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[bookmark: _Ref513464071]Introduction
RAN1 Task
As indicated in SID RP-213588, RAN1 is tasked to identify error sources for determining integrity for RAT dependent positioning.
	...
· Improved accuracy, integrity, and power efficiency:
· Study solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1]:
· Identify the error sources, [RAN1, RAN2].
· Study methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning [RAN2]
· Focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, where possible.
...


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

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

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

	Huawei
	Su Huang
	huangsu2@huawei.com

	Nokia/NSB
	Hyunsu Cha
	hyun-su.cha@nokia.com

	Ericsson
	Florent Munier
	Florent.munier@ericsson.com

	Lenovo
	Robin Thomas
	rthomas7@lenovo.com

	Sony
	Basuki Priyanto
	basuki.priyanto@sony.com

	
	
	


Priority indication in each section/subsection
In this document, [HIGH], [MED] and [LOW] are used to indicate priority of each discussion topic.
In addition, [CLOSED] is used to indicate that the issue will not be discussed further.
In the following, contributions from companies are summarized and proposals from the FL (feature lead) and template for collecting company inputs are listed.
Background information
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 in RAN1#109e and RAN1#110 are summarized in Appendix E.
· Evaluation results presented by companies are captured in Appendix F
· 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

Checkpoints for email discussion
Checkpoints regarding the email discussion can be found below.
[110bis-e-R18-Pos-04] Email discussion on solutions for integrity of RAT dependent positioning techniques by October 19 – Fumihiro (InterDigital)
· Check points: October 14, October 19
Deadline for the 1st round
Oct. 11, Tuesday, 10:00 UTC (2 hours before the Oct. 11 online session)
Deadline for the 2nd round
Oct. 13, Thursday, 23:59 UTC
Deadline for the 3rd round
Oct. 17, Monday, 01:00 UTC
Suggested proposals for approval and discussion
For Oct. 11 online session

FL Proposal 7-1b (Distribution of inter-TRP synchronization error)
· The following distributions are identified as candidates for the distribution for inter-TRP synchronization error (e.g., NR-RTD-Info in TS 37.355)
· Uniform distribution
· Normal distribution

FL Proposal 6-1b (Potential distributions for TRP location error)
· The following distributions are identified as candidates for the distributions for TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) error
· Uniform distribution
· Normal distribution
FL Proposal 8-1b (timing measurement error for LOS)
· In LOS scenarios, ToA measurement error is modeled as Normal distribution.
· Note : The ToA measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement
FL Conclusion 8-2a (timing measurement error for NLOS)
· In NLOS scenarios or LOS+NLOS scenairos, no proper distribution can be modelled for ToA measurement error by RAN1
· Note : The ToA measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement
FL Proposal 1-1b (Potential spec impact of AD related error sources)
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 mean and standard deviation for paired overbounding 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
FL Proposal 9-1b (AoA measurement error)
· Study the following alternatives for expression of AoA angle of arrival measurement error for determination of positionining integrity for UL-AoA, and down select between Alt 1 and Alt 2:
· Alt. 1 : No translation (e.g., the measurement error is expressed as error in AoA or ZoA in LCS/GCS)
· Alt. 2 : Translation function (e.g., conversion to distance, 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)
FL Proposal 5-1a (TRP location as an error source for LMF-based positioning)
· 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)
Agreements made after the Oct. 11 online session
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

For Oct. 14 1st Checkpoint
FL Proposal 1-1b (Potential spec impact of AD related error sources)
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 mean and standard deviation for paired overbounding 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
FL Proposal 3-1c
· 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:
· GranuralityGranularity of boresight direction of DL-PRS and its influence on positioning integrity
· Feasibility and complexity of modeling
· Feasiblity of obtaining quality/statistical parrametersparameters 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
FL Suggested Conclusion 4-1b (DNU)
· From RAN1 perspective, study of the application of DNU flag for determination of positioning integrity is within the scope of RAN2 discussion.

FL Proposal 6-1b (Potential distributions for TRP location error)
· 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
Agreements made at Oct. 14 checkpoint
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 mean and standard deviation for paired overbounding 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
[bookmark: _Hlk116802937]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
· Feasiblity 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
Conclusion
· 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

For Oct. 17 online session
[OPEN] FL Proposal 2-1d (TX/RX timing error as an error source)
· In the agreement on the distribution of the timing measurement error, it is assumed that the timing measurement error does not contains TEG related TX/RX timing error.
· 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

[OPEN] FL Proposal 5-2d (Study on DL PRS RSRP, RSRPP as error sources)
· Study to determine whether DL PRS RSRP/RSRPP and UL SRS RSRP/RSRPP measurements are is an error sources in angle related measurements for DL-AoD and UL-AoA, respectively, 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)
· FFS : Impact of RSRP/RSRPP measurement error on derivation of positioning integrity


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
[HIGHLOW] Issue #1 : Potential specification impacts of error sources for determination of integrity
0. Summary
In RAN1#110, for UE-based integrity mode, uncertainties in assistance information and measurement errors were identified as error sources. Necessity of discussion of specification impacts was also identified in [13, 16]. Therefore, in this meeting, as one of the conclusions of the study, potential specification impacts can be discussed. In addition, measurement errors at the UE and gNB are identified in RAN1#110. 
Please note that these impacts are potential impacts and do not guarantee any specification changes/additions. In addition, these proposals do not imply support for UE/LMF based integrity determination.
In addition, the following error sources related to LMF-based positioning integrity mode were identified in RAN1#110.
· ARP location (e.g., ARPLocationInformation in TS 38.455) for UL-AoA
· inter-TRP synchronization for UL-TDOA
Companies are invited express their views related to the specification impacts of the above error sources. So far, no companies have identified specification impacts related to the above error sources.
FL Proposals for the 1st round of discussion
FL Proposal 1-1a (Potential spec impact of AD related error sources)
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 mean and standard deviation for paired overbounding) 
· Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Companies views: 
	Company Name
	Support Proposal 1-1a (Yes/No)
	Comments

	Huawei, HiSilicon
	Yes with comments
	By agreeing the text proposal to the TR, does it mean that we will stop discussing other examples than mean and std.

	FL
	
	@Huawei, HiSilicon
From RAN1 perspective, regarding the error sources identified so far, mean and standard deviation are relevant to the RAN1 study. From other WG (e.g., RAN2), there could be more new IEs that can be introduced. We are open to the suggestions which is why mean and standard deviation were listed as examples.

	CATT
	
	The TP looks fine for us in general. Similar comment to Huawei. For example, we have not reached the agreement on “paired overbounding” yet. Maybe we can change it to “(e.g., inclusion of mean and standard deviation for paired overbounding)” to “(inclusion of parameters related to the error sources)”.

	Ericsson
	Yes
	The proposal is fairly general, and we assume further agreements will complete it, including the type of AD, its error distribution, mean and variance. 

	CMCC
	Yes
	We are ok to have a general TP like this. CATT’s revision is also fine to us.

	ZTE
	Yes
	Agree with CATT. The paired overbounding technique has not been discussed yet. And we think maybe we need to further study the granularity to report the parameter such as mean/std of the error source to complete the agreements

	Lenovo
	Yes, but

	It might be too early to specifically list mean and standard deviation of overbounding as the focused AD enhancements as suggested by the examples. It is also possibly requires coordination with RAN2 scope to identify any potential enhancements, if required based on the RAN1 identified error sources and associated modelling.

	Sony
	[Yes]
	We need to discuss online to get the common understanding on “paired overbounding” 

	Qualcomm
	Yes
	

	Sharp
	Yes
	Fine with the proposal. Prefer taking the revision suggested by CATT.

	Samsung
	Yes  with comment
	The paired overbounding method should be discussed first to indicates the function of the mean and standard deviation. Otherwise, CATT’s revision seems better.

	Philips
	Yes
	Fine with the principle but agree with Ericsson and others that more discussions required to complete it.



FL Proposal 1-2a (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 measurement report (e.g., inclusion of mean and standard deviation for paired overbounding) 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 1-2a (Yes/No)
	Comments

	Huawei, HiSilicon
	Yes with comments
	By agreeing the text proposal to the TR, does it mean that we will stop discussing other examples than mean and std.

	FL
	
	Please see the response for FL Proposal 1-1a.

	CATT
	
	We have the similar comment as for FL Proposal 1-1a. 

	Nokia/NSB
	Okay with modification
	We are generally to identify the specification impact related to the measurement errors as it might be the RAN1 job, but we are not sure if this should be tied with a measuremen report. We would suggest to say “in a report” rather than “in a measuremen report”, and suggest to remove the “paired overbounding”.

	Ericsson
	yes
	Same analysis as the previous proposal, we think this proposal is a start and further agreements will be needed. 

	CMCC
	Yes
	

	ZTE
	yes
	Same as previous. We think maybe we need to further study the granularity to report the parameter such as mean/std of the error source to complete the agreements

	Sony
	
	Inclusion of mean and standard deviation requires the UE to collect multiple measurements/samples. Hence, the statistical information can be obtained. How many samples or what are the duration to collect such information? In our view, this should be defined. Different UEs may have different number of measurements/samples and duration (if it is undefined).

	Qualcomm
	No
	In the case of UE-based integrity mode, we have the precedent of Rel-17 UE-based GNSS integrity, wherein changes were all in the assistance data, and the additional assistance data accuracy related quantities were potentially determinable using a network of ground-stations (analogous to PRUs for NR, e.g. the CORS network). In contrast, the case of LMF-based integrity requires more discussion on details of the enhancements and how the UE can be expected to determine the additional information. Such a determination would be highly dependent on UE implementation, and not easy to standardize. Note that Rel-17 did not standardize UE-assisted GNSS integrity, based on similar considerations.

	Samsung
	Yes
	Same as above.

	Philips
	Yes
	As previous comment



FL Proposal 1-3a (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 measurement report (e.g., inclusion of mean and standard deviation for paired overbounding)  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 1-3a (Yes/No)
	Comments

	Huawei, HiSilicon
	Yes with comments
	By agreeing the text proposal to the TR, does it mean that we will stop discussing other examples than mean and std.

	FL
	
	Please see the response for FL Proposal 1-1a.

	CATT
	
	Similar comment as for FL Proposal 1-1a.

	Nokia/NSB
	Okay with modification
	We have the same comment of FL proposal 1-2a.

	Ericsson
	yes
	Same analysis as the previous proposal, we think this proposal is a start and further agreements will be needed. 

	CMCC
	Yes
	

	ZTE
	Yes
	Same as previous

	Sony
	
	See our comment in FL 1-2a

	Qualcomm
	No
	Same as previous

	Samsung
	Yes
	Same as above.

	Philips
	Yes
	As previous comment



FL Question 1-4a (Potential spec impact of errors for LMF-based positioning integrity)
The following error sources related to LMF-based positioning integrity mode were identified in RAN1#110.
· ARP location (e.g., ARPLocationInformation in TS 38.455) for UL-AoA
· inter-TRP synchronization for UL-TDOA
Companies are invited express their views related to the specification impacts of the above error sources. 
Companies views: 
	Company Name
	Comments

	vivo
	We think they share the same specification impacts with TRP location to LMF-based positioning integrity. That is, the ARP location also has no specification impact if the TRP location has no specification impact on LMF-based positioning integrity.

	Huawei, HiSilicon
	We think that they can have specification impact, e.g. expressed in the ARP location quality or SFN initialization time quality.

	CATT
	Support. Maybe add “at least” to the main bullet since there are other error sources.

	Ericsson
	We think the inter TRP synch does not have specification impact, since the gNB cannot provide information of synch with other gNBs by themselves. 
OK to add ARP location for AoA


	CMCC
	We think that both have specification impacts, similar as the errors in assistance data (incl. inter-TRP synchronization error and TRP locations) for UE-based positioning integrity mode.

	ZTE
	For ARP location, we think it has some specification impact just like TRP location since we consider the expected uncertainty in 38.455 to be associated with ARP location distribution.
For inter-TRP sync for UL-TDOA,  we think the range of rtd-RefQuality a nd rtd-Quality influences the error source. So it has some specification impact either.


	Qualcomm
	We agree with the comments from vivo, CMCC and ZTE that ARP location and inter-TRP synchronization impact integrity computed at LMF in much the same way that they impact integrity computed at UE. In UE-based mode, the LMF should provide the related assistance data to the UE. In LMF-based integrity mode, the LMF already has the related assistance data and does not need to provide it to UE or gNB. So, no new signaling is needed. The only conceivable signaling involves how the LMF itself gets that information (e.g., by querying a database), and that is outside of RAN1’s scope (note that it was left as implementation in Rel-17 GNSS integrity).

	Samsung
	Agree with vivo and ZTE that ARP location has the same specification impact of TRP location. For inter-TRP synchronization, the spec impact can be studied further.



The summary of the 1st round of discussion
Due to lack of time before the 1st onlinse session, the FL would like make a modified proposal for FL Propsal 1-1a. It seems like companies are generally ok with the proposal. As CATT mentioned, the group has not agreed on applicability of paired overbounding. Thus, the following proposal is made following the CATT’s suggestion.
FL Proposal 1-1b (Potential spec impact of AD related error sources)
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 mean and standard deviation for paired overbounding 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 38.857FL Proposal 1-1a can be modified as CATT suggested.
For FL Proposal 1-2a and 1-3a, it seems that companies have concerns on “inclusion of mean and standard deviation for paired overbounding”. In addition, Qualcomm questions feasibility of the UE being able to generate charactersitcis related to measurements.
The FL proposals for the 2nd round of discussion
For FL Proposal 1-1a, the FL would like to implement the change suggested by CATT.
[EMAIL APPROVAL] FL Proposal 1-1b (Potential spec impact of AD related error sources)
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 mean and standard deviation for paired overbounding 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
Companies views: 
	Company Name
	Support Proposal 1-1b (Yes/No)
	Comments

	vivo
	Yes
	

	CATT
	Yes
	

	Nokia/NSB
	Yes
	  

	Huawei, HiSilicon
	Yes
	

	ZTE
	Partially yes
	The spec impact may not be necessary in the case of uniform distribution e.g. or inter-TRP synchronization. We think RTD can be used to determine the maximum value of the upper bound of the uniform distribution. Of course, it also depends on the configuration granularity of the parameter, e.g. per TRP or for all TRPs together. If the parameter is configured for all TRPs, there must be spec impact. 
Hence, we’d like to add one note: this does not imply spec enhancement is necessary


	FL
	
	@ZTE
Thank you for the suggestion. From the FL’s point of view, “potential specification impact” in the proposal does not guarantee spec enhancement.

	Samsung
	Yes
	

	Sharp
	Yes
	

	Ericsson
	Yes
	

	Philips
	Yes
	

	Qualcomm
	Yes
	

	FL
	
	It seems like the proposal is agreeable.



Regarding FL Proposal 1-2a, the FL would like to implement the similar change made to FL Proposal 1-1a. The FL also incorporated the change suggested by Nokia. In addition, it should be noted tht the proposal discusses potential specification impacts and do not guarantee support for LMF-based positioning integrity mode.
[OPEN] FL Proposal 1-2b (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 measurement report (e.g., inclusion of mean and standard deviation for paired overbounding 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 1-2b (Yes/No)
	Comments

	CATT
	Yes
	

	Nokia/NSB
	Yes
	

	ZTE
	Yes
	In addition, we think the report granularity should be further discussed, e.g. the mean/std is reported per measurement report or measurement instance? Or per TRP? Furthermore, is it necessary to report this parameter for all TRPs?
If possible, we would like to add one FFS: 
FFS the report granularity, e.g. the parameters are reported per measurement report or measurement instance? Or per TRP or even per measurement element?

	FL
	
	@ ZTE
The intention here is to capture error source related spec impacts. The suggestion from ZTE seems to focus on the spec impact of the procedure. This is something RAN2 can discuss since RAN1’s responsibility is to identify error sources.

	Samsung
	Yes
	

	Sony
	Yes
	

	Sharp
	Yes
	

	Ericsson
	Yes
	

	Philips
	Yes
	

	Qualcomm
	No
	To repeat some of the points from our Round1 response: The situation is not symmetrical for UE-based (Proposal 1-1b) vs LMF-based (this Proposal, 1-2b) integrity mode. In UE-based, we are following the precedent of Rel-17 UE-based GNSS integrity, as mentioned in the SID guideline. Thus, even though we have not fully converged on all the details of the assistance-data enhancement (which may perhaps finish only in WI stage), it is easy to agree that some enhancement will be needed. In LMF-based, there is no such precedent, and it is thus highly unclear what the report should contain, whether it is feasible for UE to send such a report, and whether and how it will help with LMF-based integrity computation. We can be open to agreement on this proposal only after these details are clarified some more.

	FL
	
	@Qualcomm
The proposal follows the typical procedure in 3GPP. If there are areas that may require enhancements, WGs identify the area for enhancements. The proposal attempts to identify potential enhancements and it does not guarantee that LMF-based positioning integrity mode is supported. It may be the case that the LMF processes measurements reported by the UE and computes integrity related metrics within the LMF (spec transparent). However, we also need to note the possibility of a spec impact and the intention of the proposal is to note this possibility.


Regarding FL Proposal 1-3a, the FL would like to implement the similar change made to FL Proposal 1-2a. In addition, it should be noted tht the proposal discusses potential specification impacts and do not guarantee support for LMF-based positioning integrity mode.
[OPEN] FL Proposal 1-3b (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 measurement report (e.g inclusion of mean and standard deviation for paired overbounding 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 1-3b (Yes/No)
	Comments

	CATT
	Yes 
	

	Nokia/NSB
	Yes
	

	ZTE
	Yes
	How to report these parameters will be up to RAN3

	Samsung
	Yes
	

	Sony
	Yes
	

	Sharp
	Yes
	

	Ericsson
	Yes
	

	Philips
	Yes
	

	Qualcomm
	No
	For the same reasons as described in our response to 1-2b

	FL
	
	Please see the FL’s response for 1-2b



Based on comments from companies for FL Question 1-4a, the FL would like to try the following proposal. Based on companies response, for LMF-based positioning ntegrity mode, companies seem to agree that ARP location has a potential impact on specification. Ericsson argues that inter-TRP synchronization error does not have any specification impact for LMF-based positioning integrity mode. NRPPa is considered here since ARP location is transferred via NRPPa.
[CLOSEDOPEN] FL Proposal 1-4b (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 related to ARP location (e.g., ARPLocationInformation in TS 38.455) are at least enhancements (e.g., inclusion of parameters related to the error sources) related to assistance data transferred from the gNB to 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 1-4b (Yes/No)
	Comments

	CATT
	Yes
	

	ZTE
	Yes
	

	Samsung
	Yes
	

	Sony
	Yes
	

	Ericsson
	Yes
	

	Philips
	Yes
	

	Qualcomm
	No
	Prefer to leave this to RAN2/RAN3

	FL
	
	The FL would like to prioritize the discussion for 1-2b and 1-3b.see if other companies feel that this should be discussed in RAN2/RAN3, as Qualcomm suggested.




0. [HIGH] Issue #2 : Timing error as an error source
1. Summary
In RAN1#110e, the following agreement was made related to timing measurement error. One of the FFS points is whether TEG-related timing error is an independent error source.
	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.


In [7, 13, 15, 16], it is proposed that TEG related timing error can be considered as an independent error source. In [13], it is argued that since timing error is related to implementation and assistance data related to timing error is sent to the UE from the network, it can be seen as a different error source compared to timing measurement error.
On the other hand, in [5, 9, 18], it is argued that TEG related timing error should not be considered as an independent error source. In [18], it is argued that it can be absorbed in timing related measurements. In [9], TEG specified in RAN4 has already provided a bound for timing error and the UE can use to the TEG information determine uncertainty related to TX/RX timing error. In [5], it is argued that TEG related timing errors can be eliminated in RSTD processing or considered as the part of the measurement error.
FL Proposal for the 1st round of discussion
The FL would like to start from the proposal supported by the slight majority. Please note that if a consensus cannot be reached, TEG related Tx/Rx timing error is not recognized as an independent error source.
FL Proposal 2-1a (TX/RX timing error as an error source)
· TEG related TX/Rx timing error is an independent error source from timing measurement errors (e.g., RSTD measurement, RTOA measurement, gNB/UE Rx-Tx time difference)
Companies views: 
	Company Name
	Support Proposal 2-1a (Yes/No)
	Comments

	vivo
	
	In general, Tx/Rx timing error(‘e’) may be included in measurement error as following figure.
[image: ]
But synchronization error is included in RSTD measurement and can be seen as an independent error for UE-based integrity. So, maybe  at least NR-DL-PRS-TRP-TEG-Inf can be seen as an independent error since it is assistance data as RTD information

	Huawei, HiSilicon
	No
	We already have the TEG ID reporting and TEG margin reporting. What else can we do with TEG?

	Nokia/NSB
	Yes
	We understand this TEG related Tx/Rx timing error is included/ absorbed in the measurement error in practice. At least, however, in order to model the timing error as a Gaussian or other model, the Tx/Rx timing error needs to be treated as an independent error source. We are okay to not consider this as an independent error source, but then we need to consider this to model the error distribution. We are not sure how the error distribution looks like, if TEG related Tx/Rx tining error is included in the measurement error. If this proposal is too ambiguous, we suggest modifying proposal as below.
“When modelling a distribution of timing measuremen errors, TEG related TX/Rx timing error is an independent error source from timing measurement errors”

	Ericsson
	No
	The timing error is already reflected in the measurement quality, and the TEG framework also provide the margin. 


	CMCC
	No
	We believe that TEG-related errors is part of the measurement errors and we already have TEG margin which bounds the error differences, and therefore no independent error source is needed.

	ZTE
	No
	Firstly, TEG is a set of grouping different timing errors, which is similar to the essence of a single timing error. Since the timing error has been considered as the error source of the integrity, there is no need to additionally add TEG as the error source.
Secondly, TEG margin reporting has already been included so no further study is required for margin uncertainty

	Sony
	Yes
	TEG ID and TEG margin are not sufficient to form the distribution of timing measurement errors.
In our viw, Tx/Rx timing error should be independently modeled.

	Qualcomm
	
	We think that NR-DL-PRS-TRP-TEG-Inf , being an assistance data element, could impact the positioning calculation at the UE if it is set incorrectly, hence it is an error source, but it is a discrete error source, hence the gaussian overbounding formula does not apply  

	Sharp
	
	We have the similar question to Nokia’s. If the measurement error also covers TEG margin related errors, we are wondering if Gaussian distribution still suffices?

	Samsung 
	
	TEG related TX/Rx timing error can be included in the measurement errors if it does not cause a change in the distribution of measurement errors. Otherwise, it should be treated as an independent error source which may follows uniform distribution in our view. 

	Philips
	Yes
	We agree with Nokia’s proposed modification.



Summary for the 1st round of discussion
It seems like companies’ views are split. The question is whether TEG related TX/RX timing error is an independent error source from the measurement. The proponents of the proposal would like clarification of the distribution of the TEG related TX/RX timing error even timing error is not an independent error source. The opponents of the proposals argue that TEG related TX/RX timing error can be absorbed in the measurement error. Thus, the timing error is not an independent error source from the timing measurement error. In addition, since TEG information is available, the UE/LMF can isolate the effect of the timing error from the measurement error. 
@vivo
NR-DL-PRS-TRP-TEG-Inf as an error source may fall int the category of misconfiguration. The task of RAN1 is to find an error source that can be quantified. If certain parameters have risk of being misconfigured, DNU can be used to control the risk. However, applicability of DNU should be discussed in RAN2, as sugggseted in Issue #4.
FL proposal for the 2nd round of discussion
Since the task of RAN1 is to find independent error sources, the FL proposes to make the following conclusion.
FL Conclusion 2-1b (TX/RX timing error as an error source)
· TEG related TX/Rx timing error is not an independent error source from timing measurement errors (e.g., RSTD measurement, RTOA measurement, gNB/UE Rx-Tx time difference)
Companies views: 
	Company Name
	Support Proposal 2-1b (Yes/No)
	Comments

	vivo
	Yes
	We can accept the proposal

	CATT
	Yes
	

	Nokia/NSB
	No
	We agreed Normal distribution to model timing measurement errors. In our understanding, evaluations on the measurement error did not consider Tx/Rx timing error. If the FL proposal 2-1a is not agreeable, we think a more clarification is necessary on the current agreement. We should provide information in TR or in a part of agreement in order to clarify the Normal distribution such that whether Tx/Rx timing error is considered or not. Otherwise, it is ambiguous. 

	Huawei, HiSilicon
	OK
	To Nokia, in general the concept of Rx/Tx timing error should entail more than TEG.
When it come to TEG, our understanding is the intra-TEG timing error, i.e. the timing error profile within the margin associated with the TEG, because we haven’t seen any clear evidence that people want to discuss timing error between TEGs or beyond the solution that TEG introduced in Rel-17 can offer.
If that is the correct understanding, we already have the margin for the TEG, which should be considered as the boundary already, and the UE or network may take whatever assumption (maybe the worse case scenario) they deem needed when dealing with the timing error within the TEG.

	ZTE
	Yes
	

	FL
	
	@Nokia
Thank you very much for your comment. If TEG related timing error is not an independent error source, isolation of the error from timing measurement will be up to implementation. Therefore, from the FL’s perspective, determination of the distribution of timing error is also up to implementation.

	Samsung
	
	We agree with Nokia that if TEG related TX/Rx timing error is included in the measurement errors, more clarification is required in the current agreement to illustrate whether the TEG error is included in the proposed distribution of timing measurement errors. As we said before, if TEG related timing error changed the distribution of timing measurement errors, these distribution is no longer applicable.

	Sony
	
	We have similar view as Nokia.

	Sharp
	
	[bookmark: _Hlk116599733]We don’t object to the proposal, but we think clarification on the point mentioned by Nokia and Samsung would be useful.

	Ericsson
	Yes
	

	Philips
	
	We agree with Nokia and Samsung.

	Qualcomm
	
	Similar view as Nokia, need to clarify what errors were included in the previous agreement.


FL proposal for the 3rd round of discussion
@all
The common view presented by Huawei, Ericsson, CMCC and ZTE is that TEG information provides error margin, and the margin can be used to bound the timing measurement error. If the FL understands correctly, their view is that the timing measurement error can be modeled as Normal distribution, even TEG related TX/RX timing error is present in the timing measurement. 
Based on the discussion in the previous rounds, Nokia and Samsung raised a concern that the agreement made on the distribution for timing measurement may be affected by whether we assume that TEG related TX/RX timing error is present in the timing measurement or not. Sony, Sharp, Philips and Qualcomm have the same question as Nokia. The agreement under the discussion is the following : 
	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



[bookmark: _Hlk116575048]One wayfoward is to agree on the following proposal (FL Proposal 2-1c), focusing on the distribution of the measurement error without the presence of TEG related TX/RX timing error and further study relationship between TEG related TX/RX timing error and timing measurement error and the distribution when TEG related TX/RX timing error is present in the measurement error. 
It is a proposal that clarifies the details in analysis, considering companies’ evaluation analysis [1, 3, 4, 9, 13, 14, 18] focused on the distribution of the timing measurement error with no explicit description of whether TEG related TX/RX timing error is included in the analysis. 
In the next meeting, we can further discuss the distribution when timing error is present. 
Given the limited time in this meeting, the following proposal may be a compromise. The FL would like to ask for flexibility from the companies to accept the proposal. Please note that the notes from the sub-bullet are from the agreement so we can relate this proposal to the agreement. The FFS points (the last two bullets) are aspects raised by companies.
[OPEN] FL Proposal 2-1c (TX/RX timing error as an error source)
· In the agreement on the distribution of the timing measurement error, it is assumed that the timing measurement error does not contain TEG related TX/RX timing error.
· 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
· Further study whether TEG related TX/RX timing error is an independent error source from the timing measurement error. 
· Further study distribution of the timing measurement error if TEG related TX/RX timing error is not an independent error source from the timing measurement error, and the timing measurement error contains TEG related TX/RX timing error.
Companies views: 
	Company Name
	Support Proposal 2-1c (Yes/No)
	Comments

	ZTE
	No 
	We don’t think further agreement is needed unless proponents make the things clear, e.g. how to clearly separate TEG error and measurement timing error, how to model the TEG error, how can LMF determine the integrity results based on TEG error. 
In our view, timing measurement error is much more than TEG error and include it, and it includes many things, such as PRS/SRS channel estimation error, LOS/NLOS determination error, first path extraction error, RSRP/RSRPP calculation error, etc. Should we model them all separately?
Note that evaluation is a separate issue. No assumption with TEG in the evaluation is not equal that the timing measurement error does not contain TEG related TX/RX timing error. 

	CATT
	
	It may be difficult for UE/TRP to separate the TEG erro and measurement error. 
It would be fine for us if we could clarify that: 
· In the agreement on the distribution of the timing measurement error, it is assumed that the timing measurement error does not contains TEG related TX/RX timing error.

Then, there is no need to study TEG related TX/RX timing error.

	FL
	
	Thank you CATT and ZTE for your views. FL’s intention was to go step-by-step. The proposal from CATT attempts to settle the issue we have been discussing, whether timing measurement error includes TEG related TX/RX timing error. I would like to see if the following FL proposal 2-1d is agreeable. Since a few companies from the previous round wanted clarification on the assumption, I hope the following agreement is acceptable and clarify the ambiguity. From the FL’s understanding, how TEG information affect uncertainty in the timing measurement error may be resolved by implementation. Changed are tracked below.
[OPEN] FL Proposal 2-1d (TX/RX timing error as an error source)
· In the agreement on the distribution of the timing measurement error, it is assumed that the timing measurement error does not contains TEG related TX/RX timing error.
· 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
Further study whether TEG related TX/RX timing error is an independent error source from the timing measurement error. 
Further study distribution of the timing measurement error if TEG related TX/RX timing error is not an independent error source from the timing measurement error, and the timing measurement error contains TEG related TX/RX timing error.

	Samsung
	
	We have concern about whether TEG related error will change the distribution of timing measurement error. I agree with ZTE that timing measurement errors include many errors. If companies think it is difficult to distinguish TEG related error from time measurement error, we can compromise to the updated proposal.

	FL
	
	The FL would like to thank Samsung for compromising to accept the proposal. The FL would like to propose FL Proposal 2-1d for the online discussion.




0. [CLOSED] Issue #3 : Beam-related assistance data as error sources
2. Summary
The remaining issue from the previous meetings are whether beam-related assistance data are considered  as error sources.
In [5, 11], it is proposed that boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and beam information (NR-TRP-BeamAntennaInfo) of DL PRS are identified/can be considered as error sources. In [17], it is observed that positioning accuracy UE-based DL-AoD of affected by errors in the aforementioned assistance data similar to the way inter-TRP synchronization error affects the accuracy of UE-based DL-TDOA. In [8], it is proposed that boresight direction of DL PRS and beam information of DL PRS for LMF-based positioning.
In [9], it is argued that boresight direction of DL PRS and beam information of DL PRS should not be considered as independent error sources since the aforementioned assistance data is used to select a beam at the receiver. Any errors in measurements are caused by implementations. In [16], through an observation, it is stated that the assistance data depends on gNB implementation and distribution of the errors related to boresight direction or beam information may be difficult to characterize.
FL Proposals for the 1st round of discussion
The key here is whether companies can agree on provision of parameters related to error sources (e.g., mean, standard deviation) related to boresight direction and beam information related to DL-PRS. In addition, as discussed in R1-2208189, the aforementioned error may fall in the category of misconfiguration and there are views expressed by companies that the errors (if any) related to the aforementioned assistance data should not be incorporated into determination of integrity as all error sources. 
The FL would like to continue the discussion with the following proposal to check if the views from companies have changed since the past meetings.
FL Proposal 3-1a (Boresight direction and beam information of DL-PRS as error sources)
For UE-based positioning integrity mode, boresight direction and beam information of DL PRS are error sources for determination of integrity for DL-AoD
· Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Companies views: 
	Company Name
	Support Proposal 3-1a (Yes/No)
	Comments

	vivo
	Yes
	The boresight direction and beam information for AoD is similar to RTD information for RSTD. So, in principle, maybe it should be seen as error information. But the beam information that is agreed in Rel-17 is too complex, which is the relative power between PRS resources per angle per TRP and may include an excess of 6 million relative powers per TRP / resource to be signaled.  Therefore, for the progress, we can agree to boresight direction only as an error source for AoD positioning.

	Huawei, HiSilicon
	Partly
	We do not think the boresight direction justifies an error source, because the AoD positioning using only boresight direction is very coarse.

Beam information (Rel-17) should be fine.

	CATT
	No
	For beam information, we share the same view as vivo.
For boresight direction, we share the similar view as Huawei.


	Nokia/NSB
	Yes
	We are generally okay, but conceptually the beam information may include the boresight direction of a beam if there is no further clarification, so we prefer to the capture the parameter name (NR-DL-PRS-BeamInfo and NR-TRP-BeamAntennaInfo.

	Ericsson
	no
	It’s still not clear to us that the gNB would be aware of the quality of the beam information. 

	CMCC
	Yes
	

	ZTE
	No
	It’s still unclear why and how to model this error in assistance data and additionally, the error aroused by beam information has some relationship with AOA, AOD and other angle error sources agreed upon

	Sony
	No
	Similar view as E///

	Qualcomm
	Yes
	To the argument [Huawei, CATT] that boresight-only AoD is very coarse: This would depend on the beam-width of the PRS beams and then density of the deployment, and thus may not be always true. Further even if it is true, integrity calculations would still need bounds on the error in this boresight assistance data (which also addresses ZTE’s question as to why to model this error)
To the argument [Ericsson, ZTE, Sony] that gNB may not be aware of this: We can simply define the hooks for LMF to report this to the UE, and leave to implementation the question of how the LMF arrives at this information [e.g., by querying a database that is populated using data from reference stations]. This is also the model followed for Rel-17 GNSS integrity
To ZTE’s point about the relation to AoA, AoD angle error sources agreed on – those were agreed for UE-assisted case. UE-based case needs separate treatment because the UE does not report any of those measurements.

	Sharp
	Yes
	

	Samsung 
	Yes
	Share the same view with vivo.



Summary of the 1st round of discussion
It seems that companies have split views on whether boresight direction and beam information of DL PRS are error sources for UE-based positioning integrity mode. The goal of this exercise is very clear; decide the aforementioned assistance data are error sources or not. Qualcomm has provided response to the opponents of the proposal. 
Ericsson argues that gNB may not be able to provide relevant information to the LMF. Qualcomm argues that LMF may be able to obtain such information via implementation.  To settle the argument, there needs to be a consensus for the implementation, i.e., how the LMF obtains such information.
Since this issue has been discussed for several meetings, it may be prodcutve to reach a consensus.
FL conclusion of the 2nd round of discussion
The FL would like to propose the following conclusion. The FL would like to collect companies views. The FL would also invite companies to provide views to the replies from Qualcomm.
FL Conclusion 3-1b (Boresight direction and beam information of DL-PRS as error sources)
· RAN1 could not reach a consensus on whether boresight direction and beam information of DL PRS are error sources for determination of integrity 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

	Company Name
	Support FL Conclusion 3-1b (Yes/No)
	Comments

	CATT
	Yes
	

	Nokia/NSB
	
	In case it is too controversial, we can live with this FL conclusion. 

	Huawei, HiSilicon
	
	Does it mean that we will not discuss this issue anymore?

	ZTE
	Yes
	RAN1 even hasn’t got consensus on whether to identify error sources for RSRP/RSRPP which is for AOD measurement. 
To  Qualcomm
Thank you for your explanation for the reason why we should consider boresight as error source. We are still confused about how to model the boresight assistance data with the existing parameters in NR-DL-PRS-BeamInfo, since there are no  parameters describing the uncertainty of beam direction.



	FL
	
	@Huawei, HiSilicon, Nokia
The intention of the proposal is to stop the discussion since it is difficult for companies to agree whether whether boresight direction and beam information of DL PRS are error sources. However, if there are enough interests to study, we can continue the study by focusing on the aspects/concerns raised by companies during the last round and contributions. 
Specifically, the first bullet reflects the concern from Huawei. The second bullet reflects concerns from vivo and ZTE.The third bullet reflects the concern from Ericsson. The fourth bullet reflects concern from ZTE.
FL Proposal 3-1c
· 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:
· Granurality of boresight direction of DL-PRS and its influence on positioning integrity
· Feasibility and complexity of modeling
· Feasiblity of obtaining quality/statistical parrameters 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

The FL would like to collect companies’ views on FL Proposal 3-1c.


	Samsung 
	Yes
	

	SONY
	Yes
	

	Sharp
	
	Fine with the FL Proposal 3-1c. If it’s not agreeable, we can live with FL Conclusion 3-1b as well.

	Ericsson
	Yes
	

	Philips
	Yes
	We are okay with FL’s Proposal 3-1c.

	Qualcomm
	No to 3-1b, Ok with 3-1c
	To ZTE: Yes, there are currently no parameters describing the uncertainty in NR-DL-PRS-BeamInfo, and we would have to add them. How the LMF obtains and populates these parameter values in the new IEs could be left for separate discussion, for example, could be left to implementation.



Summary the 2nd round of discussion
There are interests to further study whether whether boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) of DL PRS are error sources. The FL suggests the following proposal for email approval since companies seem to be ok with the proposal.
[EMAIL APPROVAL] FL Proposal 3-1c
· 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:
· GranuralityGranularity of boresight direction of DL-PRS and its influence on positioning integrity
· Feasibility and complexity of modeling
· Feasiblity of obtaining quality/statistical parrametersparameters 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

0. [CLOSED] Issue #4 : Discussions on DNU
There are views presented in R1-2208189 that potential errors in beam information or boresight direction of DL PRS can be controlled with DNU (Do Not Use) flag. In [17], the use of DNU flag to control contribution of discrete parameters (e.g., PRS configuration) to positioning integrity is proposed. From the FL’s point of view, the discussion on DNU is out of the scope for RAN1 work as they do not relate to identification of error sources. As RAN2 is discussing the application/necessity of DNU, the FL suggests to let RAN2 discuss application/necessity of DNU for determination of positioning integrity.
FL Conclusion for the 1st round of discussion
FL Suggested Conclusion 4-1a (DNU)
Study of the application of DNU flag for determination of positioning integrity is within the scope of RAN2 discussion.
Companies views: 
	Company Name
	Support Proposal 4-1a (Yes/No)
	Comments

	Huawei, HiSilicon
	OK
	

	CATT
	
	Not sure to us it is the scope of RAN2. For the parameters that are determined to be the error sources by RAN1, should it be RAN1’s responsibility to determine whether/when the information can be invalid, and thus cannot be used?

	Nokia/NSB
	Yes
	

	Ericsson 
	OK
	

	ZTE
	With comment
	From RAN 1’s perspective, we may at least be aware of DNU’s function and validity of related parameters. For example, if we apply DNU, part of the measurement instances or part of the TRP s will be ignored for integrity calculation and will the selection of TRPs influence the final integrity results?

	Qualcomm
	OK
	

	Samsung 
	Yes
	

	Philips 
	OK
	


Summary after the 1st round of discussion
It seems like the majority of companies are ok with FL Conclusion 4-1a. For CATT and ZTE, since RAN1 objective is to identify error sources, it is suggested that we leave the discussion on application of DNU up to RAN2.
FL Conclusion for the 2nd round of discussion
Please note that RAN2 made the following agreement during on the online session on Oct. 11.
Agreement:
Proposal 1-2. RAN2 study the usage of DNU flag for the RAT-dependent positioning integrity (assuming RAN1 agree to leave it to RAN2) and conclude on whether to indicate the DNU presence in the integrity principle equation.
The above agreement can be found in RAN2-119bis-e-Positioning-Relay-2022-10-11-1435.docx. It is noted that RAN2 assumes that RAN1 makes the agreement to leave the discussion related to DNU up to RAN2. Thus, for clarification, it is suggested RAN1 agrees on the following conclusion which is the same proposal during the 1st round. Please comment if a company has a strong concern.
FL Suggested Conclusion 4-1b (DNU)
· From RAN1 perspective, study of the application of DNU flag for determination of positioning integrity is within the scope of RAN2 discussion.
Companies views: 
	Company Name
	Comments (if there is a strong concern about the proposal, please suggest an alternate proposal)

	CATT
	The conclusion is okay for us.

	Nokia/NSB
	OK

	Huawei, HiSilicon
	Suggest to clarify this DNU flag is in the assistance data for UE-based integrity.

	ZTE
	We can accept the proposal to trigger RAN2’s discussion. 

	FL
	@Huawei, HiSilicon, From the FL’s perspective, details of where DNU may be placed is within the scope of RAN2 study.

	Samsung 
	Agree with the conclusion.

	SONY
	The conclusion is aligned with our view.

	Sharp
	OK

	Ericsson
	OK

	Philips
	OK

	Qualcomm
	OK


Summary the 2nd round of discussion
The companies seem to be ok with the following conclusion. The FL would like to propose the following for email approval.
[EMAIL Approval] FL Suggested Conclusion 4-1b (DNU)
· From RAN1 perspective, study of the application of DNU flag for determination of positioning integrity is within the scope of RAN2 discussion.

0. [MED] Issue #5 : Remaining error sources
4. Summary
There are proposals from the contributions related to additional error sources. As discussed in [16], Geographical Coordinates in Section 9.2.46 in TS 38.455 (NRPPa specification) contains location information of TRPs and ARPs. Thus, it is proposed in [16] to consider IEs in Clause 9.2.46 as potential error sources for DL-TDOA and DL-AoD for LMF-based integrity mode. Similarly in [5], it is proposed that LMF-based positioning methods should consider TRP location as an error source.
In addition, it is argued in [16] SFN Initialisation Time can be considered as an error source since it may affect accuracy of detection of SRS at TRP for UL-TDOA for LMF-based positioning integrity mode. It is also proposed in [18] that inter TRP synch error to the LMF must be left to implementation, since gNB may not be able to provide it. 
In [5, 6], PRS RSRP or RSRPP have been proposed as error sources for DL-AoD. As discussed under Issue #6 in R1-2208189, RSRP measurement may not be an error source since it is not directly used for positioning calculations for DL-AoD and UL-AoA positioning methods. 

To summarize, the error sources mentioned by companies are listed below.
· Geographical Coordinates can be considered as an error source for UE-based DL-TDOA and DL-AoD [16]
· TRP location for LMF-based positioning [5]
· SFN Initialisation Time [16] for UL-TDOA
· Expected RSTD, Expected AoA/AoD [12]
· PRS RSRP or RSRPP for DL-AoD for UE-based DL-AoD [5, 6]
· Jamming, spoofing, malicious UE [4]
· gNB failures (e.g., TRP malfunction resulting in a power loss) [4]
· Transmission error in assistance or positioning data [4]
· concerns e.g. the case of assistance data correctly produced by the LMF that have been corrupted during transmission, and detected as errorless
· Implementation error in gNB, LMF or UE (e.g., location estimation algorithm such as LS) [4]
· Inter-TRP synchronization for LMF-based positioning [5]
· Boresight direction of DL PRS and beam information of DL PRS for LMF-based positioning [5]
FL Proposals for the 1st round of discussion
From FL’s perspective, proposals from [5, 16] can be discussed and the FL would like to collect views from companies. Please note that there is a need to discuss specification impacts for the identified error sources. For the remaining error sources, the FL would like to collect companies views.
FL Proposal 5-1a (TRP location as an error source for LMF-based positioning)
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)
Companies views: 
	Company Name
	Support Proposal 5-1a (Yes/No)
	Comments

	Huawei, HiSilicon
	Yes
	

	CATT
	Yes
	

	Nokia/NSB
	Okay
	We are okay to consider the TRP location as an error source, but we think identifying enhancement of NRPPa signalling is out of scope of the RAN1 work.

	Ericsson
	yes
	 

	CMCC
	Yes
	

	ZTE
	Partially Yes
	If UE-based positioning discussed in Proposal1-1a has spec impact, the TRP location in LMF-based mode has its spec impact

	Qualcomm
	
	As commented earlier, it is an error source in the sense it affects integrity calculations in the same way for both LMF-based and UE-based integrity mode. However, the information needed for these calculations arrives first from some entity to the LMF, and then from LMF to UE in UE-based mode. Thus, the spec impacts are not the same – we clearly need signaling from LMF to UE for UE-based case, but the signaling to reach the LMF may be out of spec altogether, or in any case, at least out of RAN1 scope.

	Sharp
	Yes
	

	Samsung 
	Yes
	

	Philios
	Yes
	Agree with Nokia



For the remaining error sources, the FL would like to collect companies’ views. For some error sources, the group needs to study association between error sources and positioning methods/integrity determination modes.
FL Proposal 5-2a (Error sources for further studies)
Study further the following error sources
1. SFN Initialisation Time for UL-TDOA for LMF-based integrity mode
2. Expected RSTD, Expected AoA/AoD for UE-based integrity mode
3. PRS RSRP or RSRPP for DL-AoD for UE-based integrity mode
4. Jamming, spoofing, malicious UE
5. gNB failures (e.g., TRP malfunction resulting in a power loss)
6. Transmission error in assistance or positioning data
· concerns e.g. the case of assistance data correctly produced by the LMF that have been corrupted during transmission, and detected as errorless
7. Implementation error in gNB, LMF or UE (e.g., location estimation algorithm such as LS)
Companies views: 
	Company Name
	Support Proposal 5-2a (Yes/No)
	Comments

	Huawei, HiSilicon
	
	SFN initialization time should be considered as the error source for any TDOA positioning methods.


	CATT
	
	PRS RSRP or RSRPP is the measurement for DL-AoD, and thue they should be the error sources for DL-AoD.


	Nokia/NSB
	
	Depending on the initial guess of the location of the target UE in the LS estimation algorithm, the algorithm convergence rate and/or the estimation accuracy can be different. Identification of solution or enhancement may not be RAN1 job, but we think need to capture this at least an example of 7.

	Ericsson
	
	We don’t think the error in transmission of the assistance data should be discussed in RAN1. This seem to be related to higher layer reliability. 

	CMCC
	
	We are ok to further study 1, 2, 3

	ZTE
	
	We don’t support to study these errors further
Firstly, the impact of these errors on integrity is not as significant as the error sources we have been discussing
Secondly, part of the errors are difficult to model and we can not easily obtain the related parameters such as mean/std/range. These errors can be left for DNU flags if involved into integrity calculation.

	Samsung 
	
	We also think PRS RSRP or RSRPP for DL-AoD should be further studied.


Summary after the 1st round of discussion
It seems like FL Proposal 5-1a can be agreed by the majority of companies. Due to lack of time before the online discussion, the FL suggestions for other proposals will be described after the online discussion.
Summary after the online discussion on Oct. 11
The following agreement has been made during the online session on Oct. 11.
	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)


FL proposals for the 2nd round of discussion
From the list of error sources listed in FL Proposal 5-2a there seems to be some error sources companies are interested in studying. The FL would like to start with the proposal, related to RSRP and RPRPP measurements, proposed in RAN1#110 in Issue #6 in R1-2208189.
FL Proposal 5-2b (Study on DL PRS RSRP, RSRPP as error sources)
· Study to determine whether DL PRS RSRP/RSRPP and UL SRS RSRP/RSRPP measurements are error sources in angle related measurements for DL-AoD and UL-AoA, respectively
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS : Impact of RSRP/RSRPP measurement error on derivation of positioning integrity
Companies views: 
	Company Name
	Support Proposal 5-2b (Yes/No)
	Comments

	CATT
	Yes with comment
	The last bullet is unclear to us. If the “derivation of positioning integrity” means the PL calculation for the integrity? If so, we assume RAN1 may not need to study that.

	Huawei, HiSilicon
	Yes.
	

	ZTE
	Yes
	Study is OK to us, but it seems not easy to identify the impact on how to calculate PL. 

	FL
	
	@CATT, the intention was to focus the study on how much impact RSRP/RSRPP measurement has on accuracy of positioning since during RAN1#110, some companies argued that RSRP/RSRPP measurements are not error sources since they do not directly affect positioning accuracy. 
Based on CATT’s comment, we can clarify the intention with the following proposal.
FL Proposal 5-2c (Study on DL PRS RSRP, RSRPP as error sources)
· Study to determine whether DL PRS RSRP/RSRPP and UL SRS RSRP/RSRPP measurements are error sources in angle related measurements for DL-AoD and UL-AoA, respectively, 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)
· FFS : Impact of RSRP/RSRPP measurement error on derivation of positioning integrity



	Samsung 
	Yes
	

	Sharp
	Yes
	

	Ericsson
	Yes
	

	Nokia/NSB
	Yes
	

	Philips
	Yes
	


In addition, the FL would like to propose the following proposal. There seems to be an interest to investigate whether SFN initialisation time is an error source for UL-TDOA and DL-TDOA. The study can also focus on identifying whether SFN Initialisation Time is an independent error source. For example, the study can focus on identifying whether the error source is indepdent from inter-TRP synchronization error since errors in SFN initialization time may cause synchorinizaton error among TRPs.
FL Proposal 5-3a (Study on SFN Initialisation Time as an error source)
· Study to determine whether SFN initialisation time is an independent error source for the following positonig mehods and integrity mode 
· UL-TDOA with LMF-based positioning integrity mode 
· UE-assisted DL-TDOA with LMF-based positioning integrity mode
· UE-based DL-TDOA with UE-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” and “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Companies views: 
	Company Name
	Support Proposal 5-3a (Yes/No)
	Comments

	vivo
	
	At least, the third sub-bullet needs to be removed since the Inter-TRP synchronization error has been identified as an error source for UE-based DL-TDOA

	CATT
	
	In our understanding, UE gets TRP timing based on SFN timing. Thus, TRP timing error and SFN timing are not independent.

	Huawei, HiSilicon
	Yes
	When LMF provides the RTD info, it could rely in the SFN initialization time for each TRP reported from each gNB. Of course, other sources would be also used.
Then it should be possible that even for UE-based DL-TDOA, the error of SFN initialization time could contribute to the RTD info error.

	ZTE
	
	The same view as CATT

	InterDigital
	
	@vivo
The discussion point is whether SFN initialization time is an independent error source from TRP synchronization error. For example, CATT seems to argue that SFN timing is not an indepenet error source since TRP sync error already incorporates this. On the other hand, Huawei argues that if SFN timing has an error, RTD info could also contain an error. Therefore, they can be independent. This issue seems worthy to study. The FL would like to collect more views on whether the FL Proposal 5-3a is agreeable or not.

	Samsung 
	
	We agree with this proposal in general. The SFN initialisation time error can be included in other errors, e.g. TRP synchronization error, but the impact on RTD info may need further discussed.

	CATT
	
	Thanks for discussion.
Again, I assume SFN initialisation time error is tightly related to, if not exactly the same as, TRP timing error, since gNB provides the SFN initialisation time based on its own timing. Then, I don’t see how gNB will provide the distribution of SFN initialisation time errors different from the distribution of its timing errors.
If the proposal is to study the error model for RTD. Then, this needs to be clarified in the proposal. I assume the RTD error can potentially different from the SFN initialisation time errors/TRP timing errors, since the RTD is determined by the LMF.

	Ericsson
	
	It’s unclear to us whethear SFN initialization error can be decouled from RTD. 

	Nokia/NSB
	
	It is also somewhat unclear about decoupling them, but we are okay for study to clarify this issue.

	
	
	



Summary of the 2nd round of discussion
There is a comment received over the 3GPP email reflector The aspect that should be considered, commented by Huawei, HiSilicon is that “gNB internal conversion that contributes to the overall reported AoA error, or the RSRP/RSRPP value reported along with AoA measurement for LMF to model of confidence of AoA measurements error from multiple TRPs”. From the comment received from vivo, it also seems like UL SRS RSRP/RSRPP should be removed from the focus of the study.
Regarding FL Proposal 5-3a, the FL’s understanding is similar to Nokia’s. The intention is to study whether SFN initizliation error can be decoupbled from RTD. The focus of the study is on SFN initialization error. I hope the intention is clear. Please comment on the following proposal in the box below.
FL proposals for the 3rd round of discussion
Based on the comments received over the reflector, the FL would like to propose the following.
[OPEN] FL Proposal 5-2d (Study on DL PRS RSRP, RSRPP as error sources)
· Study to determine whether DL PRS RSRP/RSRPP and UL SRS RSRP/RSRPP measurements are is an error sources in angle related measurements for DL-AoD and UL-AoA, respectively, 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)
· FFS : Impact of RSRP/RSRPP measurement error on derivation of positioning integrity
Companies views: 
	Company Name
	Support Proposal 5-2d (Yes/No)
	Comments

	CATT
	Yes
	

	Samsung 
	Yes
	



Based on the comments received in the 2nd round, the FL would like to reword the proposal. Please comment on the following proposal in the box below.
[OPEN] FL Proposal 5-3b (Study on SFN Initialisation Time as an error source)
· Study to determine whether SFN initialisation time is an independent error source from inter-TRP synchronization error for the following positonig mehods and integrity mode 
· UL-TDOA with LMF-based positioning integrity mode 
· UE-assisted DL-TDOA with LMF-based positioning integrity mode
· UE-based DL-TDOA with UE-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” and “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Companies views: 
	Company Name
	Support Proposal 5-3b (Yes/No)
	Comments

	CATT
	Yes with comments
	Instead of “inter-TRP synchronization error”, maybe we can say “from inter-TRP synchronization error”, since a gNB is normally synched to a timing reference (e.g., GNSS timing). It may have knownlegde on its time synchronization error range with the reference time, but not the  synchronization error range with another gNB/TRP.

	FL
	
	I would like to invite companies to provide views to the proposal proposed by CATT. I’d like to see if other companies have the same understanding. The FL’s intention was to study whether error in SFN initialization time can be decoupled from RTD error.

	Qualcomm
	
	For UE-based DL-TDOA with UE-based positioning integrity mode (the third sub-bullet), the assistance data currently includes only the NR-RTD-Info and not SFN initialization time. The NR-RTD-Info would be computed using the SFN initialization times, and so we don’t see how it would be an independent error source. 



[CLOSED] Issue #6 : Distribution of TRP/ARP location error
4. Summary
Distributions of the TRP location are proposed by several companies. The following distributions are proposed by companies.
· Uniform distribution : [1, 18]
· Normal distribution :  [6, 7, 9, 10, 13]
In [5, 9], the distribution for ARP location has been proposed as the Normal distribution. 
In [13, 17], due to complexity of modeling the distribution of TRP location error, it is proposed to apply paired-overbounding to bound the distribution of TRP location error.
FL Proposal for the 1st round of discussion
There are different views in companies proposals on how to model the TRP location error. As explained in [17], paired-overbounding technique is applicable to model the distribution of an error source if its distribution is not certain. Thus, the following proposal is made.
FL Proposal 6-1a (Applicability of paired over-bounding for TRP location error)
· Paired-overbounding is applicable to bound the distribution of TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) errors

Companies views: 
	Company Name
	Support Proposal 6-1a (Yes/No)
	Comments

	Huawei, HiSilicon
	No
	From RAN1 perspective, we suggest to only discuss the error source and error distribution. For the error without a proper distribution modelling, whether and how paired-overbounding technique can be used is up to RAN2.

	FL
	
	The intention of the proposal was to reach a conclusion given that more than one distribution was identified. Considering the comment form Huawei, another approach is to identify the distributions proposed so far (Uniform, Normal). The FL would like to collect more views.

	Nokia/NSB
	No
	We think this proposal is out of scope of RAN1 job.

	Ericsson
	No
	For this error source, we think the uniform error distribution is sufficient. 

	ZTE
	No
	It’s up to RAN2 to decide whether and how paired-overbounding technique can be used

	Lenovo
	No
	Uncertain error distribution modelling may be up to RAN2 to decide.

	Qualcomm
	
	We are generally supportive, and we think it is in line with the SID guideline to reuse GNSS integrity concepts wherever possible. But OK to leave to RAN2

	Samsung 
	No
	We think it should be decided by RAN2.



4. The summary of the 1st round of discussion
Similar to Issue #7, the companies would like to let RAN2 discuss applicability of paired-overbounding to the error source. The FL would like to take the similar approach taken for Issue #7, i.e., list the distributions proposed and conclude the discussion.
4.  The FL proposal for the 2nd round of discussion
The FL would like to make the following proposal. The structure of the proposal is similar to the proposal agreed for Issue 37 (distribution of inter-TRP sync error). The note under the uniform distribution is rewritten to adapt to relevant parameter for TRP location uncertainty. The FL would like to collect views from companies for the following proposal.
FL Proposal 6-1b (Potential distributions for TRP location error)
· 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

Companies views: 
	Company Name
	Support Proposal 6-1b (Yes/No)
	Comments

	vivo
	Yes
	

	CATT
	Yes
	For the note, maybe we need to make it clear which WG will be responsible for deciding which of the distributions to use.

	Huawei, HiSilicon
	Yes
	

	ZTE
	Yes
	To CATT, to make the note clear, we suggest the following wording:
Note: this may be determined by the uncertainty related to NR-TRP-LocationInfo specified in TS 37.355

	FL
	
	@ZTE
The note, originally crafted by the chair, seems to capture your intention.
@vivo
From the FL’s perspective, it may be better to get RAN2’s perspective on these options of distributions.

	Samsung 
	Yes
	

	Sharp
	Yes
	

	Ericsson
	Yes
	

	Philips
	Yes
	



Summary of the 3rd round of discussion
It seems like the following proposal is agreeable. It is proposed for email discussion.
[Email approval] FL Proposal 6-1b (Potential distributions for TRP location error)
· 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

FL Proposal 6-1b (Potential distributions for TRP location error)
· The following distributions are identified as candidates for the distributions for TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) errors
· Uniform distribution
· Normal distribution

[CLOSED] Issue #7 : Distribution of Inter-TRP synchronization error
4. Summary
Distributions of inter-TRP synchronization error are proposed by several companies. The following distributions are proposed by companies.
· Uniform distribution : [1]
· Normal distribution :  [6, 7, 9, 10, 18]
Finally, in [13, 17], due to complexity of modeling the distribution of inter-TRP synchronization error, it is proposed to apply paired-overbounding to bound the distribution of inter-TRP synchronization error.
FL Proposal for the 1st round of discussion
There are different views in companies proposals on how to model the inter-TRP synchronization error. As explained in [17], paired-overbounding techniques is applicable to model the distribution of an error source if its distribution is not certain. Thus, the following proposal is made.
FL Proposal 7-1a (Paired over-bounding for inter-TRP synchronization error)
· Paired-overbounding is applicable to bound the distribution of inter-TRP synchronization error (e.g., NR-RTD-Info in TS 37.355)

Companies views: 
	Company Name
	Support Proposal 7-1a (Yes/No)
	Comments

	Huawei, HiSilicon
	No
	From RAN1 perspective, we suggest to only discuss the error source and error distribution. For the error without a proper distribution modelling, whether and how paired-overbounding technique can be used is up to RAN2.

	FL
	
	Similar to Fl Proposal 6-1a, considering the comment form Huawei HiSilicon, another approach is to identify the distributions proposed so far (Uniform, Normal). The FL would like to collect more views.

	Nokia/NSB
	No
	We think this proposal is out of scope of RAN1 job.

	Ericsson
	No
	We think the normal distribution can be fitted to the error without resorting to overbounding. 

	ZTE
	No
	It’s up to RAN2 to decide whether and how paired-overbounding technique can be used

	Lenovo
	No
	Uncertain error distribution modelling may be up to RAN2 to decide.

	Qualcomm
	
	We are generally supportive, and we think it is in line with the SID guideline to reuse GNSS integrity concepts wherever possible. But OK to leave to RAN2

	Samsung 
	No
	We think it should be decided by RAN2.



4. The summary of the 1st round of discussion
The majority of companies suggest to leave the decision to apply paired overbounding to RAN2. Thus, the FL would like to make the following proposals, based on companies proposals sso far.
FL Proposal 7-1b (Distribution of inter-TRP synchronization error)
· The following distributions are identified as candidates for the distribution for inter-TRP synchronization error (e.g., NR-RTD-Info in TS 37.355)
· Uniform distribution
· Normal distribution
The outcome of Oct. 11 online discussion
The following agreement was made. Thank you very much for the feedback and discussion. The FL would like to close the thread for discussion.
	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



[CLOSED] Issue #8 : Distribution of timing measurement errors
4. Summary
In [1], based on evaluation results it is proposed that ToA can be modeled as Normal distribution. It is proposed to use paired overbounding formula to bound the distribution.
In [9], evaluation results are shown to indicate that ToA can be modelled as Normal distribution. It is proposed to model RSTD, RTOA and gNB/UE Rx-Tx time difference as Gaussian distribution.
It is stated in [14] that since ToA can be modeled as Gaussian, the distribution of RSTD is Gaussian since RSTD is a linear combination of ToA. In addition, in [14], it is proposed to model ToA as log-Normal distribution for LOS+NLOS cases. Due to dependency of the distribution of the ToA/RTSD errors on the condition of the channel, it is proposed to use paired overbounding to bound the distribution of RSTD error.
Evaluation results are shown in [3] for LOS and NLOS cases. The evaluation results in [3] indicate that when both reference and targe ToA are derived from either LOS or NLOS, RSTD can be modeled as Normal distribution.
In [2], it is suggested that ToA can be modelled as Normal distribution. In [4], it is proposed to focus on the study for the LOS scenario.
In [5, 6, 8, 18], it is proposed that RSTD, RTOA and gNB/UE Rx-Tx time difference can be modeled as Normal distribution for LOS cases.
In [16], it is proposed that Gaussian distribution can be used to model error sources in LOS channels.
The proposals related to timing measurement errors are summarized below.
	[1]
Proposal 1: Model the ToA error as the normal distribution, and report to the LMF the error bound associated with the allocated integrity risk for the ToA measurement via the paired over-bounding Gaussian formula.
· This should apply to all DL RSTD, UE Rx – Tx time difference measurement, UL RTOA, and gNB Rx – Tx time difference.
· The reference timing for DL RSTD should also have its reported bound. 
[2]
Proposal 1:
· For RSTD measurement error model, the measurement error follows the Gaussian distribution with  at least for  case and N case, and the NR-TimingQuality or NR-TimingQuality.
Proposal 2:
· 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.
[3]
Proposal 1:
· For RSTD measurement error model, the measurement error follows the Gaussian distribution with  at least for  case and N case, and the NR-TimingQuality or NR-TimingQuality.
Proposal 2:
· 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.
[4]
Proposal 1: Prioritize the study on the distribution of the timing measurement error for LoS path without consideration of error factors of Tx TEG, Rx TEG, and synchronization error.
· Consider the impact of Gaussian nosie.
· Consider that there may be a detection error of the LoS path even if there is an LoS path without noise
· FFS on modelling of measurement error including TEG and/or synchronization errors.
[5]
Proposal 1: For the error in the RSTD measurement:
· The measurement error is considered for the reported RSTD measurement.
· TEG-related timing error is not considered as an independent error source.
· NLOS is not considered as a separate error source for RSTD measurement.
· The measurement error in RSTD can be modeled as a normal distribution.
Proposal 2: For the error in UL RTOA measurement:
· Without NLOS, the measurement error in RTOA can be modeled as normal distribution.
· The measurement error of NLOS can be modeled as lognormal distribution.
· TEG-related timing error shall be considered separately.
Proposal 3: For the error in UE Rx-Tx time difference and gNB Rx-Tx time difference:
· Without NLOS, the measurement error can be modeled as normal distribution.
· The measurement error caused by NLOS can be modeled as lognormal distribution.
· TEG-related timing error is not considered independently.
[6]
Proposal 1: The measurement errors of all timing related measurements, including RSTD, RTOA, UE/gNB Rx-Tx time difference measurements, can be modelled statistically as Gaussian distribution for NR RAT-dependent positioning.
[9]
Proposal 1: The following timing-related measurement errors should be model as Gaussian distribution:
· RSTD measurement for DL-TDOA
· RTOA measurement for UL-TDOA
· UE Rx-Tx time difference measurement for Multi-RTT
· gNB Rx-Tx time difference measurement for Multi-RTT
[13]
Proposal 4: Study the distribution for ToA measurement error for RSTD
[14]
Proposal 1: TOA errors can model as lognormal distribution in LOS+NLOS scenario.
Proposal 2: Since the distribution of TOA errors are different in LOS and LOS+NLOS scenario, RSTD errors are more suitable to be selected as the measurement error for time-based positioning integrity.
Proposal 3: The paired over-bounding Gaussian formula can be used to model RSTD errors for RAT dependent positioning techniques.
Proposal 4: Study the applicability for using NR-TimingQuality as the standard deviation of time-based error source.

[16]

Proposal 1:
· Gaussian distribution can be considered as common probability distribution model of error sources in LOS and NLOS scenario.
Proposal 2:
· 0 can be considered as mean of probability distribution of error sources in NLOS/LOS scenario.
[18]
Proposal 1 For the purpose of integrity computation, the UE and/or TRP measurement error for a given time-based measurement is modelled as a Gaussian distribution with zero mean.
· Note: time based measurements are UL RTOA, DL RSTD, gNB RxTx and UE RxTx
· 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



FL Proposals for the 1st round of discussion
From the proposals, it seems like there is an alignment in companies views that in LOS scenarios, ToA measurement error is odelled as Normal distribution. In [1], it is proposed to report the bound for the reference timing for RSTD. The FL would like to check companies’ views on the proposal since no other companies expressed the views on the issue.. The following proposal is made.
FL Proposal 8-1a (timing measurement error)
· In LOS scenarios, ToA measurement error is modeled as Normal distribution.
· The ToA measurement error for the reference timing for DL RSTD has its reported mean and standard deviation
· In LOS+NLOS and NLOS scenarios, apply paired overbounding to bound the distribution of ToA measurement error
· The ToA measurement error for the reference timing for DL RSTD has its reported bound
· Note : The ToA measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement
Companies views: 
	Company Name
	Support Proposal 8-1a (Yes/No)
	Comments

	Vivo
	
	For the second bullet, we would like to confirm whether the report bound is based on the following formula to calculate.
Bound = mean + K * stdDev
If it is, we would like to know why we don’t provide the mean and standard deviation to LMF to calculate the bound.


	Huawei, HiSilicon
	No
	Whether to use paired overbounding can be up to RAN2. RAN1 can conclude no proper distribution can be modelled for NloS ToA estimation.

	FL
	
	@vivo,
Yes, that’s the FL’s understanding. Once the distribution of the error source is identified, the necessary parameters (mean and standard deivation) should be provided to the LMF from the UE. The intention of the Proposal 1-2a and 1-3a (spec impacts) is to clarify that the measurement report can contain mean and standard deviation related to the error source.
@Huawei HiSilicon,
Concluding that for NLOS (or mix of LOS+NLOS) scenarios, no distribution can be modeled is another approach. The FL would like to collect more views.

	CATT
	
	We are fine with the first bullet for LOS case.  For LOS+NLOS and NLOS scenarios, if we way to apply paired overbounding, our understanding is that RAN1 still needs to decide which distribution is used for the paired overbounding, i.e., Gaussion paired overbounding.

	Nokia/NSB
	
	We think that we should first try to whether to model the ToA measurement, RSTD, RTOA, Rx-Tx time difference measurement as Normal distribution, and we are okay with it. That is, we would suggest this discuss the following first, and further details are the next step.  
· In LOS scenarios, ToA measurement error is modeled as Normal distribution.
· Note : The ToA measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement

	Ericsson
	question
	It is unclear to us how the LOS/NLOS scenarios will be chosen by the UE for the reporting of the mean and variance. The LOS/NLOS assessment itself will be subject to errors. 

	ZTE
	No
	It’s up to RAN2 to decide whether and how paired-overbounding technique can be used
And we think Gaussian distribution is enough for study according to our simulation

	Lenovo
	Yes, partially
	Supportive of LOS ToA measurement as Normal distribution. Uncertain error distributions in the case LOS+NLOS may be up to RAN2 study.

	Sony
	
	In our contribution, we are suggesting Gaussian distribution to be used to model the time measurement error source.

	Samsung 
	No
	We are also  fine with the first bullet for LOS case.
For LOS+NLOS, TOA errors cannot model as Gaussian distribution in our simulation. Therefore, We don’t think paired overbounding can be used to bound the distribution of ToA measurement error.



The summary of the 1st round of discussion
@Ericsson
The FL’s understanding is that it is up to the UE to decide the values to report. Whether it is LOS or mixed of LOS/NLOS, the UE will compute mean and variance using the measurements, and repor them to the LMF.
@Sony
Your proposal is now captured above. I apologize for missing the proposal.
@Nokia
Thank you for the suggestion. It seems like there’s a consensus from companies and respecdtive evaluation results that for LOS case, the distribution can be identified. The FL would like to propose an updated proposal in the following.
@All
Seems like companies prefer that RAN1 identifies the distribution or draw a conclusion for the distribution and leave the decision of the use of paired overbounding to the RAN2. The following proposlas are updated versions. For LOS, Nokia’s suggestion is used. For NLOS/LOS+NLOS scenarios, Huawei’s suggested proposal is used.
FL Proposal 8-1b (timing measurement error for LOS)
· In LOS scenarios, ToA measurement error is modeled as Normal distribution.
· Note : The ToA measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement
FL Conclusion 8-2a (timing measurement error for NLOS)
· In NLOS scenarios or LOS+NLOS scenairos, no proper distribution can be modelled for ToA measurement error by RAN1
· Note : The ToA measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement
The outcome of Oct. 11 online discussion
The following agreement was made. Thank you very much for the feedback and discussion. The FL would like to close the thread for discussion.
	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



[MED] Issue #9 : Distribution of AoA measurement errors
4. Summary
Proposals related to AoA measurement errors from companies are summarized below. Evaluation results are shown in [1, 3, 9]. In [1], it is discussed that a function of AoA/ZoA in the LCS should be adopted to account for the fact that the UE and gNB are not on the same plane. In [3], it is proposed that the angle error should be converted to distance for integrity determination since the amount of uncertainty caused by AoA measurement error is proportional to the distance between the UE and gNB. In [9], it is proposed to use the represent the angle measurement error in both ZoA and AoA without using a function. The relevant proposals are summarized below.
	[bookmark: _Hlk115113796][1]
Proposal 2: The AoA measurement error can be described as ZoA error and YoA error when both ZoA and AoA are reported.
· YoA is defined as 
Proposal 3: The AoA measurement error is represented by the error of the following two quantities
· 𝐜𝐨𝐬(𝐙𝐨𝐀)
· 𝐜𝐨𝐬(𝐘𝐨𝐀)
[3]
Proposal 4:
· 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 5:
· For AoA measurement with LoS indication, the angle measurement error can be converted to distance error (the function of AoA) for integrity for AoA positioning
· The distance error of AoA measurement follows the Gaussian distribution with 𝝁=𝟎, and the 𝝈=𝟏𝟐 𝑟∙sin(𝑎) or 𝝈=𝟏𝟑 𝑟∙sin(𝑎). where
· 𝒂 can be achieved by confidence parameter for angle measurement (e.g Azmuth quality or zenith quality )
· 𝒓 can be achieved by timing-based measurement, or calculated by estimated UE location and TRP location.
[5]
Proposal 5: For the angel of arrival measurement in UL-AoA:
· 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.
[6]
Proposal 2: The measurement error of angle of arrival measurement (AoA/ZoA) can be modelled statistically as Gaussian distribution in LCS for NR RAT-dependent positioning.
Proposal 3: The impact of the signal direction (AoA/ZoA) and the LOS/NLOS on the error bound of the angle of arrival measurement (AoA/ZoA) can be determined by the receiver associated with each (AoA/ZoA) measurement. There is thus no need to define an additional function to address the impact of the signal direction (AoA/ZoA) and the LOS/NLOS.
[8]
Proposal 1: Each measurement (e.g., RSTD, RTOA, AoA) has its own error source model and modeled as Gaussian distribution with mean, standard deviation, and range as the parameters.
[9]
Proposal 3: The angle related measurements should be model as Gaussian distribution.
· AoA and ZoA errors are separately modeled.
Proposal 4: There is no need to express the angle related error as a defined function of AoA/ZoA in LCS.
Proposal 5: For angle related error sources, the candidate values of mean and standard deviation can be based on the range of NR-DL-PRS-ExpectedAoD-or-AoA.
[13]
Proposal 3: Angle of arrival measurement error is expressed in terms of GCS
[16]
Proposal 4:
· For LMF-based integrity mode, Geographical Coordinates can be considered as an error source for DL-TDOA and DL-AoD.
· For LMF-based integrity mode, RAN1 needs to further study on whether SFN Initialisation Time can be considered as an error source.



FL Proposals for the 1st round of discussion
From the proposals, it seems that the discussion point is whether a translation function should be introduced for reporting of an error. Thus, the following proposal is made.
FL Proposal 9-1a (AoA measurement error)
Study the following alternatives for expression of AoA measurement error, and down select between Alt 1 and Alt 2:
· Alt. 1 : No translation (e.g., the measurement error is expressed as error in AoA or ZoA in LCS/GCS)
· Alt. 2 : Translation function (e.g., conversion to distance, defined function of AoA/ZoA in LCS)
Companies views: 
	Company Name
	Support Proposal 9-1a (Yes/No)
	Comments (e.g., preference between Alt. 1 and Alt. 2)

	Huawei, HiSilicon
	Alt.2
	We show in our evaluation that AoA and ZoA errors are correlated, which is why we think a “YoA” should be added to replace AoA, which is independent in the error from ZoA.
The correlated error will have negative impact on the overall location distribution calculation and eventually on the location protection level.

	CATT
	
	Our preference is Alt.1 for the consideration of the simplicity and the use of the information for calculating the final PL. In our understanding, the commonly used integrity algorithms for determining the final PL for positioning integrity are based on the assumptions of each individual error sources follows Gaussian distribution.  

	Nokia/NSB
	Yes
	

	ZTE
	Alt.1
	In our simulation results, AoA and ZoA are separately modeled as Gaussian distribution. Furthermore, if we choose translation function, whether it can reflect the measurement error precisely should be discussed
Hence, we think there is  no need to consider translation function

	Lenovo
	Yes
	Also prefer Alt. 1

	Samsung 
	Alt.1
	We think Alt.1 is enough.



The summary after the 1st round of discussion
It seems like companies can agree with the FL’s proposal. The FL would like to propose the following proposal by adding clarification details.
FL Proposal 9-1b (AoA measurement error)
· Study the following alternatives for expression of angle of arrival measurement error for determination of positionining integrity for UL-AoA, and down select between Alt 1 and Alt 2:
· Alt. 1 : No translation (e.g., the measurement error is expressed as error in AoA or ZoA in LCS/GCS)
· Alt. 2 : Translation function (e.g., conversion to distance, 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 summary after the Oct. 11 online discussion
The following agreement has been made during the online discussion.
	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 FL proposal for the 2nd round
Based on companies’ contributions and views from the 1st round, it may be possible to down-select to Alt. 1. The FL would like to check if the following proposal is agreeable.
[OPEN] FL Proposal 9-1c (AoA measurement error)
· Regarding the expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, no conversion (e.g., the measurement error is expressed as error in AoA or ZoA in LCS/GCS) is needed.
Companies views: 
	Company Name
	Support Proposal 9-1c (Yes/No)
	Comment

	vivo
	Yes
	Based on the discussion in the online meeting, we are okay with the proposal

	Huawei, HiSilicon
	No
	We do not see any technical reason to dismiss the concern over the error correlation between AoA and ZoA.
Given that RAN1 may not be responsible to determine the location error bound using the error information, we could send an LS to RAN2.

Regarding the expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, it is observed in e.g. R1- 2208454, that the AoA error and ZoA error may be correlated, and may not be modelled as independent error sources. RAN1 respectively requests RAN2 to look into the issue, and feedback whether independent error sources is desired for integrity calculation from RAN2 perspective.

	ZTE
	Yes
	We think two normal distributions can be used  for  AOA and ZOA respectively based on our simulation results. 

	Samsung 
	Yes
	

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

	CATT 
	
	First, we tend to agree with Huawei’s analysis that AoA error and ZoA error can be correlated. However, using the function of AoA/ZoA can be overly complex in our view. Using a Gaussian distribution with the reporting of the non-zero correlation coefficient between AoA error and ZoA error might be another way to solve the problem.



[LOW] Issue #10 : Other issues
There are proposals from companies 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 (Issues that need to be discussed)

	ZTE
	For integrity calculation, there is no need to report all measurement instances or report measurement error from all TRPs. The simulation we provide proves that the measurement results suffer little if we select just part of the TRPs based on some criteria
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Figure 5 Positioning accuracy after selecting TRP in indoor office
[image: Integrity_Indoor_factory-SH_40M]
Figure 6 Positioning accuracy after selecting TRP in indoor factory
In the simulation, we sort and rank the TRPs according to their RSRP values at UE side. The results show that the curve changes little, if we get rid of the TRPs which rank low. In other words, it is sufficient that only some of configured TRPs are involved in integrity computation.


	LGE
	We think that UE mobility is one of the important error sources. The impact of UE mobility as an error source needs to be analyzed. In RTT, if UE moves during the interval between the DL PRS reception and the UL pos-SRS transmission, the relevant RX-TX time difference measurement and the resultant ToF estimation performance will be degraded in proportion to the velocity of UE. In DL-TDOA, if DL PRSs are not transmitted from gNBs at the same timing, the impact of UE mobility should be significant. This may be valid also for UL-TDOA if UE transmits UL pos-SRS sequentially to multiple gNBs, instead of a single-shot transmission. We suggest to discuss the impact of UE mobility as an error source for the integrity issue.




Summary of proposals from contributions for RAN1#110
[1] R1- 2208454 (Huawei, HiSilicon)
Observation 1: The TOA error is close to a normal distribution if super resolution ToA estimation is used.
Observation 2: YoA, which is defined as , has independent error from ZoA, while AoA error may be correlated with ZoA error.
Observation 3: No additional work is needed for handling the measurement reporting to support integrity with respect to the NLoS condition and the multi-path.
Proposal 1: Model the ToA error as the normal distribution, and report to the LMF the error bound associated with the allocated integrity risk for the ToA measurement via the paired over-bounding Gaussian formula.
· This should apply to all DL RSTD, UE Rx – Tx time difference measurement, UL RTOA, and gNB Rx – Tx time difference.
· The reference timing for DL RSTD should also have its reported bound. 
Proposal 2: The AoA measurement error can be described as ZoA error and YoA error when both ZoA and AoA are reported.
· YoA is defined as 
Proposal 3: The AoA measurement error is represented by the error of the following two quantities
· 𝐜𝐨𝐬(𝐙𝐨𝐀)
· 𝐜𝐨𝐬(𝐘𝐨𝐀)
Proposal 4: Given only the maximum uncertainty of TRP location, the TRP location error is assumed to be uniformly distributed between 0 and the maximum uncertainty.
Proposal 5: Given only the maximum uncertainty of ARP location, the ARP location error is assumed to be uniformly distributed between 0 and the maximum uncertainty.
Proposal 6: Inter-TRP synchronization error for TDOA methods can be modeled as uniform distribution within an uncertainty region.
[2] R1- 2208480/R1-2208516 (BUPT)
Observation 1：UE Rx/Tx and or gNB Rx/Tx timing error source will greatly affect the positioning accuracy.
Observation 2：NLOS error caused by NLOS environment is an important error source that affects the integrity of RAT dependent positioning.
Proposal 1：It is suggested that TOA error be considered as an error source with normal distribution.
Proposal 2：It is suggested that Rx-Tx TEG information be used as part of the integrity assistance data to consider the integrity of RAT-dependent positioning.
Proposal 3：It is suggested to consider the integrity of the RAT-dependent positioning by taking the NLOS indicator as a part of the integrity assistance data.
Proposal 4：TEG related timing error should be considered as part of the assistance data error.
[3] R1- 2208649 (vivo)
Observation 1:
· Based on the system evaluation of InF-SH, the ToA error is difficult to express as a Gaussian distribution.
Observation 2:
· Based on the system evaluation of InF-SH, the RSTD error follows Gaussian distribution in LoS case.
· Based on the system evaluation of InF-SH, the RSTD error follows Gaussian distribution if both target TRP and reference TRP is NLoS.
Observation 3:
· Based on the system evaluation of InF-SH, the AoA error and the function AoA error(𝑫=𝒓∙𝒔𝒊𝒏(𝒂)) follow the Gaussian distribution with 𝝁=𝟎 in LoS case.
Proposal 1:
· For RSTD measurement error model, the measurement error follows the Gaussian distribution with  at least for  case and N case, and the NR-TimingQuality or NR-TimingQuality.
Proposal 2:
· 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 3:
· 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 4:
· 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 5:
· For AoA measurement with LoS indication, the angle measurement error can be converted to distance error (the function of AoA) for integrity for AoA positioning
· The distance error of AoA measurement follows the Gaussian distribution with 𝝁=𝟎, and the 𝝈=𝟏𝟐 𝑟∙sin(𝑎) or 𝝈=𝟏𝟑 𝑟∙sin(𝑎). where
· 𝒂 can be achieved by confidence parameter for angle measurement (e.g Azmuth quality or zenith quality )
· 𝒓 can be achieved by timing-based measurement, or calculated by estimated UE location and TRP location.
[4] R1- 2208735 (Nokia, Nokia Shanghai Bell)
Observation 1: Even if the noise deteriorates the first arrival signal path, the UE might be able to properly detect the first arrival path in case the impact of noise signal is marginal. Even if there is an LoS path between the TRP and the UE with an assumption of no noise, the signal strength of the LoS path could not be enough to be detected so it is possible for UE to not detect the LoS path.
Proposal 1: Prioritize the study on the distribution of the timing measurement error for LoS path without consideration of error factors of Tx TEG, Rx TEG, and synchronization error.
· Consider the impact of Gaussian nosie.
· Consider that there may be a detection error of the LoS path even if there is an LoS path without noise
· FFS on modelling of measurement error including TEG and/or synchronization errors.
Proposal 2: Prioritize the study on the distribution of the angle measurement error for LoS path without consideration of ARP error.
Proposal 3: 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 2: The validity of Gaussian extrapolations on the distribution tails need to be carefully analyzed.
· Jamming, spoofing, malicious UE
· gNB failures (e.g., TRP malfunction resulting in a power loss)
· Transmission error in assistance or positioning data
· concerns e.g. the case of assistance data correctly produced by the LMF that have been corrupted during transmission, and detected as errorless
· Implementation error in gNB, LMF or UE (e.g., location estimation algorithm such as LS)
Propsoal 4: RAN1 to study the above list of fault cases in addition to the previously agreed error sources.
Proposal 5: RAN1 to include in its scope the detection all measures that allow to detect the presence of interference and spoofing, and generate integrity events accordingly.
[5] R1- 2208800 (OPPO)
Proposal 1: For the error in the RSTD measurement:
· The measurement error is considered for the reported RSTD measurement.
· TEG-related timing error is not considered as an independent error source.
· NLOS is not considered as a separate error source for RSTD measurement.
· The measurement error in RSTD can be modeled as a normal distribution.
Proposal 2: For the error in UL RTOA measurement:
· Without NLOS, the measurement error in RTOA can be modeled as normal distribution.
· The measurement error of NLOS can be modeled as lognormal distribution.
· TEG-related timing error shall be considered separately.
Proposal 3: For the error in UE Rx-Tx time difference and gNB Rx-Tx time difference:
· Without NLOS, the measurement error can be modeled as normal distribution.
· The measurement error caused by NLOS can be modeled as lognormal distribution.
· TEG-related timing error is not considered independently.
Proposal 4: For DL-AoD, the measurement error in PRS RSRP or RSRPP can be modeled as normal distribution.
Proposal 5: For the angel of arrival measurement in UL-AoA:
· 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 6: the error in reported ARP location is model by a normal distribution.
Proposal 7: For UE-based DL-AoD, boresight direction of DL-PRS and beam information of DL-PRS are error sources.
Proposal 8: LMF-based positioning shall consider the following error sources.
· TRP location
· Inter-TRP synchronization
· Boresight direction of DL PRS and beam information of DL PRS
[6] R1- 2208982 (CATT)
Observation 1: In TS 38.305, the error bound of the parameters in the GNSS integrity assistant data is determined based on Gaussian distribution.
Observation 2: It is very difficult for the receiver to provide the exact error distribution in real-time for RSTD, RTOA, UE/gNB Rx-Tx time difference measurements under different RF environments.
Observation 3: It is very difficult for the receiver to provide the exact error distribution in real-time for AoA measurements under different RF environments.
Proposal 1: The measurement errors of all timing related measurements, including RSTD, RTOA, UE/gNB Rx-Tx time difference measurements, can be modelled statistically as Gaussian distribution for NR RAT-dependent positioning.
Proposal 2: The measurement error of angle of arrival measurement (AoA/ZoA) can be modelled statistically as Gaussian distribution in LCS for NR RAT-dependent positioning.
Proposal 3: The impact of the signal direction (AoA/ZoA) and the LOS/NLOS on the error bound of the angle of arrival measurement (AoA/ZoA) can be determined by the receiver associated with each (AoA/ZoA) measurement. There is thus no need to define an additional function to address the impact of the signal direction (AoA/ZoA) and the LOS/NLOS.
Proposal 4: The TRP Location /ARP errors can be modelled statistically as zero-mean Gaussian distribution for NR RAT-dependent positioning.
Proposal 5: The TRP time synchronization errors can be modelled statistically as zero-mean Gaussian distribution for NR RAT-dependent positioning.
Proposal 6: The following table can be used for the mapping between the error sources and the RAT-dependent positioning methods.
Proposal 6: The following table can be used for the mapping between the error sources and the RAT-dependent positioning methods.
Table 1: Mapping of error sources and RAT-dependent positioning methods
	Error sources
	RAT-dependent positioning methods

	
	DL-TDOA
	UL-TDOA
	Multi-RTT
	DL-AoD
	UL-AoA
	E-CID

	gNB/
TRP
	Time synchronization errors
	· 
	· 
	
	
	
	

	
	gNB Clock drift
	
	
	· 
	
	
	

	
	TRP Rx timing errors
	
	· 
	· 
	
	
	

	
	TRP Tx timing errors
	· 
	
	· 
	
	
	

	
	TRP RxTx timing errors
	
	
	· 
	
	
	

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

	
	RTOA measurement errors
	
	· 
	
	
	
	

	
	gNB Rx-Tx time difference measurement errors
	
	
	· 
	
	
	

	
	UL RSRP/RSRPP measurement errors
	
	
	
	
	
	· 

	UE
	UE Clock drift
	
	
	· 
	
	
	

	
	UE Rx timing errors
	· 
	
	· 
	
	
	

	
	UE Tx timing errors
	
	· 
	· 
	
	
	

	
	UE RxTx timing errors
	
	
	· 
	
	
	

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

	
	RSTD measurement errors
	· 
	
	
	
	
	

	
	UE Rx-Tx time difference measurement errors
	
	
	· 
	
	
	

	
	DL RSRP/RSRPP measurement errors
	
	
	
	· 
	
	

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

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


Notes:
· For the determination of PL for Multi-RTT, there may not be the need to include the impact of Rx/Tx/RxTx timing errors. For example, if RxTx TEG IDs are reported with UE/gNB Rx-Tx time difference measurements, the RxTx time error margin can be considered, while if {Rx TEG ID, Tx TEG ID} pair are reported, the Rx time error margin and Tx time error margin can be considered.
[7] R1- 2209002 (Spreadtrum Communications)
Proposal 1: Multipath errors can be covered by measurement errors.
Proposal 2: TEG-related timing error is an independent error source from timing related measurement error.
Proposal 3: Gaussian distribution can model most of the error sources and the paired over-bounding Gaussian formula can be reused.
[8] R1- 2209106 (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: Each measurement (e.g., RSTD, RTOA, AoA) has its own error source model and modeled as Gaussian distribution with mean, standard deviation, and range as the parameters.
Proposal 2: Consider the conditions (e.g., noise / interference, PRS configuration) when positioning measurement is performed as assistance information related to the error source for integrity.
[9] R1- 2209214 (ZTE)
Observation 1: It is sufficient that only some of configured TRPs are involved in integrity computation.
Proposal 1: The following timing-related measurement errors should be model as Gaussian distribution:
· RSTD measurement for DL-TDOA
· RTOA measurement for UL-TDOA
· UE Rx-Tx time difference measurement for Multi-RTT
· gNB Rx-Tx time difference measurement for Multi-RTT
Proposal 2: For timing related error source model for integrity, the candidate values of the standard deviation and mean can be based on the range of NR-TimingQuality or nr-DL-PRS-ExpectedRSTD-Uncertainty.
Proposal 3: The angle related measurements should be model as Gaussian distribution.
· AoA and ZoA errors are separately modeled.
Proposal 4: There is no need to express the angle related error as a defined function of AoA/ZoA in LCS.
Proposal 5: For angle related error sources, the candidate values of mean and standard deviation can be based on the range of NR-DL-PRS-ExpectedAoD-or-AoA.
Proposal 6：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 7：TEG related timing error should not be considered as an independent error source.
Proposal 8: TRP/ARP location should be modeled as Gaussian distribution or truncated Gaussian distribution.
· The mean value of TRP/ARP can be set as zero while the standard deviation can be based on the range of Location uncertainty.
Proposal 9: Inter-TRP synchronization error should be modeled as Gaussian distribution or truncated Gaussian distribution for integrity.
· The mean value and standard deviation for inter-TRP synchronization error model can be based on the range of rtd-RefQuality and rtd-Quality.
Proposal 10: Support to select part of the measurement results or select part of the TRPs for integrity calculation.
[10] R1- 2209292 (Xiaomi)
Proposal 1: These error sources can be assumed to be independent to simplify the identification and
modelling of error source.
Proposal 2: We prefer to support taking the multipath/NLOS channel as an independent error source to simplify the modelling of measurement error source.
Proposal 3: The model of UE/TRP measurement errors can be obtained via simulation and some basic simulation assumptions should be decided to align companies’ simulation results.
Observation 1: For angle-based positioning methods, the channel error could be modelled as the integral/sum of square of Rician random variable or the Gaussian Mixed variable.
Proposal 4: For simplicity, Gaussian distribution can be assumed for these errors that are difficult to find their model.
[11] R1- 2209342 (CMCC)
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
Proposal 2: For UE-based positioning integrity mode, consider the following error sources in assistance data for PRS configuration:
· Expected RSTD
· Expected AoA/AoD
Proposal 3: The error of expected RSTD and expected AoA/AoD for PRS configuration can be modelled as confidential level.
Observation 1: Errors caused by multipath channels can be covered by measurement errors, and errors caused by NLOS scenarios can be reflected by the LOS/NLOS indicator.
Conclusion 1: No need to further identify the error sources resulting from the multipath/NLoS channel.
[12] R1- 2209394 (Lenovo)
Proposal 1: RAN1 to further study whether NR UL and DL E-CID is considered as part of error source evaluation for timing-based and angle-based techniques. FFS if this may be considered as part of the assistance data error.
Proposal 2: RAN1 to await the progress of the Rel-18 positioning methods to consider as part of the error source evaluation.
Proposal 3: Support Gaussian distribution for DL-based, UL-based and (DL+UL)-based LOS positioning measurements.
Proposal 4: Further study the error sources arising from the radio propagation environment including the effect of LOS/NLOS, multipath, interference, radio link/beam failures, handover, sparse network coverage.
Proposal 5: RAN1 to further discuss the relationship between feared/exceptional events with respect to the error sources.
[13] R1- 2209488 (InterDigital, Inc.)
Proposal 1: From RAN1 perspective, study quantifiable error sources where a quantifiable error source can be bounded numerically
Proposal 2: Error sources related to TEG related TX/RX timing are at least the following:
· TRP TX timing error is an error source for UE-based positioning integrity mode for DL-TDOA
· TRP TX timing error and UE RX timing error are error sources for LMF-based positioning integrity mode for DL-TDOA and multi-RTT
· UE TX timing error and TRP RX timing error are error sources for LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· Other timing error sources are not excluded
· FFS : Specification impact of timing error as an error source
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Proposal 3: Angle of arrival measurement error is expressed in terms of GCS
Proposal 4: Study the distribution for ToA measurement error for RSTD
Proposal 5: From RAN1’s perspective, potential specification impacts related to inter-TRP synchronization error and TRP locations are additional assistance information (e.g., inclusion of characteristic such as mean and standard deviation of the error source) in an LPP message sent from the LMF
Proposal 6: From RAN1’s perspective, potential specification impacts related measurement errors at the UE side (RSTD, UE Rx-Tx time difference) include enhancement in a measurement report (e.g., inclusion of characteristic such as mean and standard deviation of the error source) sent from the UE to the LMF
Proposal 7: From RAN1’s perspective, potential specification impacts related to measurement error at the network side (RTOA, gNB Rx-Tx time difference, AoA measurement) include enhancement in the measurement report (e.g., inclusion of characteristic such as mean and standard deviation of the error source) sent from the gNB to the LMF
Proposal 8: For LOS channels, ToA estimation error can be modeled as Normal distribution
Proposal 9: From RAN1’s perspective, the distribution of TRP location error can be bounded by the paired over-bounding technique
Proposal 10: From RAN1’s perspective, the distribution of inter-TRP synchronization error can be bounded by the paired over-bounding technique
Proposal 11: Agree on the following definition for the error
Error: Error is the difference between the true value of a parameter (e.g. TRP location, AoA, ToA etc.) and its estimated/measured value
Observation 1: To prevent duplicating error contributions, identification of independent and unique error source is critical
Observation 2: Measurements or LOS/NLOS indicators can be used to suppress degradation on performance due to error sources
Observation 3: The effect of multipath can be captured in measurements
Observation 4: TEG related timing error is an independent error source and can be quantified with the error margin associated with TEG
Observation 5: Uncertainties of beam information or boresight information may depend on the implementation 
Observation 6: There is no specification impact of inter-TRP synchronization for UL-TDOA for LM-based positioning integrity mode
Observation 7: If ARP location is available at the gNB, NRPPa
[14] R1- 2209737 (Samsung)
Observation 1: TOA errors and RSTD errors are following Gaussian distribution in LOS scenario.
Proposal 1: TOA errors can model as lognormal distribution in LOS+NLOS scenario.
Proposal 2: Since the distribution of TOA errors are different in LOS and LOS+NLOS scenario, RSTD errors are more suitable to be selected as the measurement error for time-based positioning integrity.
Proposal 3: The paired over-bounding Gaussian formula can be used to model RSTD errors for RAT dependent positioning techniques.
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.
[15] R1- 2209784 (Sharp)
Proposal: 
· Consider TEG margins as a separate error source 
[16] R1- 2209908 (NTT DOCOMO, INC.)
Observation 1:
· Boresight direction and beams information of DL-PRS may not be considered as error sources.
Proposal 1:
· Gaussian distribution can be considered as common probability distribution model of error sources in LOS and NLOS scenario.
Proposal 2:
· 0 can be considered as mean of probability distribution of error sources in NLOS/LOS scenario.
Proposal 3:
· Reusing location uncertainty in LPP/NRPPa message for definition of standard deviation can be considered. In addition, RAN1 may need to discuss additional specification impacts.
Proposal 4:
· For LMF-based integrity mode, Geographical Coordinates can be considered as an error source for DL-TDOA and DL-AoD.
· For LMF-based integrity mode, RAN1 needs to further study on whether SFN Initialisation Time can be considered as an error source.
Proposal 5:
· TEG-related timing error can be considered as an error source for timing-based positioning.
· The following previous FL proposal should be considered as a starting point:
FL Proposal 3-5
· Error sources related to TEG related TX/RX timing are at least the following:
· TRP TX timing error is an error source for UE-based positioning integrity mode for DL-TDOA
· TRP TX timing error and UE RX timing error are error sources for LMF-based positioning integrity mode for DL-TDOA and multi-RTT
· UE TX timing error and TRP RX timing error are error sources for LMF-based positioning integrity mode for UL-TDOA and Multi-RTT
· FFS : Whether TEG related timing error is an independent error source from timing related measurement error (e.g., RTOA, RSTD, UE/gNB Rx-Tx time difference)
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS : whether TxRx timing error is an error source
· FFS : Other error sources are not excluded
· FFS : Specification impact of timing error as an error source

Proposal 6: 
· Angle of arrival measurement error should support for both LCS and GCS.
[17] R1- 2209991 (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 NR-DL-PRS-BeamInfo (Rel-16) and NR-TRP-BeamAntennaInfo (Rel-17) as error sources in assistance data 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 and risk allocations, but without a bound formula for their error.
· PRS configuration parameters (periodicity, comb, bandwidth, etc) and NR-DL-PRS-TRP-TEG-Info are considered as error sources of this kind.
Proposal 3: Statistical parameters within assistance data, such as variances, uncertainties, and event probabilities, may be associated with DNU flags, 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)
[18] R1- 2210176 (Ericsson)
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
Proposal 1 For the purpose of integrity computation, the UE and/or TRP measurement error for a given time-based measurement is modelled as a Gaussian distribution with zero mean.
· Note: time based measurements are UL RTOA, DL RSTD, gNB RxTx and UE RxTx
· The standard deviation is for TRP or UE measurement error is based on the reported measurement quality.
· FFS: whether a scaling of the reported measurement quality is necessary
Proposal 2 for the purpose of integrity computations, TRP location information error is assumed to be uniformly distributed between 0 and the maximum location uncertainty for both longitude and latitude.
· The range for maximum value of location uncertainty follows the format for reported location uncertainty in LPP/NRPPa.
Proposal 3 For the purpose of integrity computation, the sync error distribution is assumed to be Gaussian.
Proposal 4 Discuss whether a scaling of the available timing quality is necessary to obtain the standard deviation of the synch error distribution.
Proposal 5 Do not introduce further signalling support for synch quality for the purpose of integrity computation
Proposal 6 Do not add support for inter-TRP synch for UL TDOA in RAN specifications.
Proposal 7 For the purpose of integrity computation, the UE and/or TRP measurement error for a given angle-based method measurement is modelled as a Gaussian distribution with zero mean.
· The standard deviation is for TRP or UE measurement error is based on the reported measurement quality.
· FFS: whether a scaling of the reported measurement quality is necessary
Proposal 8 Do not support NLOS as an error source in the integrity framework.
Proposal 9 Do not define the TEG-related timing error as an independent error source from timing related measurement error
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 and RAN1#110
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.



Appendix F : Evaluation results from companies for analysis related to timing/angle measurement error
[1] R1-22084574 (Huawei, HiSilicon)
For the ToA estimation method using super resolution, e.g. MUSIC, the estimated ToA appears to be a normal distribution due to the central limit theorem. Figure 1 shows the evaluation results of TOA error in terms of meters, with 50MHz bandwidth, using super resolution method. The TOA error distribution shows a curve similar to a normal distribution. 
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[bookmark: _Ref16683471]Figure 1 TOA error histogram for a LOS channel using high-resolution algorithm

[3] R1-2208649 (vivo)
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Figure 1. The distribution of ToA measurement error for LoS and NLoS mixed case, LoS only case and NLoS only case
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Figure 2. The distribution of RSTD measurement error for LoS and NLoS case


[image: ][image: ]
Figure 7  The distribution of AoA measurement error and AoA function measurement error for LoS case
[4] R1-2208735 (Nokia, Nokia Shanghai Bell)
[image: ]
Figure 1. ToA measurement error histogram
For ToA measurement, we evaluate the measurement error distribution using threshold-based peak detection method. In the evaluation, only gaussian noside was considered. We initially thought the timing measurement error might probably be modeled as a distribution if we only consider noise or interference signal, but our evaluation result on ToA measurement error doesn’t look like a Gaussian distribution. 
[9] R1-2209214 (ZTE)
[image: Integrity_Uma_LOS_40M_title]
Figure 1 TOA error histogram in UMa LoS Scenario
[image: Integrity_Uma_LOSNLOS_40M]
Figure 2 TOA error histogram in UMa Scenario with both LOS and NLOS
[image: AOA]
Figure 3 AoA error histogram in RMa
[image: ZOA]
Figure 4 ZoA error histogram in RMa

Table 5-1 UMa Scenario Simulation assumption
	Carrier frequency
	6GHz

	Subcarrier spacing
	30KHz

	Bandwidth
	40MHz

	Description of measurement algorithm
	MUSIC

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	TDOA with Gauss-Newton algorithm;

	Synchronization assumptions
	Perfect synchronization

	Precoding assumptions (codebook, etc)
	No precoding

	ISD
	500m

	BS antenna height
	25m

	UE antenna height
	1.5m

	Channel model
	As defined in 38.901

	Additional notes, if any
	Normal channel



Table 5-2 Rma Scenario Simulation assumption
	Carrier frequency
	6GHz

	Subcarrier spacing
	30KHz

	Bandwidth
	100MHz

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	UL-AOA

	Synchronization assumptions
	Perfect synchronization

	Precoding assumptions (codebook, etc)
	No precoding

	ISD
	1732m

	Rx antenna num
	4

	BS antenna height
	35m

	UE antenna height
	1.5m

	Channel model
	As defined in 38.901

	Additional notes, if any
	Normal channel



Table 5-3 Indoor office Scenario Simulation assumption
	Carrier frequency
	6GHz

	Subcarrier spacing
	30KHz

	Bandwidth
	40MHz

	Description of measurement algorithm
	MUSIC

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	TDOA with Gauss-Newton algorithm;

	Synchronization assumptions
	Perfect synchronization

	Precoding assumptions (codebook, etc)
	No precoding

	ISD
	20m

	BS num
	12

	BS antenna height
	3m

	UE antenna height
	1.5m

	Channel model
	As defined in 38.901

	Additional notes, if any
	Normal channel



Table 5-4 Indoor factory SH Scenario Simulation assumption
	Carrier frequency
	6GHz

	Subcarrier spacing
	30KHz

	Bandwidth
	40MHz

	Description of measurement algorithm
	MUSIC

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	TDOA with Gauss-Newton algorithm;

	Synchronization assumptions
	Perfect synchronization

	Precoding assumptions (codebook, etc)
	No precoding

	ISD
	50m

	BS num
	18

	BS antenna height
	8m

	UE antenna height
	1.5m

	Channel model
	As defined in 38.901

	Additional notes, if any
	Normal channel



[13] R1-2209488 (InterDigital)
[image: ]
[bookmark: _Ref115363962]Figure 3 ToA error vs. Normal distribution estimation in LOS channel
[image: ]
[bookmark: _Ref115385033]Figure 4 ToA error in NLOS channel

[bookmark: _Ref115363979]Table 3 Simulation parameters used for evaluation of timing of arrival estimation
	Parameters
	Values

	Frequency Region
	FR1

	Carrier Frequency
	4GHz

	Subcarrier Spacing (kHz)
	30

	Waveform
	OFDM

	Bandwidth
	20MHz

	Antenna Configuration
	1 TX at BS and 1 RX at UE

	PA impairment
	Ideal

	Channel model (TDL type, DS)
	TDL-D (LOS channel), DS=300ns
TDL-B, DS=300ns

	TX pattern per frame (for TDD)
	1 downlink slot

	UE mobility
	3km/hr



[14] R1-2209737 (Samsung)
[image: los1]     [image: los2]
1.                                                                                     (b)
Figure 1 The distribution of time based errors in LOS scenario
[image: los+nlos][image: los+nlos1]
(a)                                                                                 (b)
Figure 2 The distribution of time based errors in LOS+NLOS scenario
Figure 1 illustrates the distribution of TOA errors and RSTD errors in terms of meters. As shown in Fig.1, either TOA errors or RSTD errors are following Gaussian distribution in LOS scenario. That is to say, the paired over-bounding Gaussian formula in GNSS can be used to model the error sources for time based positioning method in LOS scenario. In addition, since RSTD can be obtained by linear calculation by TOA, it makes no difference which one is selected as the measurement error in LOS scenario.
Figure 2 illustrates the distribution of TOA errors and RSTD errors in terms of meters in LOS+NLOS scenario. Considering that NLOS can lead to time delay of signal arrival, TOA errors obey log normal distribution in LOS+NLOS scenario. In addition, it should be noticed that the distribution of RSTD errors depends on the selected reference BS, it can follow log normal distribution or Gaussian distribution with different reference BS. However, based on the law of large numbers and the central limit theorem, when there are enough samples, the RSTD errors will follow Gaussian distribution finally. Since the distribution of TOA errors are different in LOS and LOS+NLOS scenario, RSTD errors are more suitable to be selected as the measurement error for time-based positioning integrity. 

[18] R1-2210176 (Ericsson)
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Figure 1 Distribution of RSTD error, gNB RxTx and UE RxTx, together with fitted normal distribution.
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AoD Error Distribution
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AoA Error Distribution


Figure 2 AoD and AoA measurement error distribution, together with fitted normal distributions
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