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Abstract: This contribution proposes a solution for KI#1 about model training of LMF-side model at NWDAF and performing inference at LMF or NWDAF for direct AI/ML positioning
[bookmark: _Toc352077766]1. Discussion
In this contribution, we propose a solution to train and share ML model that outputs the UE locations. This solution suggests the training of the direct positioning AI/ML model is done by NWDAF and the inference of the trained model is done by LMF. By doing so, some data collection can be avoided during the inference phase, because LMF may have some of the inference data. Therefore, the inference speed is faster than performing inference at NWDAF with lower latency for in-time UE positioning task. Another approach is to perform inference by NWDAF and send the analytic result to the consumer(e.g. LMF), which is also included as an option in this solution.
2. Proposal
[bookmark: _Toc97057841][bookmark: _Toc97052787][bookmark: _Toc326248711][bookmark: _Toc97057914][bookmark: _Toc510604409][bookmark: _Toc97052459]This paper proposes to add a solution for Key Issue #1 to TR23.700-84 as follows.
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Table 6.0-1: Mapping of Solutions to Key Issues and Use Cases
	
	Key Issues
	Use cases (optional)

	Solutions
	<Key Issue #1>
	<Key Issue #2>
	<use case #x>
	<use case #y>

	#1
	X
	
	
	

	#2
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[bookmark: startOfAnnexes][bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc146539438][bookmark: _Toc93070684]6.x	Solution #X: Training of the AI/ML positioning model 
[bookmark: _Toc92875662][bookmark: _Toc500949099][bookmark: _Toc146539440][bookmark: _Toc93070686]6.x.1	Functional Description
[bookmark: _Toc500949101]A request for the Direct AI/ML positioning analytics or a trained ML model to a specific UE identified by the UE ID is provided by the service consumer. After training of the ML model, the NWDAF provides the trained ML model to the service consumer(e.g. LMF) and the service consumer can perform inference afterwards. Another option is that NWDAF collects inference data and performs the inference work. Then it sends the inference result to the service consumer(e.g. LMF). 
Although the service consumer can obtain UE location from AMF/LCS, but the accuracy may not be enough. Therefore, an enhancement of the existing NWDAF is needed, to train the ML model with more data and provide a more accurate location estimate of an UE.
The consumer may indicate in the request or subscription the following parameters described in the TS 23.288[5] clause 6.1.3:
· Analytics ID = “Direct AI/ML Positioning”;
· Target of Analytics Reporting: a single UE (SUPI);
· Analytics Filter Information optionally including:
-	S-NSSAI;
-	Area of Interest;
-	Optionally, the list of analytics subsets that are requested among those specified in clause 6.x.2.2;
·  Optionally, preferred level of accuracy of the analytics.
· Optionally, preferred level of accuracy per analytics subset (see clause 6.x.2.2);
· An Analytics target period indicating the time period over which the predictions are requested.
6.x.1.1	Input data
	Information
	Source
	Description

	UE IDs
	
AMF
	(List of) SUPI(s)

	UE Location
	
	TA or cells that the UE enters

	UE Location trend
	
	Metrics on UE locations.

	Time stamp
	
	Time stamp for UE location/UE location trend

	Analytic output
	NWDAF
	Analytic output of Analytic ID  = “Relative Proximity”, “Movement Behaviour Analytics”, “Location Accuracy Analytics” or “UE mobility analytics”

	Per UE information(1...max)
	
OAM
	

	>UE Speed
	
	UE Speed

	>UE Orientation
	
	UE Orientation

	Measurements(1...max)
	






LCS



	

	>Measurement data
	
	The measurement data collected by LMF from UE and RAN.

	>LOS/NLOS indication
	
	Indication whether the UE measurements were based on LOS/NLOS measurements

	>Positioning method
	
	The positioning method corresponding to the measurement data

	    >Time stamp
	
	Time stamp of measurement data

	Fine granularity locations (1…max)
	
	UE locations

	>Timestamp
	
	Time information associated with the collected information

	>LCS QoS
	
	The achieved LCS QoS accuracy

	>Location estimate
	
	Geographical location or location in local coordinates

	>Velocity estimate
	
	Speed and direction information

	>Indoors/outdoor indication
	
	Indicate the location estimate is indoor or outdoor

	   >Age of location
	
	Valid period of the location estimate


	UE location (ground truth)
	AF/LCS

	Timestamped UE positions

	>UE location
	
	GNSS location information from AF and/or PRU from LCS

	>Timestamp 
	
	Time stamp for the UE location

	>Accuracy
	
	The accuracy of the GNSS location information and/or quality indicator of PRU


Table 6.x.1.1-1: Data Collected from the NF related to the Direct AI/ML Positioning Analytics
The detailed information collected by the NWDAF is defined in Table 6.x.1.1-1. 
NOTE: What measurement data to be collected for the model training for the ML model needs to be coordinated with RAN WG.

6.x.1.2	Output analytics
The detailed information provided by the NWDAF is defined in Table 6.x.1.2-1.
	Information
	Description

	List of UE location information(1..max)
	

	>Timestamp
	Time stamp for the UE location

	>UE Location
	UE location information

	>Granularity
	The granularity information of the UE Location


Table 6.x.1.2-1: The Prediction related to the Direct AI/ML Positioning Analytics
[bookmark: _Toc93070687][bookmark: _Toc146539441][bookmark: _Toc92875663]6.x.2	Procedures
The NWDAF can provide ML Model to the consumer or the output analytics as follow:NWDAF   Consumerr

AF
GMLC
AMF
Other NWDAF
NWDAF


1.Nnwdaf_analyticsubscription_subscribe Nnwdaf_analyticsubscrition_request Nnwdaf_ModelProvision_subscribe


2.1 Analytics output obtain

2.2 Data Collection

2.3 Data Collection


2.4 Data Collection

3. Model training

4. Model inference


5.Nnwdaf_analyticsubscription_notify Nnwdaf_analyticsubscrition_response Nnwdaf_ModelProvision_notify




Figure 6.x.3-1: Procedure for ML model training/inference
 1. NWDAF consumer(e.g. LMF) subscribe or request the model or analytic(Analytics ID = “Direct AI/ML Positioning”). The NWDAF service consumer may include UE ID or internal group ID as target of analytics reporting.
2. The NWDAF may subscribe or request analytics output(Analytic ID  = “Relative Proximity”, “Movement Behaviour Analytics”, “Location Accuracy Analytics” or “UE mobility analytics”) from other NWDAF if it does not support the analytics listed above.
    The NWDAF collects data from AMF following procedure defined in 6.2.2.2 of TS 23.288[5] for the requested UE.The NWDAF determines the AMF serving the UE as described in clause 6.2.2.1 of TS 23.288[5].
   The NWDAF collects data from OAM following procedure defined in 6.2.3.2 of TS 23.288[5] for the requested UE.
The NWDAF subscribes the service data for the requested UE from AF(s) in the Table 6.x.1.1-1 by invoking Naf_EventExposure_Subscribe service or Nnef_EventExposure_Subscribe (if via NEF) as defined in TS 23.502[3] and 6.2.2.3 in TS 23.288[5].
The NWDAF may collect UE location related data in the Table 6.x.1.1-1 from the GLMC, which may initiate the UE location service procedure and gets the location of each requested UE(s). GMLC interacts within LCS, i.e. with AMF/LMF as described in TS 23.273 [X], to obtain the UE location related data..
3. The NWDAF perform model training.
4. The NWDAF perform model inference if the consumer request analytic output instead of the trained ML model.
5. [bookmark: _Toc92875664][bookmark: _Toc93070688][bookmark: _Toc146539442]The NWDAF provides requested UE location to the consumer(e.g. LMF), using either the Nnwdaf_AnalyticsInfo_Request response or Nnwdaf_AnalyticsSubscription_Notify, depending on the service used in step 1. If the consumer request a trained model in step 1, the NWDAF provides the trained model to the consumer with the training input data information and ML model interoperability information to help the consumer perform inference.
6.x.3	Impacts on existing services, entities and interfaces
To implement the proposed solution, the NWDAF should support the proposed model training with input data(listed in table 6.x.1.1-1) collection capability. The trained model shall have the ability to generate the outputs listed in table 6.x.1.2-1. Besides, the NWDAF shall be able to provide the trained model to consumer. 
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