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Introduction
In this contribution, we would like to discuss the RAT-dependent positioning integrity with consideration of the following issues:
· Error modeling for RAT-dependent integrity;
· Signaling procedure for UE-based integrity;
· Signaling procedure for LMF-based integrity.
Discussion
[bookmark: _Hlk93842271][bookmark: _Hlk93840853]Error modelling for RAT-dependent integrity
During SI, RAN1 has already discussed and agreed to support the following error sources for RAT-dependent integrity.
	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])



However, for each error sources, the bound formula is FFS now, i.e., whether to reuse the formula for GNSS integrity or not. And it is not clear whether the correlation time is supported for RAT-dependent integrity. Moreover, the value of the modelling parameters for RAT-dependent integrity is also need to be decided, so that RAN2 can continue to complete their work of stage 3. 
Considering the modelling of error sources are within RAN1 scope, thus it is proposed to leave these works to RAN1. But according to the WID, there is not any RAN1 TU allocated for RAT-dependent integrity during WI phase. So it is proposed that RAN2 should send LS to RAN1 so as to trigger the discussion of error sources modelling for RAT-dependent integrity by RAN1.  And the draft LS is given in the annex 1. 
Proposal 1: RAN2 send a LS to RAN1 and ask RAN1 to continue to discuss the modeling of error sources with consideration on the following aspects:
· Bound formula for RAT-dependent integrity;
· Whether correlation time is supported for RAT-dependent integrity, and it’s value if needed;
· The distribution for each error sources and the corresponding value of its modeling including mean and stdDeav;
· The residual risk component for each error sources;

Signalling and procedures for UE-based integrity  
For UE-based integrity, the following agreements were made during the SI.
Agreement:
Proposal 7 (modified). RAN2 agree that R17 UE-based integrity mode signaling can be used as baseline with the following aspects:
-	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 for integrity of 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 

Agreement:
LMF provides, in assistance data, the information of error sources (e.g., originated from RAN node) to UE for integrity in UE-based mode.
In general, LMF should provide the assistance data for integrity calculation, i.e., TRP related error sources, to UE, but it is unclear how to signalling the assistance data for integrity calculation, i.e., via dedicated LPP providing assistance data message, or via posSIB. At least, providing the assistance data for integrity calculation via dedicated LPP providing assistance data message signalling should be supported. As for posSIB solution, we also think it is valid, especially considering that for UE-based integrity, the error sources (TRP location and Inter-TRP synchronization) are generally stationary.  
Proposal 2: RAN2 to agree that the TRP related error sources can be provided to UE via dedicated LPP providing assistance message or posSIB. 
Besides, before LMF provide the assistance data for integrity calculation to UE, LMF need to interact with NG-RAN to obtain these assistance data. As for signalling details, we can leave it to RAN3. 
Proposal 3: For UE-based integrity, LMF need to interact with NG-RAN to obtain the TRP related error sources. 
Another issue is that what integrity result should be provided by UE to LMF via LPP location information Transfer message, i.e., the reporting mode. And the following are candidate reporting mode during pervious discussion. 
Mode 1: UE report the PL and/or its corresponding TIR;
Mode 2: UE report the integrity event flagging, i.e., indication on whether integrity performance is met with respect to the integrity requirements (e.g. AL, TTA, TIR);
Mode 1 is already supported in R17 for GNSS integrity. It is straightforward to reuse it in RAT-dependent integrity. As for mode 2, it is possible only when UE is indicated the integrity requirements, which requires addition specification impacts. And also, there is not extra benefits can be foreseen compared with mode 1. Thus, it is proposed that:
Proposal 4: For UE-based RAT-dependent integrity, the PL and/or its corresponding TIR are provided to LMF as legacy.
Based on above analysis, an example of the general procedure for UE-based integrity is given as the following.


Figure 1: UE-based integrity procedure
Signalling and procedures for LMF-based integrity  
For LMF-based integrity, both measurements related error sources and TRP related error sources are supported. And the following agreements were made during the SI.
	RAN2 studied LMF-based positioning integrity mode [2], and have identified the following impacts to signaling:
-	UE sends capability info to LMF for LMF-based positioning integrity mode using LPP capability transfer procedure
-	LMF sends the request of results related to integrity for integrity error sources to UE for integrity of LMF-based mode
-	LMF sends the request of results related to integrity for integrity error sources to RAN for integrity of LMF-based mode  
-	RAN sends results related to integrity to LMF using NRPPa message. 


2.3.1 LMF-based integrity for UL positioning 
[bookmark: OLE_LINK25]For LMF-based integrity for UL positioning, the positioning integrity calculation is performed by LMF. To assist the LMF to make positioning integrity calculation, only the NG-RAN node originated error sources (TRP related error sources and measurement related error sources) should be provided to LMF. 
Proposal 5: For LMF-based integrity for UL positioning, RAN2 to agree that NG-RAN node provide the measurement related error sources as defined by RAN1 to LMF.
Proposal 6: For LMF-based integrity for UL positioning, RAN2 to agree that NG-RAN node provide the TRP related error sources as defined by RAN1 to LMF.
Based on above analysis, an example of the general procedure for LMF-based integrity for UL positioning is given as the following.


Figure 2: LMF-based integrity for UL positioning procedure
2.3.2 LMF-based integrity for DL positioning 
For LMF-based integrity for DL positioning, the positioning integrity calculation is performed by LMF. To assist the LMF to make positioning integrity calculation, the measurement related error sources originated from UE as well as the TRP related error sources originated from NG-RAN should be provided to LMF. 
As for request and the corresponding response of the measurement related error sources originated from UE, LPP Location information transfer procedure can be used. 
Proposal 7: For LMF-based integrity for DL positioning, LMF request the measurements related error sources via LPP request location information message, and as response, UE provide the corresponding requested measurements related error sources via LPP provide location information message.
As for the interaction of the TRP related error sources between NG-RAN and LMF, LMF need to obtain the TRP related error sources from TRP. 
Proposal 8: For LMF-based integrity for DL positioning, LMF need to interact with NG-RAN to obtain the TRP related error sources.
Based on above analysis, an example of the general procedure for LMF-based integrity for DL positioning is given as the following.


Figure 3: LMF-based integrity for DL positioning procedure
2.3.3 LMF-based integrity for DL&UL positioning
For LMF-based integrity for DL&UL positioning, the positioning integrity calculation is performed by LMF. To assist the LMF to make positioning integrity calculation, the measurement related error sources originated from UE as well as the TRP related error sources originated from NG-RAN should be provided to LMF. 
As for request and the corresponding response of the measurement related error sources originated from UE, LPP Location information transfer procedure can be used. 
Proposal 9: For LMF-based integrity for DL&UL positioning, LMF request the measurements related error sources via LPP request location information message, and as response, UE provide the corresponding requested measurements related error sources via LPP provide location information message.
Proposal 10: For LMF-based integrity for DL&UL positioning, RAN2 to agree that NG-RAN node provide the measurement related error sources as defined by RAN1 to LMF.
Proposal 11: For LMF-based integrity for DL&UL positioning, RAN2 to agree that NG-RAN node provide the TRP related error sources as defined by RAN1 to LMF.
As for the interaction of the TRP related error sources and gNB measurement related error sources between NG-RAN and LMF, it is within RAN3 scope, so it is proposed that the signalling details can be left to RAN3. 
Based on above analysis, an example of the general procedure for LMF-based integrity for DL positioning is given as the following.


Figure 4: LMF-based integrity for DL&UL positioning procedure

LS to RAN3 on RAT-dependent integrity
Based on the above analysis, the following the following functionality between NG-RAN node and LMF is required so as to support the RAT-dependent integrity
· For UE-based integrity and LMF-based integrity, NG-RAN node need to obtain the TRP related error sources;
· For LMF-based integrity for UL positioning and DL&UL positioning, NG-RAN node need to provide the measurement related error sources to LMF;
Since this is within RAN3 scope, thus a LS to RAN3 is needed so as to ask RAN3 to continue on the signalling design. And the draft LS can be seen in the annex 2. 
Proposal 12: RAN2 send a LS to RAN3 and ask RAN3 to support the following functionality of NRPPa:
· For UE-based integrity and LMF-based integrity, NG-RAN node need to obtain the TRP related error sources;
· For LMF-based integrity for UL positioning and DL&UL positioning, NG-RAN node need to provide the measurement related error sources to LMF;
Stage 2 TP skeleton on integrity
For RAT-dependent integrity, there may be some difference of GNSS integrity, e.g., the distribution of the error sources, the definition of the error sources. And also in R17, the integrity principle in the current specification is GNSS positioning specific.
	· [bookmark: _Toc124536536]8	Positioning methods and Supporting Procedures
· [bookmark: _Toc12632659][bookmark: _Toc29305353][bookmark: _Toc37338171][bookmark: _Toc46489014][bookmark: _Toc52567367][bookmark: _Toc124536537]8.1	GNSS positioning methods
Skip unrelated part
8.1.1a	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 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.
[bookmark: _Hlk96502874]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.




Thus, separate section is needed on the principle of RAT-dependent integrity. Based on this, we give a draft skeleton of stage 2 spec on RAT-dependent integrity.
Proposal 13: RAN2 to take the draft skeleton in annex 3 as baseline, and continue to finalize stage 2 RAT-dependent integrity spec.
[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: 
Error modelling for RAT-dependent integrity:
Proposal 1: RAN2 send a LS to RAN1 and ask RAN1 to continue to discuss the modeling of error sources with consideration on the following aspects:
· Bound formula for RAT-dependent integrity;
· Whether correlation time is supported for RAT-dependent integrity, and it’s value if needed;
· The distribution for each error sources and the corresponding value of its modeling including mean and stdDeav;
· The residual risk component for each error sources;
Signalling and procedures for UE-based integrity:  
Proposal 2: RAN2 to agree that the TRP related error sources can be provided to UE via dedicated LPP providing assistance message or posSIB. 
Proposal 3: For UE-based integrity, LMF need to interact with NG-RAN to obtain the TRP related error sources. 
Proposal 4: For UE-based RAT-dependent integrity, the PL and/or its corresponding TIR are provided to LMF as legacy.
Signalling and procedures for LMF-based integrity:  
Proposal 5: For LMF-based integrity for UL positioning, RAN2 to agree that NG-RAN node provide the measurement related error sources as defined by RAN1 to LMF.
Proposal 6: For LMF-based integrity for UL positioning, RAN2 to agree that NG-RAN node provide the TRP related error sources as defined by RAN1 to LMF.
Proposal 7: For LMF-based integrity for DL positioning, LMF request the measurements related error sources via LPP request location information message, and as response, UE provide the corresponding requested measurements related error sources via LPP provide location information message.
Proposal 8: For LMF-based integrity for DL positioning, LMF need to interact with NG-RAN to obtain the TRP related error sources.
Proposal 9: For LMF-based integrity for DL&UL positioning, LMF request the measurements related error sources via LPP request location information message, and as response, UE provide the corresponding requested measurements related error sources via LPP provide location information message.
Proposal 10: For LMF-based integrity for DL&UL positioning, RAN2 to agree that NG-RAN node provide the measurement related error sources as defined by RAN1 to LMF.
Proposal 11: For LMF-based integrity for DL&UL positioning, RAN2 to agree that NG-RAN node provide the TRP related error sources as defined by RAN1 to LMF.
LS to RAN3 on RAT-dependent integrity: 
Proposal 12: RAN2 send a LS to RAN3 and ask RAN3 to support the following functionality of NRPPa:
· For UE-based integrity and LMF-based integrity, NG-RAN node need to obtain the TRP related error sources;
· For LMF-based integrity for UL positioning and DL&UL positioning, NG-RAN node need to provide the measurement related error sources to LMF;
Stage 2 TP skeletons on integrity:
Proposal 13: RAN2 to take the draft skeleton in annex 3 as baseline, and continue to finalize stage 2 RAT-dependent integrity spec.
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3GPP TSG RAN WG2 #121                            		             R2-23xxxxx
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Title:	LS on the modelling of error sources
Response to:	

Release:	Rel-18

Work Item:	NR_pos_enh2

Source:	CATT (to be RAN2)
To:	RAN1
Cc:	RAN3

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Contact Person:	Jianxiang Li
E-mail Address:	lijianxiang@catt.cn

1. Overall Description:
For RAT-dependent integrity, RAN2 discussed and ask RAN1 to continue to discuss on the modeling of error sources with consideration on the following aspects:
· Bound formula for RAT-dependent integrity;
· Whether correlation time is supported for RAT-dependent integrity, and it’s value if needed;
· The distribution for each error sources and the corresponding value of its modeling including mean and stdDeav;
· The residual risk component for each error sources;

2. Actions
To RAN1 groups
ACTION: 	RAN2 kindly asks RAN1 to further discuss on these issues in the future work. 

3. Date of Next RAN2 Meetings:
TSG RAN WG2 Meeting #121bis-e		17 – 26 April		                     Online

Annex 2: 

3GPP TSG RAN WG2 #121                            		             R2-23xxxxx
Athens Feb 27th– March 3rd, 2023

Title:	LS on the RAT-dependent integrity
Response to:	

Release:	Rel-18

Work Item:	NR_pos_enh2

Source:	CATT (to be RAN2)
To:	RAN3
Cc:	

Contact Person:	Jianxiang Li
E-mail Address:	lijianxiang@catt.cn

1. Overall Description:
For RAT-dependent integrity, RAN2 discussed and decide that the following functionality of NRPPa is needed so as to support RAT-dependent integrity:
· For UE-based integrity and LMF-based integrity, NG-RAN node need to obtain the TRP related error sources;
· For LMF-based integrity for UL positioning and DL&UL positioning, NG-RAN node need to provide the measurement related error sources to LMF;

2. Actions
To RAN3 groups
ACTION: 	RAN2 kindly asks RAN3 to take the above agreement into the consideration in the future work. 

3. Date of Next RAN2 Meetings:
TSG RAN WG2 Meeting #121bis-e		17 – 26 April		                     Online

Annex 3: skeleton for stage 2 spec

---------------------------------------Skip unrelated part---------------------------------
· [bookmark: _Toc12632605][bookmark: _Toc29305299][bookmark: _Toc37338110][bookmark: _Toc46488951][bookmark: _Toc52567304][bookmark: _Toc124536460]5.3	NG-RAN Positioning Operations
Skip unrelated part
5.3.x	RAT-dependent integrity
5.3.x.1  General RAT-dependent integrity
[bookmark: OLE_LINK117][bookmark: OLE_LINK118]
TBA

5.3.x.2  Integrity Principle of Operation for RAT-dependent integrity

TBA


5.3.x.3  Mapping of integrity parameters

TBA

---------------------------------------Skip unrelated part---------------------------------
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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  measureme nt    -   TRP  location    -   Inter - TRP  synchroniza tion (can be  caused in  part by  errors in  SFN  initialization  time.)  -   RTOA  measureme nt   -   TRP  location    -   Inter - TRP  synchroniza tion (can be  caused in  part by  errors in  SFN  initialization  time.)  -   UE Rx - Tx  time  difference  measurem ent   -   gNB Rx - Tx time  difference  measurem ent   -   TRP  location  -   Angle of arrival  measurement   -   TRP location    -   ARP location (e.g.,  ARPLocationInforma tion   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 - LocationInf o   in TS  37.355 [16])    -   Inter - TRP  synchroniza tion (e.g.,  NR - RTD - Info   in TS  37.355 [16])     -   TRP  location (e.g.,  NR - TRP - LocationInfo   in TS 37.355  [16])  

  H owever, for each error sources, the bound formula is FFS now, i.e., whether to reuse the formula for GNSS  integrity or not.   A nd it is not clear whether the correlation time is supported for RAT - dependent integrity. 

