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[bookmark: _Ref513464071]Introduction
In RAN#110-e, the following agreements were made [1].
	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
[bookmark: _Hlk115345969]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.


Integrity for positioning is defined as follows in TS 38.305 [2]: 
“Positioning integrity: A measure of the trust in the accuracy of the position-related data and the ability to provide associated alerts.”
In this contribution, we discuss error sources for determination of integrity for RAT dependent positioning techniques and specification impacts of the error sources.
Error sources for determination of integrity
Summary of analysis
In [3], the following potential error sources were identified. 
	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


In the list above, error sources can be classified as quantifiable and non-quantifiable error sources. A distribution may be identified for quantifiable error sources. For non-quantifiable error sources, a distribution may not be identified due to potentially unpredictable nature of the error source. For example, “interference” or “spoofing” may not be quantifiable since the error source depends on the number of UEs and status of their communication link (e.g., active, non-active) near the target UE. On the other hand, error sources such as synchronization error or TRP locations may be quantifiable by referring to the range of uncertainties indicated in assistance information. For computation of integrity, error sources which are quantifiable should be informed to the entity (e.g., UE or LMF) which computes integrity. 
Proposal 1: From RAN1 perspective, study quantifiable error sources where a quantifiable error source can be bounded numerically
As discussed in [4, 5], error contribution from multiple error sources accumulates in a system. In addition, it is important to isolate error sources and identify error sources uniquely to avoid duplicating error contributions. To isolate error sources, it is important to identify whether the error source is located at the UE, network or channel. Potential error sources in a positioning system are illustrated in Figure 1.
Observation 1: To prevent duplicating error contributions, identification of independent and unique error source is critical


[bookmark: _Ref110972301]Figure 1 Visualization of error sources at different entities in a communication system
UE/LMF based integrity mode
As explained in TR 38.587 [6], integrity can be computed at the UE or network. Since UE-based integrity computation requires assistance data related to error sources, it can be naturally coupled with UE-based positioning methods. On the other hand, for LMF based integrity mode, the measurements returned by gNB or UE can be used by the LMF to compute the integrity. The summary of relationship between integrity mode and positioning methods is shown in Table 1.
[bookmark: _Ref115188633]Table 1 Applicability of UE/LMF based positioning integrity to positioning methods
	
	UE-based positioning integrity mode
	LMF-based positioning integrity mode

	UE-based DL-TDOA
	Applicable
	Not applicable

	UE-assisted DL-TDOA
	Not applicable
	Applicable

	UE-based DL-AoD
	Applicable
	Not applicable

	UE-assisted DL-AoD
	Not applicable 
	Applicable

	Multi-RTT
	Not applicable
	Applicable

	UL-TDOA
	Not applicable
	Applicable

	UL-AoA
	Not applicable
	Applicable


Based on the association in Table 1, agreements were made in RAN1#110 to associate error sources, positioning methods and integrity determination mode. The relationship between agreed error sources and positioning methods is illustrated in Figure 2. 


[bookmark: _Ref115367500]Figure 2 Relationship between error sources, positioning methods and integrity determination methods (as of RAN1#110)
Remaining issues for error sources
Multipath/NLOS channel (channel errors)
As described in TR 38.857, a multipath channel is identified as one of the error sources for GNSS positioning [6]. Similarly, for RAT dependent positioning, multipath channel is a potential error source. It should be noted that for GNSS, multipath suppression technique at the receiver is assumed and no integrity parameters related to multipath channels were specified.
Information related to multipath channel can be conveyed through assistance information. For example, the UE or gNB can report LOS/NLOS information to the LMF. The LMF can also inform the UE LOS/NLOS information per PRS resource/TRP for UE-based positioning. Measurements such as RSRPP, timing measurements for additional path can be used by the UE or LMF to determine characteristics of multipath channel. Thus the UE or LMF can use the existing assistance information to suppress the error caused by multipath channel. Thus the effect of the multipath channel can be mitigated using the assistance data provided to the UE.
Observation 2: Measurements or LOS/NLOS indicators can be used to suppress degradation on performance due to error sources
Multipath channels may create uncertainties in time of arrival or angle arrival estimation/measurements. However, these uncertainties can be captured in the measurements made by the UE or TRP and corresponding characteristics (e.g., distribution, mean, standard deviation) can be transferred to the entity that computes integrity. 
Observation 3: The effect of multipath can be captured in measurements
Timing error
One of the discussion points is that “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)”. In TS 38.305 UE and TRP TEG (timing error group) are defined as follows.
	TRP Rx 'Timing Error Group' (TRP Rx TEG): Rx timing errors, associated with TRP reporting of one or more UL measurements, that are within a certain margin.
TRP RxTx 'Timing Error Group' (TRP RxTx TEG): Rx timing errors and Tx timing errors, associated with TRP reporting of one or more gNB Rx-Tx time difference measurements, which have the 'Rx timing errors+Tx timing errors' differences within a certain margin.
TRP Tx 'Timing Error Group' (TRP Tx TEG): Tx timing errors, associated with TRP transmissions on one or more DL-PRS resources, that are within a certain margin.
Tx Time Delay: From a signal transmission perspective, the time delay from the time when the digital signal is generated at baseband to the time when the RF signal is transmitted from the Tx antenna.
Tx Timing Error: Result of Tx time delay involved in the transmission of a signal. It is the uncalibrated Tx time delay, or the remaining delay after the TRP/UE internal calibration/compensation of the Tx time delay, involved in the transmission of the DL-PRS/UL SRS signals. The calibration/compensation may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE and may also possibly consider the offset of the Tx antenna phase centre to the physical antenna centre.
UE Rx 'Timing Error Group' (UE Rx TEG): Rx timing errors, associated with UE reporting of one or more DL measurements (RSTD), that are within a certain margin.
UE RxTx 'Timing Error Group' (UE RxTx TEG): Rx timing errors and Tx timing errors, associated with UE reporting of one or more UE Rx-Tx time difference measurements, which have the 'Rx timing errors+Tx timing errors' differences within a certain margin.
UE Tx 'Timing Error Group' (UE Tx TEG): Tx timing errors, associated with UE transmissions on one or more UL SRS resources for positioning purpose, that are within a certain margin.


In the agreed WF in RAN4 [7], candidates for timing error margins have been discussed. If the UE/gNB determines that timing error for PRS resource(s)/SRS resources for positioning is within the margin, the RS resource(s) belong to the same TEG. Thus, based on the timing error margin associated with a TEG, it is possible to quantify the timing error and it is possible to isolate the timing error from the timing measurement error. 
Observation 4: TEG related timing error is an independent error source and can be quantified with the error margin associated with TEG
Another discussion point is whether we should consider a generic timing error. TEG related timing error may be constrained to timing errors associated to components between Tx/Rx antenna and baseband. However, there may be a need to associate a group delay with an error source. In that case, there may be a need to define more generic timing error source. Characteristics of the distribution for a generic timing error source should be discussed. At least for timing error source related to TEG, the following proposal is made.
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
Details related to AoA
As per agreement below, it was discussed whether AoA/ZoA should be in LCS or GCS.
	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.


[bookmark: _Ref115291920]Table 2 : IEs described in Section 9.2.38 in TS 38.455
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Azimuth Angle of Arrival
	M
	
	INTEGER(0..3599)
	TS 38.133 [16]

	Zenith Angle of Arrival
	O
	
	INTEGER(0..1799)
	TS 38.133 [16]

	LCS to GCS Translation
	O
	
	9.2.69
	If absent, the azimuth and zenith are provided in GCS.


As shown in TS 38.455, the IEs shown in Table 2 are specified [8]. According to the IE “LCS to GCS translation”, the angle of arrival is indicated by GCS by default. Assistance data related to the angle of measurement as an error source can be translated to the format that is compatible with LCS. Thus, the following proposal is made :
Proposal 3: Angle of arrival measurement error is expressed in terms of GCS
Details related to timing error
	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.


As shown in the agreement above , one of the FFS points is “Whether the measurement error is considered for each ToA or for the reported RSTD value”. The discussion point is whether the reference ToA should be modeled separately. In addition, RSTDs may be correlated since the same reference ToA can be used to compute RSTDs. Since RSTD can be expressed as a combination of ToAs, ToA should be the distribution of  interest. The UE/gNB can send information related to the distribution of ToA to the LMF and LMF can determine the distribution of timing measurement errors (e.g., RTOA, RSTD, UE/gNB Rx-Tx time difference) based on information. The UE or gNB should indicate, if needed, separate distribution for reference ToA and target ToA if they have different distributions/characteristics. Thus, the following proposal is made : 
Proposal 4: Study the distribution for ToA measurement error for RSTD
[bookmark: _Hlk115345837]Beam information and boresight information
In RAN1#110, FFS points related to assistance data are whether beam information and boresight information are error sources. Uncertainties of beam information or boresight information may depend on the implementation and additional uncertainty metrics may need to be provided by the LMF to the UE to determine integrity at the UE.
Observation 5: Uncertainties of beam information or boresight information may depend on the implementation 
Specification impacts related to error sources
As summarized in Figure 2, errors in both assistance data and measurements were agreed in RAN1#110. Potential specification impacts related to these error sources are discussed in this section.
Specification impact of inter-TRP synchronization error and TRP location for UE-based integrity mode
Firstly, inter-TRP synchronization error and TRP locations are assistance information relevant to DL positioning methods. Thus, potential specification impacts may be additional assistance data (e.g., distribution, mean, standard deviation) from the LMF. Thus the following proposal is made 
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
Specification impact of measurement errors as error sources
The following measurements errors were agreed as error sources. Potential specification impacts of these error sources may be enhancement of measurement report sent by the UE/gNB. The measurement report may contain characteristics of the error source such as mean, standard deviation of the error source.
· 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
· AoA measurement error for UL-AoA
Thus the following proposals are made.
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
Specification impact of inter-TRP synchronization error for UL-TDOA
Inter-TRP synchronization error is agreed as an error source for UL-TDOA. However, the specification impact of inter-TRP synchronization error for UL-TDOA is not clear since inter-TRP synchronization error is known at the network and LMF can incorporate the error source while it determines integrity. Thus the following observation is made
Observation 6: There is no specification impact of inter-TRP synchronization for UL-TDOA for LM-based positioning integrity mode
	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


Specification impact of ARP location for UL-AoA
ARP location is agreed an error source for UL-AoA. The error information related to the ARP location may not be available at the network. If it is available at the gNB, the NRPPa can be enhanced to allow the gNB to report uncertainties related to the ARP location. Thus, the following observation is made : 
Observation 7: If ARP location is available at the gNB, NRPPa can be enhanced so the gNB can report uncertainties related to ARP location to the LMF
	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


Distribution of error sources
ToA measurement error
In this section, timing of arrival estimation performance is evaluated using simulation. The distribution of time of arrival error is compared against the Normal distribution in Figure 3. In the evaluation, correlation based time of arrival estimation is implemented. The details of evaluation parameters are shown in Table 3. In the evaluation, a LOS channel is used. From the figure, it is clear that the ToA estimation error can be modeled by the normal distribution. In Figure 4, error distribution in an NLOS channel (TDL-B) is shown. From the figure, it is clear that the error distribution does not resemble the Normal distribution. It should be noted that large timing error is observed in the NLOS channel due to the use of the correlation based timing estimation method. More advanced high-resolution based positioning methods can be used to reduce the timing estimation error. Thus the following proposal is made : 
Proposal 8: For LOS channels, ToA estimation error can be modeled as Normal distribution
[image: ]
[bookmark: _Ref115363962]Figure 3 ToA error vs. Normal distribution estimation in LOS channel
[image: ]
[bookmark: _Ref115385033]Figure 4 ToA error in NLOS channel
TRP location error
GPS/GNSS positioning can rely on location information associated with cell towers [10]. In TS 37.355, uncertainties of the reference point to indicate location of the TRPs are given by one of the following
· EllipsoidPointWithAltitudeAndUncertaintyEllipsoid
· HighAccuracyEllipsoidPointWithAltitudeAndUncertaintyEllipsoid-r15, 
where both are specified in TS 23.032 [11]. As the pair-overbounding approach [2, 5, 9] allows conservative estimate of the distribution of an error source, the following proposal is made.
Proposal 9: From RAN1’s perspective, the distribution of TRP location error can be bounded by the paired over-bounding technique
Inter-TRP sync error
Inter-TRP synchronization error was also identified as one of the error sources in RAN1#109e. In TS 37.355, RTD (relative time difference) is defined as follows,
	Relative Time Difference (RTD): The relative time difference between a TRP i and a TRP j, is defined as tj – ti, where ti and tj are defined as the time when TRP i and j transmit the start of one subframe respectively.


Inter-TRP synchronization error can be characterized by rtd-RefQuality-r16 in TS 37.355 where rtd-RefQuality-r16 is defined as follows :
	rtd-RefQuality: This field specifies the quality of the timing of reference TRP, used to determine the RTD values provided in rtd-InfoList


where the timing quality is expressed in terms of multiples of to 0.1, 1, 10 or 30 meters, defined by
NR-TimingQuality-r16 ::= SEQUENCE {
	timingQualityValue-r16			INTEGER (0..31),
	timingQualityResolution-r16		ENUMERATED {mdot1, m1, m10, m30, ...},
Synchronization quality can fluctuate randomly and it is proposed to apply pair-overbounding to bound the inter-TRP synchronization error.
Proposal 10: From RAN1’s perspective, the distribution of inter-TRP synchronization error can be bounded by the paired over-bounding technique
Definition of “Error”
In the agreement made in RAN1#109e [12], it was agreed to follow the principle in GNSS integrity. Some terms were discussed in the meeting and it is proposed to use the following definition for “error”.
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
Conclusion.
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 can be enhanced so the gNB can report uncertainties related to ARP location to the LMF
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Appendix
[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
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