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1		Introduction
A Rel-18 Study Item on the Artificial Intelligence (AI)/Machine Learning (ML) for NR Air Interface has been discussed over the past two meetings. So far, RAN4 made solid progress on general issues, use case specific issues, and interoperability/testing with solid progress. 
In this contribution, we would like to provide our view on the potential test metric of the six sub use cases under the three categorized target enhancements, i.e., CSI feedback enhancement, Beam management, and Positioning accuracy enhancements for different scenarios, based on discussion status captured in the latest approved WF [1]. 
2		Discussion
In narrowing down to the use case specific issues for AI/ML, the WF includes the potential KPIs for the performance evaluation for further study in RAN4. Based on the contributions and discussions, following options for each sub use case are captured [1]:
	Issue 2-2: Metrics for CSI requirements/tests
Agreement:
· For metrics for CSI requirements/tests for model inference performance testing
· Consider the following possible test metrics
· Throughput – absolute throughput or relative throughput
· If throughput is not applicable or significant disadvantage is observed by using throughput, intermediate KPIs  like cosine similarity, accuracy of predicted CQI, etc,
· FFS on whether the KPIs are testable
· Companies are encouraged to show how the KPI can be tested in RAN4
· If throughput is not applicable or significant disadvantage is observed by using throughput, other test metrics are not precluded
· FFS on whether the KPIs are testable 
· Companies are encouraged to show how the KPI can be tested in RAN4

Issue 2-3: Beam prediction requirements/metrics/KPIs
Metrics to be studied for evaluation of beam management inference performance (RAN4 to decide which options are relevant and useful based on study):
· Option 1: RSRP accuracy
· Option 2: Beam prediction accuracy
· Top-1 (%) : the percentage of “the Top-1 strongest beam is Top-1 predicted beam”
· Top-K/1 (%) : the percentage of “the Top-1 strongest beam is one of the Top-K predicted beams”
· Top-1/K (%) : the percentage of “the Top-1 predicted beam is one of the Top-K strongest beams”
· Option 3: other options could be considered

Issue 2-4: Positioning KPIs/metrics
KPIs/metrics to be studied for positioning:
· Option 1: positioning accuracy: Ground truth vs. reported
· only option available for direct positioning
· Option 2: LOS/NLOS indicator
· Option 3: path phase
· Option 4: RSTD
· Option 5: PRS RSRP
· Option 6: others
Companies proposing Option 3 should clarify how this is used for positioning evaluation
Whether option 1 can be used in RAN4 tests as a metric should be further analyzed
RAN4 should also study whether defining a requirement for existing procedures could only be done when AI/ML is used.



2.1	CSI feedback enhancement
The test metric of model inference for CSI feedback enhancements, i.e., time domain CSI prediction and spatial-frequency domain CSI compression, can be described as Figure 1 below. As discussed many times, it has been considered that the throughput is a promising test metric for both CSI compression and CSI prediction, which has been used for the legacy metric of PMI reporting. 
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< CSI compression using two-sided AI model >
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< CSI prediction using UE sided model >


Figure 1: Use cases for CSI feedback enhancements
In addition, there were multiple RAN4 contributions about the intermediate KPI such as SGCS and/or NMSE based on RAN1 discussion. For CSI compression, RAN1 has agreed that SGCS between reconstructed CSI and target CSI would serve as one of the basic KPIs for model inference accuracy, which also means that direct measuring of SGCS could be a baseline for the performance monitoring method. The NMSE is for evaluating AI/ML output of CSI performance monitoring as an additional performance metric for RAN1 evaluation.
In our view, those intermediate KPIs can be considered for performance monitoring LCM. However, the only reason that RAN1 has the intermediate KPI would be to simplify their evaluation since the AI/ML study has so many different kinds of the performance related things for the check. In terms of that, the throughput would be too heavy to see if the two models are compatible from their evaluation purpose. Therefore, from the actual testing perspective, RAN4 is recommended to focus only on the throughput rather than those intermediate KPIs at least for the model inference discussion.
Observation 1: Throughput is considered as a promising test metric for both CSI compression and CSI prediction.
Proposal 1: RAN4 is recommended to focus only on the throughput rather than those intermediate KPIs for model inference discussion.
2.2	Beam management
Figure 2 simply shows two sub use cases of the beam management, which includes spatial-domain DL beam prediction for Set A of beams based on measurement results of Set B, and temporal DL beam prediction for Set A of beams based on the historic measurement results of Set B of beams, respectively.
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< Spatial-domain DL beam prediction >
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< Temporal DL beam prediction >


Figure 2: Use cases for beam management
In our understanding, both RSRP accuracy and beam prediction accuracy, which are on the list in the WF, are feasible approaches for evaluation metrics of the beam management inference performance. 
RSRP accuracy is based on the ideal RSRP of the Top-1 predicted beam, and the ideal RSRP of the Top-1 genie-aid beam, which are the most important metrics for the beam prediction. According to the RAN1 agreement, the difference between those ideal RSRPs could be the RSRP accuracy, which is different with the solid RSRP prediction ruled out already. Therefore, if the RSRP accuracy is agreed, RAN4 should do further discuss how to define the accuracy requirement considering the legacy ones based on the RAN1 update.
Regarding the sub-options under the metric of the beam prediction accuracy, in our view, Top-1 (%) should be the baseline, which is the percentage of “the Top-1 strongest beam is Top-1 predicted beam” if it is adopted. This is because, according to the simulation results provided in RAN1, the accuracy of Top-1 (%) and Top-K (%) provides similar information of the prediction accuracy. In that sense, the others such as Top-K/1 and Top-1/K could be considered as additional metrics for the beam prediction accuracy to make simplify the testing efforts. 
Observation 2: Both RSRP accuracy and beam prediction accuracy are applicable metrics for the evaluation of beam management inference performance.
Observation 3: Top-1 (%) can be the baseline for the option of the beam prediction accuracy according to the study in RAN1, and the others such as Top-K/1 and Top-1/K could be additional metrics for the beam prediction accuracy.
2.3	Positioning accuracy enhancements for different scenarios
For the metric for positioning related use cases can be described in Figure 3 below. Direct AI/ML positioning is UE reporting based on the estimated/calculated position, and AI/ML assisted positioning is for positioning calculation.
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< Direct AI/ML positioning >
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< AI/ML assisted positioning >


Figure 3: Use cases for positioning accuracy enhancements
In our view, most proposed candidates for positioning in the WF are feasible for the KPIs/metrics to be studied in RAN4. However, for the direct AI/ML positioning, since the output of the model is UE position, which is to verify the final positioning performance, the positioning accuracy with ground truth would be only option applicable for the direct positioning. As RAN4 has never defined requirements for positioning accuracy based on the true location, it is not possible to setup test environment to simulate a real scenario at this stage from the testing perspective. However, it would be too premature not to define or study the test metric in RAN4. RAN4 can have further discussions on alternative ways to evaluate this AI/ML scenario with legacy features or products for the reference, e.g., reference positioning entity.
For AI/ML assisted positioning, as discussed so far, reusing the legacy accuracy requirements should be the baseline as its model inference output is related to existing timing/power measurements. Among the options on the table, the LOS/NLOS indicator or PRS RSRP is preferred for the AI/ML assisted positioning as these metrics are commonly used in the RAN1 study currently.
Observation 4: For the direct AI/ML positioning, it would be too premature not to define or study the test metric in RAN4. RAN4 can have further discussions on alternative ways to evaluate this AI/ML scenario with legacy features or products for the reference.
Observation 5: LOS/NLOS indicator or PRS RSRP is preferred for the AI/ML assisted positioning as these metrics are commonly used in the RAN1 study currently.
3		Conclusion
This contribution provides our view on the test metric for the six sub use cases under the three categorized target enhancements from RAN4 perspectives. Following summary can be derived.
Observation 1: Throughput is considered as a promising test metric for both CSI compression and CSI prediction.
Proposal 1: RAN4 is recommended to focus only on the throughput rather than those intermediate KPIs for model inference discussion.
Observation 2: Both RSRP accuracy and beam prediction accuracy are applicable metrics for the evaluation of beam management inference performance.
Observation 3: Top-1 (%) can be the baseline for the option of the beam prediction accuracy according to the study in RAN1, and the others such as Top-K/1 and Top-1/K could be additional metrics for the beam prediction accuracy.
Observation 4: For the direct AI/ML positioning, it would be too premature not to define or study the test metric in RAN4. RAN4 can have further discussions on alternative ways to evaluate this AI/ML scenario with legacy features or products for the reference.
Observation 5: LOS/NLOS indicator or PRS RSRP is preferred for the AI/ML assisted positioning as these metrics are commonly used in the RAN1 study currently.
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