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Introduction
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. 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 is within allowed limits to ensure safety distances to humans and other objects. In Rel-17, 3GPP has developed the methodologies, procedures, and signaling support for GNSS integrity. For Rel-18, 3GPP is going to extend it to RAT-dependent positioning techniques, as defined in the following objective in the SI of “Study on expanded and improved NR positioning”[1]:

	· 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 would like to discuss the solutions for the RAT-dependent positioning integrity from RAN2 perspective.
Discussion
[bookmark: _Hlk93842271][bookmark: _Hlk93840853]Definitions of RAT-dependent Integrity
In RAN2#119e, the following agreements were made on the concept of RAT-dependent integrity [2]. However, some companies doubt that whether all parameters should be used, e.g., DNU flag. From our perspective, whether the DNU flag is used depends on whether the integrity assistance data is associated with a validity time. If validity time is introduced for RAT-dependent integrity, it is possible that if we do not issue the DNUs and instead choose not to send integrity assistance data that is ‘unhealthy’, the assistance data already issued to the UE may still be used until its corresponding validity timer expires. This would violate the integrity principle of operation and introduce potential integrity events. If there is no validity time, i.e., only the available integrity is provided and the provided available integrity time is one-shot, e.g., each time need to calculate the integrity, the integrity assistance data should be updated.

	Agreements:
Proposal 1: RAN2 to confirm the integrity principle of operation defined in the section 8.1.1a of TS38.305, including integrity definition (e.g., Error, Bound, Time to Alert, DNU, Residual Risk, irMinimum, irMaximum and Correlation Times; FFS if all parameters are needed in the RAT-dependent case), Equations for the GNSS integrity are reused for RAT dependent positioning methods.  



[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 1: For RAT-dependent integrity, RAN2 to agree the principle that
- DNU is not introduced if the assistance data of integrity is one-shot.
- DNU can be introduced if the assistance data is periodic or associated with a validity time.
Proposal 2: RAN2 to ask RAN1 whether the integrity assistance date on error source is one-shot or periodic or with a validity time.
Integrity of RAT-dependent positioning
The integrity is a kind of evaluation for the location estimates, i.e., whether the calculated location estimates can be trustful. Based on this, it is nature for the entity that performs the location estimation to calculate and provide the positioning integrity. 
Proposal 3: RAN2 to agree the entity that performs the location estimation in RAT-Dependent methods shall calculate the protection level correspondingly.
In RAN1#109e [3], the following agreement was reached:
	Agreement
· UE-based/assisted DL positioning methods, UL and DL&UL positioning methods are considered in the study


According to the agreements, both the UE-based and UE-assisted DL/UL/DL&UL positioning method can be included in the scope of the RAT-dependent positioning integrity. Therefore, both UE-based positioning integrity (for UE-based positioning method) and UE-assisted positioning integrity (for UE-assisted positioning method) should be studied correspondingly.
Table 1: Supported UE positioning methods and the corresponding positioning integrity mode
	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	UE-based positioning integrity
	LMF-based integrity

	DL-TDOA
	Yes
	Yes
	No
	Yes
	Yes

	DL-AoD
	Yes
	Yes
	No
	Yes
	Yes

	Multi-RTT
	No
	Yes
	Yes
	No
	Yes

	NR E-CID 
	No
	Yes
	Yes
	No
	Yes

	UL-TDOA
	No
	No
	Yes
	No
	Yes

	UL-AoA
	No
	No
	Yes
	No
	Yes


Proposal 4: RAN2 to agree that both the integrity mode of UE-based positioning integrity and LMF-based positioning integrity should be studied in Rel-18.
Procedures of RAT-dependent positioning integrity
In RAN1#109e [3], the following agreement was reached:
	Agreement
· Study sources of error for timing-based positioning and angle-based positioning methods, focusing on the following aspects
· Origin of the error source
· e.g., At UE and/or network side
· e.g., From assistance information, and/or measurements
· Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· Criteria to become an error source (e.g., whether it is quantifiable, how much influence an error source has on determination on integrity)
· It is encouraged to provide evaluation assumptions (e.g., requirements in TS 38.101, TS 38.104, TS 38.133, evaluation assumptions in TR 38.857) if evaluation is used to determine a distribution, mean and standard deviation or range of values of an error source


Based on above agreements, the error sources for RAT-dependent positioning integrity are originated from UE and NW side. To be simplifying, we use NG-RAN node originated error sources to represent the error sources originated from NG-RAN node, and UE originated error sources to represent the error sources originated from UE side in the following discussion. 
And we will make some analysis on the procedure and signalling to support the RAT-dependent positioning integrity based on different origin of the error sources.
2.3.1 UE-based DL positioning integrity procedure 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]For UE-based DL positioning integrity, the positioning integrity calculation is performed by UE, and then provides the calculated protection level to LMF. To assist the UE to make positioning integrity calculation, positioning error sources as well as the required target IR (TIR) should be provided to UE. Since the integrity calculation is made by UE for DL-positioning, the UE originated error sources are already known by UE based on implementation. Therefore, LMF need to provide the NG-RAN node originated error sources and the TIR to UE. 
Proposal 5: For UE-based DL positioning integrity, LMF should provide the NG-RAN node originated error sources and the required TIR to UE.
Further, the NG-RAN node originated error sources may be common for different UE within a region, thus except the dedicated signalling method, broadcasting can be considered in R18 on providing the error sources to UE. 
Proposal 6: On provision of NG-RAN node originated error sources to UE, RAN2 to agree that both dedicated LPP signaling and broadcasting can be supported.
An example of the general procedure for UE-based DL positioning integrity procedure is given as the following.


Figure 1: UE-based DL positioning integrity procedure
2.3.2 UE-assisted DL positioning integrity procedure
For UE-assisted DL positioning integrity, the positioning integrity calculation is performed by LMF. To assist the LMF to make positioning integrity calculation, the UE originated error sources as well as the NG-RAN node originated error sources should be provided to LMF. 
Proposal 7: For UE-Assisted DL positioning integrity, RAN2 to agree that UE provide the UE originated error sources to LMF, i.e., the measurement error sources.
Proposal 8: For UE-Assisted DL positioning integrity, RAN2 to agree that NG-RAN node provide the NG-RAN node originated error sources originated from NG-RAN to LMF, i.e., the assistance data error sources.
An example of the general procedure for UE-assisted DL positioning integrity procedure is given as the following.


Figure 2: UE-assisted DL positioning integrity procedure
2.3.3 UL positioning integrity procedure
[bookmark: OLE_LINK25]For UL positioning integrity, the positioning integrity calculation is performed by LMF. To assist the LMF to make positioning integrity calculation, the UE originated error sources as well as the NG-RAN node originated error sources should be provided to LMF. However, since there is not any UL LPP assistance signalling, thus the UE should provide the UE originated error sources to its serving gNB, then the serving gNB provide the obtained UE originated error sources to LMF.
Proposal 9: For UL positioning integrity, RAN2 to agree that UE provide the UE originated error sources to its serving NG-RAN node, i.e., the measurement error sources, and then the serving NG-RAN node provide such UE originated error sources to LMF.
Proposal 10: For UL positioning integrity, RAN2 to agree that NG-RAN node provide the NG-RAN node originated error sources originated from NG-RAN to LMF, i.e., the assistance data error sources.
An example of the general procedure for UL positioning integrity procedure is given as the following.


Figure 3: UL positioning integrity procedure
2.3.4 DL&UL positioning integrity procedure
For DL&UL positioning integrity, the positioning integrity calculation is performed by LMF. To assist the LMF to make positioning integrity calculation, the UE originated error sources as well as the NG-RAN node originated error sources should be provided to LMF. Further, the UE originated error sources can be directly provided to LMF via the current LPP provide location information message directly.
Proposal 11: For DL&UL positioning integrity, RAN2 to agree that UE provide the UE originated error sources to the LMF.
Proposal 12: For DL&UL positioning integrity, RAN2 to agree that NG-RAN node provide the NG-RAN node originated error sources originated from NG-RAN to LMF.
An example of the general procedure for DL&UL positioning integrity procedure is given as the following.


Figure 4: DL&UL positioning integrity procedure
TP for TR38.859
Based on above analysis, the TP on TS38.859 is given.
Proposal 13: For RAT-dependent integrity, RAN2 to agree the TP in annex 1 can be used as baseline for TR38.857.
[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discussed the solutions for the integrity of RAT dependent positioning techniques. Based on the discussion, we have the following proposals: 
[bookmark: _GoBack]
Definition of RAT-dependent Integrity
Proposal 1: For RAT-dependent integrity, RAN2 to agree the principle that
- DNU is not introduced if the assistance data of integrity is one-shot.
- DNU can be introduced if the assistance data is periodic or associated with a validity time.
Proposal 2: RAN2 to ask RAN1 whether the integrity assistance date on error source is one-shot or periodic or with a validity time.
Proposal 3: RAN2 to agree the entity that performs the location estimation in RAT-Dependent methods shall calculate the protection level correspondingly.
Proposal 4: RAN2 to agree that both the integrity mode of UE-based positioning integrity and LMF-based positioning integrity should be studied in Rel-18.

UE-based DL positioning integrity
Proposal 5: For UE-based DL positioning integrity, LMF should provide the NG-RAN node originated error sources and the required TIR to UE.
Proposal 6: On provision of NG-RAN node originated error sources to UE, RAN2 to agree that both dedicated LPP signaling and broadcasting can be supported.

UE-Assisted DL positioning integrity
Proposal 7: For UE-Assisted DL positioning integrity, RAN2 to agree that UE provide the UE originated error sources to LMF, i.e., the measurement error sources.
Proposal 8: For UE-Assisted DL positioning integrity, RAN2 to agree that NG-RAN node provide the NG-RAN node originated error sources originated from NG-RAN to LMF, i.e., the assistance data error sources.

UL positioning integrity procedure 
Proposal 9: For UL positioning integrity, RAN2 to agree that UE provide the UE originated error sources to its serving NG-RAN node, i.e., the measurement error sources, and then the serving NG-RAN node provide such UE originated error sources to LMF.
Proposal 10: For UL positioning integrity, RAN2 to agree that NG-RAN node provide the NG-RAN node originated error sources originated from NG-RAN to LMF, i.e., the assistance data error sources.

DL&UL positioning integrity procedure 
Proposal 11: For DL&UL positioning integrity, RAN2 to agree that UE provide the UE originated error sources to the LMF.
Proposal 12: For DL&UL positioning integrity, RAN2 to agree that NG-RAN node provide the NG-RAN node originated error sources originated from NG-RAN to LMF.

TP for RAT-dependent integrity
Proposal 13: For RAT-dependent integrity, RAN2 to agree the TP in annex 1 can be used as baseline for TR38.857.
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Annex: Text Proposal for TR 38.859
6.1	Integrity for RAT-Dependent Positioning Techniques
[bookmark: _Toc103272372]6.1.1	Identification of error sources
[bookmark: _Toc103272373]6.1.2	Methodologies, procedures and signalling for determination of positioning integrity
6.1.2.1	Integrity Principle of Operation
For integrity operation, the network will ensure that:
P(Error > Bound for longer than TTA | NOT DNU) <= Residual Risk + IRallocation             (Equation 6.1.2.1-1)
for all values of IRallocation in the range irMinimum <= IRallocation <= irMaximum
for all the errors in Table 6.1.4-1, which have corresponding integrity assistance data available and where the corresponding DNU flag(s) are set to false.
The integrity risk probability is decomposed into a constant Residual Risk component provided in the assistance data as well as a variable IRallocation component that corresponds to the contribution from the Bound according to the Bound formula in Equation 6.1.2.1-2. IRallocation may be chosen freely by the client based on the desired Bound, therefore the network should ensure that Equation 6.1.2.1-1 holds for all possible choices of IRallocation. The Residual Risk and IRallocation components 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.
Equation 6.1.2.1-1 holds for all assistance data that has been issued that is still within its validity period. If this condition cannot be met then the corresponding DNU flag must be set.
Equation 6.1.2.1-1 holds at any epochs for which Assistance Data is provided. Providing Assistance Data without the Integrity Service Alert IE or Real Time Integrity IEs is interpreted as a DNU=FALSE condition. For any bound that is still valid (within its validity time), the network ensures that the Integrity Service Alert and/or Real Time Integrity IEs are also included in the provided Assistance Data if needed to satisfy the condition in Equation 6.1.2.1-1. It is up to the implementation how to handle epochs for which integrity results are desired but there are no DNU flag(s) available, e.g. the Time To Alert (TTA) may be set such that there is a "grace period" to receive the next set of DNU flags.
Only UEs and TRPs for which the integrity assistance data are provided are monitored by the network and can be used for integrity related applications.
Where:
Error: Error is the difference between the true value of a parameter (e.g. FFS etc.), and its value as estimated and provided in the corresponding assistance data as per Table 6.1.4-1
Bound: Integrity Bounds provide the statistical distribution of the errors. 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 6.1.2.1-2. 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																	(Equation 6.1.2.1-2)
K = normInv(IRallocation / 2)
irMinimum <= IRallocation <= irMaximum
where:	mean: mean value for this specific error, as per Table 6.1.4
	stdDev: standard deviation for this specific error, as per Table 6.1.4

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 6.1.4-1. Where multiple DNU flags are specified, the DNU condition in Equation 6.1.2.1-1 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 6.1.4-1. This may correspond to the fault case risk but the implementation is permitted to allocate this component in any way that satisfies Equation 6.1.2.1-1.
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		(Equation 6.1.2.1-3)
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.
Editor note: whether to reuse the DUN depends on whether to support of the validity time

[bookmark: _Toc103272374]6.1.3	Summary of Evaluation Results for Integrity for RAT-Dependent Positioning Techniques
6.1.4	Potential Specification Impact for Integrity for RAT-Dependent Positioning Techniques
The potential specification impact for the integrity of NR Positioning Technologies comprises the following.
-	Specification of the LPP/NRPPa signalling and procedure to provide the error sources for NR RAT-dependent positioning technologies (RAN2, RAN3); 
-	Specification of the mode of positioning integrity report from UE to LMF for UE-based positioning (RAN2);
-	Specification of the assistance data for RAT-dependent integrity, which may including the minimum and maximum allowable values of IRallocation that may be chosen by the client, the minimum time interval beyond which two sets of NR assistance data parameters for a given error can be considered to be independent from one another (Integrity Correlation Times), the integrity bounds (mean and standard deviation of errors and error rates), the residual risk component for each error source in Table 6.1.4-1 (RAN1, RAN2);
Table 6.1.4-1 shows the mapping between the integrity fields and the NR assistance data.
	Table 6.1.4-1: Mapping of Integrity Parameters	
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  In  this   contribution, we would like   to discuss the solutions for the RAT - dependent positioning integrity from  RAN2 perspective.   2   Discussion   2.1   Definitions   of  RAT - dependent  Integrity   In RAN2#119e, the following agreements were made on the concept of RAT - dependent integrity   [2] .   H owever,  some companies doubt  that   whether all parameters should be used, e.g., DNU flag.  F rom our perspective,  whether the DNU flag is used depends on whether the integrity  assistance   data   is associated with a  validity   time .  I f validity time is introduced  for RAT - dependent integrity, it is possible that i f we do not issue the DNUs and  instead choose not to send  integrity  assistance data that is ‘unhealthy’, the assistance data already issued to the  UE may still be used until its corresponding  validity   timer   expires. This would violate the integrity principle of  operation and introduce potential integrity events.   I f  there   is no validity time, i.e., only the available integrity is  provided and the provided available integrity time is one - shot, e.g., each time  need to calculate the  integrity , the  integrity assistance data should be updated.    

Agreements:   Proposal 1: RAN2 to confirm the integrity principle of operation defined in the section 8.1.1a of  TS38.305, including integrity definition (e.g., Error, Bound, Time to Alert, DNU, Residual Risk,  irMinimum, irMaximum and Correlation Times;  FFS if all parame ters are needed in the RAT - dependent case ), Equations for the GNSS integrity are reused for RAT dependent positioning  methods.    

  P roposal 1: For RAT - dependent integrity, RAN2 to agree   the principle   that   -   DNU is not introduced if the assistance data of i ntegrity is one - shot.   -   DNU can be introduced if the  assistance   data is periodic or associated with a validity time.   Proposal  2 :   RAN2 to  ask RAN1 whether the integrity assistance date on error source is one - shot or periodic  or with a validity time .  

