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1 Introduction
  In 3gpp RAN #94 meeting, a new study item (SI) on artificial intelligence/machine learning for NR air interface has been approved with the main goal of exploring the benefits of enhancing the air interface with features enabling an improved support of AI/ML-based algorithms for enhanced performance and/or reduced complexity/overhead [1]. The aims of this study item, is to focus on studying a few carefully selected use-cases like CSI feedback, beam management and positioning accuracy enhancement, with the goal of identifying the areas where AI/ML could improve the performance of the air-interface functions. Among the objectives of this SI for selected use-cases is to:

Study the 3GPP framework for AI/ML for air-interface corresponding to each target use case regarding aspects such as performance, complexity, and potential specification impact.

· Positioning accuracy enhancements for different scenarios including, e.g., those with heavy NLOS conditions [RAN1]

Assess potential specification impact, specifically for the agreed use cases in the final representative set and for a common framework:

· Protocol aspects, e.g., (RAN2) - RAN2 only starts the work after there is sufficient progress on the use case study in RAN1 

· Consider aspects related to, e.g., capability indication, configuration and control procedures (training/inference), and management of data and AI/ML model, per RAN1 input 

· Collaboration level specific specification impact per use case
In this report we will discuss the issue related to the AI/ML model management considering the positioning accuracy enhancements use case.
2 Discussion
Regarding the support of AI for positioning enhancements the following set of agreements has been achieved during RAN1 #109 meeting 
  Agreement

For further study, at least the following aspects of AI/ML for positioning accuracy enhancement are considered.

· Direct AI/ML positioning: the output of AI/ML model inference is UE location

· E.g., fingerprinting based on channel observation as the input of AI/ML model 

· FFS the details of channel observation as the input of AI/ML model, e.g., CIR, RSRP and/or other types of channel observation

· FFS: applicable scenario(s) and AI/ML model generalization aspect(s) 

· AI/ML assisted positioning: the output of AI/ML model inference is new measurement and/or enhancement of existing measurement

· E.g., LOS/NLOS identification, timing and/or angle of measurement, likelihood of measurement

· FFS the details of input and output for corresponding AI/ML model(s)

·   FFS: applicable scenario(s) and AI/ML model generality aspect(s)

· Companies are encouraged to clarify all details/aspects of their proposed AI/ML approaches/sub use case(s) of AI/ML for positioning accuracy enhancement 

Agreement

Companies are encouraged to study and provide inputs on potential specification impact at least for the following aspects of AI/ML approaches for sub use cases of AI/ML for positioning accuracy enhancement

· AI/ML model indication/configuration

· assistance signaling and procedure (e.g., for model configuration, model activation/deactivation, model recovery/termination, model selection)
Agreement
Take the following network-UE collaboration levels as one aspect for defining collaboration levels

1. Level x: No collaboration

2. Level y: Signaling-based collaboration without model transfer

3. Level z: Signaling-based collaboration with model transfer
For AI positioning accuracy enhancements, different locations of the AI/ML positioning model were discussed during RAN1 #109 meeting e.g., an AI/ML model fully located at one side i.e., both the training and inference are conducted at that same side) or partially located at one side i.e., the training model conducted at one side and the inference are conducted at the other. In addition, it was agreed in this meeting to consider  different levels of network-UE AI model related collaborations e.g., no collaboration, signaling-based collaboration without model transfer and signaling-based collaboration with model transfer for further considerations (Figure 1), and to further study the assistance signaling and procedure for model configuration, model activation/deactivation, model recovery/termination, and model selection. 
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Figure 1: NR positioning system architectures with different AI positioning model location and collaboration options
Moreover, it was agreed during this meeting to further study two options of AI-based positioning enhancements namely direct AI-based and AI-assisted positioning method. For direct AI based positioning option, an AI-based model is supposed to replace an existing positioning method and to be utilized directly for final UE location estimate. For this option, it is reported by the many companies during RAN1#109 meeting that this option has the advantages of potential positioning accuracy estimation improvement especially in outdoor positioning scenarios with severe multipath and mobility condition but it suffers from the drawbacks of increasing system complexity and overhead, reducing network efficiency, poor AI model generalization capability and less degree of compatibility with the existing non-AI positioning methods. Given such drawbacks, it is not clear how the AI-based positioning model/method can be integrated to the existing RAN protocols while keeping these drawbacks and the degree of the positioning accuracy improvement that can be achieved by adopting such a model. One effective way to integrate AI-based positioning model while taking into account the above technical aspects, is to consider introducing an AI/ML model management related function e.g., at RAN or CN node (i.e., irrespective of AI-based positioning model location and/or the level of UE-network collaboration). The goal of such a function is to allow an adaptive selection between applying a direct AI positioning and non-AI based positioning methods for final UE location estimation. The selection between AI and non-AI positioning method at gNB can be based on the existing RAN or CN node parameters and/or a set of parameters or indications provided to the node by UE or LMF via Uu signaling or NRPPa signaling messages respectively. The existing parameters or the parameters provided by UE or LMF may include at least one of the following parameters: 
· Model performance errors, e.g., of an existing AI or non-AI positioning model/method.

· The capability of the entity where the model is to be deployed (e.g., UE type information. 

· The required positioning accuracy level (as indicted the application level) and/or the measurements quality.
· The load or the processing or computational resources availability status at the entity where the AI positioning model is deployed (gNB, UE, LMF) positioning
In order to support a different location options for AI positioning model e.g., either at UE or gNB or LMF, as well as a different location options for the AI/ML model management related function e.g., either at RAN or CN node as discussed above, a different level of signaling and interaction between the UE, LMF and AI management related function at (gNB or LMF) can be defined in R18. An example for the signaling and the interaction between the UE, LMF and the AI management related function considering that the function is located at gNB can be given as depicted in (Figure 2). On the other hand, an example for the signaling and the interaction between the UE, LMF and the AI management related function considering that the function is located at LMF can be given as depicted in (Figure 3). Based on the above discussion, for NR AI-based positioning enhancements. 

Proposal 1 Study the option of introducing of an AI/ML model management related function at either RAN node e.g., gNB or CN e.g., LMF node to assist on between an AI and non-AI positioning methods or between different AI based positioning models.
Proposal 2 Study the parameters can that be a set as measures for selecting between AI and non-AI positioning methods.
Proposal 3 Study the procedure and the signalling impacts related to AI and non-AI positioning methods selection.
. 
[image: image2.emf]UE

NG-RAN

Node

LMF/AMF

5GC LCS 

Entities

AI/ML Positioning Model 

Final Location 

Calculation

Location Service Request

Location Service Response

AI/ML Positioning Model 

AI/ML Positioning Model 

AI Positioning 

Function

Uu Signaling 

(

AI/non-AI measurement 

configuration or Location Estimate

)

PRS Measurement 

Uu Signaling

 (AI/non-AI indication)

SRS Measurement 

Final Location 

Calculation

Final Location 

Calculation

Uu Signaling

 (

AI/non-AI related  measurement

 )


Figure 2: NR positioning system architectures with direct-Ai positioning function is located at gNB.
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Figure 3:  NR positioning system architectures with direct-Ai positioning function is located at LMF.

3 Summary 
In this contribution, we have discussed the issue related to the AI/ML model management considering the positioning accuracy enhancements use case, and according to the discussion we have made the following proposals:
Proposal 4 Study the option of introducing of an AI/ML model management related function at either RAN node e.g., gNB or CN e.g., LMF node to assist on between an AI and non-AI positioning methods or between different AI based positioning models.
Proposal 5 Study the parameters that can be a set as measures for selecting between AI and non-AI positioning methods.
Proposal 6 Study the procedure and the signalling impacts related to AI and non-AI positioning methods selection.
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