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Introduction
The Rel-18 NR positioning evolution SID was agreed upon during the RAN#94-e [1] meeting, where one of the objectives included enhancements to target improved integrity for RAT-dependent positioning methods. The following agreements were made during RAN1#110-bis-e [2] to further study the RAN1 impacts of RAT-dependent integrity:
	RAT-dependent Integrity:
RAN1#110-bis-e Agreements
Agreement
· The following distributions are identified as candidates for modeling of the distribution for inter-TRP synchronization error (e.g., NR-RTD-Info in TS 37.355)
· Uniform distribution
· Note: this may already be consistent with the existing parameter NR-RTD-Info in TS 37.355
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions
Agreement
· For LMF-based positioning integrity mode, TRP location (e.g., Geographical Coordinates in TS 38.455) is an error source for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT.
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
· FFS : Specification impact of TRP location as an error source for LMF-based positioning integrity mode
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity)
Agreement
· Study the following alternatives for expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, and down select between Alt 1 and Alt 2:
· Alt. 1 : No conversion (e.g., the measurement error is expressed as error in AoA or ZoA in LCS/GCS)
· Alt. 2 : conversion function ( defined function of AoA/ZoA in LCS)
· FFS : Distribution of AoA measurement error for an NLOS/LOS link
· FFS : Other Details (e.g., mean, standard deviation)
Agreement
· Timing measurement error can be modeled as Normal distribution.
· Note : The timing measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement
· Note: it is assumed that the timing measurement error is associated with the first path
· Note: it is up to RAN2 how to use the identified distribution
Agreement
Capture the following into the TR
· For UE-based positioning integrity mode, potential specification impacts related to errors in assistance data (e.g., to inter-TRP synchronization error and TRP locations) are at least enhancements in assistance data sent from the LMF to the UE (e.g., inclusion of parameters related to the error sources)  
· Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Agreement
· For UE-based positioning integrity mode, study whether boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) of DL PRS are error sources or not, focusing on the following aspects:
· Granularity of boresight direction of DL-PRS and its influence on positioning integrity
· Feasibility and complexity of modeling
· Feasibility of obtaining quality/statistical parameters of beam information from the gNB
· Influence on measurement errors at the UE 
· Other aspects are not precluded
· Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Agreement
· From RAN1 perspective, study of the application of DNU flag for determination of positioning integrity is within the scope of RAN2 discussion.
Agreement
· The following distributions are identified as candidates for modeling of the distribution for TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) error
· Uniform distribution
· Note: this may already be consistent with the uncertainty related to NR-TRP-LocationInfo specified in TS 37.355 
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions
Agreement
· In the agreement on the distribution of the timing measurement error, it is assumed that the timing measurement error contains TEG related TX/RX timing error if the TEG related information is provided.
· Note: The timing measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement
· Note: it is assumed that the timing measurement error is associated with the first path
· Note: no more discussion on TEG related TX/RX timing error as an independent error source from timing measurement error
Agreement
· Study to determine whether DL PRS RSRP/RSRPP measurement is an error source for DL-AoD, focusing at least on the following aspect
· Impact of RSRP/RSRPP measurement on positioning accuracy
· FFS: Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
[bookmark: _Hlk117152652]Agreement
· Study to determine whether SFN initialization time is an independent error source for the following positioning methods and integrity mode 
· UL-TDOA with LMF-based positioning integrity mode 
· UE-assisted DL-TDOA with LMF-based positioning integrity mode
· FFS: Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857




This contribution provides a discussion into the identification of potential error sources that are under RAN1 scope of RAT-dependent positioning integrity.
RAT-dependent Error Sources
There are variety of ways in which to categorize the type events and error sources, e.g., based on the error sources at entity/node or due to the radio environment, and whether such errors may be as a result hardware or software faults or whether such errors are inherent to devices/nodes (static), depend on other factors such as input data for a particular positioning technique, errors resulting from the measurements /or configuration, etc. During the SI phase, the identified positioning errors have been mainly categorized into measurement and assistance data errors.
Remaining Measurement Errors
DL-PRS RSRP/RSRPP
During the past RAN1#110-bis-e meeting [2] a few measurement errors, e.g. DL RSTD, UL RTOA,UL-AoA, etc  were agreed as independent error sources as part of timing-based and angle-based positioning techniques. Such errors arise from the actual measurement procedure performed at the UE/gNB. A remaining issue for further study is to determine whether the DL-PRS RSRP/RSRPP measurements are regarded as possible error sources, especially in the case of DL-AoD techniques. These measurements are defined as follows [TS38.215]:

	DL PRS reference signal received power (DL PRS-RSRP)

	Definition
	DL PRS reference signal received power (DL PRS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry DL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth.

For frequency range 1, the reference point for the DL PRS-RSRP shall be the antenna connector of the UE. For frequency range 2, DL PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported DL PRS-RSRP value shall not be lower than the corresponding DL PRS-RSRP of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency

	DL PRS RSRPP (Reference Signal Received Path Power)

	Definition
	DL PRS reference signal received path power (DL PRS-RSRPP), is defined as the power of the linear average of the channel response at the i-th path delay of the resource elements that carry DL PRS signal configured for the measurement, where DL PRS-RSRPP for the 1st path delay is the power contribution corresponding to the first detected path in time.

For frequency range 1, the reference point for the DL PRS-RSRPP shall be the antenna connector of the UE. For frequency range 2, DL PRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE



From our perspective, the DL-PRS RSRP/RSRPP measurements may also be prone to errors, e.g., in the calculation of the average power contributions, etc in addition to each identified path. In the case of DL-AoD, this can affect the set of beams reported to the LMF and the associated mapping to DL-AoD. This is also applicable to UE-assisted and UE-based positioning approaches.

Proposal 1: RAN1 to support DL-PRS RSRP/RSRPP measurements as independent measurement error sources at least for UE-assisted and UE-based DL-AoD positioning.

AoA Measurement Error
During the previous RAN1#110-bis-e [2], a remaining issue was the expression of the AoA error for azimuth and zenith of arrival. Such angular errors may originate from the LCS or GCS. Considering the simplicity of the error modelling in terms of the integrity calculation, it is recommended to express the AoA errors in terms of the Azimuth-AoA and Zenith-AoA in the respective coordinate systems. Furthermore, the correlation between each of the aforementioned errors, can be captured using the integrity correlation time parameter, which is up to RAN2 design. 
Proposal 2: RAN1 to support no translation function for the expression of azimuth and zenith AoA in the LCS/GCS.
Furthermore, another remaining issue is the modelling of the AoA errors. Once again for the sake of simplicity of the error modelling and to align well with other identified measurement error models, it is suggested that the AoA errors including both Azimuth and Zenith angles for the LCS/GCS are modelled in terms of a Normal distribution function.   
Proposal 3: RAN1 to support the modelling of AoA/ZoA measurement errors in LCS/GCS as Normal distributions.
Remaining Assistance Data/Other Errors
One aspect of further study was whether to include SFN initialisation time as an independent error source for the TDoA-based methods. According to TS38.455, the SFN initialisation time for EUTRA and NR RATs is defined as the:

 “Time in seconds relative to 00:00:00 on 1 January 1900 (calculated as continuous time without leap seconds and traceable to a common time reference) where binary encoding of the integer part is in the first 32 bits and binary encoding of the fraction part in the last 32 bits. The fraction part is expressed with a granularity of 1 /2**32 second”

The SFN Initialisation time is a pre-requisite for many of the timing and synchronization information. Potential errors may result in the binary encoding of such information, especially the fractional values, which may be minimal. If such errors do occur, these cannot be considered independent as such errors would propagate to other error sources. Since the SFN initialisation time is tightly coupled with the timing errors for UL-TDoA (UL-RTOA measurements, RTOA search window) as well inter-TRP synchronization errors, this error source may not be regarded as an independent error, which directly affects the positioning integrity computation.

Proposal 3: SFN Initialisation time is a dependent error source, which affects other timing-related errors e.g., RTOA search window, inter-TRP synchronization errors, etc. and therefore RAN1 is suggested not to consider such an error as an independent error source.

[bookmark: _Hlk118543596]During the previous RAN1#110-bis-e [2], boresight direction and beam information were discussed as potential error sources in the context of UE-based positioning and integrity for DL-AoD. The IEs NR-DL-PRS-BeamInfo and NR-TRP-BeamAntennaInfo provides the spatial directions of DL-PRS Resources for TRPs and the relative DL-PRS Resource power between PRS resources per angle per TRP. These are defined with respect to the configured DL PRS resources of an associated TRP. In principle, these assistance data elements could potentially contain errors depending on the gNB implementation. The nature and variation of the errors including DL-PRS Azimuth, Elevation angles and relative powers may be too variable depending on each DL-PRS resource. Therefore, a simplistic error model should be selected in order to model the error arising from the assistance data elements NR-DL-PRS-BeamInfo and NR-TRP-BeamAntennaInfo.

Proposal 4: Support a 1) simplistic approach to model the errors (azimuth, elevation, relative powers) arising from boresight direction and/or beam information or 2) categorize these errors as implementation specific. RAN1 is encouraged to down select between 1) or 2).
Conclusion
The following proposals are summarized based on the overall discussion on RAT-dependent integrity:
Proposal 1: RAN1 to support DL-PRS RSRP/RSRPP measurements as independent measurement error sources at least for UE-assisted and UE-based DL-AoD positioning.

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

Proposal 4: Support a 1) simplistic approach to model the errors (azimuth, elevation, relative powers) arising from boresight direction and/or beam information or 2) categorize these errors as implementation specific. RAN1 is encouraged to down select between 1) or 2).
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