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1. Introduction
The Rel-18 WID [1] specifies positioning integrity for RAT-dependent methods as follows:
	· Specify the error modelling parameters, signalling, and procedures to support UE-based and LMF-based integrity of RAT-dependent positioning methods [RAN2, RAN3].


In this contribution, we provide our views on RAN2 signaling to support integrity of RAT-dependent positioning methods.
2.  Discussion
2.1  Error source distribution
RAN1#110b[2] and RAN1#111[3] have the following agreements towards error source distribution:
	Agreement in RAN1#110b
· 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 in RAN1#110b
· 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 in RAN1#110b
· 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 RAN1#111
· For LMF-based positioning integrity mode, for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT, the following distributions are identified as candidates for modeling the distribution of TRP location (e.g., Geographical Coordinates in TS 38.455) 
· Uniform distribution
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions
Agreement in RAN1#111
· For LMF-based positioning integrity mode, for UL-AoA, the following distributions are identified as candidates for modeling the distribution of ARP location (e.g., ARPLocationInformation in TS 38.455) 
· Uniform distribution
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions


In which, the distribution of timing measurement error in 37.355 and 38.455 is settled as normal distribution, and the distribution of inter-TRP synchronization error in 37.355, TRP location error in 37.355&38.455 and ARP location error in 38.455 is not settled to be uniform distribution or normal distribution. Since the distribution is investigated by RAN1 according to the corresponding simulations they performed from SI phase, we think RAN1 should make the decision on some further details, i.e., which kinds of distribution should be adopted by each of the error sources, what kinds of parameters should be used to the distribution, and the corresponding exact parameter value range. Since RAN1 does not have RAT dependent integrity agenda in WI phase, we suggest RAN2 to send LS to RAN1 in order to triggering RAN1’s further investigation towards the error source distribution.
Proposal 1: Support RAN2 to send LS to ask RAN1 the following questions: which kinds of distribution should be adopted by each of the error sources, what kinds of parameters should be used for the distribution, and the corresponding exact parameter value range. 
2.2  Mapping between error sources and positioning methods
According to RAN1’s agreements during the SI phase, the mapping between error sources and positioning methods are as below:
Table 1. Mapping between error sources and positioning methods
	Methods
Error 
sources

	UE based DL-TDOA
	LMF based DL-TDOA
	UE based DL-AoD
	LMF based DL-AoD
	LMF based multi-RTT
	LMF based UL-TDOA
	LMF based UL-AoA

	TRP location
	√
	√
	√
	√
	√
	√
	√

	Inter-TRP synchronization 
	√
	√
	
	
	
	√
	

	ARP location
	
	
	
	
	
	
	√

	RSTD measurement
	
	√
	
	
	
	
	

	RTOA measurement 
	
	
	
	
	
	√
	

	UE Rx-Tx time difference
	
	
	
	
	√
	
	

	gNB Rx-Tx time difference
	
	
	
	
	√
	
	

	PRS RSRPP measurement 
	
	
	
	√
	
	
	

	PRS RSRP measurement 
	
	
	
	√
	
	
	

	AoA/ZoA measurement 
	
	
	
	
	
	
	√


In RAT-dependent positioning, the main task for RAN2 is to design signaling structure of different error source distributions agreed by RAN1. the following sub-sections give the specification impact of categorical error sources according to RAN1’s latest agreements.
2.2.1 [bookmark: _Toc120867883][bookmark: _Toc118699446] DL assistance data (LMF - UE) 
RAN2#119-b[4] meeting has achieved the following agreement:
	Agreement:
LMF provides, in assistance data, the information of error sources (e.g., originated from RAN node) to UE for integrity in UE-based mode.


For the legacy A-GNSS positioning, the error bounds of different error source is told to UE in assistance data per GNSS constellation per satellite. Take GNSS-SSR-ClockCorrections for example, a GNSS-ID is associated with each GNSS-SSR-ClockCorrections, in which SSR-ClockCorrectionList-r15 further contains up to 64 satellites’ assistance data with the same GNSS-ID. The error bound SSR-IntegrityClockBounds-r17 is associated with each satellite. In addition, RAN1#110 [5] and RAN1#111 have agreed the error sources in assistance data that:
	Agreement in RAN1#110
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
oFFS: whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source
oFFS: 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 in RAN1#111
For LMF-based positioning integrity mode, for DL-TDOA, inter-TRP synchronization error can be caused in part by errors in SFN initialization time.
Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Agreement in RAN1#111
· Inter-TRP synchronization error is an error source for UE-assisted DL-TDOA for LMF-based positioning integrity mode
· FFS: Specification impact 
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857



For DL assistance data, TRP location is only for UE-based positioning integrity mode(UE based DL-TDOA and UE based DL-AoD), and inter-TRP synchronization is for UE-based and LMF-based positioning integrity mode(UE based DL-TDOA and LMF based DL-TDOA). 
TRP location as an error source means the error of wrong TRP location relative to the real TRP location obeys a distribution. The TRP’s location may not be stable when time varies, for example at one time TRP location is at point A, and at another time the TRP location is at point B (in which point A and point B are very close), so its TRP location shift(error) should form a distribution (a normal distribution or uniform distribution) and this distribution should be an attribute of the TRP.  
TRP synchronization as an error source means the error of wrong TRP synchronization relative to the real TRP synchronization obeys a distribution. The synchronization between two TRPs may not be stable when time varies, for example at one time TRP synchronization value between two TRPs is A, and at another time TRP synchronization value between the same two TRPs is B (in which value A and value B are very close), so its TRP synchronization shift(error) should form a distribution (a normal distribution or uniform distribution) and this distribution should be an attribute of the TRP pair.
Since they are both TRP-specific assistance data, the error distribution parameters of these two error sources should be configured per TRP in the DL assistance data, similar as A-GNSS design which is per satellite per GNSS. To be specific, the error distribution parameter of TRP location in 37.355 should be configured per TRP-LocationInfoElement in the NR-TRP-LocationInfo, and the error distribution parameter of inter-TRP synchronization in 37.355 should be configured per ReferenceTRP-RTD-Info in NR-RTD-Info.
Proposal 2: Support to configure the error distribution parameters of TRP location in 37.355 per TRP-LocationInfoElement IE in the NR-TRP-LocationInfo.
Proposal 3: Support to configure the error distribution parameters of inter-TRP synchronization in 37.355 per ReferenceTRP-RTD-Info IE in the NR-RTD-Info.

2.2.2  UE measurements 
In the RAN1#110 and RAN1#111, the following agreements are achieved:
	Agreement in RAN1#110
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 in RAN1#111
· At least DL-PRS RSRPP of the first path or RSRP is an error source for DL-AoD for LMF-based positioning integrity mode.
· Note: RAN1 did not determine the model of the error source
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857



For LMF-based integrity, LMF needs to know the error bounds of UE-side measurement error for calculating integrity results. Therefore, it is also necessary to include error distribution parameters of UE measurement errors in the UE measurement report. To be specific, there are several levels for UE to carry the distribution:
· Error distribution parameter is associated with each RSTD measurement / UE Rx-Tx time difference measurement / DL-PRS RSRPP measurement / DL-PRS RSRP measurement
· each measurement is generated per PRS resource (pair) of a TRP (pair), but only one measurement can not generate a stable normal distribution containing mean and standard deviation value. In addition, there is already a timing quality associated with each measurement, which has similar function as the standard deviation in normal distribution.
· Error distribution parameter is associated with each TRP pair for DL-TDOA / each TRP for multi-RTT and DL-AOD
· Each TRP (pair) can generate multiple measurements, these measurements are relative to some extent since the measurements per TRP (pair) almost share the same channel condition. Therefore, it is feasible for UE to generate normal distribution parameters for these relative measurements, i.e., their measurement error obeys a same normal distribution.
· Error distribution parameter is associated with each DL-TDOA measurement report / each multi-RTT measurement report / each DL-AoD measurement report
· This approach is also preferred since UE can generate distribution parameters based on multiple measurements from multiple TRPs(pair) in a single measurement report.
Therefore, RAN2 should further consider whether the distribution parameters of the UE measurement should be associated with each TRP (pair), or with each measurement report. If former is applied, all RSTD measurements within a TRP pair (i.e., a same NR-DL-TDOA-MeasElement LPP message) should be associated with one set of error distribution parameters. Error source of Rx-Tx time different measurement should have the same principle with RSTD measurement that, all the Rx-Tx time difference measurements within a TRP (i.e., a same NR-Multi-RTT-MeasElement LPP message) should be associated with one set of error distribution parameters. Similarly, all the DL-PRS RSRPP of the first path or the DL-PRS RSRP for LMF-based DL-AoD within a TRP (i.e., a same NR-DL-AoD-MeasElement LPP message) should be associated with one set of error distribution parameters. If latter is applied, all RSTD measurements containing in a same measurement report (i.e., a same NR-DL-TDOA-ProvideLocationInformation LPP message) should be associated with one set of error distribution parameters. Error source of Rx-Tx time different measurement should have the same principle with RSTD measurement that, all Rx-Tx time difference measurements containing in a same measurement report (i.e., a same NR-Multi-RTT-ProvideLocationInformation LPP message) should be associated with one set of error distribution parameters. Similarly, all the DL-PRS RSRPP of the first path or the DL-PRS RSRP for LMF-based DL-AoD containing in a same measurement report (i.e., a same NR-DL-AoD-ProvideLocationInformation LPP message) should be associated with one set of error distribution parameters.
Proposal 4: Support RAN2 to down select the following configuration level of UE measurement error distribution:
· Error distribution parameter is associated with each TRP pair for DL-TDOA / each TRP for multi-RTT and DL-AOD
· Error distribution parameter is associated with each DL-TDOA measurement report / each multi-RTT measurement report / each DL-AoD measurement report
2.2.3  UL assistance data (NG-RAN node - LMF) 
RAN1#110, RAN1#110-bis and RAN1#111 have provided error sources of UL assistance data in 38.455 as follows:
	Agreement in RAN1#110
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 in RAN1#110
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 in RAN1#110-bis
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.
oNote : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
oFFS : Specification impact of TRP location as an error source for LMF-based positioning integrity mode
oFFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity)
Agreement in RAN1#111
For LMF-based positioning integrity mode, for UL-TDOA, inter-TRP synchronization error can be caused in part by errors in SFN initialization time.
Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857.


TRP location is provided per TRP in NRPPa message; ARP location is configured per TRP since one TRP can associate multiple ARPs, and inter-TRP synchronization is indicated in the 38.455 as SFN Initialisation Time in the IE TRP information. Similar to the DL assistance data, the error source of ARP location and inter-TRP synchronization can have their corresponding error distribution parameters, and the error distribution parameters of these two error sources can be configured per TRP information in 38.455.
Proposal 5: The error distribution parameters of TRP location, ARP location and inter-TRP synchronization can be configured per TRP information IE in 38.455.
2.2.4  TRP measurements 
RAN1#110 and RAN1#110-b have provided error sources of UL positioning measurements as follows:
	Agreement in RAN1#110
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 in RAN1#110
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 in RAN1#110-b
· 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)



For UL/UL+DL positioning (UL-TDOA, UL-AoA and multi-RTT), TRPs measure the SRS and perform measurement result, then each gNB gathers TRPs measurements and reports to LMF. There may be error sources existing at TRP/gNB side, for example TRP measurement error. Thus, Rel-18 should also support NG-RAN nodes to report error distribution parameters for TRP measurement error along with TRP measurement report. As the agreement indicated above, the error source of RTOA measurement, gNB Rx-Tx time difference measurement and angle of arrival measurement should have their corresponding error bound. Similar as DL measurements, since each TRP in 38.455 only reports one measurement for each measurement type, the error distribution parameters of RTOA measurement, gNB Rx-Tx time difference measurement and angle of arrival should be associated with multiple TRP’s measurements, to be specific, associated with each MEASUREMENT RESPONSE message or MEASUREMENT REPORT message in 38.455.
Proposal 6: For error source of RTOA measurement, gNB Rx-Tx time difference measurement and angle of arrival measurement, the error distribution parameters of the each error source should be associated with each MEASUREMENT RESPONSE message or MEASUREMENT REPORT message in 38.455.

2.3  DNU flag in DL assistance data
In RAN2#120[6], the following agreement have been achieved:
	Use DNU flag for RAT-dependent integrity, with the meaning that the concerned assistance data cannot be used for integrity calculation but may be usable for positioning.  Signalling details and relation to error sources can be determined in normative work.  FFS which positioning methods are affected based on the progress in RAN1.


In the legacy approach, the DNU flag in A-GNSS positioning integrity is shown in two parts, GNSS-Integrity-ServiceAlert and GNSS-RealTimeIntegrity. gnss-Integrity-ServiceAlert is embedded in GNSS-CommonAssistData and indicates the ionosphere and troposphere corrections can be used for integrity or not, GNSS-RealTimeIntegrity is embedded in the GNSS-GenericAssistData associated with each GNSS constellation, indicating the specific satellites in the GNSS constellation can be used for integrity or not.
In addition for RAT-dependent methods’ DNU flag in DL assistance data, using all the TRP’s measurements to calculate integrity will increase the UE complexity, since the UE may need more storage to process the huge data. Therefore, DNU flag can be well utilized to select the needed error bounds for calculating integrity, and reduce system burden. As for the configuration, the DNU flags can be configured per frequency layer, per TRP, per PRS resource set or per PRS resource, depending on the specified error source. From our point of view, DNU flag should be configured with each TRP in the DL assistance data together with the error sources, indicating which TRP’s assistance data is not able to be counted for integrity calculation.
Proposal 7: Support to configure DNU flags per TRP in the DL assistance data. 
3. Conclusion
[bookmark: _Toc18413612][bookmark: _Toc18404543][bookmark: _Toc18403976]Proposal 1: Support RAN2 to send LS to ask RAN1 the following questions: which kinds of distribution should be adopted by each of the error sources, what kinds of parameters should be used for the distribution, and the corresponding exact parameter value range. 
Proposal 2: Support to configure the error distribution parameters of TRP location in 37.355 per TRP-LocationInfoElement IE in the NR-TRP-LocationInfo.
Proposal 3: Support to configure the error distribution parameters of inter-TRP synchronization in 37.355 per ReferenceTRP-RTD-Info IE in the NR-RTD-Info.
Proposal 4: Support RAN2 to down select the following configuration level of UE measurement error distribution:
· Error distribution parameter is associated with each TRP pair for DL-TDOA / each TRP for multi-RTT and DL-AOD
· Error distribution parameter is associated with each DL-TDOA measurement report / each multi-RTT measurement report / each DL-AoD measurement report
Proposal 5: The error distribution parameters of TRP location, ARP location and inter-TRP synchronization can be configured per TRP information IE in 38.455.
Proposal 6: For error source of RTOA measurement, gNB Rx-Tx time difference measurement and angle of arrival measurement, the error distribution parameters of the each error source should be associated with each MEASUREMENT RESPONSE message or MEASUREMENT REPORT message in 38.455.
Proposal 7: Support to configure DNU flags per TRP in the DL assistance data. 
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