


[bookmark: _Hlk115183842]3GPP TSG RAN WG1 #111																	   R1-2212123 
Toulouse, France, November 14th – 18th, 2022
	
Agenda item:	9.5.2.1
Source: 	Qualcomm Incorporated
[bookmark: _Hlk115183871]Title: 	Integrity for RAT dependent positioning
Document for:		Discussion and Decision
1 Introduction
[bookmark: _Hlk101171169]The Rel-18 Positioning Study Item RP-213588 [1] includes the following:  
	Positioning integrity is a measure of the trust in the accuracy of the position-related data and the ability to provide timely warnings based on assistance data provided by the network. The focus in Rel 17 work was on GNSS integrity, and for Rel-18 it is natural to extend this to address other positioning techniques as well as there are relevant integrity aspects of mission critical use cases that rely on positioning estimates and the corresponding uncertainty estimate. Integrity enables applications to make the correct decisions based on the reported position, e.g., when monitoring a robotic arm to decide whether its arm movement are within allowed limits to ensure safety distances to humans and other objects.
· Study solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1]:
· Identify the error sources, [RAN1, RAN2].
· Study methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning [RAN2]
· Focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, where possible.



At the last meeting RAN1#110bis-e, the following agreements were made regarding the Integrity objective: 

	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
· 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)

Agreement
· From RAN1 perspective, study of the application of DNU flag for determination of positioning integrity is within the scope of RAN2 discussion.

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
· 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





[bookmark: _Hlk111099983]In this paper, we present our views on the integrity objective.
2 Integrity 
2.1 Error Sources in Assistance Data
As discussed in our previous RAN1 contribution [2], the following are the assistance data elements that include information affecting the integrity of the NR positioning system:
1) NR-TRP-LocationInfo: TRP location is already agreed in RAN1#110 as an error source for both DL TDOA and DL AoD.
2) NR-RTD-Info: RTD is already agreed in RAN1#110 as an error source for DL TDOA
3) [bookmark: _Hlk115297114]NR-DL-PRS-BeamInfo (Rel-16) and NR-TRP-BeamAntennaInfo (Rel-17): Whether beam-related information in these IEs are are error sources for DL AoD was agreed to be studied further in RAN1#111b 
4) [bookmark: _Hlk115310977]NR-DL-PRS-AssistanceData (including Expected RSTD and Expected AoA/AoD): No conclusion was made on this yet. 
5) NR-DL-PRS-ExpectedLOS-NLOS-Assistance: No conclusion was made on this yet
6) NR-DL-PRS-TRP-TEG-Info: This was agreed to be included within the timing measurement error
At the last RAN1 meeting, it was agreed to study further whether beam-related information in the IEs NR-DL-PRS-BeamInfo (Rel-16) and NR-TRP-BeamAntennaInfo (Rel-17) are error sources for UE-based positioning integrity mode. Here we observe that these information elements play a role in DL AoD that is very closely analogous to the role played by the NR-RTD-Info in DL TDOA, which has already been agreed as an error source for UE-based integrity mode. 
DL TDOA positioning calculation works by associating each TDOA measurement between two TRPs with the difference in distance (or equivalently, flight times) from the two TRPs to the UE, and then using the geometry of these distances (e.g., intersection of hyperbolas). This association assumes that the signals begin their flight at exactly the same time; if they do not, the measured TDOA will also reflect this lack of time-alignment, which is not associated with the geometry, and must therefore be removed. The NR-RTD-Info provides exacty this information, on how to remove the lack of time-alignment, and is thus critical for positioning computation. 
Similar to the way DL TDOA compares TOAs measured from different PRS (from different TRPs) to infer the difference in distances to those TRPs, the DL AoD compares RSRPs from different PRS (from the same TRP) to infer the AoD from the TRP. Thus, just as an uncorrected or incorrectly accounted-for offset between the start-of-flight times of the two PRS results in an error in the TDOA and thus the position, similarly an error in the boresight pointing angles of the Tx beams of the two PRS resources results in an error in the estimated DL AOD. The same applies to the more detailed BeamAntennaInfo introduced in Rel-17.
Observation 1: NR-DL-PRS-BeamInfo (Rel-16) and NR-TRP-BeamAntennaInfo (Rel-17) play a role in DL AoD positioning that is very analogous to to the role played for DL-TDOA positioning by NR-RTD-Info (which has already been agreed to be an error source for DL-TDOA).
Regarding the specific aspects of these assistance data elements that were agreed to be focused on, we make the following observations: 
a) Granularity of boresight direction and its influence on integrity computation: The more granular the assistance data, the more accurate the positioning can potentially become. However, whether the granularity as defined in Rel-16/17 is sufficient or needs to be further improved can be left to the work-item phase. 
b) Feasibility and complexity of modelling: This is an issue that can be raised for every assistance data error source, including the ones already agreed. However it should be clear that there are some ways to manage the complexity here: as an example, it was mentioned in an earlier meeting that the relative beam-info of Rel-17 carries a lot of data and it may be impractical to impose a separate modelling for each of these data. A simple solution would be to impose a common model for different subgroups of this data. The detailed aspects of such modelling can be left to a later stage, and it should not be necessary to finish all those aspects in order to conclude that these beamshape-related IEs undoubtedly are error sources for DL AoD
c) Feasibility of obtaining the statistics of the beam information from the gNB: As with (b) above, we can leave detailed mechanism for future; in particular, there may even be ways to obtain the statistics from other nodes such as PRUs.
d) Influence on measurement errors at the UE: To determine the AoD from the RSRP, we need these assistance data. Thus, incorrect assistance data may lead to error in location. 
We also observe that the RSRPs reported by UE are being considered for study as an error source for DL-AoD. But computation of the position needs those RSRPs as well as the beam-shape related assistance data. The RSRPs will be reported only in UE-assisted positioning, but the assistance data will be needed for both UE-based and UE-assisted positioning, and will further affect integrity calculations for both these cases in a similar manner

Proposal 1:  Agree that beam related information (boresight in NR-DL-PRS-BeamInfo (Rel-16) and relative beam strengths in NR-TRP-BeamAntennaInfo (Rel-17)) are error sources in assistance data for integrity calculation for DL-AoD positioning.
Regarding the PRS configuration IEs within NR-DL-PRS-AssistanceData, as in [2] we propose that these can include their own DNU flags (if decided by RAN2) and risk allocations but without a bound-formula for their errors. 
Proposal 2: Assistance data elements that represent discrete quantities can also be part of integrity calculations, with their own DNU flags (if agreed by RAN2)  and risk allocations, but without a bound formula for their error. 
· PRS configuration parameters (periodicity, comb, bandwidth, etc) are considered as error sources of this kind.

Finally, regarding NR-DL-PRS-ExpectedLOS-NLOS-Assistance, we make the following proposal
Proposal 3: Statistical parameters within assistance data, such as variances, uncertainties, and event probabilities, may be associated with DNU flags (if agreed by RAN2), even if they are not associated with risk allocations or bound formulas. 

2.2 Modeling of Error Sources in Assistance Data
Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range) was left as FFS at the last meeting. It has been suggested by some companies that certain errors can naturally be modelled as Gaussian. However, this assumes that its mean is know precisely, and that a Gaussian of sufficiently large variance can be used to overbound the distribution. In reality the mean may not always be that well known. The paired-Gaussian overbounding model [3] uses a mixture of two gaussians with means of +η and -η, and thus reduces the amount by which the variance has to be increased to create an overbound. This is explained in more detail in [4], which we repeat below.   
Each error of the NR location technologies will be distributed according to some statistical distribution. In general, it is not possible to know the true distribution of the errors. Different errors may also have a different distribution (e.g., RTDs vs. ARP locations). Therefore, the actual distribution of errors is typically replaced by a simpler distribution, which is often a Gaussian distribution. The true distribution can be approximated with a model distribution that is conservative, i.e., it "overbounds" the true distribution and never under-estimates the probability of an error of a given magnitude. A probability density function  "overbounds" a probability density function , if for any integration interval [-L, L] the integral of is less than or equal to the respective integral of function .
 
To leverage the PL definition, the idealized overbound should be Gaussian. The goal is to find a Gaussian distribution that can be used instead of "true distribution" in the integrity calculations and that will result in an upper bound of the integrity risk. One principle is to inflate the sigma, such that the error distribution (characterized by σ) overbounds all reasonable error distributions out to the probabilities assumed in the computation of the PLs. The inflation generates conservative Gaussian models, called "overbounds". 
Since real error distributions tend to have non-zero mean and "fat tails" that would require a very conservative value of σ to overbound the distribution (resulting in over-inflated Protection Levels), a pair of bounds can be used, rather than a single bound, to represent the actual error distribution. The true distribution is bounded by two non-zero mean Gaussians, shifted by -𝜇 and +𝜇. This allows for a tighter bound that is still an overbound across the whole distribution. In effect, distribution anomalies are converted into biases.
Proposal 4: Paired Gaussian overbounding is used to bound the errors (i.e., deviations from their true values) in all continuous assistance-data information elements, including NR-RTD-Info, NR-TrpLocationInfo, NR-DL-PRS-BeamInfo (Rel-16) and NR-TRP-BeamAntennaInfo (Rel-17)
3 Conclusions
In this paper, we discussed error sources for integrity, and made the following observation and proposals:
 
Observation 1: NR-DL-PRS-BeamInfo (Rel-16) and NR-TRP-BeamAntennaInfo (Rel-17) play a role in DL AoD positioning that is very analogous to to the role played for DL-TDOA positioning by NR-RTD-Info (which has already been agreed to be an error source for DL-TDOA).
Proposal 1:  Agree that beam related information (boresight in NR-DL-PRS-BeamInfo (Rel-16) and relative beam strengths in NR-TRP-BeamAntennaInfo (Rel-17)) are error sources in assistance data for integrity calculation for DL-AoD positioning.
Proposal 2: Assistance data elements that represent discrete quantities can also be part of integrity calculations, with their own DNU flags (if agreed in RAN2) and risk allocations, but without a bound formula for their error. 
· PRS configuration parameters (periodicity, comb, bandwidth, etc) are considered as error sources of this kind.
Proposal 3: Statistical parameters within assistance data, such as variances, uncertainties, and event probabilities, may be associated with DNU flags (if agreed in RAN2), even if they are not associated with risk allocations or bound formulas. 
Proposal 4: Paired Gaussian overbounding is used to bound the errors (i.e., deviations from their true values) in all continuous assistance-data information elements, including NR-RTD-Info, NR-TrpLocationInfo, NR-DL-PRS-BeamInfo (Rel-16) and NR-TRP-BeamAntennaInfo (Rel-17)
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