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Introduction
In RAN #94-e, a new study item on Artificial Intelligence (AI)/Machine Learning (ML) for NR Air Interface was approved [1].  One of the use cases identified for study is positioning accuracy enhancement: In RAN1 #109-e, aspects other than evaluation of AI/ML for positioning accuracy enhancement were discussed and several agreements were made [2]. These agreements are listed below.

In this contribution, we further discuss aspects related to AI/ML for positioning accuracy enhancement.

	Agreement
Study further on sub use cases and potential specification impact of AI/ML for positioning accuracy enhancement considering various identified collaboration levels.
· Companies are encouraged to identify positioning specific aspects on collaboration levels if any in agenda 9.2.4.2.
· Note1: terminology, notation and common framework of Network-UE collaboration levels are to be discussed in agenda 9.2.1 and expected to be applicable to AI/ML for positioning accuracy enhancement. 
· Note2: not every collaboration level may be applicable to an AI/ML approach for a sub use case
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 generalization 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 training
· training data type/size
· training data source determination (e.g., UE/PRU/TRP)
· assistance signalling and procedure for training data collection
· AI/ML model indication/configuration
· assistance signalling and procedure (e.g., for model configuration, model activation/deactivation, model recovery/termination, model selection)
· AI/ML model monitoring and update
· assistance signalling and procedure (e.g., for model performance monitoring, model update/tuning)
· AI/ML model inference input
· report/feedback of model input for inference (e.g., UE feedback as input for network side model inference)
· model input acquisition and pre-processing
· type/definition of model input
· AI/ML model inference output
· report/feedback of model inference output
· post-processing of model inference output
· UE capability for AI/ML model(s) (e.g., for model training, model inference and model monitoring)
· Other aspects are not precluded
· Note: not all aspects may apply to an AI/ML approach in a sub use case
· Note2: the definitions of common AI/ML model terminologies are to be discussed in agenda 9.2.1




Discussion 

Positioning techniques using AI/ML can be broadly classified into two categories based on how the output of the AI/ML model is used:

1) AI/ML model output is directly used for positioning

In direct positioning, the output of the AI/ML model is the UE position. For example, using the channel impulse response between the UE and several transmission points, the AI/ML model can be trained to directly estimate the UE position.

Fingerprinting using CIR is the most studied use case in this category. If the AI/ML engine operates on the gNB side, then methods to efficiently send the measurement results to the gNB should be investigated. Alternatively, the gNB can estimate the CIR from the uplink sounding reference signals. 

For this use case, running the AI/ML engine on the UE side have important benefits, however, complexity could be a drawback. Therefore, AI/ML models that can provide good positioning accuracy while maintaining acceptable complexity should be investigated.  One such model is presented in [3].






2) AI/ML model output is an intermediate data for positioning

In this approach, the output of the AI/ML model serves as an intermediate information for positioning. For example, AI/ML can be used to estimate TOA, AoD, etc. and these data are then used by legacy positioning techniques for UE position determination. 

Both of the above approaches should be evaluated and compared based on performance, overhead and complexity, and spec impact. 

Proposal 1: Study and evaluate both direct and assisted AI/ML based positioning techniques.

Regarding collaboration between the UE and the gNB, we do not see a use case for a compelling reason to consider joint AI/ML operation although such operation can be considered in the future if suitable use cases can be identified.

Proposal 2: Prioritize single sided AI/ML operation for positioning study.

Conclusion

In this contribution, several aspects on AI/ML for positioning accuracy enhancement were discussed. The following are proposed:

Proposal 1: Study and evaluate both direct and assisted AI/ML based positioning techniques.
Proposal 2: Prioritize single sided AI/ML operation for positioning study.
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