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Introduction
In 3GPP TSG RAN WG2 #121-bis-e, RAN2 sent RAN1 an LS R2-2304563(R1-2304332) on the RAT-dependent positioning integrity as follows [1]:
	During the RAN2#121-bis-e meeting discussion on RAT-dependent positioning integrity, RAN2 has made the following working assumption on LMF-based RAT-dependent integrity:
Working assumption:
It is left to LMF implementation to decide the measurement error source bound distribution based on the measurement results from UE and/or NG-RAN
RAN2 would like to kindly request RAN1 to confirm whether they have any concern on the above working assumption. In addition, RAN2 also has two questions to RAN1:
Q1: Are beam-related information (Beam Bore-Sight Direction and Beam Antenna Information) error sources for DL-AOD positioning?
Q2: Are DNU flag(s) for TRP/UE positioning measurements needed or not?


During Study Item of NR positioning in Rel-18, RAN1 discussed the topic on integrity of NR positioning and reached some agreements on RAT-dependent positioning integrity in TR 38.859[2].
In this contribution, we would like to show our view on the questions of RAN2’s LS.

Discussion
2.1 Error sources for DL-AOD 
The table 6.1.1-1 in TR 38.859 presents error sources for LMF-based and UE-based positioning integrity modes [2]. As we can see, TRP location and DL-PRS RSRPP of the first path or RSRP have been agreed as the error sources for LMF-based DL-AOD, and TRP location as the error source for UE-based DL-AOD have been agreed.
Table 6.1.1-1: Error sources for LMF-based and UE-based positioning integrity modes
	Positioning Integrity Mode
	DL TDOA
	UL TDOA
	Multi-RTT
	UL AoA
	DL AoD

	LMF-based (as defined in Table 9.4.1.1.1 in TR 38.857 [2])
	-	RSTD measurement 
-	TRP location 
-	Inter-TRP synchronization (can be caused in part by errors in SFN initialization time.)
	-	RTOA measurement
-	TRP location 
-	Inter-TRP synchronization (can be caused in part by errors in SFN initialization time.)
	-	UE Rx-Tx time difference measurement
-	gNB Rx-Tx time difference measurement
-	TRP location
	-	Angle of arrival measurement
-	TRP location 
-	ARP location (e.g., ARPLocationInformation in TS 38.455 [17])
	-	TRP location 
-	DL-PRS RSRPP of the first path or RSRP

	UE-based (as defined in Table 9.4.1.1.1 in TR 38.857 [2])
	-	TRP location (e.g., NR-TRP-LocationInfo in TS 37.355 [16]) 
-	Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355 [16])
	
	
	
	-	TRP location (e.g., NR-TRP-LocationInfo in TS 37.355 [16])



For beam-related information (Beam Bore-Sight Direction and Beam Antenna Information), it has been discussed during SI in RAN1, and the conclusion is as following:
	Conclusion
· RAN1 could not reach consensus on whether beam information (NR-TRP-BeamAntennaInfo) and boresight direction of DL PRS (NR-DL-PRS-BeamInfo) are error sources or not for DL-AoD for UE-based positioning integrity mode.
· Note: Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857


It can be observed that there is no consensus to support beam-related information as error sources for DL-AOD positioning.
So, beam-related information (Beam Bore-Sight Direction and Beam Antenna Information) is not agreed as the error sources for DL-AOD positioning from RAN1 perspective. And more reasons can be found in our discussion paper in RAN1 #110bis-e R1-2209214 and RAN1 #111 R1-2211502.

Proposal 1: Beam-related information (Beam Bore-Sight Direction and Beam Antenna Information) is not the error sources for DL-AOD positioning.

2.2 DNU flag(s) for TRP/UE measurements 
For “DNU”: In GNSS, DNU flag(s) correspond to particular errors in assistance data [3]. If the condition cannot be met, DNU flags will be set true, then the corresponding assistance may not be used for integrity related applications. The condition varies according to the type of errors. Considering the error sources in RAT-dependent positioning methods, especially those errors that are hard to be modeled, DNU flags can help alert the system efficiently. For example, DNU flags can be set to true if the assistance data or measurement results of a TRP is not very reliable for positioning calculation of a UE location, and then the corresponding DNU flag can be set to true. Hence, the integrity calculation unit will not consider this TRP in the integrity calculation. 
Therefore, in our opinion, DNU flag(s) are needed for TRP/UE positioning measurements to further help LMF easily determine integrity calculation. Specifically, for measurement reporting, DNU flags can be configured per TRP since some of configured TRPs may not be needed to be involved in integrity calculation. For example, only a few of TRPs nearby UEs can be used for integrity applications. Only if the measurement errors of those TRPs beyond the threshold, the feared event happens. On the other words, the measurement errors of the TRPs far away from the UE beyond the threshold doesn’t mean the positioning system is broken. 
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 will be caused at LMF side.
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 negligible impact on the integrity results.
Accordingly, we perform the simulation below. The corresponding evaluation assumptions can be obtained in table 5-1 and 5-2 in section 5.

[image: Integrity_Indoor_office_40M_title]
Figure 1 Positioning accuracy after selecting appropriate 6/8/10/12 TRPs in indoor office
[image: Integrity_Indoor_factory-SH_40M]
Figure 2 Positioning accuracy after selecting appropriate 6/8/10/12 TRPs 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.
There are many factors which affect the DNU determination. For some events caused by assistance data, the DNU value can be decided by LMF, the DNU flag indicates that the corresponding assistance data is not suitable for the purpose of computing integrity. However, for some events caused TRP/UE measurements, only based on the TRP/UE measurement, LMF may not know the DNU is true or false. For example, for the UE measurements without support of Rel-17 LOS/NLOS indicator, if the feedback RSRPs for multiple TRPs are in the similar level, it is hard for LMF to determine which results are more solid for integrity calculation without DNU reporting from UE.
Proposal 2: DNU flag is needed for TRP/UE positioning measurements, it can be reported along with the measurement results per TRP basis.

2.3 Measurement error source bound distribution 
During the RAN2#121-bis-e meeting discussion on RAT-dependent positioning integrity, RAN2 has made the following working assumption on LMF-based RAT-dependent integrity:
Working assumption:
It is left to LMF implementation to decide the measurement error source bound distribution based on the measurement results from UE and/or NG-RAN
Meanwhile, in RAN1’s reply LS R1-2304147, RAN1 has confirmed that the error sources including measurement error sources are overbounded by a Gaussian distribution. The value ranges of existing fields corresponding to quality information (e.g., nr-TimingQuality, rtd-Quality-r16) and uncertainty information (e.g., LocationUncertainty-r16) can be reused as a reference to derive the value ranges for the parameters (e.g., standard deviation) for the overbound Gaussian distribution for the error sources listed in Table 6.1.1-2 in TR 38.859. 
[bookmark: _GoBack]If the above RAN2 working assumption is confirmed, i.e. it is left to LMF implementation to decide the measurement error source bound distribution, RAN1’s understanding is that, how to determine the standard deviation) for the overbound Gaussian distribution for the measurement error sources will be up to implementation and there is no spec impact even from RAN2 perspective. 
Proposal 3: RAN1 has no concern on RAN2’s working assumption. If the working assumption is confirmed, RAN1’s understanding is that how to determine the standard deviation) for the overbound Gaussian distribution for the measurement error sources has not any spec impact.

Conclusion
In this contribution, we discuss the error source, measurement error source bound distribution and the DNU flag(s) for integrity of RAT dependent positioning, and we have the following proposals to reply RAN2’s LS:
Proposal 1: Beam-related information (Beam Bore-Sight Direction and Beam Antenna Information) is not the error sources for DL-AOD positioning.
Proposal 2: DNU flag is needed for TRP/UE positioning measurements, it can be reported along with the measurement results per TRP basis.
Proposal 3: RAN1 has no concern on RAN2’s working assumption. If the working assumption is confirmed, RAN1’s understanding is that how to determine the standard deviation) for the overbound Gaussian distribution for the measurement error sources has not any spec impact.
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Simulation assumption
Table 5-1 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 5-2 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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