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Introduction
In RAN#102 Meeting the following have been identified as the objectives of Study Item or Core part WI or Testing part WI for Positioning accuracy enhancement using AI/ML:
	
· Provide specification support for Positioning accuracy enhancements, encompassing [RAN1/RAN2/RAN3]:
· Direct AI/ML positioning:
· (1st priority) Case 1: UE-based positioning with UE-side model, direct AI/ML positioning
· (2nd priority) Case 2b: UE-assisted/LMF-based positioning with LMF-side model, direct 
AI/ML positioning
· (1st priority) Case 3b: NG-RAN node assisted positioning with LMF-side model, direct
 AI/ML positioning
· AI/ML assisted positioning 		 
· (2nd priority) Case 2a: UE-assisted/LMF-based positioning with UE-side model, AI/ML
 assisted positioning	
· (1st priority) Case 3a: NG-RAN node assisted positioning with gNB-side model, AI/ML
 assisted positioning
· Specify necessary measurements, signalling/mechanism(s) to facilitate LCM operations specific 
to the Positioning accuracy enhancements use cases, if any
· Investigate and specify the necessary signalling of necessary measurement enhancements (if any)
· Enabling method(s) to ensure consistency between training and inference regarding NW-side
 additional conditions (if identified) for inference at UE for relevant positioning sub use cases



The following is the agreement from  RAN1#115 meeting  regarding AI/ML positioning.

Agreement
It is recommended to specify necessary measurement, signalling and procedure to facilitate training, inference, monitoring and/or other LCM operations for both direct AI/ML positioning and AI/ML assisted positioning
· specify necessary signaling of data collection; investigate the necessity of other information for supporting data collection, and if needed, specify during normative work
· investigate on the necessity and signaling details of measurement enhancements, and if needed, specify during normative work
· investigate on the necessity and signaling details of monitoring method(s), and if needed, specify during normative work.
 In this contribution, we provide our support for the identified objectives on the remaining open aspects regarding AI/ML positioning accuracy enhancement for this work item.
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In terms of discussion in RAN#102 meeting to provide specification support for the prioritized Cases for both Direct AI/ML and AI/ML assisted positioning, this document covers the possible signallings for the prioritized cases of Direct AI/ML Positioning. 
1. Possible Signalling Requirements for Case 1 , Case 3b for Direct AI/ML Positioning
1.1  Case 1: UE based, UE side model, Direct AI/ML positioning
i. Data collection 
In UE side models, UE/PRU  interacts with gNB  and performs Reference signal (RS) measurement (eg, DL-PRS)  procedures to generate and collect training data. The RS configuration is configured by the gNB  and reported to LMF. Hence, RS configuration request can be sent by UE/PRU to LMF  or LMF can send the RS configuration via assistance signalling to UE/PRU. Following data generation,  UE/PRU may report the Data and Label quality indicator as  a response to request from a different entity. 
Proposal 1: Specify the following signallings for Data Collection for  Case 1,
a) Reference signal configuration request from UE/PRU to LMF and/or as assistance from LMF  via assistance signalling to UE/PRU indicating RS configuration to derive label and/or other training data.
b) Report from UE/PRU related to measurement/label generation (if needed).
c) Report  related to Label Quality Indicator (QI)  from UE/PRU  or  in response to request from a different entity.
ii. Model  Inference and Monitoring		
			AI/ML models can be monitored either based on Ground Truth Labels or without Ground Truth Labels. If 			monitoring doesnot require Ground Truth Labels,  LMF may assist  monitoring entity (UE)  via 						signallings to derive the monitoring metric and facilitate the monitoring procedure. The monitoring entity 				(UE) in Case 1 can also derive itself  the monitoring metric since it can generate the training data and has the 			inference 	data internally available. 
			Similarly,if  monitoring is based on Ground truth Labels, UE may send signals to PRU (if PRU generates 				ground truth labels) to request for Labels.  LMF may provide assistance to UE fo facilitate the monitoring 		    		procedure and derive the monitoring metric.
			Once monitoring metric is derived by UE, UE may further send report about the derived monitoring 					metric and monitoring decision to LMF or network.
	     		Proposal 2 :  Specify the following  for Model Inference and  Monitoring  for  Case 1,  
a) Assistance signalling and procedure (e.g, RS configuration(s)) to facilitate model inference of UE-side model.
b) If monitoring does not require ground-truth label,
i) Signalling from LMF to monitoring entity (UE) to derive the monitoring metric (if needed).
ii) Signalling for report of monitoring metric/decision (if needed).
c) If monitoring require ground-truth label,
i) Assistance signalling and procedure from LMF to UE to generate ground-truth label and/or measurement.
ii) Signalling from monitoring entity (UE) to  request ground-truth label  from label generation entity (eg. PRU) (if needed).
iii) Signalling for report of monitoring metric/decision (if needed).
1.2.  Case 3b: NG-RAN node assisted positioning with LMF-side model, direct AI/ML positioning
i. Data collection 
In NG-RAN node assisted positioning with LMF side model, measurements are generated by TRP and ground truth labels along with its corresponding label quality indicator are generated by LMF with known PRU location. Signalling and procedures to facilitate generating ground truth labels (eg. RS configuration and configuration identifier etc.) may be needed from gNB to LMF. 
The measurements and ground truth  labels in Case 3b are generated by separate entities and as such  separate time stamp  from each data generation entity (measurement/labels)  together with collected data  can be reported (if needed) to LMF as an assistance signalling.  
Proposal 3:  Specify the following signallings for Data Collection for  Case 3b,
(a) Report from LMF  related to label generation.
(b) Report from TRP  related to measurement generation
(c) Report  related to Label Quality Indicator (QI)  from LMF.
(d) Report related to time stamp from data generation entity together with collected data to LMF as an assistance signalling.
ii. Model Inference and Monitoring
		Model monitoring is performed by LMF for LMF side models. The inference data  for  model monitoring is 			generated by gNB.  Additional signallings will be required to transfer the inference data to LMF. 
		If model monitoring does not require ground truth labels,  gNB may provide assistance information related 			to RS configurations and  the measurement statistics  of the inference data  via assistance signalling for LMF 			side model monitoring.
		If model monitoring  require ground truth labels,  gNB may provide assistance information related to the RS 			configuration  via assistance signalling for LMF side model monitoring .
	    Proposal 4:  Specify the following  for Model Inference and Monitoring  for  Case 3b,
a) Assistance signalling and procedure (e.g, RS configuration(s)) to LMF to facilitate model inference of LMF-side model.
b) Signalling to transfer the inference data from gNB to LMF. 
c) If monitoring does not require ground-truth label,
· Assistance signalling  from gnB to monitoring entity(LMF) related to RS configurations and  the statistical parameters  of the inference data.
· Report of monitoring metric/decision (if needed).
d) If monitoring require ground-truth label,
· Signalling from gNB to monitoring entity (LMF) to derive the monitoring metric (if needed).
· Report of monitoring metric/decision (if needed).

2. Discussion on Case 2b: UE-assisted/LMF-based positioning with LMF-side model, direct AI/ML   positioning

In UE assisted/LMF based positioning with LMF side model, LMF performs the model training , inference and monitoring. The UE generates the training and inference measurement data and ground truth labels are generated by  LMF with known PRU location. The UE need to send the updated enhanced measurements (e.g., CIR, PDP, DP)  to LMF . Consequently, the uplink overhead between UE and LMF  will be more in Case 2b than in Case 1 and 3b and hence we prefer to deprioritize.
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Conclusion
1) Proposal 1: Specify the following signallings for Data Collection for  Case 1,
a) Reference signal configuration request from UE/PRU to LMF and/or as assistance from LMF  via assistance signalling to UE/PRU indicating RS configuration to derive label and/or other training data.
b) Report from UE/PRU related to measurement/label generation (if needed).
c) Report  related to Label Quality Indicator (QI)  from UE/PRU  or  in response to request from a different entity.

2) Proposal 2 :  Specify the following for Model Inference and  Monitoring  for  Case 1,  
a) Assistance signalling and procedure (e.g, RS configuration(s)) to facilitate model inference of UE-side model.
b) If monitoring does not require ground-truth label,
i. Signalling from LMF to monitoring entity (UE) to derive the monitoring metric (if needed).
ii.  Report of monitoring metric/decision (if needed).
c) If monitoring require ground-truth label,
i. Assistance signalling and procedure from LMF to UE to generate ground-truth label and/or measurement.
ii. Signalling from monitoring entity (UE) to  request ground-truth label  from label generation entity (eg. PRU) (if needed).
iii. Report of monitoring metric/decision (if needed).

3) Proposal 3:  Specify the following signallings for Data Collection for  Case 3b,
a) Report from LMF  related to label generation.
b) Report from TRP  related to measurement generation
c) Report  related to Label Quality Indicator (QI)  from LMF.
d) Report related to time stamp from data generation entity together with collected data to LMF as an assistance signalling.

4)  Proposal 4:  Specify the following  for Model Inference and Monitoring  for  Case 3b,
a) Assistance signalling and procedure (e.g, RS configuration(s)) to LMF to facilitate model inference of LMF-side model.
b) Signalling to transfer the inference data from gNB to LMF. 
c) If monitoring does not require ground-truth label,
i. Assistance signalling  from gnB to monitoring entity(LMF) related to RS configurations and  the measurement statistics  of the inference data.
ii. Report of monitoring metric/decision (if needed).
d) If monitoring require ground-truth label,
i. Signalling from gNB to monitoring entity (LMF) to derive the monitoring metric (if needed).
ii. Report of monitoring metric/decision (if needed).
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