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1. [bookmark: _Ref521334010]Introduction
In last RAN2#125bis meeting, for Positioning use case some agreements have been achieved for NW-sided model [1]:
Agreements:
1. RAN2 to consider an RRC configuration to configure radio measurements and the related reporting to enable data collection for NW-side training
1. For AI/ML based beam management, RAN2 assumes the L1 measurement framework shall be used for configuring the input data of the NW side AI/ML model inference.  FFS if further enhancements are needed
1. There is no specification impact associated to gNB-side model inference, depending on further RAN1 input.    
1. FFS whether rhere is specification impact associated to gNB-side model monitoring.
1. For POS, RAN2 assumes gNB or LMF could perform performance monitoring for case 3a and LMF is responsible for the performance monitoring for case 3b and wait for any further inputs from other WGs
1. For POS, RAN2 assumes that NRPPa is used for the signalling between gNB and LMF for case 3a and 3b and the detailed signalling design is up to RAN3.
And for UE-sided model, the agreements apply equally to both positioning and beam management use cases:
Agreements for positioning and beam management 
1. Support proactive reporting of UE-sided applicable functionality, e.g., the UE reports its applicable AI/ML functionalities via UAI message/LPP message.  
1. Support reactive reporting of UE-sided applicable functionality.  The NW configures AI/ML functionalities via RRC/LPP message.  FFS what the configuration contains. FFS how to report applicable functionality and what is applicable functionality 
3	FFS how the two approaches will be specified and whether we can combine them into one procedure.    FFS how to report applicable functionality, what is applicable functionality, how the UE determines which function is applicable or not (if it is needed)
In this contribution, we will discuss the LCM for both NW-sided model and UE-sided model for Positioning use case.
2. Discussion
2.1 Prioritization for sub-use cases
In Rel-18, direct AI/ML positioning and AI/ML assisted positioning are selected as representative sub-use cases for AI/ML-based positioning accuracy enhancement. All possible combinations between legacy positioning methods (i.e. UE-based, UE-assisted/LMF-based, and NG-RAN node assisted positioning) and AI/ML-based positioning has been studied in Rel-18, and obtained 5 sub use cases namely: case1, case 2a, case 2b, case 3a and case 3b. In Rel-19, these cases are divided into first priority cases (case 1/3a/3b) and second priority cases (case 2a/2b) in WID. The first priority cases can be mapped to UE-sided model (case 1), gNB-sided model (case 3a), and LMF-sided model (case 3b). But in RAN1 discussion, after much debate and clarification, a common understanding has been achieved as below:
The discussion of 2nd priority cases should not hinder the discussion of 1st priority cases, and the lack of a clear discussion on 2nd priority features should not be used as a reason to block the discussion of 1st priority cases;
Artificial obstacles should not be imposed on the discussion of 2nd priority cases, for example, when the conclusion of case 3b can naturally be applied to 2b, non-technical reasons should not be used to prevent the agreement/conclusion of 2nd priority cases.
And in the discussion of RAN1 meeting, all cases indeed were involved [2]. Therefore, we think RAN2 could just follow such RAN1 common understanding.
Proposal 1 Follow RAN1’s common understanding that the discussion of 2nd priority cases should not hinder the discussion of 1st priority cases, and artificial obstacles should not be imposed on the discussion of 2nd priority cases.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Model training of all 5 cases may involve the data collection from the UE/PRU based on RAN1’s agreements/assumptions. But since training data collection will be discussed in other sections, among these 5 cases, the model inference and performance monitoring of cases 3a and 3b are between NG-RAN and LMF with less UE impact. So in the phase of specification impact analyses, RAN2 could mainly focus on cases 1, 2a and 2b which cases are between UE and LMF that mostly involve RAN2’s signaling design, and the similar modification to cases 3a and 3b could be applied in NRPPa protocol by RAN3 in e.g. 2024 Q3.
Proposal 2: RAN2 mainly focus on cases 1, 2a and 2b in the stage 3 phase of positioning use case for model inference and performance monitoring.
2.2 [bookmark: _GoBack]RS use
For RS use, RAN1 has agreements below in RAN1#116 meeting:
	Agreement
For Rel-19 AI/ML based positioning, the measurements for determining model input are based on the DL PRS and UL SRS defined in TS38.211.
· Note: The use of SRS for MIMO resource is transparent to UE.


Therefore, the legacy configuration for DL PRS and UL SRS could be reused for AI/ML based positioning accuracy enhancement, and whether enhancement is needed for reference signaling configuration could be further decided by RAN1.
Observation 1: AI/ML based positioning accuracy enhancement related measurements for determining model input are based on the DL PRS and UL SRS.
Proposal 3: There is no specification enhancement associated to PRS/SRS configuration for AI/ML based positioning accuracy enhancement, depending on further RAN1 input.
2.3 LCM procedure analysis per sub-use case
2.1. 
2.2. 
2.3.1 Case 1
Model inference
Case 1 is UE-based positioning with UE-side model, so model inference should be performed inside UE. UE itself generates the measurement for AI/ML model inference based on the PRS transmission. The basic assumption is that UE-side model is trained by UE side, and thus the type or format of the measurement corresponding to AI/ML model input is naturally known at UE side. Therefore, when UE uses an UE-side AI/ML model for inference, the UE can generate the measurement for AI/ML model inference using the same type or format of the measurement as training phase by implementation. But if the AI/ML model is trained at other side such as NW side, assistance information on input type or format may be needed. 
Proposal 4: For Pos case 1, at least when UE-side model is trained by UE-side, UE generates the measurement for AI/ML model inference based on the PRS transmission, and there is no specification impact associated to UE-side model inference.
Performance monitoring
In last RAN1#116bis meeting, for model performance monitoring metric calculation in label-based model monitoring of Case1, 2 options are raised by RAN1 agreement:
· Option A. The target UE side performs monitoring metric calculation. 
· Option B. The LMF performs monitoring metric calculation.
Other options are not precluded. There are also many sub-options (Option A-1/A-2/A-3/A-4 and Option B-1/B-2) for option A and B respectively. Different sub-options may have different spec impact on RAN2. For example, for Option B-1 the model inference output generated inside UE may be sent to the LMF for monitoring metric calculation. RAN2 could discuss this issue after down selection of the monitoring methods by RAN1.
Proposal 5: For Pos case 1, UE or LMF could perform performance monitoring. Detailed specification impact could be discussed after down selection of the monitoring sub-options by RAN1.
2.3.2 Case 2a
Model inference
For model inference, for Case 2a RAN1 has the agreements on reporting the UE-side model inference output as below:
	Agreement
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For AI/ML assisted positioning Case 2a, at least LOS/NLOS indicator and/or timing information are supported for reporting. 
· If LOS/NLOS indicator is reported, the indicator can be reported as soft indicator or hard indicator as defined in 38.214.
· If timing information is reported, the timing information at least can be reported via DL RSTD or UE Rx-Tx time difference as defined in 38.215.
· Note: details of the report are pending further discussion.


Since the legacy LPP message of “ProvideLocationInformation” is used by the target device to provide positioning measurements or position estimates to the location server, so for case 2a, it seems reasonable to reuse the legacy report content in this message:
· For NR DL-TDOA positioning, the nr-RSTD and nr-los-nlos-Indicator in nr-DL-TDOA-ProvideLocationInformation in ProvideLocationInformation message can be reused;
· For NR Multi-RTT positioning, the nr-UE-RxTxTimeDiff and nr-los-nlos-Indicator in nr-Multi-RTT-ProvideLocationInformation in ProvideLocationInformation message can be reused.
Proposal 6: Reuse legacy LPP message of ProvideLocationInformation to carry the timing information (e.g. DL RSTD or UE Rx-Tx time difference) and LOS/NLOS indicator for UE-side model inference output of Pos case 2a.
Performance monitoring
There is no any performance monitoring related discussion on Case 2a in RAN1, and RAN2 could wait for more RAN1 progress.
2.3.3 Case 2b
Model inference
For model inference, for Case 2b RAN1 has the agreements on reporting the LMF-side model inference input as below:
	Agreement
· For AI/ML based positioning case 2b, at least the following types of time domain channel measurements are supported for UE reporting to LMF: 
1. timing information;
1. paired timing information and power information.


According to RAN1’s agreement, at least a (timing information) and/or b (paired timing information and power information) are supported for UE reporting to LMF, i.e., as the inference input for case 2b. The legacy measurement related LPP message, e.g. ProvideLocationInformation message could be reused, but since RAN1 has no further discussion on the detailed channel measurements, e.g. time (DP), time+power (PDP), potential time+power+phase (CIR), and the relative reference time, more information is needed before potential signaling enhancement discussion in RAN2.
Proposal 7: Reuse legacy LPP message of ProvideLocationInformation to carry the time domain channel measurements for LMF-side model inference input of Pos case 2b. And wait for more RAN1 progress on detailed channel measurement content before potential signaling enhancement discussion in RAN2.
Performance monitoring
There is no any performance monitoring related discussion on Case 2b in RAN1, and RAN2 could wait for more RAN1 progress.
2.3.4 Case 3a
Model inference
For model inference, for Case 3a RAN1 has the agreements on reporting the gNB-side model inference output as below:
	Agreement
For AI/ML assisted positioning Case 3a, at least LOS/NLOS indicator and/or timing information are supported for reporting. 
· If LOS/NLOS indicator is reported, the indicator can be reported as soft indicator or hard indicator as defined in 38.214.
· If timing information is reported, the timing information at least can be reported via UL RTOA or gNB Rx-Tx time difference as defined in 38.215.
· Note: details of the report are pending further discussion.


For case 3a, the information needs to be reported from NG-RAN to LMF for AI/ML based positioning accuracy enhancement can be carried in NRPPa message MEASUREMENT RESPONSE or MEASUREMENT REPORT. Since the LOS/NLOS indicator, the UL RTOA and the gNB Rx-Tx time difference have already been introduced in TRP Measurement Result IE, it seems reasonable to reuse legacy messages and the TRP Measurement Result IE.
Proposal 8: Reuse legacy NRPPa message and IEs to carry the gNB-side model inference output for Pos case 3a.
Performance monitoring
In last RAN1#116bis meeting, for performance monitoring, for model performance monitoring metric calculation in label-based model monitoring of Case 3a, 2 options are raised by RAN1 agreement:
	Agreement
For AI/ML positioning Case 3a, for model performance monitoring metric calculation in label-based model monitoring, study the feasibility of the following options. To provide information on how to generate information on ground truth label for each option.
· Option A.	NG-RAN node performs monitoring metric calculation for its own model.
· Option B.	LMF performs monitoring metric calculation for the model located at the NG-RAN node.
Note: Final selection of Option A and Option B is out of RAN1 scope, but RAN1 can make recommendation about the option(s), and potential support of Option A and/or Option B is pending RAN3 confirmation.
Note: Exact method to perform the monitoring metric calculation is up to implementation


The above agreement is align with the RAN2 agreement that “For POS, RAN2 assumes gNB or LMF could perform performance monitoring for case 3a”, the detailed signaling design is up to RAN3. And there is no spec impact on RAN2 for performance monitoring of case 3a.
2.3.5 Case 3b
Model inference
For model inference, for Case 3b RAN1 has the agreements on reporting the LMF-side model inference input in RAN1#116 meeting as below:
	Agreement
· For AI/ML based positioning case 3b, at least the following types of time domain channel measurements are supported for reporting: 
a. timing information;
b. paired timing information and power information.


And in RAN1#116bis meeting, the timing information of channel measurements has been defined:
	Agreement
For AI/ML based positioning Case 3b, for gNB channel measurements reported to LMF, the timing information is represented relative to the existing UL RTOA reference time T0+tSRS as defined in TS 38.215. 
FFS: whether it is applicable when Case 3b is used to support multi-RTT 


For case 3b, the information needs to be reported from NG-RAN to LMF for AI/ML based positioning accuracy enhancement can be carried in NRPPa message MEASUREMENT RESPONSE or MEASUREMENT REPORT. Since the UL RTOA and the gNB Rx-Tx time difference (FFS for AI/ML) have already been introduced in TRP Measurement Result IE, it seems reasonable to reuse legacy messages and TRP Measurement Result IE as much as possible. And for the intermediate positioning measurement result of time (DP), time+power (PDP), and the potential time+power+phase (CIR), the legacy messages mentioned above can be reused, and new IEs can be introduced for transmitting DP/PDP/CIR(FFS) for AI/ML usage.
Proposal 9: Reuse legacy NRPPa message and IEs to carry part of the LMF-side model inference input for Pos case 3b. The intermediate positioning measurement result of DP/PDP/CIR(FFS) can be introduced as new IEs in such legacy NRPPa message(s).
Performance monitoring
There is no any performance monitoring related discussion on Case 3b in RAN1. And in any case, the performance monitoring metric calculation for case 3b will not be performed by the UE. Therefore there is no spec impact on RAN2 for performance monitoring of case 3b.
3. Conclusion
According to the analysis in section 2, the observation and proposals are summarized as follows:
Prioritization for sub-use cases
Proposal 1 Follow RAN1’s common understanding that the discussion of 2nd priority cases should not hinder the discussion of 1st priority cases, and artificial obstacles should not be imposed on the discussion of 2nd priority cases.
Proposal 2: RAN2 mainly focus on cases 1, 2a and 2b in the stage 3 phase of positioning use case for model inference and performance monitoring.
RS use
Observation 1: AI/ML based positioning accuracy enhancement related measurements for determining model input are based on the DL PRS and UL SRS.
Proposal 3: There is no specification enhancement associated to PRS/SRS configuration for AI/ML based positioning accuracy enhancement, depending on further RAN1 input.
LCM procedure per sub-use case
Proposal 4: For Pos case 1, at least when UE-side model is trained by UE-side, UE generates the measurement for AI/ML model inference based on the PRS transmission, and there is no specification impact associated to UE-side model inference.
Proposal 5: For Pos case 1, UE or LMF could perform performance monitoring. Detailed specification impact could be discussed after down selection of the monitoring sub-options by RAN1.
Proposal 6: Reuse legacy LPP message of ProvideLocationInformation to carry the timing information (e.g. DL RSTD or UE Rx-Tx time difference) and LOS/NLOS indicator for UE-side model inference output of Pos case 2a.
Proposal 7: Reuse legacy LPP message of ProvideLocationInformation to carry the time domain channel measurements for LMF-side model inference input of Pos case 2b. And wait for more RAN1 progress on detailed channel measurement content before potential signaling enhancement discussion in RAN2.
Proposal 8: Reuse legacy NRPPa message and IEs to carry the gNB-side model inference output for Pos case 3a.
Proposal 9: Reuse legacy NRPPa message and IEs to carry part of the LMF-side model inference input for Pos case 3b. The intermediate positioning measurement result of DP/PDP/CIR(FFS) can be introduced as new IEs in such legacy NRPPa message(s).
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