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1	Introduction
The following objective was agreed for the study of integrity support for RAT dependent positioning:
	· Improved accuracy, integrity, and power efficiency:
· 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: _Hlk115116632]Integrity for RAT independent positioning has been supported by 3GPP since release 17, specifically for GNSS / RTK.  In this paper, we give our view on the possible error sources that should be considered when discussing solutions for integrity for RAT dependent positioning, and how to signal them. 
 2	Discussion
In RAN2#119e, the following was agreed:

Agreements:
Proposal 1: RAN2 to confirm the integrity principle of operation defined in the section 8.1.1a of TS38.305, including integrity definition (e.g., Error, Bound, Time to Alert, DNU, Residual Risk, irMinimum, irMaximum and Correlation Times; FFS if all parameters are needed in the RAT-dependent case), Equations for the GNSS integrity are reused for RAT dependent positioning methods.  
Proposal 2 (modified): RAN2 may add the mapping between Integrity definition/Fields (Integrity Alerts, error bounds (mean, StdDev), Residual Risks, Integrity correlation times ) and Error sources/assistance data for RAT-dependent positioning methods later once RAN1 identifies new error sources.  
In RAN#110, the following was agreed:
Agreement
•	For LMF-based positioning integrity mode, at least the followings are error sources for timing related measurements :
o	RSTD measurement is an error source for DL-TDOA 
o	RTOA measurement is an error source for UL-TDOA
o	UE Rx-Tx time difference measurement is an error source for Multi-RTT
o	gNB Rx-Tx time difference measurement is an error source for Multi-RTT
•	FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
•	Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

Agreement
•	For LMF-based positioning integrity mode, at least angle of arrival measurement is an error source for UL-AoA
•	FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
•	FFS: The error can be expressed as the error of the AoA/ZoA in LCS or GCS or the error of a defined function of AoA/ZoA in LCS.
•	Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Agreement
For UE-based positioning integrity mode, at least the following are error sources in assistance data : 
•	TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) and Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355) are error sources for DL-TDOA
•	TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) is an error source for DL-AoD
o	FFS: whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source
o	FFS: whether beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo in TS 37.355) is an error source 
•	FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
•	Other error sources are not precluded
•	FFS : Applicability of the above error sources to LMF-based positioning integrity mode
•	Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

Agreement
For LMF-based positioning integrity mode, ARP location (e.g., ARPLocationInformation in TS 38.455) is an error source for UL-AoA.
•	FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity)
•	Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
•	FFS : Whether the error statistics of ARP location is available at the gNB
•	Other error sources are not precluded

Agreement
For LMF-based positioning integrity mode, at least inter-TRP synchronization is an error source for UL-TDOA. 
•	FFS : Specification impact of inter-TRP synchronization as an error source for UL-TDOA
•	Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

Agreement
Study the distribution of RSTD, RTOA and UE/gNB Rx-Tx time measurement error considering the following aspects: 
•	Whether TEG-related timing error is an independent error source from timing related measurement error (e.g., RTOA, RSTD, UE/gNB Rx-Tx time difference)
•	Whether the measurement error is considered for each ToA or for the reported RSTD value
•	Other Details (e.g., mean and standard deviation)
Note : it is encouraged to provide the evaluation assumptions used by companies (e.g., requirements in TS 38.101, TS 38.104, TS 38.133, evaluation assumptions in TR 38.857, LOS/NLOS probability, measurement algorithm) and results (e.g., error histogram) if evaluation is used to determine the distribution, mean and standard deviation or range of values of an error source.


Agreement
Study the distribution of arrival measurement error focusing on the following aspects 
•	Whether the angle of arrival measurement error can be expressed as the error of the AoA/ZoA in LCS or GCS or the error of a defined function of AoA/ZoA in LCS
•	Distribution of AoA measurement error for an NLOS/LOS link
•	Other Details (e.g., mean, standard deviation)
Note: It is encouraged to provide evaluation assumptions (e.g., requirements in TS 38.101, TS 38.104, TS 38.133, evaluation assumptions in TR 38.857, LOS/NLOS probability, measurement algorithm) and results (e.g., error histogram) if evaluation is used to determine the distribution, mean and standard deviation or range of values of an error source.

 

RAN1 agreed to reuse the positioning integrity modes from the RAT independent positioning:
UE-based positioning integrity mode: Positioning integrity result is derived by the UE.
LMF-based positioning integrity mode: Positioning integrity result is derived by the LMF. 

The error sources in GNSS integrity are characterized with mean and standard deviation. Naturally for RAT-dependent integrity, mean and/or standard deviation can also be used to model the error sources, which is also agreed in the RAN1 FFS. For LMF-based positioning integrity mode, RSTD measurement is an error source for DL-TDOA and UE Rx-Tx time difference measurement is an error source for Multi-RTT. In RAN2, while waiting for conclusion about error model from RAN1, we may also discuss required UE capability and signalling for UE to indicate the mean and standard deviation of the error sources. 

[bookmark: _Toc115381631]RAN2 wait for RAN1 to conclude about the models for the error sources of different positioning methods for RAT-dependent positioning integrity. 
[bookmark: _Toc115381632]RAN2 to define UE capability and signalling required to send error source model for RAT-dependent positioning integrity during WI to support both LMF and UE-based Integrity computation. 

While GNSS positioning integrity is generally UE-based, RAT-dependent positioning supports UE-based and UE-assisted modes, thus RAT-dependent integrity should also support UE-based and UE-assisted modes. For the integrity mechanism to operate properly, the positioning estimator must know what errors contribute to the positioning error, and to the protection level. Some of the error sources are part of the positioning estimator, but some other come from reported measurements from the UE or gNB, or UE/network positioning capability. 


[bookmark: _Toc115381633]RAT-dependent integrity should support both UE-based and UE-assisted modes, and the positioning estimator is also responsible for integrity result calculation.
  

For RAT dependent positioning there could be several factors (error sources) that may contribute to the positioning error (PE) and affect the protection level (PL). They can be classified into three attribute categories: 
· Static attributes: These are factors known by the network and/or the UE prior to executing a positioning procedure that may influence the integrity KPIs; for example, UE capability on what accuracy level it can achieve (by means of checking what features, capabilities it supports).
· Semi-static attributes: These are factors, which after selecting a positioning procedure may rely upon prerequisite input. Such as ECID (RRM measurement availability and when it was taken) for other positioning methods such as DL-TDOA, UTDOA.
· Dynamic attributes: These are factors that impact the integrity once the positioning procedure has been executed.

Examples of the static or known (or pre-defined) factors include the positioning QoS (Location Accuracy needed), UE capability on performing accurate and different positioning measurements and supporting a variety of positioning methods as well as accurate reporting, and the network capability to support a variety positioning method (including angular positioning methods), accurate and different measurements for positioning (including gNB Rx-Tx time difference measurements), beam forming, more positioning assistance information (more parameters, more details, higher granularity, etc.). Such information is needed for the client to decide on positioning methods and/or positioning measurements and/or positioning signal configuration to be used to achieve an integrity level (TIR Target). 

[bookmark: _Toc115354308]The static factors including positioning QoS, UE capability and NW capability should be known by the client to decide on positioning methods and/or positioning measurements and/or positioning signal configuration to be used to achieve an integrity level (TIR Target).
Some examples of the semi-static attributes which can be considered as the quality of input that is needed for the main positioning method:
•	For DL-TDOA, input from ECID positioning method can be a pre-requisite. However, if the UE does not report or the reported value is not very recent one for ECID positioning method, there may be large error that could be expected for DL-TDOA. 
•	Further for multi-RTT positioning method, the beam sweep result is required prior so the NW can inform to the UE with regards to spatial relation between DL and UL RS. If the UE does not provide the beam sweep result it may be difficult to ascertain the spatial relations.
•	Training data available for fingerprinting (E-CID).

[bookmark: _Toc102165422][bookmark: _Toc115354309]Semi-static error sources should normally be known to the positioning estimator. This may also influence the presence of error while estimating positioning and impact Integrity computation 
[bookmark: _Toc115354310]A timestamp when ECID measurements were taken can impact the determination of AD and quality of AD.

The dynamic factors mainly include Uncertainty/Quality of Measurements, UE velocity, Doppler’s effect, Relative time difference (RTD) drift information. The error source identification and model work is undertaken by RAN1, and RAN2 should take the decision to update LPP IEs if needed. The detailed error sources would be identified by RAN1.

[bookmark: _Toc115381634]Categorize the error sources into static, semi-static and dynamic attributes and capture the text proposal as in the annex in the TR.
[bookmark: _Toc115381635]Timestamp is provided when ECID measurements were taken.

Conclusion
In the previous sections we made the following observations: 
Observation 1	The static factors including positioning QoS, UE capability and NW capability should be known by the client to decide on positioning methods and/or positioning measurements and/or positioning signal configuration to be used to achieve an integrity level (TIR Target).
Observation 2	Semi-static error sources should normally be known to the positioning estimator. This may also influence the presence of error while estimating positioning and impact Integrity computation
Observation 3	A timestamp when ECID measurements were taken can impact the determination of AD and quality of AD.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 wait for RAN1 to conclude about the models for the error sources of different positioning methods for RAT-dependent positioning integrity.
Proposal 2	RAN2 to define UE capability and signalling required to send error source model for RAT-dependent positioning integrity during WI to support both LMF and UE-based Integrity computation.
Proposal 3	RAT-dependent integrity should support both UE-based and UE-assisted modes, and the positioning estimator is also responsible for integrity result calculation.
Proposal 4	Categorize the error sources into static, semi-static and dynamic attributes and capture the text proposal as in the annex in the TR.
Proposal 5	Timestamp is provided when ECID measurements were taken.
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Text proposal
The origin of error sources in Positioning may occur at different stages which can be categorized as below.
a) Static Attributes: Even before positioning method is selected, the UE and NW capability may influence to what degree the positioning accuracy can be achieved (e.g., capability associated to support certain positioning methods). The expected error that would persist by selecting a positioning method could be assumed.
b) Semi-static attributes: These are factors, which after selecting a positioning procedure may rely upon prerequisite input. Such as ECID (RRM measurement availability and when it was taken) for other positioning methods such as DL-TDOA, UTDOA.

c) Dynamic attributes: These are factors that impact the positioning once the positioning procedure has been executed, e.g., quality of PRS Assistance data, during PRS measurements.
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