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Introduction
In RAN#110 meeting, the following agreements were achieved for integrity of RAT dependent positioning.
	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.


In this contribution, we provide our views on this integrity issue for RAT dependent positioning techniques from RAN1 perspective.
Discussion
2.1 Error source model 
2.1.1 Error source model for timing related measurements
For LMF based positioning methods, the following error sources have been considered based on the agreements.
· 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
For the error sources mentioned above, it’s natural to consider Gaussian distribution as the error source models as similar as GNSS. To verify the assumption, we provide some simple evaluations.
Figure 1 and 2 show the evaluation of ToA error in terms of meters, using MUSIC method with 100MHz bandwidth. We evaluate the errors based on LoS and LOS&NLoS links in the results. More simulation assumptions can be found in table 5-1 in section 5. The evaluation results reveal that the curves are actually aligned with normal distribution for LoS links and are a little bit different to normal distribution for LOS&NLoS links. Based on existing knowledge that for LOS&NLOS links, the total signal strength follows Rician distribution, and without LOS links it follows Rayleigh distribution. Overall, the location error is related with the signal strength and for some reasons, we think the location error distribution is aligned with Gaussian distribution shape approximately.
[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
Therefore, we suggest the bounding model for ToA as Gaussian distribution for LoS cases which also includes a mean and standard deviation, the formula for GNSS can be reused in ToA and extended to other timing related measurement errors.
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

In order to further study the model, how to get the bound, mean value and standard deviation should be identified for the timing related error sources. From the simulation, we can simply determine the mean value of timing related error model to be zero.
The IE NR-TimingQuality defines the quality of a timing value for DL-TDOA and Multi-RTT in TS 37.355 as follows.
-- ASN1START

NR-TimingQuality-r16 ::= SEQUENCE {
	timingQualityValue-r16			INTEGER (0..31),
	timingQualityResolution-r16		ENUMERATED {mdot1, m1, m10, m30, ...},
	...
}
-- ASN1STOP

	NR-TimingQuality field descriptions

	timingQualityValue
This field provides an estimate of uncertainty of the timing value for which the IE NR-TimingQuality is provided in units of metres.

	timingQualityResolution
This field provides the resolution used in the timingQualityValue field. Enumerated values mdot1, m1, m10, m30 correspond to 0.1, 1, 10, 30 metres, respectively.


As we can see, the NR-TimingQuality is also used to represent the deviation of the real UE location from the estimation. Basically, we think the candidate values of standard deviation of the error source model for integrity can be based on the candidate values of NR-TimingQuality. Further, the candidate mean values for integrity error source model can also be based on the candidate values of NR-TimingQuality.
In addition, for the target device, nr-DL-PRS-ExpectedRSTD-Uncertainty indicates the uncertainty related to the location server’s apriori estimate of the target device location. The nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty together define the search window for PRS reception of a TRP for the target device.
	nr-DL-PRS-ExpectedRSTD-Uncertainty
The resolution R is
-	Ts if all PRS resources are in frequency range 2,
-	4Ts otherwise,
with Ts=1/(15000*2048) seconds.
The target device may assume that the beginning of the subframe for the PRS of this TRP is received within the search window of size
-	[-nr-DL-PRS-ExpectedRSTD-UncertaintyR ; nr-DL-PRS-ExpectedRSTD-UncertaintyR] centred at TREF+1 millisecondN+nr-DL-PRS-ExpectedRSTD4Ts,
where TREF is the reception time of the beginning of the subframe for the PRS of the assistance data reference TRP at the target device antenna connector, and N can be calculated based on
-	nr-DL-PRS-SFN0-Offset
-	dl-PRS-Periodicity-and-ResourceSetSlotOffset
-	dl-PRS-ResourceSlotOffset.


According to the definition of search window for target device, the IE nr-DL-PRS-ExpectedRSTD-Uncertainty may have some relationship with the candidate values of standard deviation of the error source model for integrity.
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.

2.1.2 Error source model for angle related measurements
In the last meeting, AoA/ZoA measurements has been agreed to be error source for UL-AOA positioning method.
Figure 3 and 4 show the evaluation of AoA/ZoA error in terms of degree for angle estimation accuracy, MUSIC method with 100MHz bandwidth is used. We evaluate the error in RMa scenario where AoA/ZoA measurements only based on LOS links are shown in the results. Similarly, AoA and ZoA error results are also expected to be normal distribution respectively and the evaluation results reveal that the curve is similar to normal distribution.
More simulation assumptions can be found in table 5-2 in section 5
[image: AOA]
Figure 3 AoA error histogram in RMa
[image: ZOA]
Figure 4 ZoA error histogram in RMa
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.
A similar strategy is considered to configure the mean and deviation value for angle related measurements. From the simulation, we can simply determine the mean value of angle related error model to be zero for LoS cases. As to the standard deviation, it may have the relationship with the expected value and uncertainty range in the existing assistance information as follows. Similarly, the candidate values of mean and standard deviation for integrity error source model can be based on the value range of NR-DL-PRS-ExpectedAoD-or-AoA.
NR-DL-PRS-ExpectedAoD-or-AoA-r17 ::= CHOICE {
	expectedAoD-r17			SEQUENCE {
								expectedDL-AzimuthAoD-r17		INTEGER (0..359),
								expectedDL-AzimuthAoD-Unc-r17	INTEGER (0..60)	OPTIONAL, -- Need OP
								expectedDL-ZenithAoD-r17		INTEGER (0..180),
								expectedDL-ZenithAoD-Unc-r17	INTEGER	(0..30)	OPTIONAL  -- Need OP
							},
	expectedAoA-r17			SEQUENCE {
								expectedDL-AzimuthAoA-r17		INTEGER (0..359),
								expectedDL-AzimuthAoA-Unc-r17	INTEGER (0..60)	OPTIONAL, -- Need OP
								expectedDL-ZenithAoA-r17		INTEGER (0..180),
								expectedDL-ZenithAoA-Unc-r17	INTEGER	(0..30)	OPTIONAL  -- Need OP
							}
}

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.

2.1.3 Error source model for beam information
In last RAN1#110 meeting, beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo in TS 37.355) was proposed to be an independent error source.
However, from the perspective of beam sending, the minimum granularity is 0.1 degree in the IE NR-TRP-BeamAntennaInfo, which is fine enough to identify the beam in the current application scenarios.
When the receiver receives the beam configuration of DL-PRS, the problem about how to determine the beam and how to obtain the actual measurement angle are implementation issues. Therefore, the measurement errors on the receiving side should not be attributed to the errors caused by the assistance data. From gNB or LMF side, it is unclear why and how to model this error in assistance data.
In addition, considering the complexity of the actual channel, even if the sending beam is completely pointing to the target device in LoS links (that is, there is no error caused by granularity in the beam assistance data IE NR-TRP-BeamAntennaInfo and NR-DL-PRS-BeamInfo), errors will still occur on the receiving side, so the actual errors should be related to the AOA, AOD and other angle error sources that most companies have agreed upon.
In summary, we think it is an over design to consider the assistance data with the beam information and boresight direction as an independent error source. It is unclear how to get the model parameters for UE, gNB and even LMF. It is also unclear how those error can be reflected in the final integrity computation.
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.

2.1.4 Error source model for TEG errors
As to considering whether TEG related timing error could be an error source.
Firstly, TEG is a set of grouping different timing errors. It 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.
Besides, TEG margin is the upper bound of the range of timing error difference. RAN4 has provided a list of different margins and the TEG margin is one of the margins list, and there is no need to further specify the uncertainty of TEG margin for integrity. 
Proposal 7：TEG related timing error should not be considered as an independent error source. 

2.1.5 Error source model for TRP/ARP location
In the last meeting, TRP/ARP location has been identified as error sources for DL-TDOA/DL-AOD and UL-AOA respectively.
Since TRP/ARP location indicates the coordinates of the transmission/antenna reference points for a set of TRPs, we can assume that the TRP/ARP location measurement should be modeled as Gaussian distribution or truncated Gaussian distribution. 
For TRP/ARP location measurement, the IE LocationUncertainty describes the uncertainty of the location coordinates. Therefore, the mean value of TRP/ARP can be set as zero while the standard deviation can be based on the range of LocationUncertainty.
LocationUncertainty-r16 ::= SEQUENCE {
	horizontalUncertainty-r16				INTEGER (0..255),
	horizontalConfidence-r16				INTEGER (0..100),
	verticalUncertainty-r16					INTEGER (0..255),
	verticalConfidence-r16					INTEGER (0..100)
}
	locationUNC
This field specifies the uncertainty of the location coordinates and comprises the following sub-fields:
-	horizontalUncertainty indicates the horizontal uncertainty of the ARP latitude/longitude. The ′horizontalUncertainty′ corresponds to the encoded high accuracy uncertainty as defined in TS 23.032 [15] and ′horizontalConfidence′ corresponds to confidence as defined in TS 23.032 [15].
-	verticalUncertainty indicates the vertical uncertainty of the ARP altitude. The 'verticalUncertainty' corresponds to the encoded high accuracy uncertainty as defined in TS 23.032 [15] and 'verticalConfidence' corresponds to confidence as defined in TS 23.032 [15].
If this field is absent, the uncertainty is the same as for the associated reference point location.


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.

2.1.6 Error source model for inter-TRP synchronization
In the last meeting, inter-TRP synchronization has been identified as an error source for DL-TDOA/UL-TDOA.
In the existing 37.355, the IE NR-RTD-Info is used by the location server to provide time synchronization information between a reference TRP and a list of neighbour TRPs.  
For reference TRP, IE rtd-RefQuality represents the quality of the timing of the reference TRP, used to determine the RTD values. While for neighbouring TRPs, the IE rtd-Quality represents the quality of the RTD for neighbouring TRPs. Both IEs have relationship with NR-TimingQuality and apparently, they can both influence the synchronization between TRPs.
Therefore, the mean value and standard deviation for inter-TRP synchronization have relationship with both rtd-RefQuality and rtd-Quality. 
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. 

2.2 Methodology for integrity transmission
2.2.1 Error source selection for integrity calculation
After determining the error sources for integrity, the transmission of associated measurement results and assistance data should be considered as the top priority.
In Rel-16/17, there is a maximum of 64 TRPs for measurement report and 32 measurement instances in each measurement report where each measurement instance can further contain multiple measurement elements, resulting in huge amount of measurement results reported. If all these results are utilized for integrity results calculation, high complexity and redundancy can not be avoided.
From our point of view, it is reasonable just to select part of the results from the TRPs for integrity calculation. Some of the TRPs may have a long distance to the target UE, which means these TRPs have very small RSRP or there is no LoS path between these TRPs and the UE. They may have slight impact on the integrity results.
Accordingly, we perform the simulation below. The corresponding evaluation assumptions can be obtained in table 5-3 and 5-4 in section 5.

[image: Integrity_Indoor_office_40M_title]
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.
Observation 1: It is sufficient that only some of configured TRPs are involved in integrity computation.

2.2.2 Configuration and Report
Basically, positioning integrity is a measure of the trust in the accuracy of the position-related data provided by the positioning system and the ability to provide timely and valid warnings to the LCS client when the positioning system does not fulfil the condition for intended operation. 
According to the concept of integrity, the measurement results and related assistance data can assist in integrity results calculation. Hence, the integrity results will be calculated in different entity based on the concrete positioning method. 
For LMF based positioning, UE/TRPs are enabled to report one or more measurement instances (of RSTD, DL RSRP and UE Rx-Tx time difference measurements for UE, of RTOA, UL RSRP and/or gNB Rx-Tx time difference measurements for TRP) in a single measurement report to LMF. Not all results should be involved for integrity computation as we mentioned in section 2.2.1. 
Hence, we propose that LMF can configure part of TRPs for computation of the integrity results. A procedure is shown in the following figure.
· LMF sends a MEASUREMENT REQUEST message to configure specific TRPs whose measurement results will be assigned for integrity results
· After the corresponding TRPs feedback the measurement results, LMF calculates the integrity results using the measurement results with corresponding labels.

[image: 图片2]
Figure 7. Integrity results calculation procedure for LMF based methods

Alternatively, LMF can inform UE to select measurement results which are intended for integrity calculation from part of the measurement instances or frequency layers, etc.. The procedure is shown in the following figure.
· LMF sends a MEASUREMENT REQUEST message to corresponding UE containing a integrity calculation requirement
· After receiving the requirement, UE selects corresponding measurement results based on some criteria and then feeds back the information. 

[image: 图片5]
Figure 8. Integrity results calculation procedure for LMF based methods for Alt 2

Proposal 10: Support to select part of the measurement results or select part of the TRPs for integrity calculation.

Conclusion
In this contribution, we discuss the error source model and transmission for integrity of RAT dependent positioning, and we have the following observations and proposals:
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.
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Simulation assumption
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
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