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[bookmark: _Ref521334010]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 -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.

RAN1 started the discussion of NR positioning integrity for RAT dependent positioning techniques in RAN1#109e, and a number of agreements were made during the meeting [2]. In this contribution, we further discuss the solutions for the integrity of RAT dependent positioning techniques, expanding our views presented in the previous meeting [3].
[bookmark: _Hlk93842271][bookmark: _Hlk93840853]Discussion
Definitions of RAT-dependent Integrity
Integrity is the measure of the trust that can be placed in the correctness of the positioning information supplied by a positioning system. Integrity includes the ability of the system to provide timely warnings to users when the system should not be used. Accuracy and integrity are closely related but with the following distinctions: 
· From a system performance perspective, accuracy is understood as a system characteristic, whereas integrity is rather intended as a real time decision criterion for the use or not use of the positioning information.
· Integrity requirements often involve alarms being raised when the system performance is bad enough to become risky, while accuracy requirements do not.
· Integrity requirements is normally to keep the probability of hazardous situations extremely low, e.g., 0.0001% or lower, while positioning accuracy requirements may be measured around 90% or 95%.
The concepts of integrity and the relations of  the requirements can be illustrated with the Stanford diagram [4] as shown in Figure 1, which shows different operation cases: 
· Normal operation: The positioning error (PE) is smaller than the calculated protection level (PL), and the calculated PL is smaller than the alarm level (AL), i.e., PE<PL<AL;
· Misleading operation: The PL is incorrectly calculated as smaller than PE. A misleading information (MI) event occurs. But, PE is smaller than AL, i.e., PL<PE<AL. In this case, although the PL provides misleading information, the system may still work, because the real PE is smaller than AL.
· Hazardously misleading operation: The PL is incorrectly determined as smaller than PE, which is actually larger than AL, i.e., PL<AL<PE. In this case, a hazardously misleading information (HMI) event occurs, i.e., the system is declared available, but the positioning error exceeds the alert limit. Integrity risk (IR) represents the probability of hazardously misleading information (PHMI) when the positioning error exceeds the Alert Limit (AL) and there is no timely alert within the Time-to-Alert (TTA). The basic requirement of the integrity operation is to ensure the PHMI should be smaller than a predefined value.



Figure 1: The Standford diagram [4]

In RAN1#109e, the following agreement was made related to the definitions for RAT-dependent integrity.
	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



The following definitions are provided related to Positioning Integrity in TS 38.305 [5]:
	
· Positioning integrity: A measure of the trust in the accuracy of the position-related data and the ability to provide associated alerts.
· Protection Level (PL): A statistical upper-bound of the Positioning Error (PE) that ensures that, the probability per unit of time of the true error being greater than the AL and the PL being less than or equal to the Alarm Level (AL), for longer than the Time To Alarm (TTA), is less than the required Target Integrity Risk (TIR), i.e., the PL satisfies the following inequality: 
	Prob per unit of time [((PE>AL) & (PL<=AL)) for longer than TTA] < required TIR
When the PL bounds the positioning error in the horizontal plane or on the vertical axis then it is called Horizontal Protection Level (HPL) or Vertical Protection Level (VPL) respectively.
A specific equation for the PL is not specified as this is implementation-defined. For the PL to be considered valid, it must simply satisfy the inequality above.
· NOTE:	the PL inequality is valid for all values of the AL
· Error: the difference between the true value of a GNSS parameter, and its value provided in the assistance data;
· irMinimum, irMaximum: the minimum and maximum IR provided in the Integrity Service Parameters.
· IRallocation: the target IR requested by the client based on the desired error bound.
· DNU (Do Not Use): A DNU flag indicates that the corresponding assistance data is not suitable for the purpose of computing integrity. 
· Residual Risk: 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
· Bound: 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. 




As shown above, the definition of PL in TS 38.305 requires the probability of “(PE>AL) & (PL<=AL)” to be smaller than the target integrity risk (TIR). Since “(PE>AL) & (PL<=AL)” = “(PL<=AL<PE)”, which means it requires the PHMI events (see the Standford diagram in Figure 1) to be smaller than the target integrity risk. For calculating the PL based on the probability of “((PE>AL) & (PL<=AL))” based on the definition, there is a need to know what the AL is. However, the AL may not be available for the positioning entity that calculates the PL, since AL is normally related to an application. For example, AL is not given to the UE for the calculation of PL in UE-based GNSS integrity in Rel-17. Thus, our understanding is that UE needs to first calculate the PL without considering what the AL is, i.e., based on the following inequality: 

Prob per unit of time [(PE>PL) for longer than TTA] < required TIR			(1)

The calculated PL based on Eqn.(1) may or may not be larger than the AL. When the location application receives the reported PL, it will then compare it with the AL. If the reported PL is smaller than or equal to AL, then it means that the calculated PL also satisfies the inequality defined in TS 38.305, i.e., the PHMI < TIR. On the other hand, if the reported PL based on Eqn.(1) is larger than AL, then it means the PL cannot satisfies the inequality defined in TS 38.305, and an alarm should be triggered.

[bookmark: O1]Observation 1: In TS 38.305, the PL definition includes AL in the inequality for the calculation of integrity probability, but AL may not be available for the calculation. Thus, the calculation of PL may not be able to follow exactly the definition given by TS 38.305, i.e., the reported PL may exceed the AL.

TS 38.305 has also defined the criterion for the integrity of the parameters included in integrity assistance data:
	For integrity operation, the network will ensure that:

P(Error > Bound for longer than TTA | NOT DNU) <= Residual Risk + IRallocation   (Equation 8.1.1a-1)

for all values of IRallocation in the range irMinimum <= IRallocation <= irMaximum
for all the errors in Table 8.1.2.1b-1, which have corresponding integrity assistance data available and where the corresponding DNU flag(s) are set to false.
….

Bound for a particular error is computed according to the following formula:
Bound = mean + K * stdDev					               (Equation 8.1.1a-2)
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

Equation (8.1.1a-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.



As shown above, the terms “mean”, “stdDev”, and “normInv” are used to derive the error bound, which implies the underline assumption is that the errors of the integrity parameters need to be statistically modelled as Gaussian distribution.

[bookmark: O2]Observation 2: In TS 38.305, the error bound of the parameters in the GNSS integrity assistant data is determined with Gaussian distribution. 

[bookmark: P1]Proposal 1: RAN1 should discuss whether the AL needs to be provided for the calculation of PL, as defined in TS 38.305, or the PL can be determined without considering AL for RAT-dependent integrity. 

[bookmark: P2]Proposal 2: RAN1 should discuss whether all of the error sources for NR RAT-dependent positioning can be modelled statistically as Gaussian distribution. If not, RAN1 may need to further discuss to determine the bounds for the error sources that are not modelled statistically as Gaussian distribution.


Integrity of RAT-dependent positioning
In RAN1#109e, 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
· UE-based/assisted DL positioning methods, UL and DL&UL positioning methods are considered in the study



NR RAT-dependent positioning methods
The above agreement indicates that NR RAT-dependent positioning methods, including a) UE-based/assisted DL positioning methods; b) UL and DL&UL positioning methods; and c) timing-based positioning and angle-based positioning methods, are considered in the study. From the agreement, the study basically includes all existing NR RAT-dependent positioning methods, at least for all existing Rel-16/Rel-17 methods. However, it is unclear whether the NR RAT-dependent positioning methods to be developed in Rel-18 are in the scope of the study, e.g., SL positioning, CA positioning, carrier phase positioning and RedCap positioning. In our view, the study does not include NR RAT-dependent positioning methods to be developed in Rel-18. 
[bookmark: P3]Proposal 3: It may need to clarify whether the study of the error sources for the integrity of RAT-dependent positioning considers Rel-18 RAT-dependent positioning methods. 

Integrity of UE-based and UE-assisted RAT-dependent positioning
The above agreement in RAN1#109e indicates both UE-based/assisted DL positioning methods are included in the study. For UE-assisted positioning, the UE location is calculated by the LMF. For UE-based positioning, only DL positioning is supported and the UE location is calculated by the UE itself. 
For UE-assisted positioning, depending on the positioning methods, the measurements can be provided by the UE, or by the TRP, or both of them. For UE-based DL positioning, the measurements are provided by the UE itself. Comparing UE-based DL positioning and UE-assisted DL positioning, the same information is expected to be used for obtaining the measurements and the location calculation, although different algorithms may be used in the UE and LMF for the calculation of UE location. 
[bookmark: P4]Proposal 4: Comparing UE-based DL positioning and UE-assisted DL positioning, the same source information is expected to be used for obtaining the measurements and the location calculation. Thus, the error sources of integrity for UE can be considered to be the same if we exclude the potential errors in data communication.
· Note: Although the error sources for UE-based DL positioning and UE-assisted DL positioning are the same, some error sources may only be included in UE-based DL positioning in the specification, but may not be included in UE-assisted DL positioning, or in different forms. For example, TRP synchronization errors for UE-based positioning may be related to the TRP timing difference in DL PRS assistance data, while for UE-assisted positioning, the bounds of the TRP synchronization errors may be provided by the TRPs.

Modelling of the error sources
The error sources to be considered for integrity can be divided into two categories: normal error sources and unexpected event faults. The normal error sources are expected to take place in normal positioning operation, which are related to the general (e.g. gNB clock errors), propagation (e.g., multipath, NLOS), and reception of positioning reference signals (e.g., measurement errors) to obtain the measurements and the use of the measurements for the location calculation (e.g., algorithm errors). 
In general, the normal errors may be described by a well-known statistical model, such as Gaussian distribution with a zero mean or an unknown but bounded bias and the deviation. The values of the error bounds can be defined with the consideration of the minimum performance requirements defined by RAN4 (e.g., TS 38.101 and TS 38.104 for the generation of the DL/UL positioning reference signals, and TS 38.133 for the reception of the DL/UL positioning reference signals in the positioning measurements). 
The modelling of the error sources related to signal propagation can be more complicated, which depends highly on the positioning scenarios and surrounding RF environment. The RF channel models defined in TR 38.901 may be used as the starting point for modeling these errors. 
Unexpected faults are those events that may happen rarely, but could result in extremely large errors, such as the malfunction of the TRP or UE in the generation and reception of the positioning reference signals, or sudden changes in the surrounding RF environment. We may need to have further discussion on whether and how to model unexpected faults in the integrity for RAT-dependent positioning.
[bookmark: P5]Proposal 5: For the integrity of RAT-dependent positioning, the error sources related to the generation, propagation and measurements of DL/UL positioning reference signals can be modelled as Gaussian distribution with bounded bias and deviation. 
[bookmark: P6]Proposal 6: The default values of the error bounds can be defined with the consideration of the minimum performance requirements defined by RAN4 (e.g., TS 38.101 and TS 38.104 for the generation of the DL/UL positioning reference signals, and TS 38.133 for the positioning measurement errors). The additional values of the error bounds can be provided by UE, TRP and LMF based on the implementation.
Error sources for timing-based positioning methods 
In RAN1#109e, the following agreement was reached:
	Agreement
· 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
· 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



For timing-based positioning methods, the error sources are related to the timing errors during the generation of the reference signals, the signal propagation time different from the theoretical LOS time between the transmitting and receiving antennas, the timing errors during the reception of the reference signals, and the  errors related to positioning calculation, e.g., the antenna reference point and phase center offset, etc. Based on the evaluation of Rel-16/Rel-17 (e.g., in TR 38.855 and TR 38.857), the following error sources should be considered for timing-based positioning methods:
· gNB/TRP error sources related to timing-based positioning
· time synchronization errors between TRPs
· clock timing drift
· TRP Rx/Tx/RxTx TEG timing errors (e.g., error margins)
· TRP antenna phase center offset (PCO)
· Timing measurement errors (e.g., RTOA, gNB Rx-Tx time difference measurements)
· UE error sources related to timing-based positioning
· clock errors (e.g., timing offset, timing drift)
· UE Rx/Tx/RxTx TEG timing errors (e.g., error margins)
· Timing measurement errors (e.g., RSTD, UE Rx-Tx time difference measurements)
· UE antenna phase center offset (PCO)
· Signal propagation error sources related to timing-based positioning
· Multipath/NLOS
· PRU error sources related to timing-based positioning
· If PRU is a gNB/TRP, all of the above gNB/TRP error sources related to timing-based positioning
· If PRU is a UE, all of the above UE error sources related to timing-based positioning
· Error sources related to position calculation
· TRP/UE antenna reference point (ARP) coordinate errors

[bookmark: P7]Proposal 7: The following error sources can be considered for timing-based positioning methods: 
· gNB/TRP error sources related to timing-based positioning
· time synchronization errors between TRPs
· clock errors (e.g., timing offset, timing drift)
· TRP Rx/Tx/RxTx TEG timing errors (e.g., error margins)
· Timing measurement errors (e.g., RTOA, gNB Rx-Tx time difference measurements)
· TRP antenna reference point (ARP) coordinate errors
· TRP antenna phase center offset (PCO)
· UE error sources related to timing-based positioning
· clock errors (e.g., timing offset, timing drift)
· UE Rx/Tx/RxTx TEG timing errors (e.g., error margins)
· Timing measurement errors (e.g., RSTD, UE Rx-Tx time difference measurements)
· UE antenna reference point (ARP) coordinate errors
· UE antenna phase center offset (PCO)
· Signal propagation error sources related to timing-based positioning
· Multipath/NLOS
· PRU error sources related to timing-based positioning
· If PRU is a gNB/TRP, all of the above gNB/TRP error sources related to timing-based positioning
· If PRU is a UE, all of the above UE error sources related to timing-based positioning

Error sources for angle-based positioning methods 
In RAN1#109e, the following agreement was reached:
	Agreement
· At least the following error sources for angle-based positioning methods are studied
· TRP/UE measurements errors (e.g., AoA, RSRP, RSRPP expectedAoD/AoA)
· 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



For angle-based positioning methods, the error sources are related to the Tx beam angle errors during the transmission of the reference signals, the signal propagation direction different from the theoretical LOS angle between the transmitting and receiving antennas, the Rx beam errors during the reception of the reference signals, the measurement errors and the errors related to positioning calculation, e.g., the antenna reference point and phase center offset, etc. Based on the evaluation of Rel-16/Rel-17 (e.g., in TR 38.855 and TR 38.857), the following error sources should be considered for angle-based positioning methods:

· gNB/TRP error sources related to angle-based positioning
· Tx beam angle errors (related to main Tx beam direction, beam width, beam pattern)
· Rx beam angle errors (related to main Rx beam direction, beam width, beam pattern)
· UL AoA measurement errors
· TRP antenna phase center offset (PCO) errors
· UE error sources related to angle-based positioning
· Tx beam angle errors (related to main Tx beam direction, beam width, beam pattern)
· Rx beam angle errors (related to main Rx beam direction, beam width, beam pattern)
· DL RSRP, RSRPP measurement errors
· UE antenna phase center offset (PCO) errors
· Signal propagation error sources related to timing-based positioning
· Multipath/NLOS
· Error sources related to position calculation
· TRP/UE antenna reference point (ARP) coordinate errors

[bookmark: P8]Proposal 8 The following error sources can be considered for angle-based positioning methods: 
· gNB/TRP error sources related to angle-based positioning
· Tx beam angle errors (related to main Tx beam direction, beam width, beam pattern)
· Rx beam angle errors (related to main Rx beam direction, beam width, beam pattern)
· AoA measurement errors
· TRP antenna reference point (ARP) coordinate errors
· TRP antenna phase center offset (PCO) errors
· UE error sources related to timing-based positioning
· Tx beam angle errors (related to main Tx beam direction, beam width, beam pattern)
· Rx beam angle errors (related to main Rx beam direction, beam width, beam pattern)
· DL RSRP, RSRPP measurement errors
· UE antenna reference point (ARP) coordinate errors
· UE antenna phase center offset (PCO) errors
· 
· Signal propagation error sources related to timing-based positioning
· Multipath/NLOS

Error source mapping Integrity of RAT-dependent positioning
The following agreement was made in RAN1#109e on the mapping between error sources and positioning methods:
	Agreement
In addition to the agreed aspects for the study, study the following aspects for error sources for timing/angle based positioning methods
· Mapping between an error source and a positioning method (e.g., DL, UL, DL&UL positioning method)
· e.g., error in TRP location can be an error source for UE-based DL-AoD
Other aspects are not precluded



Different RAT-dependent positioning methods may be impacted by different error sources. For example, DL positioning may be impacted by TRP signal transmission and UE measurement errors, UL positioning may be impacted by UE signal transmission and TRP measurement errors, while DL+UL positioning may be impacted by the UE and TRP transmission and reception errors. Thus, there is need to identify which error sources have an impact on which of the RAT-dependent positioning methods for supporting the determination of the determining the integrity. In our view, the following table can be used as the mapping tables.

[bookmark: P9]Proposal 9: The following table can be used for the mapping between the error sources and the RAT-dependent positioning methods.
Table 1: Mapping of error sources and RAT-dependent positioning methods
	Error sources
	RAT-dependent positioning methods

	
	DL-TDOA
	UL-TDOA
	Multi-RTT
	DL-AOD
	UL-AOA
	E-CID

	gNB/
TRP
	Time synchronization errors
	· 
	· 
	
	
	
	

	
	gNB Clock drift
	
	
	· 
	
	
	

	
	TRP Rx timing errors
	
	· 
	· 
	
	
	

	
	TRP Tx timing errors
	· 
	
	· 
	
	
	

	
	TRP RxTx timing errors
	
	
	· 
	
	
	

	
	Antenna phase center offset (PCO)
	· 
	· 
	· 
	· 
	· 
	· 

	
	RTOA measurement errors
	
	· 
	
	
	
	

	
	gNB Rx-Tx time difference measurement errors
	
	
	· 
	
	
	

	
	UL RSRP/RSRPP measurement errors
	
	
	
	
	
	· 

	UE
	UE Clock drift
	
	
	· 
	
	
	

	
	UE Rx timing errors
	· 
	
	· 
	
	
	

	
	UE Tx timing errors
	
	· 
	· 
	
	
	

	
	UE RxTx timing errors
	
	
	· 
	
	
	

	
	UE Antenna phase center offset (PCO)
	· 
	· 
	· 
	· 
	· 
	· 

	
	RSTD measurement errors
	· 
	
	
	
	
	

	
	UE Rx-Tx time difference measurement errors
	
	
	· 
	
	
	

	
	DL RSRP/RSRPP measurement errors
	
	
	
	· 
	
	

	Signal propagation error
	Multipath/NLOS 
	· 
	· 
	· 
	· 
	· 
	· 

	Position calculation errors
	TRP/UE antenna reference point (ARP) coordinate errors
	· 
	· 
	· 
	· 
	· 
	· 


Notes:
· For the determination of PL for multi-RTT, there may not be the need to include the impact of Rx/Tx/RxTx timing errors. For example, if RxTx TEG IDs are reported with UE/gNB Rx-Tx time difference measurements, the RxTx time error margin can be considered, while if {Rx TEG ID, Tx TEG ID} pair are reported, the Rx time error margin and Tx time error margin can be considered.

Conclusion
In this contribution, we discussed the solutions for the integrity of RAT dependent positioning techniques. Based on the discussion, we have the following proposals: 

Observation 1: In TS 38.305, the PL definition includes AL in the inequality for the calculation of integrity probability, but AL may not be available for the calculation. Thus, the calculation of PL may not be able to follow exactly the definition given by TS 38.305, i.e., the reported PL may exceed the AL.

Observation 2: In TS 38.305, the error bound of the parameters in the GNSS integrity assistant data is determined with Gaussian distribution. 

Proposal 1: RAN1 should discuss whether the AL needs to be provided for the calculation of PL, as defined in TS 38.305, or the PL can be determined without considering AL for RAT-dependent integrity. 

Proposal 2: RAN1 should discuss whether all of the error sources for NR RAT-dependent positioning can be modelled statistically as Gaussian distribution. If not, RAN1 may need to further discuss to determine the bounds for the error sources that are not modelled statistically as Gaussian distribution.

Proposal 3: It may need to clarify whether the study of the error sources for the integrity of RAT-dependent positioning considers Rel-18 RAT-dependent positioning methods. 

Proposal 4: Comparing UE-based DL positioning and UE-assisted DL positioning, the same source information is expected to be used for obtaining the measurements and the location calculation. Thus, the error sources of integrity for UE can be considered to be the same if we exclude the potential errors in data communication.
· Note: Although the error sources for UE-based DL positioning and UE-assisted DL positioning are the same, some error sources may only be included in UE-based DL positioning in the specification, but may not be included in UE-assisted DL positioning, or in different forms. For example, TRP synchronization errors for UE-based positioning may be related to the TRP timing difference in DL PRS assistance data, while for UE-assisted positioning, the bounds of the TRP synchronization errors may be provided by the TRPs.

Proposal 5: For the integrity of RAT-dependent positioning, the error sources related to the generation, propagation and measurements of DL/UL positioning reference signals can be modelled as Gaussian distribution with bounded bias and deviation. 

Proposal 6: The default values of the error bounds can be defined with the consideration of the minimum performance requirements defined by RAN4 (e.g., TS 38.101 and TS 38.104 for the generation of the DL/UL positioning reference signals, and TS 38.133 for the positioning measurement errors). The additional values of the error bounds can be provided by UE, TRP and LMF based on the implementation.

Proposal 7: The following error sources can be considered for timing-based positioning methods: 
· gNB/TRP error sources related to timing-based positioning
· time synchronization errors between TRPs
· clock errors (e.g., timing offset, timing drift)
· TRP Rx/Tx/RxTx TEG timing errors (e.g., error margins)
· [bookmark: _GoBack]Timing measurement errors (e.g., RTOA, gNB Rx-Tx time difference measurements)
· TRP antenna reference point (ARP) coordinate errors
· TRP antenna phase center offset (PCO)
· UE error sources related to timing-based positioning
· clock errors (e.g., timing offset, timing drift)
· UE Rx/Tx/RxTx TEG timing errors (e.g., error margins)
· Timing measurement errors (e.g., RSTD, UE Rx-Tx time difference measurements)
· UE antenna reference point (ARP) coordinate errors
· UE antenna phase center offset (PCO)
· Signal propagation error sources related to timing-based positioning
· Multipath/NLOS
· PRU error sources related to timing-based positioning
· If PRU is a gNB/TRP, all of the above gNB/TRP error sources related to timing-based positioning
· If PRU is a UE, all of the above UE error sources related to timing-based positioning

Proposal 8 The following error sources can be considered for angle-based positioning methods: 
· gNB/TRP error sources related to angle-based positioning
· Tx beam angle errors (related to main Tx beam direction, beam width, beam pattern)
· Rx beam angle errors (related to main Rx beam direction, beam width, beam pattern)
· AoA measurement errors
· TRP antenna reference point (ARP) coordinate errors
· TRP antenna phase center offset (PCO) errors
· UE error sources related to timing-based positioning
· Tx beam angle errors (related to main Tx beam direction, beam width, beam pattern)
· Rx beam angle errors (related to main Rx beam direction, beam width, beam pattern)
· DL RSRP, RSRPP measurement errors
· UE antenna reference point (ARP) coordinate errors
· UE antenna phase center offset (PCO) errors
· 
· Signal propagation error sources related to timing-based positioning
· Multipath/NLOS

Proposal 9: The following table can be used for the mapping between the error sources and the RAT-dependent positioning methods.
Table 1: Mapping of error sources and RAT-dependent positioning methods
	Error sources
	RAT-dependent positioning methods

	
	DL-TDOA
	UL-TDOA
	Multi-RTT
	DL-AOD
	UL-AOA
	E-CID

	gNB/
TRP
	Time synchronization errors
	· 
	· 
	
	
	
	

	
	gNB Clock drift
	
	
	· 
	
	
	

	
	TRP Rx timing errors
	
	· 
	· 
	
	
	

	
	TRP Tx timing errors
	· 
	
	· 
	
	
	

	
	TRP RxTx timing errors
	
	
	· 
	
	
	

	
	Antenna phase center offset (PCO)
	· 
	· 
	· 
	· 
	· 
	· 

	
	RTOA measurement errors
	
	· 
	
	
	
	

	
	gNB Rx-Tx time difference measurement errors
	
	
	· 
	
	
	

	
	UL RSRP/RSRPP measurement errors
	
	
	
	
	
	· 

	UE
	UE Clock drift
	
	
	· 
	
	
	

	
	UE Rx timing errors
	· 
	
	· 
	
	
	

	
	UE Tx timing errors
	
	· 
	· 
	
	
	

	
	UE RxTx timing errors
	
	
	· 
	
	
	

	
	UE Antenna phase center offset (PCO)
	· 
	· 
	· 
	· 
	· 
	· 

	
	RSTD measurement errors
	· 
	
	
	
	
	

	
	UE Rx-Tx time difference measurement errors
	
	
	· 
	
	
	

	
	DL RSRP/RSRPP measurement errors
	
	
	
	· 
	
	

	Signal propagation error
	Multipath/NLOS 
	· 
	· 
	· 
	· 
	· 
	· 

	Position calculation errors
	TRP/UE antenna reference point (ARP) coordinate errors
	· 
	· 
	· 
	· 
	· 
	· 


Notes:
· For the determination of PL for multi-RTT, there may not be the need to include the impact of Rx/Tx/RxTx timing errors. For example, if RxTx TEG IDs are reported with UE/gNB Rx-Tx time difference measurements, the RxTx time error margin can be considered, while if {Rx TEG ID, Tx TEG ID} pair are reported, the Rx time error margin and Tx time error margin can be considered.
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Annex
8.1.1a	Integrity Principle of Operation [TS 38.305]
For integrity operation, the network will ensure that:
P(Error > Bound for longer than TTA | NOT DNU) <= Residual Risk + IRallocation               (Equation 8.1.1a-1)
for all values of IRallocation in the range irMinimum <= IRallocation <= irMaximum
for all the errors in Table 8.1.2.1b-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 8.1.1a-2. IRallocation may be chosen freely by the client based on the desired Bound, therefore the network should ensure that Equation 8.1.1a-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.
The validity time of the integrity bounds is set as equal to twice the SSR Update Interval for the given SSR Assistance Data message, i.e. the time period between the SSR Epoch Time and the SSR Epoch Time plus twice the SSR Update Interval in the GPS time scale.
Equation 8.1.1a-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 8.1.1a-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 8.1.1a-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 those satellites for which the GNSS 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 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																	(Equation 8.1.1a-2)
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		(Equation 8.1.1a-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.

8.1.2.1b	Mapping of integrity parameters [TS 38.305]
Table 8.1.2.1b-1 shows the mapping between the integrity fields and the SSR assistance data according to the Integrity Principle of Operation (Clause 8.1.1a). The corresponding field descriptions for each of the field names listed in Table 8.1.2.1b-1 are specified under Clause 6.5.2.2 of TS 37.355 [42].
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)
	Mean Orbit Error
Mean Orbit Rate Error
(Calculated according to Equation 8.1.2.1.21-1)
	Variance Orbit Error
Variance Orbit Rate Error
(Calculated according to Equation 8.1.2.1.21-1)
	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 Error
Mean Clock Rate Error
	Standard Deviation Clock Error
Standard Deviation Clock Rate 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

	TroposphereVertical WetDelay
	
	
	Mean Troposphere Vertical Wet Delay Error

Mean Troposphere Vertical Wet Delay Rate Error
	Standard Deviation Troposphere Vertical Wet Delay Error

Standard Deviation Troposphere Vertical Wet Delay Rate Error
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