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1. Introduction
In the RAN2#121, RAN2#121b-e meeting and last RAN2#122 meeting, agreements regarding the RAT-dependent integrity have been made as follows:
Agreements:
· RAN2 anticipate that the error sources are overbounded by a Gaussian distribution.
LS to RAN1 to check this view and ask about the parameters for the overbound distributions.
· TRP related error source bounds can be provided to UE via dedicated LPP providing assistance message or PosSIB
· Any interaction between the LMF and NG-RAN to support determination of error sources is in RAN3 scope. Other aspects of determining the TRP error sources are left to deployment and implementation.
· For UE-based RAT-dependent integrity, the PL and/or its corresponding TIR are provided to LMF as legacy, using the existing common LPP signaling 







More agreements have been reached in the RAN2#121b-e meeting, as indicated as follows:
Agreements:
· LS to RAN1 to include a request for confirmation that the beam-related information (Beam Bore-Sight Direction and Beam Antenna Information) are error sources for DL-AoD positioning.
· LS to RAN1 to include the question of whether RAN1 identify a need for a DNU flag for measurements.
· For RAT-dependent integrity, the PL calculation is performed by the entity which also performs the position calculation for a location process.
· For UE-based integrity, the integrity parameters of error sources for RAT-dependent integrity are included in assistance data.
LPP Request/Provide Assistance Data are reused for retrieving the integrity parameters to the UE from the LMF. The request is per positioning method (as in legacy operation) and the provided integrity parameters are as appropriate for the selected positioning method.
Use of posSIBs for integrity parameters is not excluded.
· 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.
Indicate the WA above in the LS to RAN1 to allow them to register any concern.
· Working assumption:
For LMF-based integrity, no integrity KPI (TTA, TIR, and AL) and integrity results transfer in LPP message.
· Capture the stage 2 impact for RAT-dependent integrity in section 7 of 38.305.  Initial running CR to be seen at next meeting, using R2-2302504 and R2-2303682 as baseline.














Agreements:
· For stage-2 description of RAT-dependent integrity, move the section of “Integrity Principle of Operation” to a generic section that is not specific to positioning methods.
· Represent the TRP and ARP location errors by a Gaussian paired over-bounding
· Represent the RTD errors by a Gaussian paired over-bounding






In this paper, we would like to further address our views on the RAT-independent integrity
2. Discussion
2.1 Integrity error source from RAN1 feedback
In the RAN1 #112bie-e meeting, RAN1 discussed the RAN2 LS on error source distributions and make reply regarding RAN2 concerns in R1-2304147. In this reply LS, firstly, RAN1 confirms that the error sources listed in Table 6.1.1-2 in TR 38.859 are overbounded by a Gaussian distribution. Secondly, regarding the parameters for the overbound Gaussian distribution, RAN1 think that zero is a valid possible option for the mean value for the overbound Gaussian distribution for the error sources listed in Table 6.1.1-2 in TR 38.859, and 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.
In our understanding, although RAN1 only claims the value range of the standard deviation could be derived from the value ranges of existing fields corresponding to the quality information, but, in practice, the value provided by the existing fields, somehow, is related with the standard deviation value. For example, regarding the horizontal uncertainty, the value indicated by the horizontalUncertainty-r16 IE could be transformed to an explicit horizontal uncertainty value scaled in meters according to the TS 23.032 Table 6.2a-1. Generally, the definition of the standard deviation is a measure of how dispersed the data is in relation to the mean, which aligns with intention of the uncertainty value. As a result, considering there is no available time slot allocated for the RAN1 for the positioning integrity topic currently, we propose RAN2 to agree that it is up to UE/LMF implementation how to derive standard deviation value from the existing IEs related to quality/uncertainty information of the received measurement results (e.g., NR-DL-TDOA-SignalMeasurementInformation IE)/ assistance data (e.g., NR-TRP-LocationInfo IE).
Proposal 1: RAN2 to agree that it is up to UE/LMF implementation how to derive standard deviation value from the existing IEs related to quality/uncertainty information of the received measurement results (e.g., NR-DL-TDOA-SignalMeasurementInformation IE)/ assistance data (e.g., NR-TRP-LocationInfo IE).
2.2 Discussion of residual risks and IRallocation for RAT dependent positioning
According to the Release-17 TS 38.305, for the GNSS positioning integrity support, the integrity risk is decomposed into a constant residual risk component provided in the assistance data as well as a variable IRallocation component. The residual risk is equal to the product of the probability of onset of a fault and the mean duration of the fault, which are provided in the various correction integrity parameters included in the GNSS assistance data. In addition, the IRallocation could be freely chosen by the client in the range of [irMinimum, irMaximum] from the GNSS assistance data GNSS-Integrity-ServiceParameters. Also note that the Residual Risk and IRallocation may be mapped to fault and fault-free cases respectively, but the implementation is free to choose any other decomposition of the integrity risk probability into these two components.
According to the current TS 38.805, for the GNSS positioning integrity, the Residual Risk is actually the probability that a feared event begins and is defined in Table 8.1.2.1b-1. Though in R18 TR 38.859, the feared event is not defined for the RAT-dependent positioning, but still we can conclude that a feared event occurs if the error originated from the corresponding error source is larger than the residual error bound for a time duration larger than the Time to Alert. Currently, RAN2 has identified error source related to the RAT-dependent positioning indicated as follows, according to R18 TR 38.859:


 Table 8.1.2.1b-1: Mapping of Integrity Parameters
	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])



As could be found from the table, errors from the error sources except the TRP location could be varied in time, and therefore it could be possible that the error exceeds the residual error bound for a time duration larger than the Time to Alert. 
On the other hand, the TRP and ARP location always remains stationary and could be known by the operator in advance. Even if the TRP is deployed indoor, the location of it could still be obtained from the GNSS positioning with good accuracy when good propagation conditions exist between GNSS satellites and the TRP. In addition, it is hard to evaluate the error of the TRP and ARP location error sources: no one can figure out the 100% ground-truth locations of the TRP and TRP. As a result, we propose RAN2 to only agree that the Residual Risk and IRallocation should be defined for the following error sources category:
· Uu-based measurement results
· Inter-TRP synchronization
Observation 1: errors from the error sources except the TRP location could be varied in time, and therefore it could be possible that in the error exceeds the residual error bound for a time duration larger than the Time to Alert.
Observation 2: The TRP and ARP location always remains stationary and it is hard to evaluate the error of the TRP and ARP location error sources: no one can figure out the 100% ground-truth locations of the TRP and TRP.
Proposal 2: RAN2 to agree that the Residual Risk and IRallocation should be defined for the following error sources categories:
· Uu-based measurement results
· Inter-TRP synchronization
Similar with the support of thee GNSS positioning integrity, the value range of the IRallocation, [irMinimum, irMaximum], should be provided in the assistance data to the UE for computation of the K and also the bound value.
Proposal 3: RAN2 to agree that the integrity risk related parameters such as IRallocation, irMinimum, irMaximum for the RAT-dependent positioning method should be provided in the assistance data for computation of the K and also the bound value. 
  
2.2 UE-based positioning integrity
In the TR 38.859, the positioning integrity signalling impacts on the UE-based positioning signalling have been found as follows:
· UE-based:
- UE sends capability info to LMF on integrity for UE-based mode using LPP capability transfer procedure.
- LMF sends the assistance data for integrity calculation to UE. LMF provides, in assistance data, the information of error sources (e.g., originated from RAN node) to UE for integrity in UE-based mode.
- LMF sends integrity requirement, e.g., TIR, to UE in LPP request location information message for integrity of UE-based mode.
-	UE sends integrity result to LMF using LPP location information Transfer message.
Firstly, the LPP capability transfer procedure needs to be enhanced to support requesting and conveying the positioning integrity information between the UE and LMF. In our opinion, there are two options regarding definition of the positioning integrity capability. The first is to include a new flag indicating whether or not the UE supports the positioning method specific integrity in each positioning method related ProvideCapabilities IEs such as otdoa-ProvideCapabilities, etc. The second is to include a new flag indicating whether or not the UE supports the overall positioning integrity capability in the LPP RequestCapabilities and ProvideCapabilities msgs, for example in the CommonIEsRequestCapabilities and commonIEsProvideCapabilities IE. In such way, the UE is considered to support the integrity services for all positioning methods.
Proposal 4: RAN2 to discuss the granularity of the RAT-dependent positioning integrity capability flag to be included in at least the LPP ProvideCapabilities msgs, which valids either for all RAT-dependent positioning methods or per RAT-dependent positioning method.
In the RAN2#121b-e meeting, it was agreed that the integrity parameters of error sources for RAT-dependent integrity are included in assistance data. With such information and the integrity parameters related to the measurement result (UE implementation to decide or is provided by the network), the UE could calculate the PL. However, it is FFS whether or not UE-based integrity should support mode 2 of integrity result report, i.e., UE compares the calculated PL with a given AL and indicates whether or not the positioning system is available for integrity operation. Note that in R17, the mode 2 is not supported for the GNSS positioning integrity, wherein the network does not need to send the AL and the TTA towards the UE, and the UE only needs to send the PL towards the network and subsequently the network could further identify the availability of the positioning integrity. We find there is no reason why we should not follow to use the mode 1 for reporting the GNSS positioning integrity result. Note that for the mode 2, the UE needs to consume additional computation resource for comparing the PL with the AL and determine if the event last for a time longer than the TTA. As a result, we propose RAN2 to agree that the only the mode 1 positioning integrity report should be supported and therefore only integrity parameter TargetIntegrityRisk should be provided towards the UE in the LPP RequestLocationInfomration msg for computation of the PL.
Proposal 5: RAN2 to agree that the only the mode 1 positioning integrity report needs to be supported for the UE-based positioning integrity, and therefore only integrity parameter TargetIntegrityRisk should be provided towards the UE in the LPP RequestLocationInfomration msg for computation of the PL.

Next, Regarding the DNU for the assistance data, RAN1, in the reply LS R1-2306157, emphasized again that from RAN1 perspective, study of the application of DNU flag for determination of positioning integrity is within the scope of RAN2 discussion, and the specification impact(s) of DNU flag(s) can be discussed in RAN2. So RAN2 needs to continue to study the usage of the DNU.
in the RAN2#120 meeting, a related agreement has been made as follows:
Agreement:
Proposal 1 (modified): 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. Signaling details and relation to error sources can be determined in normative work.  FFS which positioning methods are affected based on the progress in RAN1.





Firstly, we think we need to further discuss the scenario of when DNU flag is set, the concerned assistance data is not used for integrity calculation but maybe useable for positioning. As well known, the positioning result is derived based on the positioning measurement results and the TRP locations. For instance, for the DL-TDOA, the performance of the inter-TRP synchronization performance and the accuracy of the TRP location will contribute to not only the positioning accuracy but also the uncertainty of the positioning result. in our opinion, there are two kinds of interpreting upon reception of an assistance data with the DNU flag:
· Option 1: a positioning result with the positioning integrity result set to unavailable to be provided in the LPP ProvideLocationInformation msg to the LMF for further providing result to the LCS with positioning integrity requirement
· Option 2: no positioning result should be provided for the LPP session corresponding to the LCS with positioning integrity requirement, but positioning result is allowed to be provided for the LPP session corresponding to the LCS without integrity requirement
In our opinion, the Option 2 seems incorrect, since the assistance data received in the LPP ProvideAssistanceData msg corresponds to a particular LPP session for which session ID is indicated in the NAS layer. UE should not use the assistance data for positioning for other LPP session without integrity requirement.
Observation 3: the assistance data received in the LPP ProvideAssistanceData msg corresponds to a particular LPP session and should not be used for other LPP session without integrity requirement.
Proposal 6: RAN2 to confirm that in case that the assistance data attached with DNU flag is used for positioning, the provided positioning result sent to LMF should be attached with a flag indicating the positioning integrity result is unavailable.
Secondly, the granularity of the DNU remains FFS from the last RAN2#121b-e meeting. Generally, the error sources included in the assistance data are defined per TRP, such as the nr-RTD-info providing the timing synchronization information between a reference TRP (defined by referenceTRP-RTP-Info) and a list of neighbour TRPs (present in the rtd-InfoList), and as a result, the error of the nr-RTD-info is different per TRP and the corresponding DNU flag should be captured in each RTD-InfoElement-r16 IE. Hence, we would like to agree that the granularity of the DNU should be defined per TRP.
Proposal 7: RAN2 to agree that the DNU of the assistance data should be defined per TRP.

2.3 Feasibility of the positioning integrity for the DL-AOD
In the reply LS R1-2304147, regarding the DL-AOD measurement integrity related information, RAN1 says they cannot reach consensus on whether or not beam information and boresight direction are error sources for the DL-AOD positioning method, indicated as follows:
Q1: Are beam-related information (Beam Bore-Sight Direction and Beam Antenna Information) error sources for DL-AOD positioning?
Reply to Question 1: 
Regarding whether beam-related information (Beam Bore-Sight Direction and Beam Antenna Information) are error sources or not, RAN1 made the following conclusion in RAN1#111, “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.”, where the definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857.









From our point of view, lacking such beam-related integrity information will make the system very hard to derive the integrity result of the DL-AOD positioning method. For example, the NR-TRP -BeamAntennaInfo IE provides the angle information of each DL-PRS resource of the TRP in terms of the relative power of the DL-PRS for each given angle provided in the NR-TRP-BeamAntennaAngles-R17 IE, if the reliability related info, such as the mean and the standard deviation of the error of the beam direction related info is unknown to the 5G system, the integrity of the positioning result derived by taking advantage of the beam angle information of the DL-PRS resource of each TRP cannot be derived. As a result, we propose RAN2 to not pursue positioning integrity calculation for the UE-based DL-AOD positioning method in this release.  
Proposal 8: RAN2 to agree to not pursue positioning integrity calculation for the UE-based DL-AOD positioning method in this release.  

3. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following observations and proposals:
Proposal 1: RAN2 to agree that it is up to UE/LMF implementation how to derive standard deviation value from the existing IEs related to quality/uncertainty information of the received measurement results (e.g., NR-DL-TDOA-SignalMeasurementInformation IE)/ assistance data (e.g., NR-TRP-LocationInfo IE).
Observation 1: errors from the error sources except the TRP location could be varied in time, and therefore it could be possible that in the error exceeds the residual error bound for a time duration larger than the Time to Alert.
Observation 2: The TRP and ARP location always remains stationary and it is hard to evaluate the error of the TRP and ARP location error sources: no one can figure out the 100% ground-truth locations of the TRP and TRP.
Proposal 2: RAN2 to agree that the Residual Risk and IRallocation should be defined for the following error sources categories:
· Uu-based measurement results
· Inter-TRP synchronization

Proposal 3: RAN2 to agree that the integrity risk related parameters such as IRallocation, irMinimum, irMaximum for the RAT-dependent positioning method should be provided in the assistance data for computation of the K and also the bound value. 
Proposal 4: RAN2 to discuss the granularity of the RAT-dependent positioning integrity capability flag to be included in at least the LPP ProvideCapabilities msgs, which valids either for all RAT-dependent positioning methods or per RAT-dependent positioning method.
Proposal 5: RAN2 to agree that the only the mode 1 positioning integrity report needs to be supported for the UE-based positioning integrity, and therefore only integrity parameter TargetIntegrityRisk should be provided towards the UE in the LPP RequestLocationInfomration msg for computation of the PL.
Observation 3: the assistance data received in the LPP ProvideAssistanceData msg corresponds to a particular LPP session and should not be used for other LPP session without integrity requirement.
Proposal 6: RAN2 to confirm that in case that the assistance data attached with DNU flag is used for positioning, the provided positioning result sent to LMF should be attached with a flag indicating the positioning integrity result is unavailable.
Proposal 7: RAN2 to agree that the DNU of the assistance data should be defined per TRP.
Proposal 8: RAN2 to agree to not pursue positioning integrity calculation for the UE-based DL-AOD positioning method in this release.  






