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1 Introduction
In RAN#98 e-meeting, the New WID on Expanded and Improved NR Positioning was agreed and the objective on RAT-dependent positioning integrity was listed as following [1].
In this contribution, we discuss the signalling and procedures for the RAT-dependent positioning integrity and provide our suggestions.
2 Discussion
2.1 DNU flag

In RAN2#120 e-meeting, the agreement on DNU flag was made [2]:

According to the agreement, DNU flag is used for RAT-dependent positioning integrity. For the UE based positioning integrity, LMF provides the error source on TRP location and Inter-TRP synchronization for DL-TDOA and TRP location for DL-AoD respectively. If the TRP location and inter-TRP synchronization can’t be used for UE based positioning integrity, the LMF sends the DNU flag to UE to indicate the TRPs or PRS resources which are not usable for positioning integrity, and the DNU flag could be delivered by the LPP provide assistance information message. 
Proposal 1: LMF sends DNU flag by LPP provide assistance message and the DNU flag indicates the TRPs or PRS resources which are not usable for positioning integrity. 

Considering the error sources are TRP location and Inter-TRP synchronization which is TRP related information, LMF may be not able to decide whether the error sources is useable or not for UE based positioning integrity, and the LMF may require the assistance information from TRP to determine the DNU flag. For instance, the TRP indicates the TRP location and/or inter-TRP synchronization which is not useable, and then LMF sends the DNU flag to the UE based on the indication from the TRP. 
Proposal 2: TRP may provide assistance information to assist LMF to determine the DNU flag. 

Regarding the LMF based positioning integrity, UE sends the error sources on positioning measurement including RSTD, UE Rx-Tx time difference and DL-PRS RSRPP of the first path or RSRP for different positioning methods. gNB also provides the error sources on TRP location, inter-TRP synchronization, ARP location, RTOA and gNB Rx-Tx time difference for different positioning methods. There are two kinds of error source, one is TRP related information and the other is positioning measurement, regarding the TRP related error source, TRP may not be able to provide the updated error sources to the LMF in time when the error source is not usable for LMF based positioning integrity, and the DNU flag on TRP related information is needed. For the positioning measurement, the reasonable assumption is that UE or gNB to provide the updated positioning measurement to the LMF when the UE or gNB think the positioning measurement is not usable for LMF based positioning integrity.
Proposal 3: TRP provides the DNU flag on TRP related error sources to LMF for LMF based positioning integrity.

Proposal 4: It is not necessary to provide the DNU flag on positioning measurement to LMF for LMF based positioning integrity. 

2.2 Signalling procedures for UE based positioning integrity

For UE based positioning integrity, the agreement on signalling procedures were made in the SI phase and it should be the start point for the normative phase and the detailed signalling procedures is as follows [3]: 
Proposal 5: The signalling procedures for UE based positioning integrity are as follows:
· UE sends capability info to LMF on UE based positioning integrity using LPP capability transfer procedure

· LMF sends the assistance data for UE based positioning integrity to UE by LPP provide assistance message, which includes the error source on TRP location and inter-TRP synchronization;

· LMF acquires the information of error sources on TRP location and inter-TRP synchronization from RAN node by NRPPa message;
· LMF sends integrity requirement for UE based positioning integrity by LPP request location information message;
· UE sends integrity result to LMF using LPP location information Transfer message.
In Rel-17, we discussed integrity result reporting mode and there are two modes for integrity result reporting. Mode 1 of Integrity Result Reporting is PL Reporting which UE reports the calculated PL to LMF and mode 2 of integrity result reporting is integrity event flagging which UE compares the calculated PL with the given AL to determine if the positioning system is still available to offer trustable position estimation and reports a binary flag to indicate whether the positioning system is available or not. We think both Mode 1 and Mode 2 of Integrity Result Reporting should be specified for RAT-dependent positioning integrity. 
Proposal 6: Both Mode 1 and Mode 2 of Integrity Result Reporting should be specified for RAT-dependent positioning integrity. 

2.3 Signalling procedures for LMF based positioning integrity
For LMF based positioning integrity, some agreement on signalling procedures were made in the SI phase and the detailed signalling procedures is as follows [3]: 

Regarding UE capability on LMF based positioning integrity, UE sends the capability on reporting the results related to integrity for DL positioning method, which includes RSTD, UE Rx-Tx time difference and DL-PRS RSRPP of the first path or RSRP.
For DL-TDOA, DL-AoD and multi-RTT positioning methods, UE sends results related to integrity to LMF, but the signalling procedures are not determined. There are two different signalling procedures, one is that UE reports it by RRC message to gNB and gNB send it to LMF by NRPPa message, and the other is that UE reports it to LMF by LPP message. Currently, the RRC message is not involved for the DL-TDOA and DL-AoD, this principal should be kept, and the unified signalling procedure for DL-TDOA, DL-AoD and multi-RTT positioning methods is preferred. The LPP provide location information should be used for UE reporting results related to integrity to LMF for LMF based positioning integrity.
For results related to integrity originated from RAN, LMF sends the request of results related to integrity for integrity error sources to RAN and RAN sends results related to integrity to LMF and the NRPPa message is used, and the error sources include TRP location, Inter-TRP synchronizati, ARP location, RTOA, gNB Rx-Tx time difference and Angle of arrival.
Proposal 7: The signalling procedures for LMF based positioning integrity are as follows:
· UE sends the capability on reporting the results related to integrity for DL positioning method by LPP capability transfer procedure, which includes RSTD, UE Rx-Tx time difference and DL-PRS RSRPP of the first path or RSRP.

· The LPP provide location  information should be used for UE reporting results related to integrity to LMF for LMF based positioning integrity, which includes RSTD, UE Rx-Tx time difference and DL-PRS RSRPP of the first path or RSRP;

· For results related to integrity originated from RAN, LMF sends the request of results related to integrity for integrity error sources to RAN and RAN sends results related to integrity to LMF and the NRPPa message is used, and the error sources include TRP location, Inter-TRP synchronizati, ARP location, RTOA, gNB Rx-Tx time difference and Angle of arrival.

3 Conclusions 
In this contribution, we have discussed the RAT-dependent positioning integrity and provide the following proposals and observations:
Proposal 1: LMF sends DNU flag by LPP provide assistance message and the DNU flag indicates the TRPs or PRS resources which are not usable for positioning integrity.
Proposal 2: TRP may provide assistance information to assist LMF to determine the DNU flag.
Proposal 3: TRP provides the DNU flag on TRP related error sources to LMF for LMF based positioning integrity.
Proposal 4: It is not necessary to provide the DNU flag on positioning measurement to LMF for LMF based positioning integrity.
Proposal 5: The signalling procedures for UE based positioning integrity are as follows:

· UE sends capability info to LMF on UE based positioning integrity using LPP capability transfer procedure

· LMF sends the assistance data for UE based positioning integrity to UE by LPP provide assistance message, which includes the error source on TRP location and inter-TRP synchronization;

· LMF acquires the information of error sources on TRP location and inter-TRP synchronization from RAN node by NRPPa message;

· LMF sends integrity requirement for UE based positioning integrity by LPP request location information message;
· UE sends integrity result to LMF using LPP location information Transfer message.
Proposal 6: Both Mode 1 and Mode 2 of Integrity Result Reporting should be specified for RAT-dependent positioning integrity. 

Proposal 7: The signalling procedures for LMF based positioning integrity are as follows:
· UE sends the capability on reporting the results related to integrity for DL positioning method by LPP capability transfer procedure, which includes RSTD, UE Rx-Tx time difference and DL-PRS RSRPP of the first path or RSRP.

· The LPP provide location  information should be used for UE reporting results related to integrity to LMF for LMF based positioning integrity, which includes RSTD, UE Rx-Tx time difference and DL-PRS RSRPP of the first path or RSRP;

· For results related to integrity originated from RAN, LMF sends the request of results related to integrity for integrity error sources to RAN and RAN sends results related to integrity to LMF and the NRPPa message is used, and the error sources include TRP location, Inter-TRP synchronizati, ARP location, RTOA, gNB Rx-Tx time difference and Angle of arrival.
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Agreement:


Proposal 1 (modified): Use DNU flag for RAT-dependent integrity, with the meaning that the concerned assistance data cannot be used for integrity calculation but may be usable for positioning.  Signalling details and relation to error sources can be determined in normative work.  FFS which positioning methods are affected based on the progress in RAN1.





Rel-17 UE-based integrity mode signaling can be used as baseline at least 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. LMF provides, in assistance data, the information of error sources (e.g., originated from RAN node) to UE for integrity in UE-based mode.


LMF sends integrity requirement e.g., TIR to UE in LPP request location information message for integrity of UE-based mode.


UE sends integrity result to LMF using LPP location information Transfer message.





RAN2 studied LMF-based positioning integrity mode, 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. 


NOTE 1: The signaling to transmit integrity KPI and integrity results can be discussed during normative work.


NOTE 2: Whether UE sends results related to integrity to LMF using LPP message or not can be discussed during normative work.
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