside the scope of the specifications.


However, in Rel-17, only some error sources about SSR assistance date are specified in the following Table.
Table 8.1.2.1b-1: Mapping of Integrity Parameters [3]
	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 Section 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
	
	


Based on the error sources of GNSS, in the section, we provide our views on error sources for RAT-dependent positioning.


[bookmark: _GoBack]From this diagram, the 5 categories of feared events are identified:
1. Feared events in the Assistance Data
2. Feared events during positioning data transmission
3. TRP feared events
4. UE feared events
5. LMF feared events
Considering the progress of GNSS standardization and the characteristics of NR positioning, we propose that the error source of assistance data, and the error source of TRP/UE about signal transmission and measurement can be identified first.
Proposal 1: 
· From the perspective of RAN1, error sources with respect to the assistance data and signal transmission and measurement can be identified first.
In addition, with different measurements, the corresponding error sources will be different. So,  in our view, the error source should be discussed per method, especially for the error sources with respect to measurement, e.g., the error source for timing-based and angle-based methods should be considered separately. 
Proposal 2: 
· RAN1 needs to study the error sources under various methods, including 
· Angle-based measurement and timing-based measurement
Error resources for timing-based positioning
According to the above analysis, we analyze error sources for timing-based positioning. In the section, we take DL-TDOA as an example and identify the following error sources which may impact positioning accuracy:
1. The error sources of assistance data
· The network timing synchronization
· The TRP location accuracy
· The GDOP of TRP location
2. The error sources of UE Measurement
· The timing measurement error
· The UE clock drifting
· The Rx timing error on the UE side
2. The error sources of the TRP side for signal transmission
· The reference signal (e.g., small bandwidth, low power)
· The Tx timing error on the TRP side
· The environment (e.g., Multipath, NLOS, Interference)

Error resources for angle-based positioning
In the section, we take UL-AOA as an example and identify the following error sources which may impact positioning accuracy :
The error sources of assistance data
· The TRP location accuracy
· The TRP beam/antenna information
· The GDOP of TRP location
2. The error sources of TRP Measurement
· The angle measurement error
3. The error sources of the UE side for signal transmission
· The reference signal (e.g., low power)
· The phase error between multiple antennas
· The environment (e.g., Multipath, NLOS, Interference)
Conclusion
In this contribution, we discuss potential error sources for Integrity for RAT-dependent positioning techniques with the following proposals.
Proposal 1: 
· From the perspective of RAN1, error sources with respect to the assistance data and signal transmission and measurement can be identified first.
Proposal 2: 
· RAN1 needs to study the error sources under various methods, including 
· Angle-based measurement and timing-based measurement
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