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Introduction
In RAN#94e meeting, a SID for study on expanded and improved NR positioning was approved for Rel-18 where one item is to study integrity for RAT dependent positioning techniques as follows [1].
	· Improved accuracy, integrity, and power efficiency:
· 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.


In this contribution, we provide our views on this integrity issue for RAT dependent positioning techniques from RAN1 perspective.
Discussion
1.1 Background
In TS 38.305 section 8.1.1a, according to the principle of integrity operation for GNSS, the network will ensure the following:
	For integrity operation, the network will ensure that:
[bookmark: _Hlk102509937]P(Error > Bound for longer than TTA | NOT DNU) <= Residual Risk + IRallocation
for all values of Irallocation in the range irMinimum <= Irallocation <= irMaximum
Where:
Error: Error is the difference between the true value of a GNSS parameter (e.g. ionosphere, troposphere etc.), and its value as estimated and provided in the corresponding assistance data as per Table 8.1.2.1b-1
Bound: Integrity Bounds provide the statistical distribution of the residual errors associated with the GNSS positioning corrections (e.g. RTK, SSR etc). Integrity bounds are used to statistically bound the residual errors after the positioning corrections have been applied. The bound is computed according to the Bound formula defined in Equation 8.1.1a-2. The bound formula describes a bounding model including a mean and standard deviation (e.g. paired over-bounding Gaussian). The bound may be scaled by multiplying the standard deviation by a K factor corresponding to an IRallocation, for any desired IRallocation within the permitted range.
Bound for a particular error is computed according to the following formula:
Bound = mean + K * stdDev								
K = normInv(IRallocation / 2)
irMinimum <= IRallocation <= irMaximum
where:	mean: mean value for this specific error, as per Table 8.1.2.1b-1
	stdDev: standard deviation for this specific error, as per Table 8.1.2.1b-1
Time-to-Alert (TTA): The maximum allowable elapsed time from when the Error exceeds the Bound until a DNU flag must be issued.
DNU: The DNU flag(s) corresponding to a particular error as per Table 8.1.2.1b-1. Where multiple DNU flags are specified, the DNU condition in Equation 8.1.1a-1 is present when any of the flags are true (logical OR of the flags).
Residual Risk: The residual risk is the component of the integrity risk provided in the assistance data as per Table 8.1.2.1b-1. This may correspond to the fault case risk but the implementation is permitted to allocate this component in any way that satisfies Equation 8.1.1a-1.
The Residual Risk is the Probability of Onset which is defined per unit of time and represents the probability that the feared event begins. Each Residual Risk is accompanied by a Mean Duration which represents the expected mean duration of the corresponding feared event and is used to convert the Probability of Onset to a probability that the feared event is present at any given time, i.e.
P(Feared Event is Present) = Mean Duration * Probability of Onset of Feared Event
irMinimum, irMaximum: Minimum and maximum allowable values of IRallocation that may be chosen by the client. Provided as service parameters from the Network according to Integrity Service Parameters.
Correlation Times: The minimum time interval beyond which two sets of GNSS assistance data parameters for a given error can be considered to be independent from one another.


In addition, the mapping of integrity parameters for GNSS are also provided in Table 8.1.2.1b-1 in TS 38.305. For each error source, the integrity configuration includes integrity alerts, integrity bound mean and std, residual risks and integrity correlation times. Table 8.1.2.1b-1: Mapping of Integrity Parameters
	Error
	GNSS Assistance Data
	Integrity Fields

	
	
	Integrity Alerts
	Integrity Bounds (Mean)
	Integrity Bounds (StdDev)
	Residual Risks
	Integrity Correlation Times

	Orbit
	SSR Orbit Corrections
	Real-Time Integrity
(see Clause 8.1.2.1.8)
	Calculated according to Equation 8.1.1a-3
	Calculated according to Equation 8.1.1a-3
	Probability of Onset of Constellation Fault

Probability of Onset of Satellite Fault

Mean Constellation Fault Duration

Mean Satellite Fault Duration
	Orbit Range Error Correlation Time

Orbit Range Rate Error Correlation Time

	Clock
	SSR Clock Corrections
	
	Mean Clock Residual Error Vector
	Standard Deviation Clock Error
	
	Clock Range Error Correlation Time

Clock Range Rate Error Correlation Time

	Code Bias
	SSR Code Bias
	
	Mean Code Bias Error

Mean Code Bias Rate Error
	Standard Deviation Code Bias Error

Standard Deviation Code Bias Rate Error
	
	

	Phase Bias
	SSR Phase Bias
	
	Mean Phase Bias Error

Mean Phase Bias Rate Error
	Standard Deviation Phase Bias Error

Standard Deviation Phase Bias Rate Error
	
	

	Ionosphere
	SSR STEC Correction
	Ionosphere DNU
	Mean Ionospherre Error

Mean Ionospherre Rate Error
	Standard Deviation Ionosphere Error

Standard Deviation Ionosphere Rate Error
	Probability of Onset of Ionosphere Fault

Mean Ionosphere Fault Duration
	Ionosphere Range Error Correlation Time
Ionosphere Range Rate Error Correlation Time

	Troposphere Vertical Hydro Static Delay
	SSR Gridded Corrections
	Troposphere DNU

	Mean Troposphere Vertical Hydro Static Delay Error

Mean Troposphere Vertical Hydro Static Delay Rate Error
	Standard Deviation Troposphere Vertical Hydro Static Delay Error

Standard Deviation Troposphere Vertical Hydro Static Delay Rate Error
	Probability of Onset of Troposphere Fault

Mean Troposphere Fault Duration
	Troposphere Range Error Correlation Time

Troposphere Range Rate Error Correlation Time


For RAT-dependent positioning, the principle above can be reused as described in SID [2]. In such case, we think the error sources and associated parameters for integrity of RAT-dependent positioning should be identified, and the following issues should be discussed: 
· Error sources for different wireless positioning methods, e.g. for AOA, TDOA, Multi-RTT, etc.
· Error source models for each error source, i.e. error Bound 
· Integrity alerts or DNU flag which is used to inform whether a positioning component can be used for integrity related applications

1.2 Error sources for RAT-dependent positioning methods
From the principle above for GNSS and the corresponding description in TS 37.355 [4], we can find that each error source have its own distribution. According to the equation in the background for GNSS, the bound of error sources is Gaussian distribution. In order to obtain the distribution of error sources for RAT-dependent positioning, the study of error sources should be the top priority. Hence, the basic criteria to be an error source should be discussed. 
From our point of view, the basic criteria to be an error source is that the error has some crucial influence on the measurement results and can increase the uncertainty to some degree. Further study should be needed on how much the error source can influence the measurement results.
According to the FL summary in RAN1#109e meeting [1], we had the basic methodology to study sources error for different positioning methods as follows
	FL Proposal 3-2a (medium priority) 
· At least the following error sources for timing-based positioning methods are studied
· TRP/UE measurements errors (e.g., ToA, Rx-Tx timing difference)
· FFS : Effect of multipath/NLoS channels on TRP/UE measurement errors
· Error in assistance data (e.g., TRP location, Inter-TRP synchronization errors  (e.g., RTD))
· TRP/UE Timing error group (TEG) margin
· FFS : Further study identification of error sources resulting from the multipath/NLoS channel/radio propagation environment, including multipath/NLoS channel itself as an error source
· Other error sources are not precluded
· FFS : details of each error source, e.g., mean/standard deviation/range associated with each error
FL Proposal 4-2a (medium priority) 
· At least the following error sources for angle -based positioning methods are studied
· TRP/UE measurements errors (e.g., AoA, RSRP, RSRPP)
· FFS : Effect of multipath/NLoS channels on TRP/UE measurement errors
· Error in assistance data (e.g TRP location, TRP beam antenna information)
· FFS : Further study identification of error sources resulting from the multipath/NLoS channel/radio propagation environment, including multipath/NLoS channel itself as an error source
· Other error sources are not precluded
· FFS : details of each error source, e.g., mean/standard deviation/range associated with each error


In our understanding, it’s very essential to classify the error sources for different positioning methods before we start to study the models for each error sources and calculate the bound. Therefore, our suggested mapping between an error source and each positioning method is summarized in the proposal 1. 
Because effect of multipath/NLoS channels is reflected on the measurement errors, we don’t think it should be an extra error source on top of PRS/SRS measurement errors. In addition, it is unclear for us why there is error for TRP beam antenna information, we don’t suggest to make it as an independent error source.
Proposal 1: Support the following mapping between an error source and each positioning method for RAT-dependent positioning:
· For Timing-based positioning methods:
· Measurements errors: 
· For DL-TDOA: DL PRS measurement errors
· For Muti-RTT: DL PRS, SRS measurement errors
· For UL-TDOA: SRS measurement errors
· Assistance data errors:
· For DL-TDOA: TRP location, TRP synchronization error
· For Muti-RTT: TRP location
· For UL-TDOA: TRP location, TRP synchronization error
· Angle-based positioning methods:
· Measurements errors: 
· For DL-AOD: DL PRS RSRP measurement
· For UL-AOA: SRS measurement error
· Assistance data errors:
· For DL-AOD: TRP location
· For UL-AOA: TRP location

1.3  Error source model 
In order to calculate the potential error source bound for RAT-dependent positioning methods, some simulations are provided in this section to verify the distribution characteristic of TOA and AOA measurement values.  
2.3.1 Error source model for TOA
Figure 1 shows the evaluation of ToA error in terms of meters, using MUSIC method with 100MHz bandwidth. We evaluate the errors in two scenarios where TOA measurements only based on LOS links are shown in the results. More simulation assumptions can be found in section 5. According to the central limit theorem, ToA error results are expected to be normal distribution and the evaluation results reveal that the curves are actually aligned with normal distribution. This is similar as GNSS where the integrity bound is computed according to an over-bounding Gaussian formula. 
[image: Integrity_UmaTOA_220_20220726]
Figure 2.3-1 TOA error histogram in UMa

[image: Integrity_Highway_20220802]
Figure 2.3-2 TOA error histogram in SL freeway scenario
Therefore, we suggest the bounding model for ToA as Gaussian distribution which also includes a mean and standard deviation, the formula for GNSS can be reused in ToA and extended to measurement errors such as DL RSTD, Rx-Tx time difference.
Proposal 2: Timing positioning errors are modeled as Gaussian distribution, and the GNSS liked over-bounding Gaussian formula can be reused.
2.3.2 Error source model for AOA
Figure2 shows the evaluation of AoA error in terms of degree for angle estimation accuracy, MUSIC method with 100MHz bandwidth is used. We evaluate the error in two scenarios where AOA measurements only based on LOS links are shown in the results. Similarly, AoA error results are also expected to be normal distribution and the evaluation results reveal that the curve is similar to normal distribution.
[image: Integrity_Uma_AOA_20220726]
Figure 2.3-3 AoA error histogram in UMa

[image: 4Rx][image: 8Rx]
Figure 2.3-4 AoA error histogram in SL freeway scenario

Proposal 3: Angle positioning errors are modeled as the Gaussian distribution, and the GNSS liked over-bounding Gaussian formula can be reused.

2.4 Integrity parameter
2.4.1 Definition
In RAN1#109e, the following agreement was made:
	Agreement
For the purpose of discussion of error sources, reuse the definitions for RAT-dependent integrity and update the references to GNSS in Section 8.1.1a in TS38.305 to also include RAT-dependent methods.
· Note : The intention of the proposal is not to make text proposals for TS 38.305
· FFS : whether to modify and/or how to modify, for the purpose of discussion in RAN1, terms in 8.1.1a in TS 38.305 (e.g., definitions for “Error”, “Bound”, “Time-to-Alert (TTA)”, “DNU”, “Residual Risk”, “irMinimum, irMaximum”) for RAT dependent positioning methods



In this section, we try to discuss whether to reuse the definition and how to modify some of the definition for each integrity parameter of RAT-dependent positioning
For “error”: Since error sources in RAT-dependent methods are different from GNSS, the definition should be applied to all potential error sources (e.g. ToA , TRP location, muti-path etc.). We think the description of the term should be identified after we clearly figure out the error sources for all positioning methods.
For “bound”: From the model evaluation above, we can find the error bound for RAT-dependent methods can reuse the Gaussian formula. So the whole definition can be extended to RAT-dependent positioning methods with some specific wording modification. Same as “error” above, the description should be identified after we clearly figure out models for all potential error sources.
The definition for “TTA”、“irMinimum”and“irMaximum”can be reused in RAT-dependent positioning method. 
For “DNU”: In GNSS, DNU flag(s) correspond to particular errors in assistance data. 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, DNU flag can be set to true. Then, the integrity calculation unit will not consider this TRP in the integrity calculation. 
Proposal 4: Support to reuse the definition of error, bound, TTA, irMinimum, irMaximum and DNU flags.

2.4.2 DNU flag configuration/report
In GNSS, The IE GNSS-RealTimeIntegrity is used by the location server to provide parameters that describe the real-time status of the GNSS constellations. GNSS-RealTimeIntegrity data communicates the health of the GNSS signals to the mobile in real‑time. The UE assumes that only those satellites for which the GNSS integrity assistance data are provided are monitored by the network and can be used for integrity related applications. This is equivalent that DNU flag is configured for each satellite. Only the satellite with DNU flag with false can be used for integrity application. 
In addition, the IE GNSS-Integrity-ServiceAlert is used by the location server to indicate whether the corresponding assistance data can be used for integrity related applications. That is, integrity Service Alerts provide information on whether the service can be used for integrity. A Do Not Use (DNU) flag indicates that the corresponding assistance data is not suitable for the purpose of computing integrity. If an Integrity Service Alert is issued and the DNU flag is false, then the corresponding assistance data may be used for the purpose of computing integrity. 
In summary, not all service or assistance data should be used for integrity calculation for GNSS. Similarly, for RAT-dependent positioning, not all assistance data or measurement results should be used for integrity calculation. As shown in the following figures, DNU flags can be configured or reported between LMF and UE or between LMF and TRPs.


Figure 2.4-1 Downlink positioning methods DNU flags configuration procedure



Figure 2.4-2 Uplink positioning methods DNU flags configuration procedure 
Considering the error sources origin from assistance data and/or measurement results, DNU flags can be configured per TRP or per frequency layer according to the type of the corresponding error sources. 
Case 1
If DNU flags are intended for measurement errors, DNU flags should 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. 
We assume that a Boolean DNU flag is set for each configured TRP. Also, the DNU flag can also be reported to LMF in order to recommend the preferred TRPs for DNU application. 
The examples of LPP configuration are as follows:
NR-DL-PRS-AssistanceDataPerTRP-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16			OPTIONAL,	-- Need ON
	nr-CellGlobalID-r16				NCGI-r15					OPTIONAL,	-- Need ON
	nr-ARFCN-r16					ARFCN-ValueNR-r15			OPTIONAL,	-- Need ON
	nr-integrityDNUflags-r18          Boolean 
	...
}

Case 2
DNU flags may be configured from a larger scale such as PRS frequency layer. Since multiple frequency layers can be used for positioning measurements, only some of them may be sufficient for integrity applications for lower complexity. For examples, if two frequency layers with adjacent frequency bands are configured, the one with larger bandwidth may suffice the integrity calculation. 
The example of LPP configuration is as follows
NR-DL-PRS-AssistanceDataPerFreq-r16 ::= SEQUENCE {
	nr-DL-PRS-PositioningFrequencyLayer-r16	
										NR-DL-PRS-PositioningFrequencyLayer-r16,
	nr-DL-PRS-AssistanceDataPerFreq-r16 SEQUENCE (SIZE (1..nrMaxTRPsPerFreq-r16)) OF
														NR-DL-PRS-AssistanceDataPerTRP-r16,
	nr-integrityDNUflags-r18              Boolean
	...
}

Proposal5: LMF should configure DNU flags per TRP/per frequency layer. 
  
[bookmark: _GoBack]Conclusion
In this contribution for integrity for RAT-Dependent positioning methods, we discuss the error source clarification, model and parameter. The proposals are as follows:
Proposal 1: Support the following mapping between an error source and each positioning method for RAT-dependent positioning:
· For Timing-based positioning methods:
· Measurements errors: 
· For DL-TDOA: DL PRS measurement errors
· For Muti-RTT: DL PRS, SRS measurement errors
· For UL-TDOA: SRS measurement errors
· Assistance data errors:
· For DL-TDOA: TRP location, TRP synchronization error
· For Muti-RTT: TRP location
· For UL-TDOA: TRP location, TRP synchronization error
· Angle-based positioning methods:
· Measurements errors: 
· For DL-AOD: DL PRS RSRP measurement
· For UL-AOA: SRS measurement error
· Assistance data errors:
· For DL-AOD: TRP location
· For UL-AOA: TRP location

Proposal 2: Timing positioning errors are modeled as Gaussian distribution, and the GNSS liked over-bounding Gaussian formula can be reused.
Proposal 3: Angle positioning errors are modeled as the Gaussian distribution, and the GNSS liked over-bounding Gaussian formula can be reused.
Proposal 4: Support to reuse the definition of error, bound, TTA,irMinimum, irMaximum and DNU flags.
Proposal 5: LMF should configure DNU flags per TRP/per frequency layer.
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[4] 37.355 running CRs: R2-2203315_(37355 running CR)_v10a

Simulation assumption

Table 5-1 UMa Scenario Simulation assumption
	Reference nodes
	BS

	Carrier frequency
	6GHz

	Subcarrier spacing
	30KHz

	Bandwidth
	100MHz

	Description of measurement algorithm
	MUSIC

	Description of positioning technique
	AOA

	Additional notes, if any
	Normal channel

	Positioning mode
	Absolute positioning

	LOS probability
	Ideal LOS

	ISD
	500m

	BS antenna height
	25m

	UE antenna height
	1.5m

	Channel model
	As defined in 39.901




Table 5-2 Highway Scenario Simulation assumption
	Reference nodes
	VUE

	Carrier frequency
	6GHz

	Subcarrier spacing
	30KHz

	Bandwidth
	20MHz

	Description of measurement algorithm
	MUSIC

	Description of positioning technique
	AOA

	Additional notes, if any
	Normal channel

	Positioning mode
	Relative positioning

	LOS probability
	Ideal LOS

	Channel model
	As defined in 37.885
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