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[bookmark: _Ref513464071]Introduction
RAN1 Task
As indicated in SID RP-222616, 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

	Huawei, HiSilicon
	Su Huang
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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
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.
· The agreements made up to and including RAN1#110b are summarized in Appendix E.
· Agreed relationship between error sources, positioning methods and integrity determination is shown in Figure 1


[bookmark: _Ref115768387]Figure 1 Relationship between error sources, positioning methods and integrity determination

Suggested proposals for approval
For Nov. XX 14 online session
FL Proposal 3-1a
· Applicability of DNU to boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) can be discussed in RAN2 if DNU is supported.
· RAN1 will not discus further whether boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) are error sources.
FL Proposal 1-1a
At least DL-PRS RSRPP of the first path or RSRP is an error source for DL-AoD 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)
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

FL Conclusion 2-1b
For LMF-based positioning integrity mode, for DL-TDOA and UL-TDOA, SFN initializatin time is not an indepenent error source.inter-TRP synchronization error can contain errors in SFN initizalition time.
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
FL Proposal 4-1a
· Inter-TRP synchronization error is an error source for UE-assisted DL-TDOA for LMF-based positioning integrity mode
· FFS : Specification impact 
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
FL Proposal 5-1a
· Regarding the expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, from RAN1 perspective, no conversion (Alt. 1 from RAN1#110be) shall be performed on the measurements to decorrelate AoA and ZoA measurement error.
· Note : The need to decorrelate the two measurement errors may be assessed by RAN2
FL Proposal 6-1b
· ZoA and AoA for angle of arrival measurement error can be modeled as Normal distribution.
· Note: it is assumed that the angle of arrival measurement error is associated with the first path
· FFS: A need to express correlation between ZoA and AoA measurement errors, if ZoA and AoA measurement errors are correlated
· Note: it is up to RAN2 how to use the identified distribution
Outcome of Nov. XX 14 online session
No conclusion/agreement was made.
For Nov. 15 offline discussion
FL Proposal 9-1a
Capture the following in TR 38.859 in Clause “6.1.3 Summary of Evaluation Results for Integrity for RAT-Dependent Positioning Techniques”
· The distribution of timing measurement error has been studied with evaluations in the following sources : [R1-2208454, Huawei, HiSilicon], [R1-2208649, vivo], [R1-2208735, Nokia Nokia Shanghai Bell], [R1-2209214, R1-2211502, ZTE], [R1-2209488, InterDigital],[R1-2209737, R1-2212051, Samsung], [R1-2210176, Ericsson]. 
· The distribution of angle measurement error has been studied with evaluations in the following sources : [R1-2208454, R1-2210902, Huawei, HiSilicon], [R1-2208649, vivo], [R1-2209214, R1-2211502, ZTE], [R1-2210176, Ericsson].

Discuss how to capture results in Annex
Detailed evaluation results can be found in XXX.
FL Conclusion 2-1b
For LMF-based positioning integrity mode, for DL-TDOA and UL-TDOA, SFN initializatin time is not an indepenent error source.inter-TRP synchronization error can be caused in part by errors in SFN initizalition time.
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

FL coclusion 3-2a
· RAN1 could not reach consensus that beam information (NR-TRP-BeamAntennaInfo) and boresight direction of DL PRS (NR-DL-PRS-BeamInfo)  are error source for DL-AoD for UE-based positioning integrity mode.
· Applicability of DNU to boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) can be discussed in RAN2 if DNU is supported.
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
FL Proposal 1-1a
At least DL-PRS RSRPP of the first path or RSRP is an error source for DL-AoD 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)
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
FL Proposal 4-1a
· Inter-TRP synchronization error is an error source for UE-assisted DL-TDOA for LMF-based positioning integrity mode
· FFS : Specification impact 
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
FL Proposal 5-1a
· Regarding the expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, from RAN1 perspective, no conversion (Alt. 1 from RAN1#110be) shall be performed on the measurements to decorrelate AoA and ZoA measurement error.
· Note : The need to decorrelate the two measurement errors may be assessed by RAN2
FL Proposal 6-1b
· ZoA and AoA for angle of arrival measurement error can be modeled as Normal distribution.
· Note: it is assumed that the angle of arrival measurement error is associated with the first path
· FFS: A need to express correlation between ZoA and AoA measurement errors, if ZoA and AoA measurement errors are correlated

For Nov. 16 offline/online discussion
FL Proposal 9-2a
Capture the following in TR 38.859 in Clause “Annex B.2: Evaluation Results for Integrity for RAT-Dependent Positioning Techniques”
B.2.1 Results from source [Huawei, HiSilicon]
B.2.1.1 Description of evaluation scenarios
Details related to evaluation scenarios can be find in [R1-2208454, R1-2210902].
B.2.1.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [R1-2208454].
Details of the evaluation results related to the distribution of angle measurement error can be found in [R1-2208454, R1-2210902].
B.2.2 Results from source [vivo]
B.2.2.1 Description of evaluation scenarios
Details related to evaluation scenarios can be find in [R1-2208649].
B.2.2.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [R1-2208649].
Details of the evaluation results related to the distribution of angle measurement error can be found in [R1-2208649].
B.2.3 Results from source [Nokia, Nokia Shanghai Bell]
B.2.3.1 Description of evaluation scenarios
Details related to evaluation scenarios can be find in [R1-2208735].
B.2.3.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [R1-2208735].
B.2.4 Results from source [ZTE]
B.2.4.1 Description of evaluation scenarios
Details related to evaluation scenarios can be find in [R1-2209214, R1-2211502].
B.2.4.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [R1-2209214, R1-2211502].
Details of the evaluation results related to the distribution of angle measurement error can be found in [R1-2209214, R1-2211502].
B.2.5 Results from source [InterDigital]
B.2.5.1 Description of evaluation scenarios
Details related to evaluation scenarios can be find in [R1-2209488].
B.2.5.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [R1-2209488].
B.2.6 Results from source [Samsung]
B.2.6.1 Description of evaluation scenarios
Details related to evaluation scenarios can be find in [R1-2209737, R1-2212051].
B.2.6.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [R1-2209737, R1-2212051].
B.2.7 Results from source [Ericsson]
B.2.7.1 Description of evaluation scenarios
Details related to evaluation scenarios can be find in [R1-2210176].
B.2.7.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [R1-2210176].
Details of the evaluation results related to the distribution of angle measurement error can be found in [R1-2210176].
FL coclusion 3-2b
· RAN1 could not reach consensus thaton whether beam information (NR-TRP-BeamAntennaInfo) and boresight direction of DL PRS (NR-DL-PRS-BeamInfo)  are error source or not for DL-AoD for UE-based positioning integrity mode.
· Applicability of DNU to boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) can be discussed in RAN2 if DNU is supported.
· Note: Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

FL Proposal 1-1a
At least DL-PRS RSRPP of the first path or RSRP is an error source for DL-AoD 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, whether the first path is time aligned, whether the detected first path is correct or not)
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857



FL Proposal 5-1b
· Regarding the expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, one of the examples for “Alt. 2: conversion function (defined function of AoA/ZoA in LCS)” is a decorrelation function when ZoA and AoA measurement errors are correlated.
· When ZoA and AoA measurement errors are correlated, the need to decorrelate the two measurement errors can be assessed by RAN2 

FL Proposal 4-1a
· Inter-TRP synchronization error is an error source for UE-assisted DL-TDOA for LMF-based positioning integrity mode
· FFS : Specification impact 
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

FL Conclusion 2-2a
For LMF-based positioning integrity mode, for DL-TDOA, inter-TRP synchronization error can be caused in part by errors in SFN initizalition time.
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

For Nov. 16 online discussion
FL Proposal 9-1a
Capture the following in TR 38.859 in Clause “6.1.3 Summary of Evaluation Results for Integrity for RAT-Dependent Positioning Techniques”
· The distribution of timing measurement error has been studied with evaluations in the following sources : [R1-2208454, Huawei, HiSilicon], [R1-2208649, vivo], [R1-2208735, Nokia Nokia Shanghai Bell], [R1-2209214, R1-2211502, ZTE], [R1-2209488, InterDigital],[R1-2209737, R1-2212051, Samsung], [R1-2210176, Ericsson]. 
· The distribution of angle measurement error has been studied with evaluations in the following sources : [R1-2208454, R1-2210902, Huawei, HiSilicon], [R1-2208649, vivo], [R1-2209214, R1-2211502, ZTE], [R1-2210176, Ericsson].
FL Conclusion 2-1b
For LMF-based positioning integrity mode, for DL-TDOA and UL-TDOA, SFN initializatin time is not an indepenent error source.inter-TRP synchronization error can be caused in part by errors in SFN initizalition time.
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

FL coclusion 3-2b
· RAN1 could not reach consensus thaton whether beam information (NR-TRP-BeamAntennaInfo) and boresight direction of DL PRS (NR-DL-PRS-BeamInfo)  are error source or not for DL-AoD for UE-based positioning integrity mode.
· Applicability of DNU to boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) can be discussed in RAN2 if DNU is supported.
· Note: Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

FL Proposal 9-2b
Capture the following in TR 38.859 in Clause “Annex B.2: Evaluation Results for Integrity for RAT-Dependent Positioning Techniques”
B.2.1 Results from source [Huawei, HiSilicon]
B.2.1.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [1, 17, Huawei, HiSlilicon].
B.2.1.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [17, Huawei, HiSlilicon].
Details of the evaluation results related to the distribution of angle measurement error can be found in [1, 17, Huawei, HiSlilicon].
B.2.2 Results from source [vivo]
B.2.2.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [20, vivo].
B.2.2.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [20, vivo].
Details of the evaluation results related to the distribution of angle measurement error can be found in [20, vivo].
B.2.3 Results from source [Nokia, Nokia Shanghai Bell]
B.2.3.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [21, Nokia, Nokia Shanghai Bell].
B.2.3.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [21, Nokia, Nokia Shanghai Bell].
B.2.4 Results from source [ZTE]
B.2.4.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [6, 26, ZTE].
B.2.4.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [6, 26, ZTE].
Details of the evaluation results related to the distribution of angle measurement error can be found in [6, 26, ZTE]
B.2.5 Results from source [InterDigital]
B.2.5.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [30, InterDigital].
B.2.5.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [30, InterDigital].
B.2.6 Results from source [Samsung]
B.2.6.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [13, 31, Samsung].
B.2.6.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [13, 31, Samsung].
B.2.7 Results from source [Ericsson]
B.2.7.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [35, Ericsson].
B.2.7.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [35, Ericsson].
Details of the evaluation results related to the distribution of angle measurement error can be found in [35, Ericsson].

FL Proposal 1-1a
At least DL-PRS RSRPP of the first path or RSRP is an error source for DL-AoD 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, whether the first path is time aligned, whether the detected first path is correct or not)
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

FL Proposal 4-1a
· Inter-TRP synchronization error is an error source for UE-assisted DL-TDOA for LMF-based positioning integrity mode
· FFS : Specification impact 
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

FL Conclusion 2-2a
For LMF-based positioning integrity mode, for DL-TDOA, inter-TRP synchronization error can be caused in part by errors in SFN initizalition time.
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

FL Proposal 5-1b
· Regarding the expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, one of the examples for “Alt. 2: conversion function (defined function of AoA/ZoA in LCS)” is a decorrelation function when ZoA and AoA measurement errors are correlated.
· When ZoA and AoA measurement errors are correlated, the need to decorrelate the two measurement errors can be assessed by RAN2 

Outcome of Nov. 16 online discussion
Agreement
Capture the following in TR 38.859 in Clause “6.1.3 Summary of Evaluation Results for Integrity for RAT-Dependent Positioning Techniques”
· The distribution of timing measurement error has been studied with evaluations in the following sources : [R1-2208454, Huawei, HiSilicon], [R1-2208649, vivo], [R1-2208735, Nokia Nokia Shanghai Bell], [R1-2209214, R1-2211502, ZTE], [R1-2209488, InterDigital],[R1-2209737, R1-2212051, Samsung], [R1-2210176, Ericsson]. 
· The distribution of angle measurement error has been studied with evaluations in the following sources : [R1-2208454, R1-2210902, Huawei, HiSilicon], [R1-2208649, vivo], [R1-2209214, R1-2211502, ZTE], [R1-2210176, Ericsson].

Agreement
Conclusion
For LMF-based positioning integrity mode, for UL-TDOA, inter-TRP synchronization error can be caused in part by errors in SFN initialization time.
Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

Conclusion
· RAN1 could not reach consensus on whether beam information (NR-TRP-BeamAntennaInfo) and boresight direction of DL PRS (NR-DL-PRS-BeamInfo) are error sources or not for DL-AoD for UE-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
Capture the following in TR 38.859 in Clause “Annex B.2: Evaluation Results for Integrity for RAT-Dependent Positioning Techniques”.

B.2.1 Results from source [Huawei, HiSilicon]
B.2.1.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [1, 17, Huawei, HiSlilicon].
B.2.1.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [17, Huawei, HiSlilicon].
Details of the evaluation results related to the distribution of angle measurement error can be found in [1, 17, Huawei, HiSlilicon].
B.2.2 Results from source [vivo]
B.2.2.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [20, vivo].
B.2.2.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [20, vivo].
Details of the evaluation results related to the distribution of angle measurement error can be found in [20, vivo].
B.2.3 Results from source [Nokia, Nokia Shanghai Bell]
B.2.3.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [21, Nokia, Nokia Shanghai Bell].
B.2.3.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [21, Nokia, Nokia Shanghai Bell].
B.2.4 Results from source [ZTE]
B.2.4.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [6, 26, ZTE].
B.2.4.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [6, 26, ZTE].
Details of the evaluation results related to the distribution of angle measurement error can be found in [6, 26, ZTE]
B.2.5 Results from source [InterDigital]
B.2.5.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [30, InterDigital].
B.2.5.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [30, InterDigital].
B.2.6 Results from source [Samsung]
B.2.6.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [13, 31, Samsung].
B.2.6.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [13, 31, Samsung].
B.2.7 Results from source [Ericsson]
B.2.7.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [35, Ericsson].
B.2.7.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [35, Ericsson].
Details of the evaluation results related to the distribution of angle measurement error can be found in [35, Ericsson].

Agreement
At least DL-PRS RSRPP of the first path or RSRP is an error source for DL-AoD for LMF-based positioning integrity mode.
· Note: RAN1 did not determine the model of the error source
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

Agreement
· Inter-TRP synchronization error is an error source for UE-assisted DL-TDOA for LMF-based positioning integrity mode
· FFS: Specification impact 
· 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, for DL-TDOA, inter-TRP synchronization error can be caused in part by errors in SFN initialization time.
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857


For Nov. 17 offline/online discussion
FL Proposal 5-1c
· Regarding the expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, one of the examples for “Alt. 2: conversion function (defined function of AoA/ZoA in LCS)” is a decorrelation function when as ZoA and AoA measurement errors are may be correlated.
· When ZoA and AoA measurement errors are correlated, the need to decorrelate the two measurement errors can be assessed by RAN2 
FL Proposal 6-1b
· ZoA and AoA for angle of arrival measurement error can be modeled as Normal distribution.
· Note: it is assumed that the angle of arrival measurement error is associated with the first path
· FFS: A need to express correlation between ZoA and AoA measurement errors, if ZoA and AoA measurement errors are correlated
· Note: it is up to RAN2 how to use the identified distribution
FL Proposal 8-1a
· For LMF-based positioning integrity mode, for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT, the following distributions are identified as candidates for modeling the distribution of TRP location (e.g., Geographical Coordinates in TS 38.455)
· Uniform distribution
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions

FL Proposal 8-2a
· For LMF-based positioning integrity mode, for UL-AoA, the following distributions are identified as candidates for modeling the distribution of ARP location (e.g., ARPLocationInformation in TS 38.455)
· Uniform distribution
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions

Outcome of Nov. 17 online discussion
Agreement
· For LMF-based positioning integrity mode, for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT, the following distributions are identified as candidates for modeling the distribution of TRP location (e.g., Geographical Coordinates in TS 38.455)
· Uniform distribution
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions

Agreement
· For LMF-based positioning integrity mode, for UL-AoA, the following distributions are identified as candidates for modeling the distribution of ARP location (e.g., ARPLocationInformation in TS 38.455)
· Uniform distribution
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions
For Nov. 18 online discussion
The FL would like to propose to fix a typo in the agreements below.
Agreement
· For LMF-based positioning integrity mode, for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT, the following distributions are identified as candidates for modeling the distribution of TRP location (e.g., Geographical Coordinates in TS 38.455) error
· Uniform distribution
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions

Agreement
· For LMF-based positioning integrity mode, for UL-AoA, the following distributions are identified as candidates for modeling the distribution of ARP location (e.g., ARPLocationInformation in TS 38.455) error
· Uniform distribution
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions

The above correction is aligned with the terminology used in RAN1#110be.
	Agreement
· The following distributions are identified as candidates for modeling of the distribution for TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) error
· Uniform distribution
· Note: this may already be consistent with the uncertainty related to NR-TRP-LocationInfo specified in TS 37.355 
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions




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 remaining error sources
· Agree on potential specification impacts
· Agree on the details of error sources (e.g., mean/range/standard deviation, distribution, applicability of paired overbounding)

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



Issues for discussion
[CLOSED] RSRP measurement as an error source
0. Summary
The following are the arguments for supporting RSRP/RSRPP as an error source. 
· it is important to indicate whether the reported RSRPP for the first path of multiple PRS beams is time aligned [1].
· Errors in RSRP/RSRPP affect accuracy of DL-AoD positioning methods [3].
· The focus of the discussion should be on the first-path measurement as the accuracy of measurements related to the first-path is critical for DL-AoD positioning methods [4]. 
· RSRP/RPRPP measurements can be used to estimate AoD. Thus errors in measurements can lead to incorrectly estimated AoD [5]. 
· RSRP/RSRPP measurements may be prone to errors thus they should be considered as error sources [11]. 
· RSRP/RSRPP should be considered as an error source [13]. 
· RSRP/RSRPP measurements may be incorrectly reported by the UE in NLOS scenarios [16].
The following are the arguments for not considering RSRP/RSRPP as an error source. 
· The effect of pathloss on RSRP/RSRPP is small and characterizing the distribution of RSRP/RSRPP measurement may be difficult [2]. 
· It is not clear how errors in RSRP/RSRPP measurements affect the accuracy of DL-AoD positioning methods. In one of the examples explained in the contribution, it is not clear how 1-2dB error in RSRP measurements affect accuracy of DL-AoD [6]. 
· The relationship between AoD determination and uncertainty in RSRP/RSRPP measurements is not celar. TMF may not use low RSRP/RSRPP measurements [15]. 
· The AoD may be determined based on LMF implementation and errors in RSRP/RSRPP measurements may not affect the accuracy of the DL-AoD positioning method directly [10].
In summary, 4 companies indicated that RSRP/RSRPP should not be considered as an error source while 7 companies presented that the measurement error should be considered as an error source. 
From the FL’s perspective, as mentioned in [4], focusing on the first-path RSRP/RSRPP may be reasonable since the first-path measurement is informative for DL-AoD positioning methods. The main concern from other companies is that all of RSRP/RSRPP measurements may not be informative, in terms of determination of positioning integrity, for the UE/LMF. Thus the following proposal is made. The proposal focuses on RSRPP. The FL would like to collect views whether RSRP should also be included in the proposal. 
FL Proposals for the 1st round of discussion
FL Proposal 1-1a
At least DL-PRS RSRPP of the first path or RSRP is an error source for DL-AoD 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)
· 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 1-1a (Yes/No)
	Comments

	ZTE
	No
	AOA error or timing measurement error for Angle or timing based positioning method is clear for us, the measurement error can directly reflect the location error.  However, for AOD, the relationship is not crystal. We don’t know how it can be reflected in the integrity calculation. 
Further, we don’t think RSRPP for the first path is more important than RSRP.  RSRPP is a Rel-17 feature, but RSRP is a Rel-16 feature, both can work for AOD method. 

	Qualcomm
	
	Without knowledge of the error in the assistance data for DL-AoD (boresight and beam information), this error source (RSRP/RSRPP) by itself will not be enough for integrity computation of DL-AoD-based position. Thus, we must down-select between the following alternatives: 
(A) Conclude that integrity is not supported for DL-AoD positioning and do not support this proposal; or 
(B) Support both proposals 1-1a and a proposal to include boresight direction (Rel-16) and beam information (Rel-17) as an error source for both UE-based and UE-assisted positioning  (i.e., oppose current text of proposal 3-1a, re-word it in favor of including the boresight/beam information)

	vivo
	No
	We are not sure how to calculate the integrity with RSRP information since RSRP is not stable even the UE is stationary and the relationship is not crystal
We prefer to conclude that integrity is not supported for DL-AoD positioning

	CATT
	
	DL_AoD is determined based on RSRP/RSRPP. If RSRP/RSRPP has problem, it is obvious that DL-AoD has also problem. Thus, RSRP/RSRPP should be the error sources of DL-AoD.

	FL
	
	For clarification, I’d like to point out that from RAN1#110, we made the following agreement. TRP location is one of the error sources for UE-based DL-AoD. Therefore, integrity is applicable at least to UE-based DL-AoD. If this proposal cannot be agreed, integrity is not applicable to UE-assisted DL-AoD. 
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



	Nokia/NSB
	
	We are okay with this proposal, but we don’t think we need to discuss this issue together with the beam information issue.

	Samsung 
	
	In the DL-AoD positioning method, the UE position is estimated based on DL-PRS-RSRP and/or DL-PRS-RSRPP measurements taken at the UE of DL-PRS from multiple NR TRPs, along with knowledge of the spatial information of the downlink radio signals and geographical coordinates of the TRPs. Therefore, we agree with Qualcomm that if we support integrity for DL-AoD positioning, this proposal and the spatial information refered in Proposal 3-1a should be supported together. However, for spatial information, since it is difficult to establish a unique model based on power and angle information provided by NR-TRP-BeamAntennaInfo, only boresight direction of DL PRS can be identified as an error source in our opinion.



Outcome of Nov. 16 online discussion
The following agreement was made during Nov. 16 online discussion.
Agreement
At least DL-PRS RSRPP of the first path or RSRP is an error source for DL-AoD for LMF-based positioning integrity mode.
· Note: RAN1 did not determine the model of the error source
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

[CLOSED] SFN Initialization time as an error source
0. Summary
In [12], a question regarding how/whether SFN initialization time is used by the LMF to determine NR-RTD-info (inter-TRP synchronization error). The answers to the question and views on whether SFN initialization time should be an independent error source or not is presented below. 
Here are the views from companies who support SFN initialization time as an error source for UL-TDOA and UE-assisted DL-TDOA for LMF-based positioning integrity mode. 
· RTOA measurement may be affected by SFN initialization time since it is used to determine the search window for SRS. The LMF may determine NR-RTD-Info based on SFN Initialization time reported by TRPs [1].
· SFN initialization time may be used by the LMF to determine NR-RTD-Info [3]. 
In [6], according to the FL’s understanding, it is discussd that SFN initialization timing error should be considered as an error source although uncertainty in SFN initialization time does not affect LMF-based positioning methods (e.g., UL-TDOA, UE-assisted DL-TDOA).
Here are views from companies who do not agree that SFN initialization time is an independent error source for UL-TDOA and UE-assisted DL-TDOA for LMF-based positioning integrity mode. 
· Uncertainties in SFN initialization time can be absorbed into the RTOA measurement error [4]. 
· Uncertainties in SFN initialization error can be part of the uncertainty in RTD info, thus, it should not be modeled separately from RTD information [5]. 
· Since RTD info is derived based on SFN initialization time, uncertainties in RTD information should always contain uncertainties in SFN initialisation time. Thus, SFN initialization time should not be considered as an independent error source [8]. 
· The SFN initialization time may affect RTOA measurement or inter-TRP synchronization error. The error in SFN initialization time may propagate to other error sources, indicating that SFN initialization time is not an independent error source [11].
· It is not clear how failure in SRS reception affects the reliability of the UL-TDOA positioning method [15]. 
· SFN initialization time should not be  considered as an independent error source, since the LMF derives inter-TRP synchronization error based on SFN initialization time [16]. 
· The effect of uncertainty SFN initialization time on the achievable accuracy by UL-TDOA is not clear [10]. 
It seems like the majority of companies agree that the LMF may determine inter-TRP synchronization error based on SFN initialisation time. The key argument here is, as presented in [11], errors in SFN initialization time may propagate to inter-TRP synchronization which indicates that the SFN initializing time is not an independent error source; errors in inter-TRP synchronization can capture errors in SFN initialization time. Furthermore, it is not clear how uncertainties in SFN initializing time affects RTOA according to companies views.
FL Proposals for the 1st round of discussion
Thus the following conclusion is made.
FL Conclusion 2-1a
For LMF-based positioning integrity mode, for DL-TDOA and UL-TDOA, SFN initializatininitialization time is not an indepenentindependent error source.
· 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 2-1a (Yes/No)
	Comments

	ZTE
	
	We can be flexible.  However, it seems some opponents think RTD quality or inter-TRP synchronization error has included SFN initialization error. We should note that RTD or inter-TRP synchronization error is only for UE based positioning. But we are discussing LMF-based positioning here. 
In addition, this proposal is quite related to FL proposal 4-1a, we think it is quite sufficient to support only one of them. 

	FL
	
	Typos in FL Conclusion are corrected. I’d like to welcome companies comments for the FL Conclusion.

	CATT
	
	In our view, SFN initialization time is an independent error source. We derive our conclusion based on the following simple logic: 
1) UL-TDOA may not work properly if gNB provides the erroneous information to the LMF;
2) Then, if SFN initialization time is not an independent error source, then it needs to depend on some other error source from gNB. But, we so far does not define the error source from gNB to LMF, which the SFN initialization time depend on.
We are fine if Proposal 4-1a can be agreed, which means SFN initialization time depend on TRP synchronization error.


	FL2
	
	To ZTE: I think ZTE’s proposal is to take step-by-step. Since inter-TRP sync error was agreed to be an error source, we can modify the above proposal considering CATT’s comment.
To CATT: My understanding is that inter-TRP synchronization error depends on SFN initialization time since many companies seem to have the understanding that inter-TRP synchronization error can incorporate error in SFN initialization time 
FL Conclusion 2-1b
For LMF-based positioning integrity mode, for DL-TDOA and UL-TDOA, SFN initializatin time is not an indepenent error source.inter-TRP synchronization error can contain errors in SFN initizalition time.
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857


	Nokia/NSB
	
	We are okay with the above conclusion from the FL.

	Samsung 
	
	Compared with SFN initialization error,  inter-TRP synchronization error is more suitable to be identified as an error source. Therefore, we are agree with the Conclusion 2-1b.

	Huawei, HiSilicon
	No
	We have some difficulty understanding the reason why this cannot be an independent error source. Each SFN initialization time reported by the gNB should have some unknown error, depending the external sync condition in each TRP.
So for the inter-TRP sync error for UE-based positioning is an error, but how could LMF determine the error profile? Is it completely up to implementation.

	FL3
	
	@Huawei, HiSilicon
From companies’ contributions, there seems to be consensus inter-TRP synchronization error is derived based on SFN initialization time. Thus, if there are uncertainties in SFN initialization time, it should be incorporated in inter-TRP synchronization error.



FL Proposals for the 2nd round of discussion
The following proposal has been agreed offline.
FL Conclusion 2-1b
For LMF-based positioning integrity mode, for DL-TDOA and UL-TDOA, SFN initializatin time is not an indepenent error source.inter-TRP synchronization error can be caused in part by errors in SFN initizalition time.
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

In addition, based on the discussion, the FL would like to check if the above conclusion can be extended to DL-TDOA for LMF-based positioning integrity mode.
FL Conclusion 2-2a
For LMF-based positioning integrity mode, for DL-TDOA, inter-TRP synchronization error can be caused in part by errors in SFN initizalition time.
· 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 2-2a (Yes/No)
	Comments

	
	
	



Outcome of Nov. 16 online discussion
The following agreement was made.
Agreement
Conclusion
For LMF-based positioning integrity mode, for UL-TDOA, inter-TRP synchronization error can be caused in part by errors in SFN initialization time.
Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857


[CLOSED] Beam information and Boresight direction of DL-PRS as an error sources
0. Summary
Boresight direction of DL-PRS as an error source
The following companies discuss that boresight direction should not be considered as an error source. 
· Coarse boresight direction of DL-PRS may not have a large impact on positioning integrity [1]. 
· There may be a large burden imposed on the gNB to provide error related information for boresight direction of DL-PRS [3]. 
· Due to coarse granularity of boresight direction of DL-PRS, it is not clear how it affects the accuracy of the DL-AoD positioning method [4]. 
· Larger errors are observed in measurements compared to errors in beam related information. Thus, influence of error of PRS boresight direction on positioning integrity may be small [6]. 
· It may not be possible to measure the exact boresight direction [7].
· It may be difficult to obtain the distribution of boresight direction of DL-PRS [12].
The following companies discuss that boresight direction should be considered as an error source. 
· Boresight information can be an error source [2]. 
· Granularity of boresight information of DL-PRS contributes to errors in determination of UE location. In addition, errors in boresight information can also degrade quality of the location estimate made by the UE [5]. 
· Boresight information should be an error source since it is used by the UE to determine AoD [8]. 
· Given granularity and range of boresight information, boresight direction can be an error source [13]. 
· Granurality defined for boresight direction plays a role in determining accuracy of positioning information [14]. 
· Statistical characteristics may be obtained using an external entity, e.g., PRU. Boresight information can be an error source since inaccuracy in the information can affect the accuracy of location estimate [15].
Beam information as an error source
The following companies discuss that beam information should not be an error source. 
· Not to consider it as an error source due to its complication in configuration [2]. 
· There may be a large burden imposed on the gNB to provide error related information for beam information of DL-PRS [3]. 
· How beam information can be used by the UE to determine positioning integrity is not clear since the use of beam information for determination of its position is up to UE implementation [4]. 
· Statistical characteristics of beam information may be difficult to obtain [5]. 
· How beam information can be used by the UE is an implementation issue [6, 7]. It may not be possible to obtain accurate beam information [7]. 
· It may be difficult to obtain the distribution of beam information of DL-PRS [12, 13]. 
· Beam information depends on gNB implementation and error characteristics may depend on implementation. In addition, the gNB may not be aware of the beam patterns used for transmission of DL-PRS. Finally, overhead of assistance information related to statistical characteristics of  beam information may be large [16].
The following companies discuss that beam information should be an error source. 
· Beam information should be an error source since it is used by the UE to determine AoD [8]. 
· Beam information may be modeled using a common model to minimize complexities in modeling [14]
FL Proposals for the 1st round of discussion
Based on the discussion, six companies discuss that boresight information is an error source. Six companies discuss that boresight information is not an error source since its impact on positioning integrity is not clear. It seems like achieving an agreement on this topic is difficult.
Regarding the discussion on beam information as an error source, nine companies discuss that beam information is not an error source since its use is up to UE implementation. In addition, beam information may depend on gNB implementation. Due to the aforementioned reasons, its impact on positioning integrity is not clear. Arguments to support beam information as an error source were presented by two companies. It seems like the majority view is that beam information is not an error source.
This discussion has been ongoing for several meetings. Although it is difficult to conclude that both PRS boresight direction and beam information are error sources, it may be more suitable to discuss whether these assistance data can be controlled by DNU, if DNU is supported for RAT dependent positioning methods. Since in RAN1#110be, it was agreed to discuss the usage of DNU in RAN2, the following proposal is made.
FL Proposal 3-1a
· Applicability of DNU to boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) can be discussed in RAN2 if DNU is supported.
· RAN1 will not discus further whether boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) are error sources.
Companies views: 
	Company Name
	Support Proposal 3-1a (Yes/No)
	Comments

	ZTE
	
	We think th second bullet should be enough

	FL
	
	The heading of the section was corrected for clarity. I’d like to welcome companies comments for the FL Conclusion.

	Qualcomm
	No
	Please see our response on proposal 1-1a.

	vivo
	
	The same view as proposal 1-1a.

	CATT
	
	We are fine the second bullet as suggested by ZTE, since it would be better for RAN1 to make the decision of the error source.

	Nokia/NSB
	
	For the DNU flag, we understand RAN1 have already made an agreement. The second bullet is okay to us.  

	Samsung 
	
	Same view as proposal 1-1a. And for spatial information, since it is difficult to establish a unique model based on power and angle information provided by beam information (NR-TRP-BeamAntennaInfo), we only support boresight direction of DL PRS as an error source.


FL Proposals for the 2nd round of discussion
From the online discussion, the group could not agree on the FL Proposal 3-1a. 
	Proposed conclusion
RAN1 could not complete the identification and modelling of possible error sources (other than TRP) for the integrity of DL AoD. As a result, RAN1 cannot recommend to support integrity for UE-based DL AoD in Rel-18.


We discussed the above conclusion. Since the task of RAN1 is to identify error sources, the FL prefers to make a conclusion which is relevant to identification of error sources. Based on the proposal the Chairman created and FL Proposal 3-1a, the FL would like to propose the following. 
FL coclusion 3-2a
· RAN1 could not reach consensus that beam information (NR-TRP-BeamAntennaInfo) and boresight direction of DL PRS (NR-DL-PRS-BeamInfo)  are error source for DL-AoD for UE-based positioning integrity mode.
· Applicability of DNU to boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) can be discussed in RAN2 if DNU is supported.
· 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 Conclusion 3-2a (Yes/No)
	Comments

	FL
	
	Based on the agreement made in RAN2, the FL would like to update FL conclusion 3-2a.


The following agreement has been made in RAN2#119 on Nov. 15.
Agreement:
Proposal 1 (modified): Use DNU flag for RAT-dependent integrity, with the meaning that the concerned assistance data cannot be used for integrity calculation but may be usable for positioning.  Signalling details and relation to error sources can be determined in normative work.  FFS which positioning methods are affected based on the progress in RAN1.
With the above agreement, RAN2 can discuss assistance information DNU is applicable. Based on the agreement in RAN2, the FL would like to update FL conclusion 3-2a and make the following proposal.
FL coclusion 3-2b
· RAN1 could not reach consensus that beam information (NR-TRP-BeamAntennaInfo) and boresight direction of DL PRS (NR-DL-PRS-BeamInfo)  are error source for DL-AoD for UE-based positioning integrity mode.
· Applicability of DNU to boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) can be discussed in RAN2 if DNU is supported.
· 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 Conclusion 3-2b (Yes/No)
	Comments

	
	
	



After reevigin comments offline, the proposal is modified as follows.
FL coclusion 3-2b
· RAN1 could not reach consensus thaton whether beam information (NR-TRP-BeamAntennaInfo) and boresight direction of DL PRS (NR-DL-PRS-BeamInfo)  are error source or not for DL-AoD for UE-based positioning integrity mode.
· Applicability of DNU to boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) can be discussed in RAN2 if DNU is supported.
· Note: Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

Outcome of Nov. 16 online discussion
The following conclusion was made during Nov. 16 online discussion.

Conclusion
· RAN1 could not reach consensus on whether beam information (NR-TRP-BeamAntennaInfo) and boresight direction of DL PRS (NR-DL-PRS-BeamInfo) are error sources or not for DL-AoD for UE-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


[CLOSED] Inter-TRP synchronization error for UE-assisted DL-TDOA
0. Summary
One of the FFS points from RAN1#109 is whether inter-TRP synchronization error is an error source for UE-assisted DL-TDOA. In [6], it is discussd that RTD information is sent from the LMF only for UE-based DL-TDOA. In [10, 15], it is proposed that inter-TRP synchronization can be considered as an error source.
FL Proposals for the 1st round of discussion
Since a few companies have presented a view on this issue, the FL would like to open the discussion with the following proposal. Please note that for UL-TDOA, inter-TRP synchronization error was agreed to be an error source.
FL Proposal 4-1a
· Inter-TRP synchronization error is an error source for UE-assisted DL-TDOA for LMF-based positioning integrity mode
· FFS : Specification impact 
· 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 4-1a (Yes/No)
	Comments

	ZTE
	Yes
	The functionality of inter-TRP synchronization error and SFN initialization error are the same. Hence, we think either proposal 4-1a or 2-1a is sufficient, not both. 

	CATT
	
	We are fine to 

	FL
	
	To ZTE : The purpose of Proposal 2-1a is to clarify whether error in SFN initialization time can be included in another error source. From FL’s perspective, it is better to treat Proposal 4-1a and 2-1a separately.

	Nokia/NSB
	
	We are okay wit this proposal.

	Samsung 
	Yes
	Compared with SFN initialization error, inter-TRP synchronization error is more suitable to be identified as an error source in our view.  SFN initialization error can be included in the inter-TRP synchronization error, and the distribution for inter-TRP synchronization error has been agreed to be uniform distribution or normal distribution.

	Huawei, HiSilicon
	No
	Unclear what the spec impact is for this instead of focusing on SFN initialization time.



Outcome of Nov. 16 online discussion
The following agreements were made during Nov. 16 online discussion.
Agreement
· Inter-TRP synchronization error is an error source for UE-assisted DL-TDOA for LMF-based positioning integrity mode
· FFS: Specification impact 
· 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, for DL-TDOA, inter-TRP synchronization error can be caused in part by errors in SFN initialization time.
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
[CLOSED] Decorrelation of AoA measurement error
0. Summary
In RAN1#110, the following agreement, regarding whether a conversion function should be used to decorrelate AoA and ZoA measurement error, was made. 
	Agreement
· Study the following alternatives for expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, and down select between Alt 1 and Alt 2:
· Alt. 1: No conversion (e.g., the measurement error is expressed as error in AoA or ZoA in LCS/GCS)
· Alt. 2: conversion function (defined function of AoA/ZoA in LCS)
· FFS: Distribution of AoA measurement error for an NLOS/LOS link
· FFS: Other Details (e.g., mean, standard deviation)


The following views are presented in companies’ contributions.
The following companies suggest to accept that AoA measurement errors can be correlated between AoA and ZoA, and either propose a solution or seek guidance. 
· Define measurement error in terms of ZoA and YoA where YoA is a function of AoA and ZoA. It is shown that errors in ZoA and YoA are decorrelated [1]. 
· Due to numerous factors involved in AoA measurements, it is more desirable to define a flexible characterization of AoA measurement error. It is proposed to define them as a pair of Gaussian random variables with correlation parameters [3].  
· How AoA measurement errors are used to determine positioning integrity should be clarified. When measurement errors are correlated, they may be used jointly for determination of positioning integrity. RAN1 should ask guidance from RAN2 on whether it is necessary to decorrelate AoA measurement error [16].
The following companies proposed to support Alt. 1.
· To avoid using a conversion function on AoA measurements and focus on the LOS path for identification of the distribution of the measurement error [2].
· A clarification question is asked whether the function on AoA/ZoA is dependent on the measurement error of AoA/ZoA. Use no conversion function (Alt. 1) for AoA/ZoA measurement [4].
· Support Alt 1 (no conversion function). Focus on the LOS path for modeling of AoA measurement error [5].
· Defining the conversion function adds complexity to modeling of the distribution of the AoA measurement error. Support Alt. 1 [6].
· Decorrelation operation can be done internally at the LMF. Thus Alt. 1 is supported in [10].
· Correlation between measurement errors can be captured using one of the integrity parameters (correlation time). Support Alt. 1 [11].
· Considering unclear impact of correlated measurement error on positioning integrity, suggest to support Alt. 1 [12].
FL Proposals for the 1st round of discussion
In Summary, 7 companies propose to support Alt. 1. While 1 company proposes to adopt Alt. 2 and propose a decorrelating function. A concern expressed by some companies is complexity in modelling the distribution of the measurement error if a decorrelation function is specified. One company suggest to seek guidance from RAN2 while one company proposes to use correlated Gaussian random variable for AoA measurement.
From the FL’s perspective, the proposals from [3] and [16] seem to be reasonable since the intention is to propose a solution, developed jointly by RAN1 and RAN2, to process potentially correlated measurements. However, at first, a view from RAN1 should be agreed so that RAN2 can perform additional studies if needed. As suggested in [11], existing integrity parameter(s) may be able to incorporate correlation parameter. In addition, the LMF may apply necessary conversion internally and corresponding distribution may be derived at the LMF. Thus, following, the majority view, the FL would like to make the following proposal. Please note that with the following proposal, AoA and ZoA measurement error can be modelled as correlated Gaussian random variables, following the proposal in [3].
FL Proposal 5-1a
· Regarding the expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, from RAN1 perspective, no conversion (Alt. 1 from RAN1#110be) shall be performed on the measurements to decorrelate AoA and ZoA measurement error.
· Note : The need to decorrelate the two measurement errors may be assessed by RAN2
Companies views: 
	Company Name
	Support Proposal 5-1a (Yes/No)
	Comments (Please present an alternate proposal if you cannot support the proposal)

	ZTE
	Yes
	The note may not be necessary as RAN2 may not be able to assess the distribution of error sources.  AOA and ZOA can be estimated based on the channel difference of antennas in one row and channel difference of antennas in one column respectively, we don’t see any need to correlate them. 

	vivo
	Yes, with remove the note
	

	CATT
	
	We are okay with the proposal. 
However, it might be better, as we suggested that AoA and ZoA can be modelled as a pair of correlated parameters with the Gaussian distribution in LCS. It will them be up to the gNB implementation to optionally provide the correlation coefficient between them.

	FL
	
	Let us try to treat FL Proposal 5-1a and FL Proposal 6-1a jointly to see if we can make a progress in the discussion.

	Nokia/NSb
	
	We are okay.

	Samsung 
	Yes
	We also prefer to remove the note.

	Huawei, HiSilicon
	Not OK.
	We could be OK with writing down both alternatives and explaining the characteristics, and let RAN2 make the decision.



FL Proposals for the 2nd round of discussion
Considering the comment from Huawei, HiSilicon and based on companies inputs, the FL would like to propose the following.
FL Proposal 5-1b
· Regarding the expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, one of the examples for “Alt. 2: conversion function (defined function of AoA/ZoA in LCS)” is a decorrelation function when ZoA and AoA measurement errors are correlated.
· When ZoA and AoA measurement errors are correlated, the need to decorrelate the two measurement errors can be assessed by RAN2 
Companies views: 
	Company Name
	Support Proposal 5-1b (Yes/No)
	Comments (Please present an alternate proposal if you cannot support the proposal)

	
	
	



After receiving a comment received during an offline discussion, the following change is made to FL Proposal 5-1c. 
FL Proposal 5-1c
· Regarding the expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, one of the examples for “Alt. 2: conversion function (defined function of AoA/ZoA in LCS)” is a decorrelation function when as ZoA and AoA measurement errors are may be correlated.
· When ZoA and AoA measurement errors are correlated, the need to decorrelate the two measurement errors can be assessed by RAN2 
Outcome of Nov. 17 online discussion
We did not have time to allow the discussion to converge. 
[CLOSED] Distribution of AoA measurement error
0. Summary
The following contributions discussed the distribution of AoA/ZoA measurement error.
· Normal distribution in LOS scenario [2]
· Correlated Gaussian random variables [3]
· Normal distribution for LOS, for NLOS Normal distribution with a large variance [5]
· Normal distribution [6, 11, 12, 16]
FL Proposals for the 1st round of discussion
The majority of the companies seem to support that the ZoA and AoA component of angle of arrival measurement error can be modelled as Normal distribution. Considering inputs from [2], agreeing on the distribution for the first path may be the good starting point. Considering the discussion in Section 6.5, the FL suggests the following proposal. The FFS point relates to FL Proposal 5-1a. The first note is from the agreement related to timing measurement error made in RAN1#110be.
FL Proposal 6-1a
· ZoA and AoA for angle of arrival measurement error can be modeled as Normal distribution.
· Note: it is assumed that the angle of arrival measurement error is associated with the first path
· FFS: A need to express correlation between ZoA and AoA measurement errors, if ZoA and AoA measurement errors are correlated
· Note: it is up to RAN2 how to use the identified distribution
Companies views: 
	Company Name
	Support Proposal 6-1a (Yes/No)
	Comments

	ZTE
	
	The note for the first bullet is not needed. AOA/ZOA is not based on the first path in Rel-16. If we have such note, UE without support of Rel-17 path-based AOA will not be able to support this integrity feature. 

	FL
	
	ZTE : Thank you for the comment. I have removed the note and made the modification as follows.
FL Proposal 6-1b
· ZoA and AoA for angle of arrival measurement error can be modeled as Normal distribution.
· Note: it is assumed that the angle of arrival measurement error is associated with the first path
· FFS: A need to express correlation between ZoA and AoA measurement errors, if ZoA and AoA measurement errors are correlated
· Note: it is up to RAN2 how to use the identified distribution


	Samsung 
	
	Agree with Proposal 6-1b.

	Huawei, HiSilicon
	No
	

	FL
	
	Since the outcome of the discussion depends on whether a conversion function is used or not, let us discuss this issue at a later stage.



[CLOSED] Specification impacts
0. Summary
Potential specification impacts are identified in the following contributions.
In [2], it is proposed that timing error and its characteristics (e.g., mean and standard deviation) can be sent from the UE to the LMF for UE-assisted DL-TDOA. For UL-TDOA, the gNB can send RTOA measurement error and its characteristics (e.g., mean and standard deviation) to the LMF.
In [16], it is proposed that measurement quality can be evaluated based on measurements reported by the UE or gNB. If the FL’s understanding is correct, the proposal in [16] is to reuse existing metrics (e.g., NR-TimingQuality in TS 37.355) to assess quality of measurements and the metric can be reused to compute positioning integrity.
FL Proposals for the 1st round of discussion
In RAN1#119be, the following proposal was discussed. Due to lack of time, an agreement was not made. The FL would like to make the following proposals and see if they are agreeable.
FL Proposal 7-1a (Potential spec impact of errors for UL-AoA for LMF based positioning integrity mode)
Capture the following into the TR
· For LMF-based positioning integrity mode for UL-AoA, potential specification impacts are at least enhancements to the assistance data transferred from gNB to LMF related to errors (e.g., parameters related to the error sources) in ARP location (e.g., ARPLocationInformation in TS 38.455).
· 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 7-1a (Yes/No)
	Comments

	ZTE
	
	In Rel-17, ARP location is associated with UL measurements for NR Positioning (UL AOA, UL-RTOA, UL SRS-RSRP, UL SRS-RSRPP and gNB Rx-Tx time difference measurements).
Agreement
· ARP location is associated with UL measurements for NR Positioning (UL AOA, UL-RTOA, UL SRS-RSRP, UL SRS-RSRPP and gNB Rx-Tx time difference measurements)
· Use of ARP ID for potential overhead reduction in NRPPa signaling is up to RAN3
· Send LS to RAN3 to enable relevant signaling in RAN3 specification

 Hence, we think this proposal for integrity is also applicable for UL-TDOA, gNB Tx-Tx time difference. Here is our suggestion:
· For LMF-based positioning integrity mode for UL-AoA, potential specification impacts are at least enhancements to the assistance data transferred from gNB to LMF related to errors (e.g., parameters related to the error sources) in ARP location (e.g., ARPLocationInformation in TS 38.455).
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857


	Samsung 
	
	To ZTE：
We only agreed ARP location (e.g., ARPLocationInformation in TS 38.455) is an error source for UL-AoA for LMF-based positioning integrity mode. From our prespective, unless other agreements support that ARP location is an error source for UL-TDOA and Multi-RTT for LMF-based positioning integrity mode, it is not applicable for UL-TDOA and Multi-RTT.

	FL
	
	As RAN2 concluded the discussion on the procedure, further discussion on specification impacts is not needed. Let us close the discussion.



FL Proposal 7-2a (Potential spec impact of errors for LMF based positioning integrity mode)
Capture the following into the TR
· For LMF-based positioning integrity mode for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT, potential specification impacts are at least enhancements to the assistance data transferred from gNB to LMF related to errors (e.g., parameters related to the error sources) in TRP location (e.g., Geographical Coordinates in TS 38.455).
· 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 7-2a (Yes/No)
	Comments

	ZTE
	
	One question for this proposal,  do we need both TRP and ARP location errors simultaneously? My understanding is one of them may be sufficient for one TRP. 

	Vivo
	
	Based on TS 37.355, ARP is a relative location to TRP-Location and includes itself uncertainty, so we prefer both are provided 
- dl-PRS-ResourceSetARP: This field provides the antenna reference point location of the DL-PRS Resource Set relative to the trp-Location location. If this field is absent, the antenna reference point location of this DL-PRS Resource Set coincides with the trp-Location location.
-	dl-PRS-Resource-ARP-List: This field provides the antenna reference point location(s) of the DL-PRS Resource(s) associated with this Resource Set of the TRP. If this field is absent, the antenna reference point location(s) of the DL-PRS Resou

	Samsung 
	
	Agree with vivo.

	FL
	
	As RAN2 concluded the discussion on the procedure, further discussion on specification impacts is not needed. Let us close the discussion.



FL Proposal 7-3a (Potential spec impact of errors in UE measurements)
Capture the following into the TR
· For LMF-based positioning integrity mode, potential specification impact related measurement errors at the UE side (e.g., RSTD, UE Rx-Tx time difference) are at least enhancements in a report (e.g., inclusion of parameters related to the error sources) sent from the UE to the LMF 
· 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 7-3a (Yes/No)
	Comments

	FL
	
	As RAN2 concluded the discussion on the procedure, further discussion on specification impacts is not needed. Let us close the discussion.

	
	
	



FL Proposal 7-4a (Potential spec impact of errors in gNB measurements)
Capture the following into the TR
· For LMF-based positioning integrity mode, potential specification impacts related to measurement error at the network side (e.g., RTOA, gNB Rx-Tx time difference, angle of arrival measurement) are at least enhancements in the report (e.g., inclusion of parameters related to the error sources)  sent from the gNB to the LMF
· 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 7-4a (Yes/No)
	Comments

	FL
	
	As RAN2 concluded the discussion on the procedure, further discussion on specification impacts is not needed. Let us close the discussion.

	
	
	



FL Question 7-5a (Potential spec impact of inter-TRP synchronization error for UL-TDOA)
· In RAN1#110, inter-TRP synchronization error is agreed to be an error for UL-TDOA for LMF-based positioning integrity mode. Is there a specification impact caused by inter-TRP synchronization error for integrity determination for UL-TDOA?
Companies views: 
	Company Name
	Yes/No for FL Question 7-5a
	Comments/Reasons

	vivo
	No
	

	FL
	
	Let us close the discussion o nthis issue.



FL Proposal 7-6a (Potential spec impact of errors for LMF based positioning integrity mode for SFN initialization time)
Capture the following into the TR
· For LMF-based positioning integrity mode, for UL-TDOA and UE-assisted DL-TDOA, potential specification impacts are at least enhancements to the assistance data transferred from gNB to LMF related to errors (e.g., parameters related to the error sources) in SFN initialization time. 
· 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 7-6a (Yes/No)
	Comments

	FL
	
	As RAN2 concluded the discussion on the procedure, further discussion on specification impacts is not needed. Let us close the discussion.

	
	
	



[CLOSED] Distributions of TRP location and ARP location for LMF-based integrity mode
0. Summary
In RAN1#110be, the following agreement was made to consider TRP location as an error source for DL-TDOA, DO-AoD, UL-TDOA, UL-AoA and multi-RTT for LMF-based positioning integrity mode.
	Agreement
· For LMF-based positioning integrity mode, TRP location (e.g., Geographical Coordinates in TS 38.455) is an error source for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT.
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
· FFS: Specification impact of TRP location as an error source for LMF-based positioning integrity mode
· FFS: Model of the error source (e.g., distribution, mean and/or standard deviation for integrity)



In addition, in RAN1#110, the following agreement was made to consider ARP location as an error source for UL-AoA for LMF-based positioning integrity mode.
	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


The following proposals are made related to the distribution of TRP location and ARP location for LMF-based integrity mode.
· TRP/ARP location follow zero-mean Gaussian distribution [3]
· For ARP location, consider uniform distribution and Normal distribution as candidates [4]
· TRP/ARP location follow uniform distribution [6]
· TRP location is modeled as uniform distribution [7]
Based on the proposals above, it seems like companies views are divided. Following the suggestion from [4], the following proposal is made.
FL Proposals for the 1st round of discussion
FL Proposal 8-1a
· For LMF-based positioning integrity mode, for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT, the following distributions are identified as candidates for modeling the distribution of TRP location (e.g., Geographical Coordinates in TS 38.455)
· Uniform distribution
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions
Companies views: 
	Company Name
	Support Proposal 8-1a (Yes/No)
	Comments

	ZTE
	Yes
	We think it is better to let RAN1 decide which distribution is used

	Samsung 
	Yes
	

	Huawei, HiSilicon
	Yes
	



FL Proposal 8-2a
· For LMF-based positioning integrity mode, for UL-AoA, the following distributions are identified as candidates for modeling the distribution of ARP location (e.g., ARPLocationInformation in TS 38.455)
· Uniform distribution
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions
Companies views: 
	Company Name
	Support Proposal 8-2a (Yes/No)
	Comments

	Samsung 
	Yes
	

	
	
	



Outcome of Nov. 17 online discussion
Agreement
· For LMF-based positioning integrity mode, for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT, the following distributions are identified as candidates for modeling the distribution of TRP location (e.g., Geographical Coordinates in TS 38.455)
· Uniform distribution
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions

Agreement
· For LMF-based positioning integrity mode, for UL-AoA, the following distributions are identified as candidates for modeling the distribution of ARP location (e.g., ARPLocationInformation in TS 38.455)
· Uniform distribution
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions


[CLOSED] Text Proposals for evaluation results for TR 38.859
0. Summary
In summary, the following contributions presented evaluation results to study the distribution of timing and/or AoA measurement error. In RAN1#110be, the following companies studied distributions of error sources with evaluations.
· The distribution of timing measurement error has been studied with evaluations in sources [R1-2208454, Huawei, HiSilicon], [R1-2208649, vivo], [R1-2208735, Nokia Nokia Shanghai Bell], [R1-2209214, ZTE], [R1-2209488, InterDigital],[R1-2209737, Samsung], [R1-2210176, Ericsson]. 
· The distribution of angle measurement error has been studied with evaluations in sources [R1-2208454, Huawei, HiSilicon], [R1-2208649, vivo], [R1-2209214, ZTE], [R1-2210176, Ericsson].
In RAN1#111, the following the following companies studied distributions of error sources with evaluations.
· The distribution of timing measurement error has been studied with evaluations in sources [R1-2211502, ZTE], [R1-2212051, Samsung]. 
· The distribution of angle measurement error has been studied with evaluations in sources [R1-2210902, Huawei, HiSilicon], [R1-2211013, vivo], [R1-2211502, ZTE], [R1-2212514, Ericsson].

FL Proposals for the 1st round of discussion
To recognize the evaluation work submitted by companies, the FL makes the following proposal. Please note that the contributions that have updated/new evaluation results are also captured below.
FL Proposal 9-1a
Capture the following in TR 38.859 in Clause “6.1.3 Summary of Evaluation Results for Integrity for RAT-Dependent Positioning Techniques”
· The distribution of timing measurement error has been studied with evaluations in the following sources : [R1-2208454, Huawei, HiSilicon], [R1-2208649, vivo], [R1-2208735, Nokia Nokia Shanghai Bell], [R1-2209214, R1-2211502, ZTE], [R1-2209488, InterDigital],[R1-2209737, R1-2212051, Samsung], [R1-2210176, Ericsson]. 
· The distribution of angle measurement error has been studied with evaluations in the following sources : [R1-2208454, R1-2210902, Huawei, HiSilicon], [R1-2208649, vivo], [R1-2209214, R1-2211502, ZTE], [R1-2210176, Ericsson].
Companies views: 
	Company Name
	Support Proposal 9-1a (Yes/No)
	Comments

	Huawei, HiSilicon
	Yes
	However, we wonder why cannot we capture the evaluation details in the Annex especially when there is a section reserved for it.

	FL
	
	@Huawei, HiSilicon. For fairness, my proposal is not to capture companies results in Annex since we did not agree on specific formats like other agenda items which required evaluation results. 


FL Proposals for the 2nd  round of discussion
We have an offline consensus for the following proposal.
FL Proposal 9-1a
Capture the following in TR 38.859 in Clause “6.1.3 Summary of Evaluation Results for Integrity for RAT-Dependent Positioning Techniques”
· The distribution of timing measurement error has been studied with evaluations in the following sources : [R1-2208454, Huawei, HiSilicon], [R1-2208649, vivo], [R1-2208735, Nokia Nokia Shanghai Bell], [R1-2209214, R1-2211502, ZTE], [R1-2209488, InterDigital],[R1-2209737, R1-2212051, Samsung], [R1-2210176, Ericsson]. 
· The distribution of angle measurement error has been studied with evaluations in the following sources : [R1-2208454, R1-2210902, Huawei, HiSilicon], [R1-2208649, vivo], [R1-2209214, R1-2211502, ZTE], [R1-2210176, Ericsson].

In addition, as proposed by Huawei, HiSilicon, the following text proposal for Annex B is proposed. The FL would like to collect companies’ views. The intention here is to follow the format of Annex B and make reference to companies contributions as much as possible.
FL Proposal 9-2a
Capture the following in TR 38.859 in Clause “Annex B.2: Evaluation Results for Integrity for RAT-Dependent Positioning Techniques”
B.2.1 Results from source [Huawei, HiSilicon]
[bookmark: _Toc117437947]B.2.1.1 Description of evaluation scenarios
Details related to evaluation scenarios can be find in [R1-2208454, R1-2210902].
B.2.1.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [R1-2208454].
Details of the evaluation results related to the distribution of angle measurement error can be found in [R1-2208454, R1-2210902].
B.2.2 Results from source [vivo]
B.2.2.1 Description of evaluation scenarios
Details related to evaluation scenarios can be find in [R1-2208649].
B.2.2.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [R1-2208649].
Details of the evaluation results related to the distribution of angle measurement error can be found in [R1-2208649].
B.2.3 Results from source [Nokia Nokia Shanghai Bell]
B.2.3.1 Description of evaluation scenarios
Details related to evaluation scenarios can be find in [R1-2208735].
B.2.3.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [R1-2208735].
B.2.4 Results from source [ZTE]
B.2.4.1 Description of evaluation scenarios
Details related to evaluation scenarios can be find in [R1-2209214, R1-2211502].
B.2.4.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [R1-2209214, R1-2211502].
Details of the evaluation results related to the distribution of angle measurement error can be found in [R1-2209214, R1-2211502].
B.2.5 Results from source [InterDigital]
B.2.5.1 Description of evaluation scenarios
Details related to evaluation scenarios can be find in [R1-2209488].
B.2.5.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [R1-2209488].
B.2.6 Results from source [Samsung]
B.2.6.1 Description of evaluation scenarios
Details related to evaluation scenarios can be find in [R1-2209737, R1-2212051].
B.2.6.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [R1-2209737, R1-2212051].
B.2.7 Results from source [Ericsson]
B.2.7.1 Description of evaluation scenarios
Details related to evaluation scenarios can be find in [R1-2210176].
B.2.7.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [R1-2210176].
Details of the evaluation results related to the distribution of angle measurement error can be found in [R1-2210176].
Companies views: 
	Company Name
	Support Proposal 9-2a (Yes/No)
	Comments

	
	
	



After receiving comments offline, the TP is modfied as follows.
FL Proposal 9-2b
Capture the following in TR 38.859 in Clause “Annex B.2: Evaluation Results for Integrity for RAT-Dependent Positioning Techniques”
B.2.1 Results from source [Huawei, HiSilicon]
B.2.1.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [1, 17, Huawei, HiSlilicon].
B.2.1.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [17, Huawei, HiSlilicon].
Details of the evaluation results related to the distribution of angle measurement error can be found in [1, 17, Huawei, HiSlilicon].
B.2.2 Results from source [vivo]
B.2.2.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [20, vivo].
B.2.2.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [20, vivo].
Details of the evaluation results related to the distribution of angle measurement error can be found in [20, vivo].
B.2.3 Results from source [Nokia, Nokia Shanghai Bell]
B.2.3.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [21, Nokia, Nokia Shanghai Bell].
B.2.3.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [21, Nokia, Nokia Shanghai Bell].
B.2.4 Results from source [ZTE]
B.2.4.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [6, 26, ZTE].
B.2.4.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [6, 26, ZTE].
Details of the evaluation results related to the distribution of angle measurement error can be found in [6, 26, ZTE]
B.2.5 Results from source [InterDigital]
B.2.5.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [30, InterDigital].
B.2.5.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [30, InterDigital].
B.2.6 Results from source [Samsung]
B.2.6.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [13, 31, Samsung].
B.2.6.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [13, 31, Samsung].
B.2.7 Results from source [Ericsson]
B.2.7.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [35, Ericsson].
B.2.7.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [35, Ericsson].
Details of the evaluation results related to the distribution of angle measurement error can be found in [35, Ericsson].
Outcome of Nov. 16 online discussion
The following agreements were made during Nov. 16 online disucsison.
Agreement
Capture the following in TR 38.859 in Clause “6.1.3 Summary of Evaluation Results for Integrity for RAT-Dependent Positioning Techniques”
· The distribution of timing measurement error has been studied with evaluations in the following sources : [R1-2208454, Huawei, HiSilicon], [R1-2208649, vivo], [R1-2208735, Nokia Nokia Shanghai Bell], [R1-2209214, R1-2211502, ZTE], [R1-2209488, InterDigital],[R1-2209737, R1-2212051, Samsung], [R1-2210176, Ericsson]. 
· The distribution of angle measurement error has been studied with evaluations in the following sources : [R1-2208454, R1-2210902, Huawei, HiSilicon], [R1-2208649, vivo], [R1-2209214, R1-2211502, ZTE], [R1-2210176, Ericsson].

Agreement
Capture the following in TR 38.859 in Clause “Annex B.2: Evaluation Results for Integrity for RAT-Dependent Positioning Techniques”.

B.2.1 Results from source [Huawei, HiSilicon]
B.2.1.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [1, 17, Huawei, HiSlilicon].
B.2.1.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [17, Huawei, HiSlilicon].
Details of the evaluation results related to the distribution of angle measurement error can be found in [1, 17, Huawei, HiSlilicon].
B.2.2 Results from source [vivo]
B.2.2.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [20, vivo].
B.2.2.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [20, vivo].
Details of the evaluation results related to the distribution of angle measurement error can be found in [20, vivo].
B.2.3 Results from source [Nokia, Nokia Shanghai Bell]
B.2.3.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [21, Nokia, Nokia Shanghai Bell].
B.2.3.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [21, Nokia, Nokia Shanghai Bell].
B.2.4 Results from source [ZTE]
B.2.4.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [6, 26, ZTE].
B.2.4.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [6, 26, ZTE].
Details of the evaluation results related to the distribution of angle measurement error can be found in [6, 26, ZTE]
B.2.5 Results from source [InterDigital]
B.2.5.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [30, InterDigital].
B.2.5.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [30, InterDigital].
B.2.6 Results from source [Samsung]
B.2.6.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [13, 31, Samsung].
B.2.6.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [13, 31, Samsung].
B.2.7 Results from source [Ericsson]
B.2.7.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [35, Ericsson].
B.2.7.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [35, Ericsson].
Details of the evaluation results related to the distribution of angle measurement error can be found in [35, Ericsson].


0. [CLOSED] Issue #10 : Other issues
There are proposals from the contributions that are not captured. If companies feel that there are issues that should be discussed in this meeting, companies are welcomed to provide other views in this section.
Companies views: 
	Company Name
	Comments

	Huawei, HiSilicon
	We provide a TP in our paper to capture the evaluation on AoA/ZoA correlation, and we think it should be captured in the Annex.

	FL
	References to companies’ contributions are captured in Annex B as indicated in Section 5.9 in this document.



Summary of proposals from contributions for RAN1#111
[1] R1- 2210902 (Huawei, HiSilicon)
Observation 1: YoA, which is defined as , has independent error from ZoA, while AoA error may be correlated with ZoA error.
Proposal 1: The AoA measurement error can be described as ZoA and YoA error when both ZoA and AoA are reported.
· YoA is defined as 
Proposal 2: The AoA measurement error is represented by the error of the following two quantities
· 
· 
Proposal 3: DL PRS RSRP/RSRPP measurement is an error source for DL-AoD.
· For LMF-based positioning integrity mode, UE should indicate whether the RSRPP for the first path of multiple PRS resources is time aligned.
Proposal 4: Boresight direction of DL PRS (NR-DL-PRS-BeamInfo) is not considered as the error source for DL-AoD positioning integrity.
Proposal 5: SFN initialization time is an independent error source for UL-TDOA and DL-TDOA in LMF-based positioning integrity mode and it is up to RAN2 to model its error distribution.
[2] R1-2211013 (vivo)
Observation 1:
· Based on the system evaluation of InF-SH, the AoA error follow the Gaussian distribution with  in LoS case.
Proposal 1
· For UE assisted positioning, the related timing error can be reported in measurement report sent from UE to the LMF(e.g., including mean and standard deviation of the timing error)
·  For Network assisted positioning, the related timing error can be reported in measurement report (e.g., RTOA) sent from gNB to the LMF(e.g., including mean and standard deviation of the timing error)
Proposal 2
· For the measurement error, the mean and standard deviation of the timing error can be
·  , at least for LoS case 
· NR-TimingQuality or NR-TimingQuality.
Proposal 3
· If more than one RSTD measurement 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 error follows the Gaussian distribution, and the mean and standard deviation can be
· , 
· Azmuth/ zenith quality or Azmuth/ zenith quality.
Proposal 7
· DL PRS RSRP/RSRPP measurement error cannot be concluded as an error source given DL PRS RSRP/RSRPP measurement is not stable and the impact on DL-AoD is unclear.
Proposal 8
· The boresight direction of DL PRS (NR-DL-PRS-BeamInfo) can be an error source of DL-AoD.
[3] R1-2211204 (CATT)
Proposal 1: SFN initialization time is an independent error source for the following LMF-based positioning methods:
•	UL-TDOA
•	UE-assisted DL-TDOA
Proposal 2: The error distribution of SFN initialization time should be the same as the inter-TRP synchronization error. 
Proposal 3: The measurement error of angle of arrival measurement (AoA/ZoA) can be modelled as a pair of correlated parameters with the Gaussian distribution in LCS.
Proposal 4: The TRP Location /ARP errors can be modelled statistically as zero-mean Gaussian distribution for NR RAT-dependent positioning.
Proposal 5: DL PRS RSRP/RSRPP measurement is an error source for DL-AoD positioning. 
Proposal 6: DL PRS RSRP/RSRPP measurement error can be modelled by a zero-mean Gaussian distribution.
Proposal 7: The boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) of DL PRS are not considered as the error sources for the integrity of RAT-dependent positioning. 
[4] R1-2211311 (Nokia, Nokia Shanghai Bell)
Proposal 1: For expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, support Alt. 1 (No conversion).
Proposal 2: Do not support boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) of DL PRS as additional error sources.
Proposal 3: RAN1 to conclude RSRP and RSRPP for the first path as an error source for DL-AoD.
Proposal 4: RAN1 to use the agreed candidates for modeling of distribution for TRP location error for the ARP error modeling. 
Proposal 5: Do not support SFN initialization time an an independent error source.
Proposal 6: RAN1 should consdier the impact of the initial guess or prior knowledge on the UE location as it affects the convergence speed of algorithm and the location estimation accruacy. 
Observation 1: The validity of Gaussian extrapolations on the distribution tails need to be carefully analyzed.  
Propsoal 7: RAN1 to study the above list of fault cases in addition to the previously agreed error sources. 
Proposal 8: 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. 
[5] R1-2211434 (OPPO)
Proposal 1: DL PRS RSRP/RSRPP measurement is an error source for DL-AoD and paired-overbounding can be used to model it.
Proposal 2:  For the angel of arrival measurement in UL-AoA:
· Alt1 is supported.
· The error can be expressed in in azimuth angle and zenith angle with a normal distribution.
· If the channel is NLOS: the error in azimuth angle and zenith angle can be approximated as a normal distribution with a larger variance. 
Proposal 3:  The error in boresight direction of DL-PRS is error source for UE-based DL-AoD.
Proposal 4: The error in SFN initialization Time is part of the inter-TRP synchronization error. 
[6] R1-2211502 (ZTE)
Proposal 1: For distributions of timing related measurement error sources, the range of std can be based on the existing parameter NR-TimingQuality-r16:
· 
Std value:{0,1,2,... stdmax}, where  , and n= 3
· Resolution: {mdot1, mdot5, m1, m5, m10, m20, m30}
Proposal 2: The angle related measurements should be modeled as normal distribution.
· AoA and ZoA errors are separately modeled.
Proposal 3: There is no need to express the angle related error as a defined function of AoA/ZoA in LCS
Proposal 4: For angle related error sources, the range of the std can be based on the existing parameter Angle Measurement Quality.
· 
Std value:{0,1,2,... stdmax}, where, and n = 3
· Resolution: {0.1deg,...}
Proposal 5: TRP/ARP location distribution can be modeled as uniform distribution 
· The range of uniform distribution is [0, horizontalUncertainty] and [0, verticalUncertainty] for 	horizontal and vertical domain respectively.
Proposal 6: Inter-TRP synchronization error is not an error source for UE-assisted DL-TDOA.
Proposal 7: For UE based positioning method, Inter-TRP synchronization error is normal distribution.
· 
Std value:{0,1,2,... stdmax}, where  , and n= 3
· Resolution: {mdot1, mdot5, m1, m5, m10, m20, m30}
Proposal 8：Support to consider SFN initialization time as an error source. The error model is assumed to be a normal distribution.
· 
Std value:{0,1,2,... stdmax}, where  , and n= 3
· Resolution: {mdot1, mdot5, m1, m5, m10, m20, m30}
Proposal 9：The boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) and the beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo in TS 37.355) should not be considered as error sources.
Proposal 10：For DL-AoD positioning method, RSRP/RSRPP should not be considered as an error source.
Observation 1: It is sufficient that only some of configured TRPs are involved in integrity computation.
Proposal 11: Support to select part of the measurement results or select part of the TRPs for integrity calculation.
[7] R1-2211617 (Sony)
Observation 1: The UE / gNB conditions when positioning measurement is performed can be used to refine the creation of measurement error distribution model.
Proposal 1: TRP location (e.g., Geographical Coordinates in TS 38.455) as an error source is modeled as uniform distribution.
Proposal 2: Boresight direction and beam information are not considered as the error sources for positioning integrity. 
Proposal 3: Support assistance information related to the error source for integrity for the conditions (e.g., noise / interference, PRS configuration) when positioning measurement  is performed.
Proposal 4: The time duration and/or number of timing measurements of the timing error distribution should be defined.
[8] R1- 2211686 (CMCC)
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.
Proposal 1: For UE-based positioning integrity mode, consider the following error sources in assistance data for DL-AoD:
· boresight direction of DL-PRS
· beam information of DL-PRS
Conclusion 1: For the LMF-based positioning integrity mode, SFN initialization time error is contained in the RTD information error, and not considered as an independent error source for TDOA positioning method.
Conclusion 2: No need to further identify the error sources resulting from the multipath/NLoS channel.
[9] R1-2211713 (BUPT)
Observation 1: the synchronization error data of 3 hop network in the range of [- 5,5] ms is approximately normal distribution.
Observation 2: The design time synchronization error of some existing hardware devices in the market is normally distributed in the technical specifications.
Observation 3: The relative time difference between the two 1PPS outputs presents a normal distribution.
Proposal 1: It is considered that the synchronization error distribution between TRPs is modeled as a normal distribution rather than a uniform distribution.
[10] R1-2211726 (InterDigital)
Observation 1: To prevent duplicating error contributions, identification of independent and unique error source is critical
Observation 2: Impact of uncertainty in RSRP/RSRPP measurement on positioning integrity is not clear as UE assisted DL-AoD positioning method may depend on implementations at the LMF
Observation 3: Uncertainty in SFN initialization time does not affect RTOA measurement for UL-TDOA
Observation 4: SFN initialization time can be absorbed into other timing error sources (e.g., inter-synchronization error by the LMF by implementation, timing measurement error)
Observation 5: Uncertainties of beam information or boresight information may depend on the implementation
Observation 6: Influence of potential errors in beam information can be minimized by DNU, if DNU is supported.
Observation 7: A need to translate LCS to GCS due to unleveled ground level between gNB and UE is indicated in TS 38.455
Observation 8: Decorrelation of measurement error can be done internally at the LMF when computing integrity
Proposal 1: From RAN1 perspective, study quantifiable error sources where a quantifiable error source can be bounded numerically
Proposal 2: RSRP/RSRPP measurement error is not an independent error source for UE-assisted DL-AoD positioning  method for LMF-based positioning integrity mode
Proposal 3: SFN initialization is not an independent error source for UL-TDOA
Proposal 4: SFN initialization is not an independent error source for UE-assisted DL-TDOA
Proposal 5: RAN2 should discuss applicability of DNU to boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo)
Proposal 6: Inter-TRP synchronization error is an error source for UE-assisted DL-TDOA
Proposal 7: Angle of arrival measurement error is expressed in terms of GCS
Proposal 8: Regarding expression of angle of arrival measurement error, Alt 1 (No conversion) should be selected
[11] R1-2211742 (Lenovo)
Proposal 1: RAN1 to support DL-PRS RSRP/RSRPP measurements as independent measurement error sources at least for UE-assisted and UE-based DL-AoD positioning.

Proposal 2: RAN1 to support no translation function for the expression of azimuth and zenith AoA in the LCS/GCS.
Proposal 3: SFN Initialisation time is a dependent error source, which affects other timing-related errors e.g., RTOA search window, inter-TRP synchronization errors, etc. and therefore RAN1 is suggested not to consider such an error as an independent error source.

Proposal 4: Support a 1) simplistic approach to model the errors (azimuth, elevation, relative powers) arising from boresight direction and/or beam information or 2) categorize these errors as implementation specific. RAN1 is encouraged to down select between 1) or 2).
[12] R1-2211989 (NTT DOCOMO, INC.)
Observation 1: 
· Boresight direction and beam information of DL-PRS may not be considered as error sources.
Observation 2: 
· From a perspective of AoD calculation based on the strongest DL-PRS resource ID, DL-PRS RSRP/RSRPP measurement may not be an error source.
· From a perspective of AoD calculation based on the DL-PRS RSRP/RSRPP values, DL-PRS RSRP/RSRPP measurement can be considered as an error source.
Proposal 1: 
· If SFN Initialisation Time is considered as an error source, the candidate distribution model should be both Uniform distribution and Normal distribution similar to the distribution model of NR-RTD-Info in LPP message.
Proposal 2: 
· Support the following alternative.
· Alt. 1: No conversion (e.g., the measurement error is expressed as error in AoA or ZoA in LCS/GCS)
Proposal 3: 
· For AoA measurement error, Normal distribution can be considered as common probability distribution model of error sources in LOS and NLOS scenario.
[13] R1-2212051 (Samsung)
Proposal 1: Boresight direction of DL PRS can be identified as an error source for DL-AoD in UE-based positioning integrity mode.
Proposal 2: Beam information of DL PRS should not be identified as an error source considering that it is difficult to establish a unique model based on power and angle information provided by NR-TRP-BeamAntennaInfo.
Proposal 3: RSRP measurement and RSRPP measurement should be identified as error sources for DL-AOD positioning method for LMF-based positioning integrity mode.
Proposal 4:  Study the applicability for using NR-TimingQuality as the standard deviation of time-based error source.
Proposal 5: Whether the statistical distribution of the residual errors can be modeled shall be used as one criteria to select an error source.
Proposal 6: Since multipath/NLoS have no impact on the distribution of RSTD errors and difficult to fit the distribution, it shouldn’t be selected as a separate error source based on the proposed criteria.
Proposal 7: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.
[14] R1-2212123 (Qualcomm Incorporated)
Observation 1: NR-DL-PRS-BeamInfo (Rel-16) and NR-TRP-BeamAntennaInfo (Rel-17) play a role in DL AoD positioning that is very analogous to to the role played for DL-TDOA positioning by NR-RTD-Info (which has already been agreed to be an error source for DL-TDOA).
Proposal 1:  Agree that beam related information (boresight in NR-DL-PRS-BeamInfo (Rel-16) and relative beam strengths in NR-TRP-BeamAntennaInfo (Rel-17)) are error sources in assistance data for integrity calculation for DL-AoD positioning.
Proposal 2: Assistance data elements that represent discrete quantities can also be part of integrity calculations, with their own DNU flags (if agreed in RAN2) and risk allocations, but without a bound formula for their error. 
· PRS configuration parameters (periodicity, comb, bandwidth, etc) are considered as error sources of this kind.
Proposal 3: Statistical parameters within assistance data, such as variances, uncertainties, and event probabilities, may be associated with DNU flags (if agreed in RAN2), even if they are not associated with risk allocations or bound formulas. 
Proposal 4: Paired Gaussian overbounding is used to bound the errors (i.e., deviations from their true values) in all continuous assistance-data information elements, including NR-RTD-Info, NR-TrpLocationInfo, NR-DL-PRS-BeamInfo (Rel-16) and NR-TRP-BeamAntennaInfo (Rel-17)
[15] R1-2212179 (Sharp)
Proposal 1: 
· Do not consider RSRP/RSRPP measurement error as an independent error source for DL-AoD.
Proposal 2: 
· Do not consider SFN initialization time as an independent error source for TDOA.
Proposal 3: 
· Boresight direction of DL PRS and beam information can be considered as error sources.
Proposal 4: 
· Consider inter-TRP synchronization error as an error source for UE-assisted DL-TDOA.
[16] R1-2212514 (Ericsson)
In the previous sections we made the following observations: 
Observation 1	LPP already supports synch quality assistance data in NR-RTD-Info
Observation 2	NLOS soft and hard values indicators already provides a measure of a measurement’s integrity
 
Based on the discussion in the previous sections we propose the following:
Proposal 1 	Do not support further reporting from the gNB to the LMF to support obtaining quality/statistical parameters of beam information from the gNB
Proposal 2	Do not support adding beam information as an error source for UE based AOD.
Proposal 3	SFN initialization time is not an independent error source for LMF based UL TDOA or DL TDOA
Proposal 4	DL PRS RSRP/RSRPP measurement is an error source for DL-AoD
-The error distribution is modeled with a Gaussian distribution
-For LMF based AoD, the reported measurement quality may be used to express the error variance.
-For UE-based AoD, there is no specification impact.
Proposal 5	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 6	Capture the following observation in the TR: in the expression for the angle of arrival measurement error, for determination of positioning integrity for UL-AoA, the measurement error for AoA and ZoA are correlated and cannot be modelled as independent sources.  The need to decorrelate the two measurement errors may be assessed by RAN2 during the eventual normative phase.
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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



Appendix E : Agreements made in RAN1#109e, RAN1#110 and RAN1#110be
RAN1#109e
	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


RAN1#110
	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.
Agreement
Study the distribution of arrival measurement error focusing on the following aspects 
· Whether the angle of arrival measurement error can be expressed as the error of the AoA/ZoA in LCS or GCS or the error of a defined function of AoA/ZoA in LCS
· Distribution of AoA measurement error for an NLOS/LOS link
· Other Details (e.g., mean, standard deviation)
Note: It is encouraged to provide evaluation assumptions (e.g., requirements in TS 38.101, TS 38.104, TS 38.133, evaluation assumptions in TR 38.857, LOS/NLOS probability, measurement algorithm) and results (e.g., error histogram) if evaluation is used to determine the distribution, mean and standard deviation or range of values of an error source.


RAN1#110be
	Agreement
· The following distributions are identified as candidates for modeling of the distribution for inter-TRP synchronization error (e.g., NR-RTD-Info in TS 37.355)
· Uniform distribution
· Note: this may already be consistent with the existing parameter NR-RTD-Info in TS 37.355
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions

Agreement
· For LMF-based positioning integrity mode, TRP location (e.g., Geographical Coordinates in TS 38.455) is an error source for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT.
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
· FFS: Specification impact of TRP location as an error source for LMF-based positioning integrity mode
· FFS: Model of the error source (e.g., distribution, mean and/or standard deviation for integrity)

Agreement
· Study the following alternatives for expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, and down select between Alt 1 and Alt 2:
· Alt. 1: No conversion (e.g., the measurement error is expressed as error in AoA or ZoA in LCS/GCS)
· Alt. 2: conversion function (defined function of AoA/ZoA in LCS)
· FFS: Distribution of AoA measurement error for an NLOS/LOS link
· FFS: Other Details (e.g., mean, standard deviation)

Agreement
· Timing measurement error can be modeled as Normal distribution.
· Note: The timing measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement
· Note: it is assumed that the timing measurement error is associated with the first path
· Note: it is up to RAN2 how to use the identified distribution

Agreement
Capture the following into the TR
· For UE-based positioning integrity mode, potential specification impacts related to errors in assistance data (e.g., to inter-TRP synchronization error and TRP locations) are at least enhancements in assistance data sent from the LMF to the UE (e.g., inclusion of parameters related to the error sources)  
· Note: Definition of “UE-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, study whether boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) of DL PRS are error sources or not, focusing on the following aspects:
· Granularity of boresight direction of DL-PRS and its influence on positioning integrity
· Feasibility and complexity of modeling
· Feasibility of obtaining quality/statistical parameters of beam information from the gNB
· Influence on measurement errors at the UE 
· Other aspects 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

Agreement
· From RAN1 perspective, study of the application of DNU flag for determination of positioning integrity is within the scope of RAN2 discussion.

Agreement
· The following distributions are identified as candidates for modeling of the distribution for TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) error
· Uniform distribution
· Note: this may already be consistent with the uncertainty related to NR-TRP-LocationInfo specified in TS 37.355 
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions


Agreement
· In the agreement on the distribution of the timing measurement error, it is assumed that the timing measurement error contains TEG related TX/RX timing error if the TEG related information is provided.
· Note: The timing measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement
· Note: it is assumed that the timing measurement error is associated with the first path
· Note: no more discussion on TEG related TX/RX timing error as an independent error source from timing measurement error

Agreement
· Study to determine whether DL PRS RSRP/RSRPP measurement is an error source for DL-AoD, focusing at least on the following aspect
· Impact of RSRP/RSRPP measurement on positioning accuracy
· FFS: Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)

[bookmark: _Hlk117152652]Agreement
· Study to determine whether SFN initialization time is an independent error source for the following positioning methods and integrity mode 
· UL-TDOA with LMF-based positioning integrity mode 
· UE-assisted DL-TDOA with LMF-based positioning integrity mode
· 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
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