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Introduction
In this contribution, we mainly focus on the LCM signaling aspects for the following use cases with 1st priority (i.e. Case 1, 3a, 3b)
	Positioning accuracy enhancement:
-	Case 1 (1st priority): UE-based positioning with UE-side model, direct AI/ML or AI/ML assisted positioning
-	Case 2a: UE-assisted/LMF-based positioning with UE-side model, AI/ML assisted positioning
-	Case 2b: UE-assisted/LMF-based positioning with LMF-side model, direct AI/ML positioning
-	Case 3a (1st priority): NG-RAN node assisted positioning with gNB-side model, AI/ML assisted positioning
-	Case 3b (1st priority): NG-RAN node assisted positioning with LMF-side model, direct AI/ML positioning


Discussion
NW-sided model (Case 3a/3b)
Case 3a
RAN2 made following agreements on positioning NW-side model LCM during RAN2 #125bis meeting:
· 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.
· 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.
Meanwhile, RAN1 also confirmed that performance monitoring can be located at NG-RAN node or LMF by performing label-based monitoring metric calculations.
	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


For Case 3a, when gNB performs monitoring metric calculation, the ground truth label is approximated by gNB based on existing positioning methods using assistance data from LMF or received from LMF. When LMF performs monitoring metric calculation, the ground truth label (i.e. measurements) can either be reported from gNB to LMF via NRPPa or generated by LMF itself. It is observed that existing NRPPa signaling can already support ground truth label calculation at NG-RAN or LMF. There’s no additional RAN2 impact 
Proposal 1: For positioning Case 3a, existing NRPPa signaling can support monitoring metric calculation at NG-RAN/LMF.
For management perspective, management location needs to be further clarified for positioning case 3a. It is noticed that LMF is always considered as management entity for legacy positioning methods. For AI/ML assisted positioning, the same principle should be followed, i.e. CN (e.g. LMF) is the management decision entity for positioning Case 3a. The management decision can be made based on monitoring metrics reported from gNB or calculated by LMF itself. When performance monitoring is located at gNB, as RAN2 agreed in RAN2 #125bis meeting, NRPPa is used for the signalling between gNB and LMF for case 3a.
Proposal 2: Management decision entity for case 3a is located at CN. 
· If performance monitoring is located at gNB, signalings to support performance monitoring metrics reporting from gNB to LMF via NRPPa is up to RAN3.
· If performance monitoring is located at LMF, no additional RAN2 impact.
Case 3b
For positioning Case 3b, it is noticed that SA2 is working on LCM signaling support for Case 2b/3b. We suggest to wait for further progress in SA2 on this aspect.
UE-sided model (Case 1)
Associated ID (NW-side additional conditions)
For positioning accuracy enhancement Case 1, to collect ground truth label for training data collection and inference, a UE may be configured with some network-side conditions (e.g. measurement validity area, model input, etc) to apply one or more AI/ML models or AI/ML functionalities to ensure consistency between model training and inference. For instance, as a baseline, the measurement validity area configuration provided for model training may be assumed to apply also for model inference. Furthermore, from configuration point of view, NW also needs to ensure same model input format for training and inference, e.g. same RS configuration, the number of paths in the path-based measurement and the number of samples in the sample-based measurement, etc. 
Observation 1: NW-side additional condition (e.g. measurement validity area, model input, etc) can ensure consistency between training and inference for positioning Case 1.
Similar as beam management use cases, associated ID can be used to represent NW-side additional conditions, following agreements made by RAN1:
	From RAN1 perspective, for UE-sided model(s) developed (e.g., trained, updated) at UE side, following procedure is an example (noted as AI-Example1) of MI-Option1 for further study (including the feasibility/necessity)
· A: For data collection, NW signals the data collection related configuration(s) and it/their associated ID(s) 
· Associated IDs for each sub use case in relation with NW-sided additional conditions


This associated ID can be carried together with training data collection, inference configuration, inference result reporting (if needed) and performance metrics reporting over LPP signaling.
Proposal 3: Associated ID representing NW-side additional conditions is configured/reported together with training data collection, inference configuration, inference result reporting (if needed) and performance metrics reporting over LPP signaling.
UE-side additional conditions
Similar to beam management use cases, some of the UE-side additional conditions could be mapped to selection/switching between different model(s), including potential fallback to non-AI/ML methods. For instance, this could include switching between models based on configuration of input/output metrics and/or corresponding data collection. The proactive/reactive approached used for beam management use cases (discussed in the companion contribution [1]) can also be applicable to positioning accuracy enhancement Case 1.


Figure 1. Proactive Reporting


Figure 2. Reactive Reporting
Proposal 4: Enhance LPP signaling to report UE-side additional conditions in UAI-like proactive/reactive approach.
Management LCM Signaling
It was agreed in RAN2 #125bis meeting, for general common LCM framework signaling, “NW-decision, NW-initiated” AI/ML management is considered as baseline. Based on this agreement, LMF as management entity is considered as baseline for positioning Case 1.
Agreements for common LCM framework signaling:
1	For UE-sided model, for the functionality management, the “network decision, network-initiated” AI/ML management is supported as a baseline.  The following can be considered further “UE autonomous, decision reported to the network”, “Network decision, UE-initiated” (i.e. proactive approach).  
2	“UE-autonomous, UE’s decision is not reported to the network” is not considered for Rel-19
Similar as BM, UE can also report UE-side additional conditions to LMF via LPP signaling as proposed above. The network can then further confirm the activation/deactivation of a UE-side model based on the indicated UE applicability/preference.
Proposal 5: UE reports its autonomous decision via applicability/preference in UAI-like LPP, where CN further confirms UE autonomous decision.
RAN1 further agreed either UE or LMF can perform label-based monitoring metric calculation based on different types of data. Therefore, options of management LCM signaling can be summarized below:



Figure 3. UE-side monitoring metric calculation, LMF management



Figure 4. UE-side monitoring metric calculation, UE autonomous decision based on LMF configuration




Figure 5. LMF-side monitoring metric calculation, LMF management



Figure 6. LMF-side monitoring, UE autonomous decision based on LMF configuration
As observed from above figures, it is clear that when LMF performs monitoring metric calculations, signaling overhead increases if UE is selected to perform autonomous decision for functionality management. Therefore, it is preferred to use CN as management entity for positioning Case 1 as baseline. It is then up to SA2 whether it is LMF or other CN entities (e.g. NWDAF).
Proposal 6: CN is considered as baseline management entity for positioning Case 1. It is up to SA2 to decide which entity is used within CN. UE autonomous decision is only considered if UE performs monitoring metric calculation.
Monitoring LCM Signaling
RAN1 further agreed six different options for model performance monitoring of positioning Case 1 for further study. In this section, we mainly focus on the RAN2 impact on LPP signaling.
· Option A-1. At least information on ground truth label of the target UE is generated by LMF and provided to the target UE. In one example, target UE and/or gNB sends measurement (e.g., legacy measurement) to LMF so that LMF can derive the information on ground truth label.


· Option A-2. At least position calculation assistance data (e.g., existing information for UE-based positioning method) is provided from LMF to the target UE.


· Option A-3. Reuse Rel-18 assistance data transfer framework from LMF to the target UE, where the PRU measurement (e.g., legacy measurement) and the corresponding PRU location are sent via LMF to the target UE. 


· Option A-4. PRU measurement (and the corresponding PRU location if not already known at the UE-side)are sent from PRU to the target UE side (e.g., target UE, OTT server). Option A-4 can be realized by implementation in a manner transparent to specification if the PRU sends information to the target UE side in a proprietary method.


In above options, measurement requests/reports for ground truth label calculation at LMF can reuse existing LPP signaling (e.g. RequestLocationInformation, SignalMeasurementInformation, etc). Additionally, assistance information for UE-side ground truth label calculation can also be supported via existing LPP signaling (e.g. ProvideAssistanceData). Hence, there’s no specification impact in Option A-2. 
On the other hand, in Option A-1 and Option A-3, to support label-based monitoring at UE-side, LMF needs to send the calculated ground truth label to UE via LPP singaling. Either existing Assistance Data Transfer/Delivery procedure can be enhanced to support label data transfer or a new procedure is introduced. Furthermore, for Option A-3, the PRU(s) and target UE should be sufficiently closely located and the measurements from the PRU should be effectively simultaneously performed as for the target UE to ensure applicability of the PRU’s location information as ground-truth labels for model monitoring for a target UE. Thus, Option A-3 may not work as a standalone option. For Option A-4, as indicated by RAN1, it can be realized by implementation, which has no 3GPP impact.
Proposal 7: Existing LPP signalling can be used to transfer measurement information and assistance data for UE-side ground truth label calculation. LPP signalling is enhanced to support sending ground truth label from LMF to UE during monitoring at least for Option A-1. FFS whether to reuse existing Assistance Data Transfer/Delivery procedure or new procedure.
· Option B-1. at least inference result (i.e., the model output corresponding to target UE’s channel measurement) of the target UE is sent by the target UE to LMF. 


· Option B-2. PRU’s channel measurement is sent via LMF to the target UE, and the inference result (i.e., the model output corresponding to PRU’s channel measurement) is sent by the target UE to LMF.


For above two options, both require UE to send inference result (e.g. predicted measurements or predicted UE location coordinates) to LMF via LPP signaling. Location Information Transfer/Delivery procedure can be enhanced to include predicted information from the UE, or a new procedure is considered.
Proposal 8: LPP signaling is enhanced to support sending inference results (e.g. predicted measurement, predicted UE location coordinates, etc) from UE to LMF during monitoring in Option B-1 and Option B-2. FFS whether to use Location Information Transfer/Delivery procedure or a new procedure.
Conclusion
In this contribution, we first discussed monitoring and management of positioning case 3a/3b and further discussed UE-sided additional conditions management and monitoring aspects for UE-side positioning case 1. We observed and proposed the followings:
Positioning Case 3a
Proposal 1: For positioning Case 3a, existing NRPPa signaling can support monitoring metric calculation at NG-RAN/LMF.
Proposal 2: Management decision entity for case 3a is located at CN. 
· If performance monitoring is located at gNB, signalings to support performance monitoring metrics reporting from gNB to LMF via NRPPa is up to RAN3.
· If performance monitoring is located at LMF, no additional RAN2 impact.
Case 1a – NW-side additional condition
Observation 1: NW-side additional condition (e.g. measurement validity area, model input, etc) can ensure consistency between training and inference for positioning Case 1.
Proposal 3: Associated ID representing NW-side additional conditions is configured/reported together with training data collection, inference configuration, inference result reporting (if needed) and performance metrics reporting over LPP signaling.
Case 1a – UE-side additional condition
Proposal 4: Enhance LPP signaling to report UE-side additional conditions in UAI-like proactive/reactive approach.
Proposal 5: UE reports its autonomous decision via applicability/preference in UAI-like LPP, where CN further confirms UE autonomous decision.
Case 1a – Management and Monitoring
Proposal 6: CN is considered as baseline management entity for positioning Case 1. It is up to SA2 to decide which entity is used within CN. UE autonomous decision is only considered if UE performs monitoring metric calculation.
Proposal 7: Existing LPP signalling can be used to transfer measurement information and assistance data for UE-side ground truth label calculation. LPP signalling is enhanced to support sending ground truth label from LMF to UE during monitoring at least for Option A-1. FFS whether to reuse existing Assistance Data Transfer/Delivery procedure or new procedure.
Proposal 8: LPP signaling is enhanced to support sending inference results (e.g. predicted measurement, predicted UE location coordinates, etc) from UE to LMF during monitoring in Option B-1 and Option B-2. FFS whether to use Location Information Transfer/Delivery procedure or a new procedure.
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