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1. Introduction
The study items for application of AI/ML to air interface were approved in RAN #94[1]. After several rounds of NWM discussion, the use cases focus on CSI feedback enhancement, beam management, and positioning accuracy enhancements. The partial detail of the SID can be found below.
	Objective of SI
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.
Use cases to focus on: 
· Initial set of use cases includes: 
· CSI feedback enhancement, e.g., overhead reduction, improved accuracy, prediction [RAN1]
· Beam management, e.g., beam prediction in time, and/or spatial domain for overhead and latency reduction, beam selection accuracy improvement [RAN1]
· Positioning accuracy enhancements for different scenarios including, e.g., those with heavy NLOS conditions [RAN1] 
· Finalize representative sub use cases for each use case for characterization and baseline performance evaluations by RAN#98
· The AI/ML approaches for the selected sub use cases need to be diverse enough to support various requirements on the gNB-UE collaboration levels
Note: the selection of use cases for this study solely targets the formulation of a framework to apply AI/ML to the air-interface for these and other use cases. The selection itself does not intend to provide any indication of the prospects of any future normative project. 


According to the process of RAN #94 and previous e-meetings, the following issues regarding the use case of positioning accuracy enhancements will be discussed in this contribution:
· Discussion on the sub-use case of positioning accuracy enhancements.
· Discussion on the reference signal resource
· Discussion on the collection of data set for positioning

2. Discussion on the sub-use case of positioning accuracy enhancements
According to different execution methods, the existing positioning technologies can be divided into two categories, i.e., RAT-dependent and RAT-independent. Traditional positioning methods in 3GPP are mostly based on RAN-dependent technologies such as TDOA, AOA, and RSRP etc., which highly require strict time synchronization and LOS path.
According to TR38.855 [2], the following requirements are considered as a minimum performance targets for NR positioning:
	-	Horizontal positioning error <= 50m for 80% of UEs
-	Vertical positioning error <5 m for 80% of UEs
-	End to end latency and TTFF < 30 seconds


For commercial use cases, the following requirements are considered as performance targets for RAT dependent solutions, which are subject to further analysis in terms of performance/complexity tradeoffs of NR positioning radio-layer solutions:
	-	Horizontal positioning error < 3m for 80% of UEs in indoor deployment scenarios
-	Vertical positioning error < 3m for 80% of UEs in indoor deployment scenarios
-	Horizontal positioning error < 10m for 80% of UEs in outdoor deployments scenarios 
-	Vertical positioning error < 3m for 80% of UEs in outdoor deployment scenarios
-	End to end latency < 1s


With the higher requirements of NR positioning in Rel-18 and beyond, the drawbacks of RAN-dependent technologies are more prominent. The main obstacles of traditional methods need to be overcome are synchronization error and heavy NLOS conditions.
· Synchronization error
Synchronization error involve two types: error between service TRP and reference TRP, and error between service TRP and target device. The latter have poor impact of current positioning method. But for the former, limited by synchronization technology, utilizing traditional algorithms to overcome this trouble still needs to be explored. 
Synchronization error between service TRP and reference TRP will affect the RSTD measurement results. Although it can be overcome by multi-RTT way, the reference signal overhead increased concomitantly. As shown in Fig.1, if there exists synchronization error between any two of TRPs, the RSTD error must be introduced compared with the real RSTD value, which result the hyperbola deviate the real one, and the intersection of the two hyperbolas cannot represent the real target device location. For example, assuming 1us disalignment between TRP1 and TRP2, the positioning error will be around 300m, which is not acceptable for NR positioning requirement.
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Fig.1 Principle of RSTD measurement
Observation 1:
· Synchronization error between service TRP and reference TRP seriously hinders high accuracy requirement of NR positioning.

One function of AI/ML is to use the collected data set to complete model training, and solve the problems of classification, regression, clustering, and so on, according to the trained model. The combination of AI/ML and positioning with synchronization error is apparent. Compared with traditional positioning methods, the synchronization error can be learnt from the training data set to compensate the error rather than reduce the synchronization error using traditional technology. Therefore, offsetting synchronization error should be one of the sub use cases of positioning accuracy enhancements.
Proposal 1:
· The sub use cases of positioning accuracy enhancements should include the scenarios of existing synchronization error between service TRP and reference TRP.

· NLOS conditions
The study for the I-IoT scenario, especially for InF-DH and InF-DL, has shown that the channel conditions might be quite severe and close to the NLOS multi-path propagation. This is caused by the multiple signal reflections from the machinery metal parts and other objects present in the dense industrial environments and referred to as industrial ‘clutter’. If the position-related reference signals are transmitted by the NLOS path, it must bring the diversity between the real straight line distance and measured straight line distance from TRP to UE, which is shown in Fig.2. 
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Fig.2 LOS path and NLOS path
In detail, for NLOS propagation phenomenon, it causes an excess delay relative to the LOS transmission time and angular bias relative to the true LOS direction. For example, if there is an additional 1us delay on the NLOS path compared with LOS path, it will bring a positioning error of 300 meters.
Observation 2:
· Heavy NLOS condition seriously hinders high accuracy requirement of NR positioning.

Traditional positioning method cannot overhead the error derived from heavy NLOS condition. One advantage of AI/ML is that the training data can be used to predict the additional delay of NLOS, rather than overhead the heavy NLOS condition by theoretical calculation, thus the heavy NLOS condition should be one of the sub use cases of positioning accuracy enhancements.
Proposal 2:
· The sub use cases of positioning accuracy enhancements should include the scenarios of heavy NLOS condition.

3. Discussion on the reference signal resource
For online training, the collection of data set is mostly derived from reference signal. For example, some companies have proposed that the input of the AI model is CIR and the output of the AI model is UE positioning, and the CIR is obtained from CSI-RS. Additionally, current measurements like RSTD, RSRP or RTOA can also be used to collect the data set, which is derived from PRS or SRS-Pos [3].
For the different phase of lifecycle management of AI/ML model, the required RS may be different. 
· During the phase of model training, dense reference signal resource should be configured to collect large number of real-time data timely.
· During the phase of model inference, normal reference signal resource will be configured depending on requirements from UE, gNB or LMF.
· During the phase of model monitoring, a fewer reference signal resources should be configured to further reduce reference signal overhead while updating the AI model simultaneously.
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Fig.3 Configure different RS resource for different phase
Proposal 3:
· Different reference signal resources density should be configured for different phase of AI/ML model for reference signal derived data set collection.

4. Discussion on the collection of data set for positioning
According to the discussion process of 3GPP meeting, the AI model for positioning can be deployed in UE side, gNB side, LMF side, or both of them, depending on transmission overhead, operation speed, model size, etc. One premise of using AI model to infer UE location is to collect a real-time data set to training the model, and this data set should be quite accurate, so that the output of AI model is more close to the UE real location. This data set should include {measurement by RS, UE location related} at least.
In general, the ‘ground truth’ for model training and model monitoring is difficult to collect. Some tactics have been provided currently like RAT-independent way or numerical average, but the accuracy and latency cannot be ensured. The combination of traditional methods may be an attractive way to collect the data based on the characteristics of them.
In detail, for the scenario of overcoming synchronization error by AI means, the characteristics of data set for training the AI model should at least comprise
· Value with synchronization errors. e.g., RSTD measured by reference signal 
· Real position related. e.g., RSTD without synchronization.
Value with synchronization errors is simple to obtain from the reference signal like PRS for DL or SRS-Pos for UL. However, how to obtain the value of RSTD without synchronization is tough. 
Since the current multi-RTT is better work in the case of synchronization errors, across method based on multi-RTT and TDOA can be considered. Theoretically, if the RTT values between a UE and any more than two gNBs is known, the real RSTD from those gNB will be transformed. Therefore, for the case of existing synchronization errors, the real RSTD or position can be calculated from multi-RTT indirectly. Further, the data set will be collected by the transformed RSTD and measured RSTD.
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Fig.4 Transform from Rx-Tx time difference to RSTD
Proposal 4:
· The real position-related characteristic of collected data set for model training and model monitoring aimed at positioning with synchronization error can refer to the current method of multi-RTT to obtain the RSTD without synchronization through transformation.

5. Conclusion
In this contribution, we discussed the issues of AI/ML for positioning accuracy enhancement. Observation and proposals are summarized as following: 
Observation 1:
· Synchronization error between service TRP and reference TRP seriously hinders high accuracy requirement of NR positioning.
Observation 2:
· Heavy NLOS condition seriously hinders high accuracy requirement of NR positioning.
Proposal 1:
· The sub use cases of positioning accuracy enhancements should include the scenarios of existing synchronization error between service TRP and reference TRP.
Proposal 2:
· The sub use cases of positioning accuracy enhancements should include the scenarios of heavy NLOS condition.
Proposal 3:
· Different reference signal resources density should be configured for different phase of AI/ML model for reference signal derived data set collection.
Proposal 4:
· The real position-related characteristic of collected data set for model training and model monitoring aimed at positioning with synchronization error can refer to the current method of multi-RTT to obtain the RSTD without synchronization through transformation.
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