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[bookmark: _Ref513464071]Introduction
RAN1 Task
As indicated in SID RP-213588, RAN1 is tasked to identify error sources for determining integrity 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.
...


Contact information
To facilitate discussions, please provide your contact information below.
	Company
	Point of contact
	Email address

	InterDigital Inc.
	Fumihiro Hasegawa
	Fumihiro.hasegawa@InterDigital.com

	vivo
	Yuanyuan Wang
	yuanyuan.wang.txyj@vivo.com

	ZTE
	Chuangxin Jiang
	jiang.chuangxin1@zte.com.cn

	Samsung
	Pengru Li
	pengru5.li@samsung.com

	NTT DOCOMO
	Masaya Okamura
	masaya.okamura.ea@nttdocomo.com

	
	
	


Priority indication in each section/subsection
In this document, [HIGH], [MED] and [LOW] are used to indicate priority of each discussion topic.
In addition, [CLOSED] is used to indicate that the issue will not be discussed further.
In the following, contributions from companies are summarized and proposals from the FL (feature lead) and template for collecting company inputs are listed.
Background information
A list of agreements made in RA1#109e is shown below.
	[bookmark: _Hlk103672001]Agreement
· Study sources of error for timing-based positioning and angle-based positioning methods, focusing on the following aspects
· Origin of the error source
· e.g., At UE and/or network side
· e.g., From assistance information, and/or measurements
· Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· Criteria to become an error source (e.g., whether it is quantifiable, how much influence an error source has on determination on integrity)
· 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) if evaluation is used to determine a distribution, mean and standard deviation or range of values of an error source
· UE-based/assisted DL positioning methods, UL and DL&UL positioning methods are considered in the study
Agreement
· At least the following error sources for timing-based positioning methods are studied
· TRP/UE measurements errors (e.g., ToA, Rx-Tx timing difference)
· FFS: Effect of multipath/NLoS channels on TRP/UE measurement errors
· Error in assistance data (e.g., TRP location, Inter-TRP synchronization errors (e.g., RTD))
· TRP/UE Timing error
· FFS: Further study identification of error sources resulting from the multipath/NLoS channel/radio propagation environment, including multipath/NLoS channel itself as an error source
· Other error sources are not precluded
· FFS: details of each error source, e.g., mean/standard deviation/range associated with each error
Agreement
· At least the following error sources for angle -based positioning methods are studied
· TRP/UE measurements errors (e.g., AoA, RSRP, RSRPP)
· FFS: Effect of multipath/NLoS channels on TRP/UE measurement errors
· Error in assistance data (e.g TRP location, TRP beam antenna information)
· FFS: Further study identification of error sources resulting from the multipath/NLoS channel/radio propagation environment, including multipath/NLoS channel itself as an error source
· Other error sources are not precluded
· FFS: details of each error source, e.g., mean/standard deviation/range associated with each error
Agreement
For the purpose of discussion of error sources, reuse the definitions for RAT-dependent integrity and update the references to GNSS in Section 8.1.1a in TS38.305 to also include RAT-dependent methods.
· Note: The intention of the proposal is not to make text proposals for TS 38.305
· FFS: whether to modify and/or how to modify, for the purpose of discussion in RAN1, terms in 8.1.1a in TS 38.305 (e.g., definitions for “Error”, “Bound”, “Time-to-Alert (TTA)”, “DNU”, “Residual Risk”, “irMinimum, irMaximum”) for RAT dependent positioning methods
[bookmark: _Hlk104074995]Agreement
In addition to the agreed aspects for the study, study the following aspects for error sources for timing/angle based positioning methods
· Mapping between an error source and a positioning method (e.g., DL, UL, DL&UL positioning method)
· e.g., error in TRP location can be an error source for UE-based DL-AoD
Other aspects are not precluded


In TS 38.305, according to the principle of integrity operation, the network will ensure the following :

	For integrity operation, the network will ensure that:

[bookmark: _Hlk102509937]P(Error > Bound for longer than TTA | NOT DNU) <= Residual Risk + IRallocation

for all values of Irallocation in the range irMinimum <= Irallocation <= irMaximum
Bound for a particular error is computed according to the following formula:
Bound = mean + K * stdDev
K = normInv(IRallocation / 2)
irMinimum <= IRallocation <= irMaximum
where:	mean: mean value for this specific error, as per Table 8.1.2.1b-1
	stdDev: standard deviation for this specific error, as per Table 8.1.2.1b-1


To following the principle above, an error source and associated parameters must be identified. More details about the principle of integrity from TS 38.305 are shown in Appendix A. Examples of GNSS related error sources described in TR 38.305 are shown in Appendix B. Integrity parameters specified in TS 37.355 are summarized in Appendix C. List of error sources discussed in R1-2205344 (FL summary from RAN1#109e) is shown in Appendix D.
Suggested proposals for approval and discussion
For online session Aug. 22, 2022
Proposals for approval
FL Proposal 1a-2
· For UE-based positioning integrity mode, error sources in assistance data are at least the following :
· For DL-TDOA
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) 
· Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355)
· For DL-AoD
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) 
· FFS : whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source
· FFS : whether beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo in TS 37.355) is an error source 
· FFS : Inter-TRP synchronization as an error source for UL-TDOA, for LMF-based positioning integrity mode
· FFS : ARP location (e.g., ARPLocationInformation in TS 38.455) for UL-AoA for LMF-based positioning integrity mode
· 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
· Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
FL Proposal 4-2
· For LMF-based positioning integrity mode, at least the followings are error sources time of arrival is an error source for timing related measurements (e.g., RSTD, RTOA, Rx-Tx time difference) for DL, UL and DL&UL timing-based positioning methods.
· Time of arrival (for UL-TDOA)
· Time difference of arrival (for DL-TDOA)
· Rx-Tx time difference (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
FL Proposal 5-1
· For LMF-based positioning integrity mode, angle of arrival is an error source in angle related measurements 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
FL Proposal 9-2
· Studies on error sources related to Rel. 18 positioning methods are deferred until more clarity is achieved on the Rel-18 positioning methods.
Proposals for discussion
FL Proposal 2-1
· Further study the following error sources and whether the error sources affect derivation of positioning integrity
· PRS configuration (e.g., NR-DL-PRS-AssistanceData including ExpectedAoD, ExpectedAoA, ExpectedRSTD)
· LOS/NLOS indicator (e.g., NR-DL-PRS-ExpectedLOS-NLOS-Assistance)
· TEG configuration (e.g., NR-DL-PRS-TRP-TEG-Info)
· Other error sources are not precluded
FL Proposal 1b-2
· For LMF-based positioning integrity mode, error sources in assistance data are at least the following:
· For UL-TDOA
· Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355)
· For UL-AoA
· ARP location (e.g., ARPLocationInformation in TS 38.455)
· 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
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
FL Proposal 3-2
· Error sources related to TX/RX timing are at least the following:
· TRP TX timing error for UE-based positioning integrity mode for DL-TDOA and Multi-RTT
· TRP RX timing error for LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· UE TX timing error for LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· UE RX timing error for LMF-based positioning integrity mode for DL-TDOA and Multi-RTT
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS : whether TxRx timing error is an error source
· Note : Definitions of “UE-based positioning integrity mode” and “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
FL Proposal 7-1
· Further study whether multipath/NLOS channel is an independent error source

For offline session Aug. 25, 2022
Offline consensus
For UE-based positioning integrity mode, at least the followings 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 soures for DL-TDOA
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) is an eror source for DL-AoD
· FFS : whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source
· 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
FL ProposalOffline consensus 1b-3
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
FL Offline consensus Proposal 1c-2
For LMF-based positioning integrity mode, Interinter-TRP synchronization is an error source for UL-TDOA. 
· Note FFS : Specification impact of Interinter-TRP synchronization has no specification impact as an error source for UL-TDOA
· 
FL Proposal 3-4
· Error sources related to TX/RX timing are at least the following:
· TRP TX timing error is an error source for UE-based positioning integrity mode for DL-TDOA and Multi-RTT
· TRP TX timing error and UE RX timing error is anare error sources for LMF-based positioning integrity mode for DL-TDOA and multi-RTT
· UE TX timing error and 
· TRP RX timing error for is are an error sources for LMF-based positioning integrity mode for UL-TDOA and multi-RTT
· UE TX timing error is an error source for LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· UE RX timing error is an error source for LMF-based positioning integrity mode for DL-TDOA and Multi-RTT
· FFS : Whehter timinig error is an independent error source from timing related measurement error (e.g., RTOA, RSTD, UE/gNB Rx-Tx time difference)
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS : whether TxRx timing error is an error source
· FFS : Other error sources are not excluded
· FFS : Specification impact of timing error as anthe error source
FL Proposal 8a-2
From RAN1’s perspective for UL-AoA, at least for an LOS link, angle of arrival measurement error is modeled as Gaussian distribution 
· FFS : other details (e.g., corresponding mean, standard deviation)
· FFS: 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
· FFS : Distribution of AoA measurement error for a NLOS link
· For an NLOS link, 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
FL Proposal 8e-1
Study distribution of RSTD, RTOA and UE/gNB Rx-Tx time measurement error considering the following aspects 
· Whehter timinig error is an independent error source from timing related measurement error (e.g., RTOA, RSTD, UE/gNB Rx-Tx time difference)
· Whether the error is considered for ToA or for the reported RSTD value
· Other Details (e.g., mean and 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

For online session Aug. 25, 2022
Proposals for approval
Offline consensus FL Proposal 1a-4
For UE-based positioning integrity mode, at least the followings 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 soures for DL-TDOA
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) is an eror source for DL-AoD
· FFS : whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source
· 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
Offline consensus FL Proposal 1b-3
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
Offline consensus FL Proposal 1c-2
For LMF-based positioning integrity mode, Interinter-TRP synchronization is an error source for UL-TDOA. 
· Note FFS : Specification impact of Interinter-TRP synchronization has no specification impact as an error source for UL-TDOA

Proposals for discussion
FL Proposal 8a-3
From RAN1’s perspective for UL-AoA, angle ofStudy the distribution of arrival measurement error is modeled as Gaussian distribution 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 FFS : other dDetails (e.g., mean, standard deviation)
Note : nlinkIt 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. Evaluation results and corresponding evaluation asusmptions can be captured in TR 38.859.
FL Proposal 8e-2
Study the distribution of RSTD, RTOA and UE/gNB Rx-Tx time measurement error considering the following aspects 
· Whehter timinig error is an independent error source from timing related measurement error (e.g., RTOA, RSTD, UE/gNB Rx-Tx time difference)
· Whether the error is considered for ToA or for the reported RSTD value
· Other Details (e.g., mean and 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. Evaluation results and corresponding evaluation asusmptions can be captured in TR 38.859.
FL Proposal 3-4
Error sources related to TX/RX timing are at least the following:
· TRP TX timing error is an error source for UE-based positioning integrity mode for DL-TDOA
· TRP TX timing error and UE RX timing error are error sources for LMF-based positioning integrity mode for DL-TDOA and multi-RTT
· UE TX timing error and TRP RX timing error are error sources for LMF-based positioning integrity mode for UL-TDOA and multi-RTT
· FFS : Whehter timinig error is an independent error source from timing related measurement error (e.g., RTOA, RSTD, UE/gNB Rx-Tx time difference)
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS : whether TxRx timing error is an error source
· FFS : Other error sources are not excluded
FFS : Specification impact of timing error as an error source

Agreements made up to and including online session Aug. 25, 2022
Agreement
· For LMF-based positioning integrity mode, at least the followings are error sources for timing related measurements :
· RSTD measurement is an error source for DL-TDOA 
· RTOA measurement is an error source for UL-TDOA
· UE Rx-Tx time difference measurement is an error source for Multi-RTT
· 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
· FFS: whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source
· 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.
For offline session (part 2) Aug. 25, 2022
FL Proposal 8a-4
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. Evaluation results and corresponding evaluation asusmptions can be captured in TR 38.859.
FL Proposal 3-5
· Error sources related to TEG related TX/RX timing are at least the following:
· TRP TX timing error is an error source for UE-based positioning integrity mode for DL-TDOA and Multi-RTT
· TRP TX timing error and UE RX timing error is anare error sources for LMF-based positioning integrity mode for DL-TDOA and multi-RTT
· UE TX timing error and 
· TRP RX timing error for is are an error sources for LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· UE TX timing error is an error source for LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· UE RX timing error is an error source for LMF-based positioning integrity mode for DL-TDOA and Multi-RTT
· FFS : 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)
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS : whether TxRx timing error is an error source
· FFS : Other error sources are not excluded
· FFS : Specification impact of timing error as anthe error source


For online session Aug. 26, 2022
FL Proposal 8a-4
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. Evaluation results and corresponding evaluation asusmptions can be captured in TR 38.859.
Issues for discussion
Organization, scheduled topics and materials for discussion
The planning for future meetings is shown below.
Table 1 Tentative schedule
	Meeting #
	Main discussion points

	RAN1#110
	· Agree on error sources and corresponding mapping to positioning methods
· Identify error sources that require further studies
· Discuss details of error sources (e.g., distribution, whether paired overbounding is applicable)

	RAN1#110b-e
	· Agree on the details of error sources (e.g., mean/range/standard deviation, distribution, applicability of paired overbounding)

	RAN1#111
	· Agree on the remaining details of error sources


The proposals related to potential error sources from the contributions [1]-[17] are summarized in Section 4. In addition, tables summarizing potential error sources for each positioning method can be found in [1, 3, 6, 7, 10, 11]. In [1], potential specification impacts have been identified for UE-based and LMF-based positioning integrity mode. In general, proposals focus on error sources in the following categories
· Error sources related to assistance data
· Proposals in Section 4.1 (errors in assistance data), Section 4.2 (misconfiguration)
· UE/TRP timing error
· Proposals in Section 4.3 (TX/RX timing error)
· Measurement error
· Proposals in Section 4.4 (ToA), Section 4.5 (AoA), Section 4.6 (RSRP/RSRPP)
· Channel error
· Proposal in 4.7 (multipath)
Definitions for “UE-based positioning integrity mode” and “LMF-based positioning integrity mode” are based on the definitions used in Table 9.4.1.1.1 in TR 38.857. The definitions are reproduced below and used in the FL summary:
· 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
[CLOSED] Issue #1 : Error sources in assistance data
Summary
The issue #1 deals with uncertainties in assistance data provided by the LMF. Uncertainties may arise from inaccurate positioning of TRPs/ARPs or quality of synchronization. Uncertainties related to some of the aforementioned error sources can be found in specifications [13,14,17]. 
It should be noted that the proposals based on integrity determination methods, i.e., UE-based/LMF-based integrity determination are made in [1]. UE-based integrity mode and UE-based positioning share the same error sources since, in principle, integrity or position is determined at the UE based on assistance information provided by the network and measurements. In addition, whether errors qualify as error sources or not may depend on determination mechanism of integrity (i.e., UE-based, LMF-based). For example, for LMF-based positioning integrity mode, there is no need for the network to send error information (required for integrity determination) to the UE. If the UE sends measurements to the LMF, LMF-based positioning integrity mode is applicable since integrity can be computed based on the measurements and/or associated error information. Similarly, LMF-based positioning integrity mode is applicable for UL-based positioning methods. 
For clarity, relationship between UE-based/assisted positioning methods and UE/LMF based positioning integrity mode is summarized in the table below.
Table 2 Relationship between positioning integrity mode for RAT dependent positioning methods and positioning methods
	
	UE based positioning integrity mode
	LMF based positioning integrity mode

	UE-based DL-TDOA
	Applicable
	Not applicable

	UE-assisted DL-TDOA
	Not applicable
	Applicable

	UE-based DL-AoD
	Applicable
	Not applicable

	UE-assisted DL-AoD
	Not applicable 
	Applicable

	Multi-RTT
	Not applicable
	Applicable

	UL-TDOA
	Not applicable
	Applicable

	UL-AoA
	Not applicable
	Applicable


It has been discussed in contributions that assistance information such as BeamAntennaInfo (used by the location server to provide beam antenna information of the TRP) [6, 7,14] and BeamAntennaInfo (is used by the location server to provide spatial direction information of the DL-PRS Resources) [1, 3, 10, 14] can contain errors due to calibration errors or granularities in configuration. The following error sources are proposed by companies. 
DL-TDOA
· TRP location error [1, 2, 3, 7 (ARP location), 10, 12 (FFS), 13, 14, 15 ,17] 
· Inter-TRP synchronization error [1, 2, 3, 6, 7, 13, 14 ,15, 17 (sync error)]
DL-AoD
· TRP location error [1, 2, 3, 7 (ARP location), 10, 12 (FFS), 13, 14, 15, 17] 
· Error in boresight direction of DL-PRS [1, 3, 10, 14] 
· Beam information of DL-PRS  [6, 7(phase center offset), 14] 
UL-AoA
· ARP location error [2, 3, 7, 13, 17]
Proposal for the 1st round of discussion
It has also been discussed in [1] that inter-TRP synchronization is an error source applicable to UL-TDOA. However, since gNB processes measurements, inter-TRP synchronization may be resolved via implementation at gNB [1]. Therefore, it is not clear if inter-TRP synchronization is an error source for UL-TDOA. The FL proposes to further study inter-TRP synchronization as an error source for UL-TDOA. 
Additionally, for UL-AoA, only LMF-based integrity determination is applicable. In that case, whether ARP location (e.g., ARPLocationInformation in TS 38.455) is an error source for UL-AoA positioning method is not clear since any potential errors related to ARP location can be processed internally in the LMF.
The details of additional assistance information related to error sources (e.g., mean/standard deviation of the error source) may have an impact on specification. Thus, it is important to clarify relationship between error sources and LMF/UE-based positioning integrity mode in the proposals such that we can clarify scope of the study for each category.
Based on companies’ views, the following proposal is made. Companies are invited to provide views on whether the proposal can be supported, suggest modifications, or present additional aspects for the proposal.  
FL Proposal 1-1
· For UE-based positioning integrity mode, error sources in assistance data are at least the following :
· For DL-TDOA
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) 
· Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355)
· For DL-AoD
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) 
· Boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355)
· Beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo in TS 37.355)
· FFS : Inter-TRP synchronization as an error source for UL-TDOA, for LMF-based positioning integrity mode
· FFS : ARP location (e.g., ARPLocationInformation in TS 38.455) for UL-AoA for LMF-based positioning integrity mode
· 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
· Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Companies views: 
	Company Name
	Support Proposal 1-1 (Yes/No)
	Comments

	CATT
	Yes
	For the two FFS, both “Inter-TRP synchronization” and “ARP location” should be the error sources in our view. Whether TRP can provide the information. Whether an error can be eliminated during the location calculation by UE or LMF should be a separate issue. For any error source, if the UE or LMF can eliminate it during the positioning calculation it may exclude it when it determines the PL. But, the source of the error (UE or TRP) should provide the information related to the error to LMF for LMF-based, or to UE for UE-based positioning in our vew.

	Vivo
	Yes with comment
	For us, it is weird that the first bullet is about UE-based integrity and the first two FFS is for LMF-based integrity. We prefer to discuss this separately. 

	FL
	
	To CATT and vivo : 
Thank you very much for your comments.
Based on the comments, FL’s suggestion is to break FL Proposal 1-1 into two pieces, first (FL Proposal 1a-1) focusing on UE-based integrity and second (FL Propsosal 1b-1) focusing on LMF based integrity as follows. 

To all companies, please review the proposals below.
FL Proposal 1a-1
· For UE-based positioning integrity mode, error sources in assistance data are at least the following :
· For DL-TDOA
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) 
· Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355)
· For DL-AoD
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) 
· Boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355)
· Beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo in TS 37.355)
· FFS : Inter-TRP synchronization as an error source for UL-TDOA, for LMF-based positioning integrity mode
· FFS : ARP location (e.g., ARPLocationInformation in TS 38.455) for UL-AoA for LMF-based positioning integrity mode
· 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
· Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
FL Proposal 1b-1
· For LMF-based positioning integrity mode, error sources in assistance data are at least the following:
· For UL-TDOA
· Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355)
· For UL-AoA
· ARP location (e.g., ARPLocationInformation in TS 38.455)
· 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
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857


	ZTE
	Partially Yes
	We don’t think boresight direction and beam information should be an independent error source for DL-AoD. gNB would have no idea on the error of this kind of information, so it is unclear how to model them and how to configure/report them. At UE side, it is also impossible to get the error model for this configuration. 

	FL2
	
	To ZTE
Thank you very much for the comment. The FL’s understanding is that there could be an error related to boresight information and beam information in the AD given by the LMF. Thus, if needed, the LMF may give additional error related ultipath data (e.g., range of error) related to the aforementioned AD to the UE. The FL wold like to hear companies’ views.

	Huawei, HiSilicon
	FL Proposal 1a-1 Yes
	We do not think any assistance data enhancement is needed for LMF-based integrity mode; in fact the information transferred between gNB and LMF is not considered as assistance data, and there is no RTD for UL-TDOA.

	Qualcomm
	Yes to 1a-1
	Agree with FL2 response to ZTE. Note that errors in the boresight direction and beam information impact DL AoD positioning in a manner quite analogous to the way in which errors in the NR-RTD-Info impact the DL-TDOA positioning. Thus, they should both be error sources, for the same reasons. Modeling of the error sources is a separate topic that can be discussed separately, and applies to both these error sources.
Regarding 1b-1 and Huawei’s comment above, we agree there is no RTD for UL-TDOA, the analogous quantity would instead be the SFN initialization time reported by gNB to LMF. 

	Ericsson
	Partially OK
	For the 1a proposal, we agree with ZTE that for beam  information and boresight information, the error will not be known to the gNB. From the FL2 comment,  is the intention to capture error statistics derived by the LMF without additional signalling from the gNB? 
For proposal 1b, we are ok with the AOA part but agree with other that for ULTDOA the RTD info is not used. 

	Samsung 
	Yes to 1a-1
	For the purpose of PRS resource(s) measurement and reporting, boresight direction information can be optionally sent by the LMF in the assistance data for each PRS resource, and TRP beam information also can be optionally provided by the LMF to the UE for UE-based DL-AoD with an order of priority of PRS resources. If boresight direction information and beam information are sent by LMF to enhance the signaling to the UE, it should be the error sources in our view.

	FL3
	
	To Ericsson : FL’s understanding was that through implementation, error information can be exchanged between gNB and LMF and LMF can dliver error information to the UE. It seems like more discussions are needed so the FL would like to propose the following modification for Proposal 1a-1 by adding FFS to boresight and beam information. Proposal 1b-1 needs more discussions and we can try to discuss the modified proposal online.
FL Proposal 1a-2
· For UE-based positioning integrity mode, error sources in assistance data are at least the following :
· For DL-TDOA
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) 
· Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355)
· For DL-AoD
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) 
· FFS : whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source
· FFS : whether beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo in TS 37.355) is an error source 
· FFS : Inter-TRP synchronization as an error source for UL-TDOA, for LMF-based positioning integrity mode
· FFS : ARP location (e.g., ARPLocationInformation in TS 38.455) for UL-AoA for LMF-based positioning integrity mode
· 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
· Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

FL Proposal 1b-2
· For LMF-based positioning integrity mode, error sources in assistance data are at least the following:
· For UL-TDOA
· Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355)
· For UL-AoA
· ARP location (e.g., ARPLocationInformation in TS 38.455)
· 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
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857




	Xiaomi
	Yes
	ccording to section 8.13.2 in TS38.305, the information that transferred from the gNB to the LMF could be the assistance data. 
Table 8.13.2.0-1: Assistance data that may be transferred from gNB to the LMF
	Information

	PCI, GCI, and TRP IDs of the TRPs served by the gNB

	SSB information of the TRPs (the time/frequency occupancy of SSBs)

	Geographical coordinates information of the DL-PRS Resources of the TRPs served by the gNB

	TRP type



Therefore, we support proposal 1b-2 and the TRP location might be an error source for UL-TDOA.

	FL4
	
	Based on online discussion, the FL would like to set up the 2nd round of discussion,



Summary of the 1st round and online discussion
For FL Proposal 1a-2 (error sources for DL positioning methods), companies do not seem to have any objections. The FL has rewritten the proposal to align with the format used in the agreements made during online discussion on Aug. 22.
For FL Proposal 1b-2 (error sources for UL positioning methods), the main concern from some companies is that inter TRP synchronization error is not captured for UL-TDOA while concerns from some companies are that inter TRP synchronization error can be resolved based on LMF implementation. The FL would like to propose to agree that inter TRP synchronization as an error source for UL-TDOA does not have any specification impact. Thus, the following changes are made to FL Proposal 1b-2.
1. The example “(e.g., NR-RTD-Info in TS 37.355)” is removed since RTD information is not transferred from LMF to gNB for UL-TDOA
2. “…in assistance data” is removed from the proposal since some error sources listed in the proposal are not related to assistance data.
3. A separate proposal (Proposal 1c-1) focusing on inter TRP synchronization for UL-TDOA is created. 
The proposals from te 1st round are revised as follows: 
· FL Proposal 1a-3 : Error sources found in assistance data for UE-based positioning integrity mode for DL-TDOA and DL-AoD
· FL Proposal 1b-3 : Error source for UL-AoA
· FL Proposal 1c-1 : Error source for UL-TDOA
Regarding Proposal 1b-3, please also note that as commented by Xiaomi, “Geographical coordinates information of the DL-PRS Resources of the TRPs served by the gNB” is an assistance data transferred from gNB to the LMF.
Proposals for the 2nd round of discussion
Based on companies’ views, the following proposal is made. Companies are invited to provide views on whether the proposal can be supported. Constructive 	.
FL Proposal 1a-3
· For UE-based positioning integrity mode, error sources in assistance data are at least the following :
· For DL-TDOA
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) 
· Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355)
· For DL-AoD
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) 
· FFS : whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source
· FFS : whether beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo in TS 37.355) is an error source 
· FFS : Inter-TRP synchronization as an error source for UL-TDOA, for LMF-based positioning integrity mode
· FFS : ARP location (e.g., ARPLocationInformation in TS 38.455) for UL-AoA for LMF-based positioning integrity mode
· For UE-based positioning integrity mode, at least the followings 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 soures for DL-TDOA
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) is an eror source for DL-AoD
· FFS : whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source
· 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
· Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
FL Proposal 1b-3
· For LMF-based positioning integrity mode, error sources in assistance data are at least the following:
· For UL-TDOA
· Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355)
· For UL-AoA
· ARP location (e.g., ARPLocationInformation in TS 38.455)
· 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
FL Proposal 1c-1
· Inter-TRP synchronization is an error source for UL-TDOA. 
· Note : Inter-TRP synchronization has no specification impact as an error source for UL-TDOA

	Company Name
	Support FL Proposal 1a-3, Proposal 1b-3, Proposal 1c-1, (Yes/No)
	Comments

	vivo
	
	The proposal 1c-1 with the note may be unclear to us. Based on the following parameter(SFN initialization time) in TS 38.455, LMF will get SFN initialization time by each TRP, and the difference in initialization time of different TRP can be understood as the Inter-TRP synchronization.
So, whether we can remove the note and add the Inter-TRP synchronization may be calculated by SFN initialization time with those TRPs.

	>>SFN Initialisation Time
	M
	
	Relative Time 1900
9.2.36
	
	-
	




	Huawei, HiSilicon
	Yes
	

	NTT DOCOMO
	Yes
	

	Nokia/NSB
	
	We think the listed error sources in proposal 1a-3 could be error sources from LMF side. As mentioned in FL proposal 1c-1, we think the TRP synchronization eror is an error source for UL-TDOA. For 1a-3, we would suggest adding “at least” in the main bullet, i.e., “at least for UE-based positioning integrity mode”, and for FL proposal 1c-1, we prefer to add “For LMF-based positioning integrity mode”.

	ZTE
	Yes
	

	Lenovo
	Yes
	

	CATT
	
	Yes to 1a-3 and 1b-3
Similar view as Nokia for 1c-1.

	FL
	
	From the FL’s perspective, it is fine to follow the suggestion from Nokia for FL Proposal 1a-3 since it does not change the principle of the proposal. Nokia’s suggestion is reflected by adding “FFS : Applicability of the above error sources to LMF-based positioning integrity mode” in the proposal.
There is no change to FL Proposal 1b-3. 
Regarding, FL Proposal 1c-2, vivo, Nokia and CATT commented on potential specification impact of inter-TRP synchronization as an error source for UL-TDOA. The FL recommends to study further on this aspect. Changes are tracked below. Companies are encouraged to review the changes.
FL Proposal 1a-4
For UE-based positioning integrity mode, at least the followings 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 soures for DL-TDOA
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) is an eror source for DL-AoD
· FFS : whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source
· 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)
· FFS : Applicability of the above error sources to LMF-based positioning integrity mode
· Other error sources are not precluded
· Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
FL Proposal 1b-3
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
FL Proposal 1c-2
For LMF-based positioning integrity mode, Interinter-TRP synchronization is an error source for UL-TDOA. 
· Note FFS : Specification impact of Interinter-TRP synchronization has no specification impact as an error source for UL-TDOA


	Ericsson
	Yes, with comments
	With the understanding that RAN1 role is to identify the error sources, we’re ok with the proposals. However, for proposal 1b-3, we are unsure how much the gNB knows about the error source statistics for ARP location error. 


	FL
	
	Companies comments were addressed and reflected in offline discussion on Aug. 25.

	FL2
	
	Per agreement online, the discussion is closed.



[MEDCLOSED] Issue #2 : Misconfiguration in assistance data provided by the LMF
Summary
Likelihood of occurrence of the error (e.g., misconfiguration) should be discussed. Arguments presented in [12, 14] are related to misconfiguration of PRS parameters or inaccurate information related to LOS/NLOS indicators which lead to loss of accuracy in the estimated location information. Furthermore, it is discussed in [14] that discrete parameters such as PRS configuration or TEG may not be quantifiable for integrity determination. However, DNU flag may be used for error sources which are not quantifiable to prevent deterioration of positioning accuracy. 
On the other hand, it is argued in [8] that the LMF should be able to provide expected values of RSTD/AoA/AoD with sufficient uncertainty that the UE/gNB should be able to use the information for measurement of PRS/SRS. If the LMF is not certain about the assistance information, it is argued in [8] that it will not provide such measurement. Some companies expressed their views for Issue #3 and Issue #4 in R1-2205344 on why expectedAoD/AoA or ExpectedRSTD should not be an error source.  Views from companies can be summarized as follows.
· Consider ExpectedAoD, ExpectedAoA, ExpectedRSTD as error source(s) [12(FFS), 14]
· Do not consider consider ExpectedAoD, ExpectedAoA, ExpectedRSTD as error source(s) [8]
· Further study ExpectedAoD, ExpectedAoA, ExpectedRSTD as error sources [9]
It is also noted that the LOS/NLOS indicator can be considered as an error source in [11]. On the other hand, it is discussed in [17] that the LOS/NLOS indicator should be reliable enough to reduce uncertainty in the presence of LOS/NLOS channel.
· LOS/NLOS indicator is an error source [11]
· LOS/NLOS indicator is not an error source [17]
Proposal for the 1st round of discussion
The discussion point is whether misconfiguration can be considered as an error source for determination of positioning integrity. Companies are invited to provide views on whether the following proposal can be supported, suggest modifications, or present additional aspects for the study.
FL Proposal 2-1
· Further study the following error sources and whether the error sources affect derivation of positioning integrity
· PRS configuration (e.g., NR-DL-PRS-AssistanceData including ExpectedAoD, ExpectedAoA, ExpectedRSTD)
· LOS/NLOS indicator (e.g., NR-DL-PRS-ExpectedLOS-NLOS-Assistance)
· TEG configuration (e.g., NR-DL-PRS-TRP-TEG-Info)
· Other error sources are not precluded
Companies views: 
	Company Name
	Comments

	CATT
	In our view any of the LMF Misconfiguration in assistance data could potentially cause a problem in positioning. For example, the erroneous information of ExpectedAoA could potentially result in the error in TRP to make an error in the determination of the UL-AoA. This type of errors could be modelled as an random variable representing the probability of erroneous information, e.g., the probability of providing the erroneous information of ExpectedAoA is 10^(-X) with a variation of 10^(-Y). However, it would be difficult to include such information during the determination of the PL, since some gNB’s implementations may be robust to the errors of ExpectedAoA, why others may not. It would then be more effective to TRP to consider the potential impact of ExpectedAoA  in AOA measurement errors.

	Vivo
	For those sub-bullet, no distribution can be provided for us, if the majority think it can be seen as an error source, only a flag (such as DNU)can be associated. 

	FL
	The FL would like to collect more views for this proposal.

	ZTE
	We don’t think such PRS related configuration is an error source. For ExpectedAoD, ExpectedAoA, ExpectedRSTD, there is uncertainty range informed to UE, it will help for PRS measurement, no positioning accuracy issue is caused. For LOS/NLOS indicator, it is an optional feature. If network/UE cannot ensure the LOS/NLOS condition, the corresponding report/configuration can be skipped. So it should not be an error source. Further, the error of LOS/NLOS indication will be reflected to measurement errors. So extra error source for this is not needed.  

	Huawei, HiSilicon
	We also think those can be replaced by DNU flag, and further discussion is not needed.

	Qualcomm
	Any parameter that can potentially impact the positioning calculation is potentially an error source. 
A parameter being optional doesn’t exclude it from being an error source. We don’t agree with the argument that an optional parameter will only be provided if it is known with sufficient accuracy and thus doesn’t need to be an error source. Note that these optional parameters may still be used to compute position, even if the accuracy is insufficient for the purpose of computing integrity of the position. Thus, we should provide a way to indicate even optional parameters, with their accompanying integrity-related parameters
We generally agree with vivo’s comment that a distribution may not be applicable to all the parameters. If this is making it difficult for some companies to accept certain parameters as error sources, this could be clarified in the proposal as a sub-bullet against the corresponding parameter. E.g., ‘for at least some parts of PRS configuration (including time-frequency allocation and scrambling seeds), no bound formula applies, but a DNU flag may apply, and FFS if any other integrity related parameter applies’. Along these lines, since PRS configuration is a broad category, it may be required to break it down into its sub-Ies; it seems that we may have easier agreement on some sub-Ies than on others.

	Ericsson
	We would be ok to discuss the use of DNU flags, but think discussing distributions is not needed. Additionally, we don’t support adding further signalling  NLOS/LOS indicators, which can be used as is for the purpose of integrity. 

	Samsung 
	All the sub-bullet mentioned above could be regarded as a separate error source from other error sources if its statistical error modeling is feasible; Otherwise, they should be covered by measurement errors or assistance data errors.

	FL
	It seems like some companies cannot accept the listed AD as error sources. If the discussion is about association of parameter(s) and corresponding DNU flag(s), we can discuss this issue separately.

	Xiaomi
	Agree with QC.



Summary of the 1st round discussion
From the discussion, it seems that some companies want to shift the focus of discussion toward the use of DNU. Since DNU is not part of the RAN1 task, which is identification of error sources, the FL would like to propose to postpone the discussion related to the error sources listed in FL Proposal 2-1
Proposal for the 2nd round of discussion
The FL would like to invite companies to provide their view.
Companies views: 
	Company Name
	Comments

	vivo
	Okay to postpone the discussion

	NTT DOCOMO
	Ok

	Nokia/NSB
	We are okay to discuss this later.

	ZTE
	Okay to postpone the discussion

	Lenovo
	Support

	CATT
	Ok

	Samsung 
	OK  to postpone.

	FL
	The FL would like to close the discussion for this topic. Let’s continue the discussion for the next meeting.



[HIGH] Issue #3 : Timing error at TRP/UE
Summary
It is discussed in contributions that timing error can be an error source for determination of positioning integrity for RAT dependent positioning. For example, according to contributions [3,8], characteristics of timing error can be related to TEG. Timing error at TRP or UE can be caused by clock errors such as timing offset or timing drift [7]. It should also be noted that timing error cam be absorbed into measurement error as described in [4]. Views related to timing error are summarized below
· TRP timing error [1, 3, 4 (absorbed into RSTD measurement error), 7, 8, 13,15,17], namely
· TRP TX timing error
· TRP RX timing error
· UE timing error [1, 3, 7, 8 (Rx timing error), 12 (UE clock drifting),13, 15, 17], namely
· UE TX timing error
· UE RX timing error
It should also be noted that whether we define the above sources as error depend on whether UE/LMF-based positioning integrity mode is supported. For example, if LMF-based positioning integrity mode is not supported, TRP RX, UE TX or UE RX timing error may not be considered as an error source. For example,  in UE-based positioning integrity mode, UE RX timing error can be processed internally at the UE and no additional integrity-related assistance information from the network is needed.
Proposal for the 1st round of discussion
Based on the companies’ views, the following proposal is made. TxRx timing error is listed as FFS since TxRx timing error source can potentially be isolated to Tx and Rx timing error. Companies are invited to provide views on whether the proposal can be supported, suggest modifications, or present additional aspects for the study.
FL Proposal 3-1
· Error sources related to TX/RX timing are at least the following:
· TRP TX timing error for UE-based positioning integrity mode for DL-TDOA and Multi-RTT
· TRP RX timing error for LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· UE TX timing error for LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· UE RX timing error for LMF-based positioning integrity mode for DL-TDOA and Multi-RTT
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS : whether TxRx timing error is an error source
· Note : Definitions of “UE-based positioning integrity mode” and “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Companies views: 
	Company Name
	Support Proposal 3-1 (Yes/No)
	Comments

	CATT
	Yes
	We like to ask the groups’ view how to consider the relation of TRP Tx timing errors and the inter-TRP time synchronization errors. For DL-TDOA, what it matters is obviously the timing synchronization at the Tx antenna reference point. Assume Tx time for the TRPs are perfectly synchronized at all ARPs, do we agree it implies there is no TRP TX timing error for all DL PRS resources (or all Tx TEGs), or it means all Tx TEG error margins is zero?

	Vivo
	Yes
	

	InterDigital
	
	To CATT : From our point of view, TX timing error (e.g., hardware related error) and inter-TRP time synchronization (e.g., inter-TRP coordination related error) error can happen simultaneously  as they are independent error sources. In the example presented by CATT, TRPs can have differet TX hardware which may introduce independent Tx timing error.

	ZTE
	No
	We think the TEG related timing error will be reflected to measurement results, so no extra error source for this is needed. Alternatively, the TEG margin value will be known at UE or LMF side, how to consider it for integrity calculation will be an implementation issue. 

	FL
	
	To ZTE : The understanding of FL is that we are trying to identify error sources at this point. Whether additional information is needed (e.g,. assistance data or additional report from the UE/gNB) can be discussed separately. In this case it may be possible that the TEG margin can be used by the UE/LMF to determine  range of the error source (timing error).

	Huawei, HiSilicon
	No
	It is not clear on the motivation.

Is this proposal to discuss the spec impact on the error, or discuss the error ultipath of spec impact?

If it is about spec impact, how do we expect to capture those error in the spec for different positioning methods?

If it is not about spec impact, why does not TRP Tx timing error for DL-TDOA and Multi-RTT not listed for LMF-based integrity mode?

	Qualcomm
	Yes
	To ZTE: The TEG margin being known doesn’t exclude the timing error from being an error source for integrity. Two transmission or reception timings may have been indicated to be within a certain TEG margin, but in reality may be separated by more than that margin, which would impact the positioning accuracy

	Ericsson
	OK
	

	Samsung
	Yes
	

	FL
	
	The FL’s understanding is that we would like to discuss potential specification impacts for all error sources that have been identified. There was a typo in the proposal, and the FL would like to make a correction (multi-RTT should not be associated with UE-based positioning integrity).
FL Proposal 3-2
· Error sources related to TX/RX timing are at least the following:
· TRP TX timing error for UE-based positioning integrity mode for DL-TDOA and Multi-RTT
· TRP RX timing error for LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· UE TX timing error for LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· UE RX timing error for LMF-based positioning integrity mode for DL-TDOA and Multi-RTT
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS : whether TxRx timing error is an error source
· Note : Definitions of “UE-based positioning integrity mode” and “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

	Xiaomi
	Yes
	


Summary of the 1st round discussion
The FL would like to continue the discussion. The purpose of the proposal is to list error sources that may have specification impacts. Although TRP Tx timing error can be an error source for LMF-based positioning integrity mode for DL-TDOA, it may not have a specification impact since transfer of error-related information may not be visible in specification. Thus, a study of specification impact is included in the proposal.
Proposal for the 2nd round of discussion
The following proposal is made.
FL Proposal 3-3
· Error sources related to TX/RX timing are at least the following:
· TRP TX timing error is an error source for UE-based positioning integrity mode for DL-TDOA and Multi-RTT
· TRP TX timing error is an error source for LMF-based positioning integrity mode for DL-TDOA
· TRP RX timing error for is an error source LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· UE TX timing error is an error source for LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· UE RX timing error is an error source for LMF-based positioning integrity mode for DL-TDOA and Multi-RTT
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS : whether TxRx timing error is an error source
· FFS : Other error sources are not excluded
· FFS : Specification impact of the error source
Note : Definitions of “UE-based positioning integrity mode” and “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Companies views: 
	Company Name
	Support Proposal 3-3 (Yes/No)
	Comments

	vivo
	Yes
	

	NTT DOCOMO
	Yes
	

	Nokia/NSB
	Generally okay
	We may need to add that TRP Tx timing error is also an error source for LMF-based positioning integrity mode for Multi-RTT

	ZTE
	No
	We still think error sources should be independent. However, this Tx or Rx timing error will be reflected in RSTD, Rx-Tx timing measurement error which has been agreed as an error source. Hence, this error source is just a subset of what we agreed before. 

	Lenovo
	Yes
	

	CATT
	Yes
	

	FL
	
	Reflecting Nokia’s comment, we have added TRP Tx timing error for LMF-based positioning integrity mode for multi-RTT. The proposal is modified as follows.
FL Proposal 3-4
· Error sources related to TX/RX timing are at least the following:
· TRP TX timing error is an error source for UE-based positioning integrity mode for DL-TDOA and Multi-RTT
· TRP TX timing error and UE RX timing error is anare error sources for LMF-based positioning integrity mode for DL-TDOA and multi-RTT
· UE TX timing error and 
· TRP RX timing error for is are an error sources for LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· UE TX timing error is an error source for LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· UE RX timing error is an error source for LMF-based positioning integrity mode for DL-TDOA and Multi-RTT
· FFS : Whehter timinig error is an independent error source from timing related measurement error (e.g., RTOA, RSTD, UE/gNB Rx-Tx time difference)
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS : whether TxRx timing error is an error source
· FFS : Other error sources are not excluded
· FFS : Specification impact of timing error as anthe error source


	Ericsson
	OK
	

	Samsung
	Yes
	

	FL
	
	Thank you very much for your feedback. Comments from companies were treated on Aug. 25. The FL proposes to discuss the proposal online.

	FL2
	
	We will continue the discussion based on the offline proposal.


Proposal for the 3rd round of discussion
Compared to FL Proposal 3-4, “TEG related” is added before “TX/RX timing error” to align with the terminology used in the agreement. The FL would like to welcome comments from companies.
FL Proposal 3-5
· Error sources related to TEG related TX/RX timing are at least the following:
· TRP TX timing error is an error source for UE-based positioning integrity mode for DL-TDOA and Multi-RTT
· TRP TX timing error and UE RX timing error is anare error sources for LMF-based positioning integrity mode for DL-TDOA and multi-RTT
· UE TX timing error and 
· TRP RX timing error for is are an error sources for LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· UE TX timing error is an error source for LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· UE RX timing error is an error source for LMF-based positioning integrity mode for DL-TDOA and Multi-RTT
· FFS : 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)
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS : whether TxRx timing error is an error source
· FFS : Other error sources are not excluded
· FFS : Specification impact of timing error as anthe error source

Companies views: 
	Company Name
	Support Proposal 3-5 (Yes/No)
	Comments

	Huawei, HiSilicon
	No
	We do not think TEG covers all the Rx/Tx timing error. It is also not clear whether this error is defined within the TEG or between different TEGs.

	FL
	
	It seems like this issue requires more discussions. If we have online time left, we can discuss. However, if there is not enough time, let’s consider companies’ inputs for this topic and continue discussion in the next meeting. The FL would like to collect more views for this proposal.



[CLOSED] Issue #4 : Timing measurements at the gNB/UE
Summary
Time of arrival (ToA) is a measurement that is used to derive RSTD, RTOA or Rx-Tx time difference. Thus, any uncertainties in ToA measurements affect accuracy of DL-TDOA/UL-TDOA/Multi-RTT positioning methods. Alternatively, each measurement can be modeled differently depending on LOS/NLOS conditions as explained in [6]. The following summarizes the companies’ views.
· ToA measurement [1, 2 11 (Table 2-1), 12, 13, 15]
· RSTD/Rx-Tx time difference measurements [3, 4, 6, 16]
Additional details related to measurements, such as distribution or statistical characteristics, can be discussed in the study since the aforementioned parameters can depend on implementation at the UE/gNB to obtain the measurements. Thus additional error related information can be reported to the LMF from UE/gNB  along with the measurements.
It is also noted in [8] that ToA measurement error may be affected by multiple factors such as noise, interference signal, timing error at Tx/Rx, ultipath.
Proposal for the 1st round of discussion
The majority of companies seem to agree that ToA is the main source of error in timing related measurements. ToA measurements affect both UE and LMF-based integrity. However, for UE-based integrity, any statistical information of the measurements can be processed internally within the UE. For LMF-based integrity, the UE/gNB may need to send error information related to the measurements to the LMF. Thus the following proposal is made. Companies are invited to provide views on whether the proposal can be supported, suggest modifications, or present additional aspects for the study.
FL Proposal 4-1
· For LMF-based positioning integrity mode, time of arrival is an error source for timing related measurements (e.g., RSTD, RTOA, Rx-Tx time difference) for DL, UL and DL&UL timing-based positioning methods.
· 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

Companies views: 
	Company Name
	Support Proposal 4-1 (Yes/No)
	Comments

	CATT
	Yes
	For RSTD, it may be more precise to say “time difference of arrival” is an error source.

	Vivo
	Yes
	Maybe “time of arrival” can be changed to timing measurement information

	FL
	
	From comments presented by CATT and vivo, the proposal is modified as follows.

To all companies, please check the proposal below.
FL Proposal 4-2
· For LMF-based positioning integrity mode, at least the followings are error sources time of arrival is an error source for timing related measurements (e.g., RSTD, RTOA, Rx-Tx time difference) for DL, UL and DL&UL timing-based positioning methods.
· Time of arrival (for UL-TDOA)
· Time difference of arrival (for DL-TDOA)
· Rx-Tx time difference (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


	ZTE
	Yes
	Agree with the update from FL

	Huawei, HiSilicon
	FL Proposal 4-2 Yes
	

	Ericsson
	OK
	OK with the 4-2 update from FL

	Samsung
	Yes
	Agree to the updated proposal.

	Xiaomi
	Yes
	



Outcome of online discussion on Aug. 22
The following agreement has been made during online discussion on Aug. 22.
	Agreement
· For LMF-based positioning integrity mode, at least the followings are error sources for timing related measurements :
· RSTD measurement is an error source for DL-TDOA 
· RTOA measurement is an error source for UL-TDOA
· UE Rx-Tx time difference measurement is an error source for Multi-RTT
· 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



[CLOSED] Issue #5 : Angle measurements at the gNB
Summary
In UL-AoA, gNB estimates AoA based on received SRS/SRS for positioning. Thus, AoA measurement becomes an error source for UL-AoA as discussed in [1, 2, 3, 4, 5, 7, 13, 15, 16 ,17], which leads to the following proposal.  
Proposal for the 1st round of discussion
AoA measurements affect LMF-based integrity. The gNB may need to send error information related to AoA measurements to the LMF since statistical characteristics of AoA measurement error may depend on gNB implementation to obtain AoA.  Based on the companies’ views, the following proposals are made. Companies are invited to provide views on whether the proposal can be supported, suggest modifications, or present additional aspects for the study.
FL Proposal 5-1
· For LMF-based positioning integrity mode, angle of arrival is an error source in angle related measurements for UL-AoA
· 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
Companies views: 
	Company Name
	Support Proposal 5-1 (Yes/No)
	Comments

	CATT
	Yes
	

	vivo
	Yes
	Maybe “angle of arrival” can be changed to angle measurement information

	ZTE
	Yes
	

	Huawei, HiSilicon
	Yes, but
	We prefer to add another bullet
FL Proposal 5-1
· For LMF-based positioning integrity mode, angle of arrival is an error source in angle related measurements 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


	Ericsson
	OK
	

	Samsung
	Yes
	

	FL
	
	The proposed change from Huawei, HiSilicon seems to be ok for clarification purpose. The proposal is updated as follows.
FL Proposal 5-2
· For LMF-based positioning integrity mode, angle of arrival is an error source in angle related measurements 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


	Xiaomi
	OK
	


Outcome of online discussion on Aug. 22
The following agreement has been made during online discussion on Aug. 22.
	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



[LOWCLOSED] Issue #6 : RSRP measurements at the UE/gNB
Summary
In UL-AoA or DL-AoD, the gNB or UE makes RSRP measurements on SRS/SRSp or PRS, respectively. Companies have presented the following views on RSRP measurements as error sources.
· DL PRS RSRP [2, 3, 6, 7, 11, 15, 16, 17]
· UL SRS RSRP/RSRPP [3, 7, 11, 15, 16, 17]
Proposal for the 1st round of discussion
RSRP/RSRPP measurements affect both UE and LMF-based integrity. However, for UE-based integrity, any statistical information of the measurements can be processed internally within the UE. For LMF-based integrity, the UE/gNB may need to send integrity information related to the measurements to the LMF. Based on the companies’ views, it seems reasonable to consider DL/UL RSRP/RSRPP measurements as error sources. It should also be noted that RSRP/RSRPP measurements are assisting measurements (e.g., the measurements are used to select PRS/SRS resource) and impact of the RSRP/RSRPP measurement error on computation of integrity results should be studied. Companies are invited to provide views on whether the proposal can be supported, suggest modifications, or present additional aspects for the study.
FL Proposal 6-1
· For LMF-based positioning integrity mode, DL PRS RSRP/RSRPP and UL SRS RSRP/RSRPP are error source in angle related measurements for DL-AoD and UL-AoA, respectively
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS : Impact of RSRP/RSRPP measurement error on derivation of positioning integrity
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Companies views: 
	Company Name
	Support Proposal 6-1 (Yes/No)
	Comments

	CATT
	
	We assume UL SRS RSRP/RSRPP could be useful for UL-AoA, then could be considered as the error source.
However, to obtain high-accuracy UL-AoA, the UL-AoA is usually not calculated based on SRS RSRP/RSRPP, but based on the processing of the CIR/CFR received from different TRP antennas and/or antenna elements.

	Vivo
	
	We still have some concerns about RSRP measurement being an error source, especially considering the model of RSRP measurement.
It is known that RSRP varies with time and channel, and the impact of pathloss with distance on RSRP is relatively small.  Quantifying the impact of RSRP measurement on the positioning is difficult for us.

	FL
	
	The FL would like to collect more views for this proposal.

	ZTE
	Partially Yes
	For AoD, the proposal is fine.  For UL-AOA, how RSRP/RSRPP affects the positioning accuracy is not clear. Further, for TDOA and Multi-RTT, RSRP/RSRPP is also supported, should we make it error source as well?

	Huawei, HiSilicon
	No
	We do not support to model RSRP/RSRPP error.

	Ericsson
	OK
	

	Samsung 
	
	If DL PRS RSRP/RSRPP and UL SRS RSRP/RSRPP have an important impact on the measurement results and will arouse some measurement errors,  they should be identified as error sources. As CATT proposed, UL-AoA is usually not calculated based on SRS RSRP/RSRPP. Therefore,  SRS RSRP/RSRPP may not be determined as an error source. 
For time-based method, we don’t think that RSRP/RSRPP are error sources.

	Xiaomi
	OK
	

	FL
	
	The FL would like to close the discussion for this topic. Let’s continue the discussion for the next meeting.



Proposal for the 2nd round of discussion
It seems like companies have different views on whether DL PRS RSRP/RSRPP and UL SRS RSRP/RSRPP is an error source or not. The FL would like to make the following proposal:
FL Proposal 6-1
· Study to determine whether DL PRS RSRP/RSRPP and UL SRS RSRP/RSRPP are error sources in angle related measurements for DL-AoD and UL-AoA, respectively
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS : Impact of RSRP/RSRPP measurement error on derivation of positioning integrity
Companies views: 
	Company Name
	Support Proposal 6-1 (Yes/No)
	Comments

	Huawei, HiSilicon
	OK
	In general, we do not think it should be modelled given that the RSRP/RSRPP measurement are not so stable in terms of the absolute value. We are OK to further study it.

	CATT
	Ok
	

	Samsung
	Yes
	



[LOWCLOSED] Issue #7 : Multipath channel
Summary
It has been discussed in RAN1#109e whether multipath/NLOS channels should be considered as an independent error source. As discussed in [6, 7, 8, 11], LOS/NLOS path or multipath causes spread in measurements which could cause error in determination in positioning. On the other hand, the contributions in [1, 3, 6, 12. 13] argue that the effect of multipath/NLOS can be absorbed into measurements. It should also be noted that in GNSS applications, the effect of multipath/NLOS is assumed to be minimized by the UE implementation. Thus, no specific error source related assistance information related to multipath channel is specified in the Rel. 17 integrity framework. The views from companies are divided as summarized below, and the feature lead encourages further discussion on this issue.
· Multipath/NLOS channel is an independent error source [6 (for timing based methods?), 7, 8, 11]
· Multipath/NLOS channel is not an independent error source (it can be absorbed into measurement error/modeling of the measurement error) [1, 3, 6, 12. 13]
Proposal for the 1st round of discussion
Based on the companies’ views, the following proposal is made. Companies are invited to provide views on whether the proposal can be supported, suggest modifications, or present additional aspects for the study.
FL Proposal 7-1
· Further study whether multipath/NLOS channel is an independent error source

Companies views: 
	Company Name
	Comments

	CATT
	In our view, considering multipath/NLOS channel as an independent error source may make the implementation easier. For a UE/TRP, the equipment manufacture may have pretty good knowledge on the measurement’s errors when multipath/NLOS is not considered. Thus, it might be difficult to determine the impact of multipath/NLOS channel, which depends more on the RF environment. 

	Vivo
	We prefer the multipath can be covered by measurement errors, and distinguish LoS by LoS/NloS indicator.

	ZTE
	We don’t think this should be an independent error source as the impact of NLOS channel will be reflected timing/angle measurement. 

	Huawei, HiSilicon
	Same view as vivo

	Qualcomm
	Can we clarify if the proposal generally about LOS/multipath, or specifically about the LOS/NLOS indicator agreed in Rel-17? The LOS/NLOS indicator is part of assistance data, and thus it can be set badly, which could impact the positioning accuracy. In this sense it is an error source, but since it already represents a probability (the probability of LOS/NLOS), a bound formula would require bounding the error in the indicated probability, which can be quite challenging. So it may be associated with a DNU flag but not a bound formula

	Ericsson
	Same view as Qualcomm.

	Samsung
	Multipath/NLOS error could be regarded as a separate error source other than measurement errors in our opinion. For example, in the per path measurement like the RSRPP, the path has already identified in the receiving side, and the measurement error could consider only the error happened after path identification. However, the multipath error could consider the error in path identification, e.g., wrongly identify multiple paths to one path. But the statistical error modeling should be further discussed.

	FL
	To Qualcomm : For clarity, we are discussing about the multipath/NLOS channel as an error source here, not about the LOS/LOS indicator.

	Xiaomi
	Even if there is only LOS channel, measurement error still exists because of other factors like the noise and interference. Now, if the multipath/NLoS is considered as one of the factors that results in measurement error, it is more difficult to model because so many factors should be considered. It is better to take the multipath/NLOS channel as an independent error source to simplify the modelling.

	FL
	The FL would like to keep the section open and welcome companies to provide further views.

	FL2
	The FL would like to close the discussion for this topic. Let’s continue the discussion for the next meeting.


[HIGH] Issue #8 : Characteristics of error sources and paired over-bounding
Summary
Companies’ views on distributions error sources are summarized below.
· ToA as Gaussian distribution [1, 2, 17]
· AoA as Gaussian distribution [1. 2, 4 (LOS), 6(LOS, large variance for NLOS) , 17]
· RSTD as Gaussian distribution [4 (LOS/NLOS), 6 (LOS)]
· RSTD as log-normal distribution [6(NLOS)]
· Rx-Tx as Gaussian distribution [6 (LOS) , 17]
· Rx-Tx as log-normal distribution [6 (NLOS)]
· Inter-TRP sync error as uniform distribution [6]
· Inter-TRP sync error as Gaussian distribution [17]
· Timing error as truncated Gaussian distribution [17]
· TRP location information as uniform distribution [17]
· RSRP/RSRPP measurement error as Gaussian distribution [6, 17]
· Boresight information as Gaussian distribution [6]
It has also been discussed in [17] that standard deviation of error sources related to measurements can depend on measurement quality. In contributions, the following contributions discuss how uncertainties in specifications can be used as reference for determination of distribution 
· Error margin for TEG [7, 13]
· Uncertainty specified for TRP location used as the range [17]
Applicability of over-bounding Gaussian formula on error sources are discussed in [1, 2, 3 11, 14]. For example, in [14] it is explained that paired Gaussian overbounding can be applicable for TRP location, RTD info, ExpectedAoD, ExpectedAoA, ExpectedRSTD, NR-DL-PRS-BeamInfo,  NR-TRP-BeamAntennaInfo, as discussed in [14]. In [1, 2], it is explained that paired over-bounding Gaussian formula is applicable to ToA and AoA measurements. 
FL’s suggestion for the 1st round of discussion
The FL suggests to prioritize discussions on identification of error sources (i.e., Proposal 1-1 through 6-1) and encourages companies to discuss further on determination of distribution and corresponding characteristics for each error source. Once agreements on error sources are made, the FL would like to open the discussion with a set of new proposals. Companies are invited to provide views.
Companies views: 
	Company Name
	Comments

	CATT
	Our preference is to use Gaussian distribution to model most if not all of the errors for simplify and the feasibility in the implementation.

	ZTE
	We also think all error sources can be modeled as the Gaussian distribution, and the GNSS liked over-bounding Gaussian formula can be reused

	Samsung
	Gaussian distribution can model most of the error sources, and the paired over-bounding Gaussian formula can be reused in our opinion.


Summary of online and 1st round discussion
The following agreements related to timing and angle measurements are made during online discussion on Aug. 22.
	Agreement
· For LMF-based positioning integrity mode, at least the followings are error sources for timing related measurements :
· RSTD measurement is an error source for DL-TDOA 
· RTOA measurement is an error source for UL-TDOA
· UE Rx-Tx time difference measurement is an error source for Multi-RTT
· 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


Proposals for the 2nd round of discussion
Proposals
Based on the analysis presented in contributions and agreements, the FL would like to propose the following :
FL Proposal 8a-1
· From RAN1’s perspective, for UL-AoA, angle of arrival measurement error is modeled as Gaussian distribution 
· FFS : other details (e.g., corresponding mean, standard deviation)
FL Proposal 8b-1
· From RAN1’s perspective, for UL-TDOA, RTOA measurement error is modeled as Gaussian distribution
· FFS : other details (e.g., corresponding mean, standard deviation)
FL Proposal 8c-1
· From RAN1’s perspective, for DL-TDOA, for modelng RSTD measurement error, the following options are considered
· log-normal distribution
· Gaussian distribution
· FFS : Down-select or adopt both for modeling the error source
FL Proposal 8d-1
· From RAN1’s perspective, for multi-RTT, for modelling UE/gNB Rx-Tx time, the following options are considered for 
· log-normal distribution
· Gaussian distribution
· FFS : Down-select or adopt both for modeling the error source
The FL would like to open the discussion with a set of new proposals. Companies are invited to provide views.
Companies views: 
	Company Name
	Support FL Proposal 8a-1, Proposal 8b-1, Proposal 8c-1,
Proposal 8d-1,
 (Yes/No)
	Comments

	vivo
	
	For 8a-1, we prefer to add the previous FFS
FFS: 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

	Huawei, HiSilicon
	
	Agree with vivo.
In addition, for RSTD measurement, we think it is a differential value between reference ToA and target ToA, which means that
· Reference ToA should also be modelled
· Errors of multiple RSTD measurement may be correlated because they contain the same error from the reference ToA.
So we suggest to modify 8c-1 as below
L Proposal 8c-1
· From RAN1’s perspective, for DL-TDOA, for modelng RSTD measurement error, the following options are considered
· log-normal distribution
· Gaussian distribution
· FFS: Whether the error is considered for ToA or for the reported RSTD value
· FFS : Down-select or adopt both for modeling the error source


	NTT DOCOMO
	Yes
	This is a minor comment. Regarding FL proposal 8d-1, “UE/gNB Rx-Tx time” can be changed to “UE/gNB Rx-Tx time difference measurement error”.

	Nokia/NSB
	
	We prefer to first discuss if the NLoS/LoS error is separately or jointly considered when we try to model distribution of measurement errors. In our view, we should consider measurement error for LoS path to model as errors as a specific distribution.

	ZTE
	Yes
	We don’t think the note from vivo is needed. AOA error is definitely the offset from the real AOA report. It is nothing related to LCS or GCS.

	CATT
	Yes
	It is more practical to consider Gaussian distribution than others for the entity (UE/TRP) to provide the information, and it is also more convinent for the entity (UE/TRP) of position calculation to use the information to determine the PL.

	FL
	
	The FL would like to thank companies for their quick feedback. From FL’s perspective, the FFS can be added for clarification purpose to Proposal 8a-1. In addition, at least based on evaluation results presented in [2,4], it is shown that angle of arrival measurement error can be modeled as Gaussian distribution for a LOS link. Therefore, the LOS condition is added to the proposal.
Regarding the comments from ZTE, the FL proposes to take a step back, and continue the study of the distribution of timing measurement error since dependence of timing error on timing measurement error may have impact on the distribution of the timing measurement error. The FFS suggested from Huawei, HiSilicon is also included in the proposal.
FL Proposal 8a-2
From RAN1’s perspective for UL-AoA, at least for a LOS link, angle of arrival measurement error is modeled as Gaussian distribution 
· FFS : other details (e.g., corresponding mean, standard deviation)
· FFS: 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
· FFS : Distribution of AoA measurement error for a NLOS link
· For an NLOS link, 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., histogram of error) if evaluation is used to determine the distribution, mean and standard deviation or range of values of an error source
FL Proposal 8e-1
Study distribution of RSTD, RTOA and UE/gNB Rx-Tx time measurement error considering the following aspects 
· Whehter timinig error is an independent error source from timing related measurement error (e.g., RTOA, RSTD, UE/gNB Rx-Tx time difference)
· Whether the error is considered for ToA or for the reported RSTD value
· Other Details (e.g., mean and 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., histogram of error) if evaluation is used to determine the distribution, mean and standard deviation or range of values of an error source


	Ericsson
	OK
	Ok with the updated proposals.

	Samsung 
	
	Agree with CATT that Gaussian distribution can model most error sources. But if companies want to study the distribution further, we can compromise.

	FL
	
	Based on comments received from companies, there seems to be difficulties accepting FL Proposal 8a-2. Thus, for identified error sources, the FL recommends to preform further studies. In addition, the following sentence is added in the note “Evaluation results and corresponding evaluation asusmptions can be captured in TR 38.859” to indicate that presented results can be captured in the TR. 
FL Proposal 8a-3
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 FFS : other dDetails (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. Evaluation results and corresponding evaluation asusmptions can be captured in TR 38.859.
FL Proposal 8e-2
Study distribution of RSTD, RTOA and UE/gNB Rx-Tx time measurement error considering the following aspects 
· Whehter timinig error is an independent error source from timing related measurement error (e.g., RTOA, RSTD, UE/gNB Rx-Tx time difference)
· Whether the error is considered for ToA or for the reported RSTD value
· Other Details (e.g., mean and 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., histogram of error) if evaluation is used to determine the distribution, mean and standard deviation or range of values of an error source. Evaluation results and corresponding evaluation asusmptions can be captured in TR 38.859.


Some companies, e.g., [1,2,4], have shown analysis numerical analysis to demonstrate the distribution of an error source. In addition, the FL would like to ask companies a question.
FL question 8-1
Should companies agree on the evaluation assumption to determine the distribution and corresponding parameters (e.g., mean, standard deviation) of an error source? A similar question was asked in R1-2205344 (FL summary from RAN1-109e, FL Question 9-2). Companies were not interested in defining evaluation assumptions and derive the derivation/corresponding paramaetersparameters based on analysis and specifications. The FL would like to check if companies views have changed.
Companies views: 
	Company Name
	Comments

	ZTE
	We are fine to define the assumption.  We are also OK to let companies to determine their simulation parameters. 


Proposals for the 3rd round of discussion
The FL would like to continue the discussion on remaining proposals. Compared to FL Proposal 8a-3, the sentence mentioning TR 38.859 is deleted. Companies are invited to provide their views.
FL Proposal 8a-4
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. Evaluation results and corresponding evaluation asusmptions can be captured in TR 38.859.
Companies views: 
	Company Name
	Support FL Proposal 8a-4
Yes/no
	Comments

	
	
	


[CLOSED] Issue #9 : Error sources for Rel. 18 positioning techniques
Summary
It is mentioned in [7] whether there is a need to investigate Rel. 18 error sources. As suggested in [7], the FL would like to wait for the frameworks of Rel. 18 technologies (e.g., SL positioning, phase based positioning, RedCap, LPHAP) to solidify. Error sources related to Rel. 18 technologies can be studied in a future release.
FL’s suggestion for the 1st round of discussion
Based on the current situation, the following proposal is made. Companies are invited to provide views on whether the proposal can be supported, suggest modifications, or present additional aspects for the study.
FL Proposal 109-1
· Studies on error sources related to Rel. 18 positioning methods are deprioritized

Companies views: 
	Company Name
	Comments

	CATT
	Support.  The error sources related to Rel. 18 positioning methods can be considered in future release if needed.

	ZTE
	OK

	Huawei, HiSilicon
	OK

	Qualcomm
	We prefer to replace ‘deprioritized’ by ‘deferred until more clarity is achieved on the Rel-18 positioning methods’. We think it is too early to rule out altogether than this cannot be part of Rel-18; depending on the outcome of the relevant Rel-18 methods discussions

	Ericsson
	OK.

	Samsung
	Support.

	FL
	Qualcomm : Thank you very much for the suggestion. The FL would like to incorporate the suggested change for clarificaiotn.
FL Proposal 9-2
· Studies on error sources related to Rel. 18 positioning methods are deferred until more clarity is achieved on the Rel-18 positioning methods.


	FL2
	The FL would like to close the discussion for this topic.



Outcome of online discussion on Aug. 22
As discussed online, it seems that this proposal is not necessary since discussions related to error sources should take place once Rel. 18 positioning methods become more clear.
[LOWCLOSED] Issue #10 : DNU flag
Configuration of DNU (Do Not Use) flags are discussed in contributions [2, 14]. As discussed in contribution [2], DNU can be used to indicate useable/non-usable PRS configurations, i.e., discrete set of parameters. For example, in GNSS applications, the UE does not use satellites with DNU flag ON, since these satellites may not provide reliable signals for navigation purpose.  
It is argued in [14] that statistical information or soft information (e.g., LOS indicator) can also be associated with DNU. For example, if the aforementioned information is deemed unreliable by the LMF, DNU can be turned on for the corresponding information.
The FL’s recommendation is to further study aspects related to DNU. In addition, the FL recommends to wait for discussion on DNU to progress in RAN2, i.e., clarify relationship between DNU and error sources.
FL’s suggestion for the 1st round of discussion
The FL’s recommendation is to further study aspects related to DNU. In addition, the FL recommends to wait for discussion on DNU to progress in RAN2, i.e., clarify relationship between DNU and error sources.
The FL would like to collect companies’ views on this issue since this issue may be relevant to Issue #2 (4.3).
Companies views: 
	Company Name
	Comments

	FL
	The FL would like to close the discussion for this topic.


[LOWCLOSED] Issue #11 : Error sources for E-CID
It is discussed in [9] that error sources for ECID should be considered. In Clause 4.3.10 in TS 38.305, E-CID positioning method is described as follows.
	Although NR E-CID positioning may utilise some of the same measurements as the measurement control system in the RRC protocol, the UE generally is not expected to make additional measurements for the sole purpose of positioning; i.e., the positioning procedures do not supply a measurement configuration or measurement control message, and the UE reports the measurements that it has available rather than being required to take additional measurement actions.


For the E-CID positioning method, UE reports available measurements to the LMF. In addition, procedure for the E-CID positioning method should remain transparent. Thus, in principle , the UE or network may not provide any additional information related to error sources to the network or UE, respectively, related to E-CID positioning. The following proposal is made by the FL. Companies are invited to provide views on whether the proposal can be supported, suggest modifications, or present additional aspects for the study.
FL Proposal 11-1
· From RAN1’s point of view, no specification impact is expected for derivation of integrity results for E-CID positioning.
Companies views: 
	Company Name
	Comments

	CATT
	Support

	ZTE
	Support

	Huawei, HiSilicon
	We think that for Timing advance based E-CID, gNB could provide the measurement error for the timing advance measurement, which also applies to AoA measurement.
So we have the following proposal modification.
FL Proposal 11-1
· From RAN1’s point of view, no additional specification impact apart from the gNB measurement errors of timing advance and UL AoA is expected for derivation of integrity results for E-CID positioning.
· Note: the framework of reporting the error of timing advance and UL AoA is reused from gNB Rx – Tx time difference in Multi-RTT positioning and UL AOA in UL-AoA positioning.


	FL
	The FL would like to welcome companies views on this topic.

	Lenovo
	Ok with FL’s proposal, but since E-CID coarse estimate may be used as input for the calculation of expected RSTD, we would like to understand if this would be under consideration for Assistance error.

	FL
	Lenovo : The use of E-CID coarse estimate for derivation of expected RSTD may be an implementation issue. The FL would like to hear companies views on this issue.
The FL would like to close the discussion for this topic. Let’s continue the discussion for this topic.


[LOWCLOSED] Issue #12 : Terminologies
In [11, 13], definitions of terminologies used for integrity principle of operation are discussed. As error sources are not agreed yet, the FL proposes to postpone the discussion to future meetings. In addition, it may be productive to discuss the definitions jointly with RAN2. The FL would like to encourage companies to discuss and provide views on this issue.
Companies views: 
	Company Name
	Comments

	FL
	The FL would like to close the discussion for this topic.

	
	


 Other issues
If there are other issues that should be discussed, please indicate them below.
Companies views:
	Company Name
	Comments

	
	 

	
	



Summary of proposals from contributions for RAN1#110
[1] R1-2205869 (Huawei, HiSilicon)
Proposal 1: If UE-based integrity is supported for RAT-dependent positioning methods, the error sources that have impact are those in the LPP assistance data, including
· TRP location error
· Inter-TRP synchronization error
· TRP timing error
· TRP beam antenna information error
Proposal 2: If LMF-based integrity is supported for RAT-dependent positioning methods, the error sources that have impact are those in the LPP/NRPPa measurement report, and RRC UE assistance information, including
· TRP measurement error
· UE measurement error
· UE timing error
Proposal 3: Model the ToA error as the normal distribution, and report to the LMF the error bound associated with the allocated integrity risk for the ToA measurement via the paired over-bounding Gaussian formula.
· This should apply to all DL RSTD, UE Rx – Tx time difference measurement, UL RTOA, and gNB Rx – Tx time difference.
· The reference timing for DL RSTD should also have its reported bound.
Proposal 4: The AoA error is represented by the error of the following two quantities
· 
· 
· Where  and  are the reported ZOA and AOA in the local coordinate system
Proposal 5: Model the AoA error quantities and   as the normal distribution, and report to the LMF the error bound associated with the allocated integrity risk for the AoA measurement via the paired over-bounding Gaussian formula.
[2] R1-2205902 (ZTE)
Proposal 1: Support the following mapping between an error source and each positioning method for RAT-dependent positioning:
· For Timing-based positioning methods:
· Measurements errors: 
· For DL-TDOA: DL PRS measurement errors
· For Muti-RTT: DL PRS, SRS measurement errors
· For UL-TDOA: SRS measurement errors
· Assistance data errors:
· For DL-TDOA: TRP location, TRP synchronization error
· For Muti-RTT: TRP location
· For UL-TDOA: TRP location, TRP synchronization error
· Angle-based positioning methods:
· Measurements errors: 
· For DL-AOD: DL PRS RSRP measurement
· For UL-AOA: SRS measurement error
· Assistance data errors:
· For DL-AOD: TRP location
· For UL-AOA: TRP location
Proposal 2: Timing positioning errors are modeled as Gaussian distribution, and the GNSS liked over-bounding Gaussian formula can be reused.
Proposal 3: Angle positioning errors are modeled as the Gaussian distribution, and the GNSS liked over-bounding Gaussian formula can be reused.
Proposal 4: Support to reuse the definition of error, bound, TTA,irMinimum, irMaximum and DNU flags.
Proposal 5: LMF should configure DNU flags per TRP/per frequency layer.
[3] R1-2205995 (Spreadtrum Communications)
Proposal 1: The following error sources for timing-based positioning methods may be considered for the Integrity of RAT-dependent positioning.
· TRP/UE measurements error sources: 
· TRP measurement errors (RTOA/ UL-RSRP/UL-RSRPP/gNB Rx-Tx time difference measurements)
· UE measurement errors (RSTD/ DL-RSRP/DL-RSRPP/UE Rx-Tx time measurements) 
· Error in assistance data: 
· Synchronization errors (between TRPs)
· TRP location
· TRP antenna calibration error 
· TRP/UE Timing error
· Rx/Tx/RxTx TEG 
· Difference of Rx/Tx/RxTx TEG of the same UE 
· TRP Rx/Tx/RxTx TEG 
· Differences of Rx/Tx/RxTx TEG of the same TRP 
· UE/TRP clock drifting
Proposal 2: The following error sources for angle-based positioning methods may be considered for the Integrity of RAT-dependent positioning.
· TRP/UE measurements error sources: 
· TRP measurement errors (UL-AOA/UL-RSRP/UL-RSRPP)
· UE measurement errors (DL-RSRP/DL-RSRPP) 
· Error in assistance data: 
· TRP location
· TRP antenna reference point (ARP) errors (or antenna phase center errors) 
· TRP beam antenna information
Proposal 3: In order to standardization, the criteria to become an error source should be that error source can be quantified and modeled.
Proposal 4: Multipath errors can be covered by measurement errors.
Proposal 5: To identify the mean and deviation for the overbounding model，the following approaches are presented:
· Use information from assistance data
· Use performance requirements defined in RAN4
[bookmark: _Hlk111451230][4] R1-2206047 (vivo)
Proposal 1: 
· For RSTD measurement with LoS indication, the measurement error follows the Gaussian distribution with , and the NR-TimingQuality or NR-TimingQuality.
Proposal 2: 
· For RSTD measurement with NLoS indication, two options are provided for integrity for TDOA positioning.
· Option 1: The measurement error follows the Gaussian distribution with , and the NR-TimingQuality or NR-TimingQuality.
· Option 2: The measurement error follows the Gaussian distribution with the NR-TimingQuality or NR-TimingQuality, and  =delta t
·  can be indicated by the network,  or 
·  can be calculated by estimated UE location and measured RSTD.
Proposal 3: 
· If more than one RSTD measurement error can be reported for a TRP,  more than one set of mean/standard can be associated and reported for a TRP
· For example, for a TRP, up to 4(RSTD)* 8( path) *8 (TEG) sets of mean/standard can be associated.
Proposal 4:
· For UE-based timing-based positioning, introducing the minimum TRP number for positioning integrity,  and the measurement can be seen as available if the available TRP number in the position solver equation is larger than the minimum TRP number.
Proposal 5:
· Reuse the confidence parameter for angle measurement (e.g Azmuth quality or zenith quality )to estimate the statistical distributions of LoS angle measurement errors of AoA and ZoA.
Proposal 6:
· For AoA measurement with LoS indication, the angle measurement error can be converted to distance error for integrity for AoA positioning
· The distance error of AoA measurement follows the Gaussian distribution with , and the  or . where
·  can be achieved by confidence parameter for angle measurement (e.g Azmuth quality or zenith quality )
·  can be achieved by timing-based measurement, or calculated by estimated UE location and TRP location.

[5] R1-2206125 (Sony)
Proposal 1: In the context of positioning integrity, support the error sources reporting at UE and gNB, particularly the origin error sources that may affect the positioning measurement at the receiver. 
Proposal 2: Consider the origin error sources related to hardware imperfections, and the conditions when performing positioning measurements. 
Proposal 3: Consider multiple positioning measurements from UE/gNB to support positioning integrity.
Proposal 4: Consider a timing window where  multiple positioning measurements are performed.
Proposal 5: Consider RAT-independent integrity KPIs/results be available for adapting the RAT-dependent positioning methods and integrity reporting.
[6] R1-2206273 (OPPO)
Proposal 1: The RSTD measurement error can be modeled as a normal distribution. 
Proposal 2: For the error in UL RTOA measurement:
· Without NLOS, the measurement error in RTOA can be modeled as normal distribution.
· The measurement error of NLOS can be modeled as lognormal distribution.
Proposal 3: For the error in UE Rx-Tx time difference and gNB Rx-Tx time difference:
· Without NLOS, the measurement error can be modeled as normal distribution.
· The measurement error caused by NLOS can be modeled as lognormal distribution.
Proposal 4: TRP synchronization error for DL TDOA and UL DTOA method can be modeled as uniform distribution and the TRP/UE timing error for DL TDOA, UL TDOA and multi-RTT can be modeled as uniform distribution. 
Proposal 5: DL-AoD contains the following error sources:
· Measurement error in PRS RSRP or RSRPP: it can be modeled as normal distribution.
· Error in DL PRS Tx beam configuration: it can be the error in boresight direction angle and it can be modeled as normal distribution in both azimuth angle and zenith angle. 
Proposal 6:  UL-AoA method contains the following error sources:
· Measurement errors in azimuth angle and zenith angle: they can be modeled as a normal distribution.
· Error caused by NLOS path: the error in azimuth angle and zenith angle can be approximated as a normal distribution with a larger variance.
[7] R1-2206406 (CATT)
Proposal 1: RAN1 should discuss whether the AL needs to be provided for the calculation of PL, as defined in TS 38.305, or the PL can be determined without considering AL for RAT-dependent integrity. 
Proposal 2: RAN1 should discuss whether all of the error sources for NR RAT-dependent positioning can be modelled statistically as Gaussian distribution. If not, RAN1 may need to further discuss to determine the bounds for the error sources that are not modelled statistically as Gaussian distribution.
Proposal 3: It may need to clarify whether the study of the error sources for the integrity of RAT-dependent positioning considers Rel-18 RAT-dependent positioning methods. 
Proposal 4: Comparing UE-based DL positioning and UE-assisted DL positioning, the same source information is expected to be used for obtaining the measurements and the location calculation. Thus, the error sources of integrity for UE can be considered to be the same if we exclude the potential errors in data communication.
•Note: Although the error sources for UE-based DL positioning and UE-assisted DL positioning are the same, some error sources may only be included in UE-based DL positioning in the specification, but may not be included in UE-assisted DL positioning, or in different forms. For example, TRP synchronization errors for UE-based positioning may be related to the TRP timing difference in DL PRS assistance data, while for UE-assisted positioning, the bounds of the TRP synchronization errors may be provided by the TRPs.
Proposal 5: For the integrity of RAT-dependent positioning, the error sources related to the generation, propagation and measurements of DL/UL positioning reference signals can be modelled as Gaussian distribution with bounded bias and deviation. 
Proposal 6: The default values of the error bounds can be defined with the consideration of the minimum performance requirements defined by RAN4 (e.g., TS 38.101 and TS 38.104 for the generation of the DL/UL positioning reference signals, and TS 38.133 for the positioning measurement errors). The additional values of the error bounds can be provided by UE, TRP and LMF based on the implementation.
Proposal 7: The following error sources can be considered for timing-based positioning methods: 
· gNB/TRP error sources related to timing-based positioning
· time synchronization errors between TRPs
· clock errors (e.g., timing offset, timing drift)
· TRP Rx/Tx/RxTx TEG timing errors (e.g., error margins)
· Timing measurement errors (e.g., RTOA, gNB Rx-Tx time difference measurements)
· TRP antenna reference point (ARP) coordinate errors
· TRP antenna phase center offset (PCO)
· UE error sources related to timing-based positioning
· clock errors (e.g., timing offset, timing drift)
· UE Rx/Tx/RxTx TEG timing errors (e.g., error margins)
· Timing measurement errors (e.g., RSTD, UE Rx-Tx time difference measurements)
· UE antenna reference point (ARP) coordinate errors
· UE antenna phase center offset (PCO)
· Signal propagation error sources related to timing-based positioning
· Multipath/NLOS
· PRU error sources related to timing-based positioning
· If PRU is a gNB/TRP, all of the above gNB/TRP error sources related to timing-based positioning
· If PRU is a UE, all of the above UE error sources related to timing-based positioning

Proposal 8 The following error sources can be considered for angle-based positioning methods: 
· gNB/TRP error sources related to angle-based positioning
· Tx beam angle errors (related to main Tx beam direction, beam width, beam pattern)
· Rx beam angle errors (related to main Rx beam direction, beam width, beam pattern)
· AoA measurement errors
· TRP antenna reference point (ARP) coordinate errors
· TRP antenna phase center offset (PCO) errors
· UE error sources related to timing-based positioning
· Tx beam angle errors (related to main Tx beam direction, beam width, beam pattern)
· Rx beam angle errors (related to main Rx beam direction, beam width, beam pattern)
· DL RSRP, RSRPP measurement errors
· UE antenna reference point (ARP) coordinate errors
· UE antenna phase center offset (PCO) errors
· Signal propagation error sources related to timing-based positioning
· Multipath/NLOS
Proposal 9: The following table can be used for the mapping between the error sources and the RAT-dependent positioning methods.
Table 1: Mapping of error sources and RAT-dependent positioning methods
	Error sources
	RAT-dependent positioning methods

	
	DL-TDOA
	UL-TDOA
	Multi-RTT
	DL-AOD
	UL-AOA
	E-CID

	gNB/
TRP
	Time synchronization errors
	· 
	· 
	
	
	
	

	
	gNB Clock drift
	
	
	· 
	
	
	

	
	TRP Rx timing errors
	
	· 
	· 
	
	
	

	
	TRP Tx timing errors
	· 
	
	· 
	
	
	

	
	TRP RxTx timing errors
	
	
	· 
	
	
	

	
	Antenna phase center offset (PCO)
	· 
	· 
	· 
	· 
	· 
	· 

	
	RTOA measurement errors
	
	· 
	
	
	
	

	
	gNB Rx-Tx time difference measurement errors
	
	
	· 
	
	
	

	
	UL RSRP/RSRPP measurement errors
	
	
	
	
	
	· 

	UE
	UE Clock drift
	
	
	· 
	
	
	

	
	UE Rx timing errors
	· 
	
	· 
	
	
	

	
	UE Tx timing errors
	
	· 
	· 
	
	
	

	
	UE RxTx timing errors
	
	
	· 
	
	
	

	
	UE Antenna phase center offset (PCO)
	· 
	· 
	· 
	· 
	· 
	· 

	
	RSTD measurement errors
	· 
	
	
	
	
	

	
	UE Rx-Tx time difference measurement errors
	
	
	· 
	
	
	

	
	DL RSRP/RSRPP measurement errors
	
	
	
	· 
	
	

	Signal propagation error
	Multipath/NLOS 
	· 
	· 
	· 
	· 
	· 
	· 

	Position calculation errors
	TRP/UE antenna reference point (ARP) coordinate errors
	· 
	· 
	· 
	· 
	· 
	· 


Notes: For the determination of PL for multi-RTT, there may not be the need to include the impact of Rx/Tx/RxTx timing errors. For example, if RxTx TEG IDs are reported with UE/gNB Rx-Tx time difference measurements, the RxTx time error margin can be considered, while if {Rx TEG ID, Tx TEG ID} pair are reported, the Rx time error margin and Tx time error margin can be considered.
[8] R1-2206490 (Nokia, Nokia Shanghai Bell)
Proposal 1: RAN1 first needs to treat separately the following error sources of timing measurement (e.g., ToA, RSTD, Rx-Tx time difference).
· noise and interference signals
· Tx timing error of Tx TEG
· Rx timing error of Rx TEG 
· Multipath/NLoS 
Proposal 2: RAN1 first needs to treat separately the following error sources of angle measurement.
· noise and interference signals
· Multipath/NLoS
Proposal 3: RAN1 to exclude the expected RSTD and the expected AoA/AoD from error sources, as their error does not always lead to measurement error by the implementation.
Propsoal 4: RAN1 to study the above list of fault cases in addition to the previously agreed error sources. 
Proposal 5: RAN1 to include in its scope the detection all measures that allow to detect the presence of interference and spoofing, and generate integrity events accordingly.
[9] R1-2206499 (Lenovo)
Proposal 1: RAN1 to further study confirm whether NR E-CID is considered in the error source evaluation, when combined or used as input for other positioning methods.
Proposal 2: Measurement errors should be defined with respect to the errors resulting from the actual measurement procedure. RAN1 to further consider mapping the supported positioning measurements with an associated FFS on the type of measurement error, (e.g., timing-based, angle-based).
Proposal 3: Further study assistance data errors in terms of the dependency on affecting critical positioning procedures such as performing measurements and positioning calculation.
Proposal 4: Further study timing errors in terms of UE-specific and gNB-specific errors and whether it should be considered as part of measurement errors.
Proposal 5: Further study the error sources arising from the radio propagation environment including the effect of LOS/NLOS, multipath, interference, radio link/beam failures, handover, sparse network coverage.
Proposal 6: RAN1 to further discuss the relationship between feared/exceptional events with respect to the error sources.
[10] R1-2206650 (Xiaomi)
Proposal 1: It is better to make the criteria more clear.
Proposal 2: The model of UE/TRP measurement errors might be obtained via simulation without considering the impact of other error sources.
Proposal 3: For simplicity, Gaussian distribution can be assumed for these errors that are difficult to model.
Proposal 4: Whether these error sources can be assumed to be independent needs to be discussed.
[11] R1-2206832 (Samsung)
Proposal 1: For multipath/NLoS channel, the error of LoS/NLoS indicator can be considered as a candidate of error source.
Proposal 2: For multipath/NLoS channel, multiple path error could be regarded as a separate error source from other error sources if its statistical error modeling is feasible. Study further about its feasibility.
Proposal 3: The paired over-bounding Gaussian formula can be used to model most of the error sources for RAT dependent positioning techniques, FFS how to calculate the mean and standard deviation of each error source.
Proposal 4: Whether the statistical distribution of the residual errors can be modeled shall be used as one criteria to select an error source. 
 Proposal 5:For the purpose of RAN1 discussion,  the definition itself for “Error”, “Bound”, “Time-to-Alert (TTA)”, “DNU”, “Residual Risk”, “irMinimum, irMaximum” and “Correlation Times” in GNSS can be reused for RAT dependent positioning.
· The wording can be revised when it is described for RAT dependent positioning and can be up to RAN2.
[12] R1-2206918 (CMCC)
Proposal 1: Further study the following error sources of RAT-dependent positioning:
· Errors in assistance data
· Expected RSTD
· Expected AoA/AoD
· Errors in gNB/UE
· TRP antenna referent point errors
· UE clock drifting
Proposal 2: Model the measurement errors as normal distribution.
Observation 1: Errors caused by multipath channels can be covered by measurement errors, and errors caused by NLOS scenarios can be reflected by the LOS/NLOS indicator.
Conclusion 1: No need to further identify the error sources resulting from the multipath/NLoS channel.
[13] R1-2207088 (InterDigital)
Proposal 1: From RAN1 perspective ,study quantifiable error sources where a quantifiable error source can be bounded numerically
Proposal 2: The potential error sources for timing and angle based positioning methods are the following : 
For timing-based positioning
· DL based positioning
· TRP location (NW side)
· Inter-TRP synchronization (NW side)
· measurement (time of arrival)
· TX timing (NW side) 
· RX timing (UE side)
· UL based positioning
· ARP location
· Measurement (timing of arrival)
· RX timing (NW side) 
· TX timing (UE side)
· DL & UL positioning method
· ARP location
· Measurement (timing of arrival)
· Tx timing (NW side)
· Rx timing (NW side)
· Tx timing (UE side)
· Rx timing (UE side)
For angle-based positioning
· DL based positioning
· TRP location
· Measurement error (RSRP and/or RSRPP)
· UL based positioning
· ARP location
· Measurement error (AoA)
Proposal 3: Agree on the following definition for the error
Error: Error is the difference between the true value of a parameter (e.g. TRP location, AoA, ToA etc.) and its estimated/measured value
[14] R1-2207239 (Qualcomm)
Proposal 1: The following Assistance Data elements are considered as error sources for integrity computation, and paired Gaussian overbounding is used to bound the errors (i.e., deviations from their true values) in these elements
5) TRP LocationInfo
6) NR-RTD-Info
7) ExpectedRSTD, ExpectedAoA, ExpectedAoD
8) NR-DL-PRS-BeamInfo and NR-TRP-BeamAntennaInfo
Proposal 2: Assistance data elements that represent discrete quantities can also be part of integrity calculations, with their own DNU flags and risk allocations, but without a bound formula for their error. 
· PRS configuration parameters and NR-DL-PRS-TRP-TEG-Info are considered as error sources of this kind.
Proposal 3: Statistical parameters within assistance data, such as variances, uncertainties, and even probabilities, may be associated with DNU flags, even if they are not associated with risk allocations or bound formulas.   
[15] R1-2207284 (Sharp)
Proposal: 
· For timing based positioning methods, at least the following error sources are considered for determination of integrity
· Inter-TRP synchronization (e.g., RTD)
· TRP location
· TRP/UE Timing
· TRP/UE Measurement (e.g., ToA, Rx-Tx timing difference)
· FFS : Effect of multipath/NloS channels on TRP/UE measurement errors
· For angle-based positioning methods, at least the following error sources are considered for determination of integrity
· TRP location
· TRP/UE Measurement (e.g., AoA, RSRP, RSRPP)
[16] R1-2207412 (NTT DOCOMO, INC.)
Proposal 1: 
· RSTD results, DL-PRS RSRP results and DL-PRS RSRPP results can be considered as error sources for UE-assisted DL-TDOA in addition to other errors in assisted data (e.g., Inter-TRP synchronization errors).
· RSTD results, DL-PRS RSRP results, DL-PRS RSRPP results, RTD information between a reference TRP and neighbor TRPs in assistance data can be considered as error sources for UE-based DL-TDOA.
Proposal 2: 
· RTOA results, UL-SRS RSRP results and UL-SRS RSRPP results can be considered as error sources for UL-TDOA in addition to other errors in assisted data (e.g., Inter-TRP synchronization errors).
Proposal 3: 
· UE Rx-Tx Time Difference results, DL-PRS RSRP results and DL-PRS RSRPP results, gNB Rx-Tx Time Difference results, UL-SRS RSRP results and UL-SRS RSRPP results can be considered as error sources for Multi-RTT.
Proposal 4: 
· DL-PRS RSRP results and DL-PRS RSRPP results can be considered as error sources for UE-assisted/UE-based DL-AoD.
Proposal 5: 
· Azimuth/zenith angle of arrival results, UL-SRS RSRP results and UL-SRS RSRPP results can be considered as error sources for UL-AoA.
[17] R1-2207621 (Ericsson)
Proposal 1 For the purpose of integrity computation, the UE and/or TRP measurement error for a given time-based measurement is modelled as a Gaussian distribution with zero mean.
· The standard deviation is for TRP or UE measurement error is based on the reported measurement quality.
· FFS: whether a scaling of the reported measurement quality is necessary
Proposal 2 for the purpose of integrity computations, TRP location information error is assumed to be uniformly distributed between 0 and the maximum location uncertainty for both longitude and latitude.
· The range for maximum value of location uncertainty follows the format for  reported location uncertainty in LPP/NRPPa.
Proposal 3 For the purpose of integrity computation, the sync error distribution is assumed to be Gaussian.
Proposal 4 Discuss whether a scaling of the available timing quality is necessary to obtain the standard deviation of the synch error distribution.
Proposal 5 Do not introduce further signalling support for synch quality for the purpose of integrity computation
Proposal 6 For the purpose of integrity computation, the UE/gNB RX and TX timing error, in FR1/FR2, is modeled as a truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1:
· T1 is provided by the gNB or UE for integrity computation, separately for Rx and Tx timing error.
· For multiple panels, T1 is assumed to be the same for all panels
· RX and TX timing errors are generated per panel independently
Proposal 7	For the purpose of integrity computation, the UE and/or TRP measurement error for a given angle-based method measurement is modelled as a Gaussian distribution with zero mean.
· The standard deviation is for TRP or UE measurement error is based on the reported measurement quality.
· FFS: whether a scaling of the reported measurement quality is necessary
Proposal 8	Do not support NLOS as an error source in the integrity framework.

Appendix A : Integrity Principle of Operation from TS 38.305
8.1.1a	Integrity Principle of Operation
For integrity operation, the network will ensure that:
P(Error > Bound for longer than TTA | NOT DNU) <= Residual Risk + IRallocation               (Equation 8.1.1a-1)
for all values of IRallocation in the range irMinimum <= IRallocation <= irMaximum
for all the errors in Table 8.1.2.1b-1, which have corresponding integrity assistance data available and where the corresponding DNU flag(s) are set to false.
The integrity risk probability is decomposed into a constant Residual Risk component provided in the assistance data as well as a variable IRallocation component that corresponds to the contribution from the Bound according to the Bound formula in Equation 8.1.1a-2. IRallocation may be chosen freely by the client based on the desired Bound, therefore the network should ensure that Equation 8.1.1a-1 holds for all possible choices of IRallocation. The Residual Risk and IRallocation components may be mapped to fault and fault-free cases respectively, but the implementation is free to choose any other decomposition of the integrity risk probability into these two components.
[bookmark: _Hlk96502874]The validity time of the integrity bounds is set as equal to twice the SSR Update Interval for the given SSR Assistance Data message, i.e. the time period between the SSR Epoch Time and the SSR Epoch Time plus twice the SSR Update Interval in the GPS time scale.
Equation 8.1.1a-1 holds for all assistance data that has been issued that is still within its validity period. If this condition cannot be met then the corresponding DNU flag must be set.
Equation 8.1.1a-1 holds at any epochs for which Assistance Data is provided. Providing Assistance Data without the Integrity Service Alert IE or Real Time Integrity IEs is interpreted as a DNU=FALSE condition. For any bound that is still valid (within its validity time), the network ensures that the Integrity Service Alert and/or Real Time Integrity IEs are also included in the provided Assistance Data if needed to satisfy the condition in Equation 8.1.1a-1. It is up to the implementation how to handle epochs for which integrity results are desired but there are no DNU flag(s) available, e.g. the Time To Alert (TTA) may be set such that there is a "grace period" to receive the next set of DNU flags.
Only those satellites for which the GNSS integrity assistance data are provided are monitored by the network and can be used for integrity related applications.
Where:
Error: Error is the difference between the true value of a GNSS parameter (e.g. ionosphere, troposphere etc.), and its value as estimated and provided in the corresponding assistance data as per Table 8.1.2.1b-1
Bound: Integrity Bounds provide the statistical distribution of the residual errors associated with the GNSS positioning corrections (e.g. RTK, SSR etc). Integrity bounds are used to statistically bound the residual errors after the positioning corrections have been applied. The bound is computed according to the Bound formula defined in Equation 8.1.1a-2. The bound formula describes a bounding model including a mean and standard deviation (e.g. paired over-bounding Gaussian). The bound may be scaled by multiplying the standard deviation by a K factor corresponding to an IRallocation, for any desired IRallocation within the permitted range.
Bound for a particular error is computed according to the following formula:
Bound = mean + K * stdDev																	(Equation 8.1.1a-2)
K = normInv(IRallocation / 2)
irMinimum <= IRallocation <= irMaximum
where:	mean: mean value for this specific error, as per Table 8.1.2.1b-1
	stdDev: standard deviation for this specific error, as per Table 8.1.2.1b-1

Time-to-Alert (TTA): The maximum allowable elapsed time from when the Error exceeds the Bound until a DNU flag must be issued.
DNU: The DNU flag(s) corresponding to a particular error as per Table 8.1.2.1b-1. Where multiple DNU flags are specified, the DNU condition in Equation 8.1.1a-1 is present when any of the flags are true (logical OR of the flags).
Residual Risk: The residual risk is the component of the integrity risk provided in the assistance data as per Table 8.1.2.1b-1. This may correspond to the fault case risk but the implementation is permitted to allocate this component in any way that satisfies Equation 8.1.1a-1.
The Residual Risk is the Probability of Onset which is defined per unit of time and represents the probability that the feared event begins. Each Residual Risk is accompanied by a Mean Duration which represents the expected mean duration of the corresponding feared event and is used to convert the Probability of Onset to a probability that the feared event is present at any given time, i.e.
P(Feared Event is Present) = Mean Duration * Probability of Onset of Feared Event		(Equation 8.1.1a-3)
irMinimum, irMaximum: Minimum and maximum allowable values of IRallocation that may be chosen by the client. Provided as service parameters from the Network according to Integrity Service Parameters.
Correlation Times: The minimum time interval beyond which two sets of GNSS assistance data parameters for a given error can be considered to be independent from one another.
Table 8.1.2.1b-1: Mapping of Integrity Parameters
	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
	
	



Appendix B : List of feared events from TR 38.857
9.4.1.1		A-GNSS Positioning Integrity Methods
The 3GPP specifications can be extended to support the determination of positioning integrity, by defining information elements and signalling procedures to transport assistance information to mitigate feared events. A summary of the feared events studied in Section 9.3 is provided in Table 9.4.1.1 below, including examples of the types of assistance information to be considered for inclusion in LPP

Table 9.4.1.1: Summary of A-GNSS feared events and integrity assistance information considerations (FFS).
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.

	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
	*



Appendix C : Integrity parameters from TS 37.355
	integrityInfo
This field provides the integrity result for the locationEstimate.
-	horizontalProtectionLevel provides the Horizontal Protection Level (HPL) for the locationEstimate along the semi-major axis of the error ellipse. Scale factor 0.01 metre; range 0 – 500 metres.
-	verticalProtectionLevel provides the Vertical Protection Level (VPL) for the locationEstimate. Scale factor 0.01 metre; range 0 – 500 metres.
-	achievableTargetIntegrityRisk indicates the achievable Target Integrity Risk (TIR) for which the HPL and VPL are provided. The achievable TIR is given by P=10-0.1n [hour-1] where n is the value of achievableTargetIntegrityRisk and the range is 10-1 to 10-9 per hour. If this field is absent, the achievable TIR is the same as the targetIntegrityRisk in IntegrityInformationRequest.



NOTE: 	The Protection Level (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
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.
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.

Appendix D : List of error sources from R1-2205344
The following is a list of error sources shown in R1-2205344.
	Timing based positioning methods
Error sources
	Angle based positioning methods
Error sources

	Inter-TRP synchronization (e.g., RTD)
	

	TRP location
	TRP location

	Expected RSTD, uncertainty in RSTD
	ExpectedAoD/AoA, uncertainty in RSTD

	
	

	
	Beam information

	Relative position of TRPs (GDOP)
	Relative position of TRPs (GDOP)

	Inherent issues with UE capability
	Inherent issues with UE capability

	
	

	TEG margins/difference in TEG margins
	

	Tx timing delay at UE/TRP
	

	Rx timing delay at UE/TRP
	

	Clock drift at UE/TRP
	

	Antenna calibration/ARP errors
	Antenna calibration/ARP errors

	RS (e.g., low power, low bandwidth)
	RS (e.g., low power, low bandwidth)

	
	Phase error between antennas

	
	

	Interference
	Interference

	Multipath
	Multipath

	Noise
	Noise

	UE velocity/mobility
	UE velocity/mobility

	Timing measurements at UE/TRP
	Angle/RSRP measurements at UE/TRP

	LOS indicator
	LOS indicator

	
	

	Frequency of feedback from the UE
	Frequency of feedback from the UE

	Link/handover failure
	Link/handover failure

	Power outages, failure of regular software updates to the operating system, server configuration issues, hardware failure
	Power outages, failure of regular software updates to the operating system, server configuration issues, hardware failure

	Spoofing/jamming
	Spoofing/jamming

	RS configuration
	RS configuration

	Location estimate computation
	Location estimate computation



