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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN #94, a new study on artificial intelligence/machine learning for NR air interface has been approved [1]. According to the SID, RAN4 starts the work from Q2 of 2023, given sufficient progress from RAN1 and RAN2. The related RAN4 objective is listed below:
	RAN4 related Objectives of SI on AI/ML for NR air interface
Assess potential specification impact, specifically for the agreed use cases in the final representative set and for a common framework:
· Interoperability and testability aspects, e.g., (RAN4) - RAN4 only starts the work after there is sufficient progress on use case study in RAN1 and RAN2 
· Requirements and testing frameworks to validate AI/ML based performance enhancements
· Consider the need and implications for AI/ML processing capabilities definition


The performance gain of AI/ML technique compared to non-AI based methods has already been seen in RAN1 for all three uses cases, i.e., AI/ML for CSI feedback enhancement, AI/ML for beam management and AI/ML for positioning accuracy enhancement. In each use cases, two sub use cases are under discussion. All of these sub use cases, or part of them will become WI in R19. 
At the current stage of R18, RAN4 need discuss the potential RAN4 spec impact of all the uses cases. After R19 AI/ML air-interface enhancement WI is determined, the detailed test cases/procedures, as well as the requirements definition will be further studied in detail, subject to the uses cases in WI. 
In this document, we focus on discussing the test metric in each use cases. The interoperability are generally verified via core requirements and performance requirements. For testability, it is better to first identify which aspects should be considered when talking about testability in general framework, then the related testability subject to those aspects can be accordingly discussed. The interoperability and testability aspects are detailly discussed in our companion paper R4-2305473 [3].
2. AI/ML for CSI feedback enhancement
2.1 Spatial-frequency CSI compression 
Proposal 1: The potential test metric in AI/ML spatial-frequency CSI compression is listed in Table 2.1.
	Table 2.1 Spatial-frequency CSI compression -  Test metric 

	Test Objective
	Type 1 NW Joint Training
	Type 3 Separate Training

	
	gNB
	UE
	gNB
	UE

	Test Metric
	Model Inference
	· Accuracy of CSI decompression
	· TP, BLER
· Accuracy of CSI compression
	· Accuracy of CSI decompression
	· TP, BLER
· Accuracy of CSI compression

	
	LCM
	· Model training procedure (if needed)
	· PMI reporting
· Core requirements (e.g. latency of model switching)
	· Model training procedure (if needed)
	· PMI reporting
· Core requirements (e.g. latency of model switching)
· Model training procedure (if needed)



2.2 Temporal CSI prediction
Proposal 2: The potential test metric in AI/ML temporal CSI prediction is listed in Table 2.2.
	Table 2.2 Temporal CSI prediction -  Test metric 

	Test Objective
	AI/ML model @ NW
	AI/ML model @ UE

	
	gNB
	UE
	gNB
	UE

	Test Metric
	Model Inference
	· TP, BLER
· Accuracy of CSI prediction
	/
	/
	· TP, BLER
· Accuracy of CSI prediction

	
	LCM
	/
	· PMI reporting
	· RS enhancement (if needed)
· Assistance information (if needed)
	· Core requirements if NW is involved in LCM (e.g. latency of model switching)



3. [bookmark: _Toc100742785]AI/ML for beam management
3.1 Spatial beam prediction 
Proposal 3: The potential test metric in AI/ML spatial beam prediction is listed in Table 3.1.
	Table 3.1 Spatial beam prediction -  Test metric

	Test Objective
	AI/ML model @ NW
	AI/ML model @ UE

	
	gNB
	UE
	gNB
	UE

	Test Metric
	Model Inference
	· TP, BLER
· Accuracy of beam prediction (e.g., Top-K Tx beam or Tx-Rx beam pair)
	/
	/
	· Accuracy of beam prediction (e.g. Top-K Tx beam or Tx-Rx beam pair)

	
	LCM
	/
	· Measurement accuracy (e.g. L1-RSRP) 
· Reporting latency 
	· Assistance information (if needed)
	· Measurement/Reporting latency
· Core requirements if NW is involved in LCM (e.g. latency of model switching)



3.2 Temporal beam prediction 
Proposal 4: The potential test metric in AI/ML temporal beam prediction is listed in Table 3.2.
	Table 3.2 Temporal beam prediction -  Test metric

	Test Objective
	AI/ML model @ NW
	AI/ML model @ UE

	
	gNB
	UE
	gNB
	UE

	Test Metric
	Model Inference
	· TP, BLER
· Accuracy of beam prediction (e.g., Top-K Tx beam or Tx-Rx beam pair)
	/
	/
	· Accuracy of beam prediction (e.g. Top-K Tx beam or Tx-Rx beam pair)

	
	LCM
	/
	· Measurement accuracy (e.g. L1-RSRP) 
· Reporting latency 
	· Assistance information (if needed)
	· Measurement/Reporting latency
· Other core requirements if NW is involved in LCM (e.g. latency of model switching)



4. AI/ML for positioning
4.1 AI/ML assisted positioning  
Proposal 5: The potential test metric in AI/ML assisted positioning is listed in Table 4.1.
	Table 4.1 AI/ML assisted positioning (LoS/NLoS identification) -  Test metric

	Test Objective
	AI/ML model @ NW
	AI/ML model @ UE

	
	gNB
	UE
	gNB
	UE

	Test Metric
	Model Inference
	· Measurement accuracy (e.g., identification accuracy of Los/NLoS)
	· Measurement accuracy (e.g. Rx-Tx measurement, RSTD measurement)
	/
	· Measurement accuracy (e.g., identification accuracy of Los/NLoS)
· Rx-Tx 
Reporting latency

	
	LCM
	/
	· Measurement accuracy (e.g. quality of label reporting for model training)
· Reporting latency 
	/
	· Measurement/Reporting latency
· Core requirements if NW is involved in LCM (e.g. latency of model switching)



4.2 Direct AI/ML positioning  
Proposal 6: The potential test metric in direct AI/ML positioning is listed in Table 4.2.
	Table 4.2 Direct AI/ML positioning (LoS/NLoS identification) -  Test metric

	Test Objective
	AI/ML model @ LMF
	AI/ML model @ UE

	
	gNB (SRS-based)
	UE (PRS-based)
	gNB
	UE

	Test Metric
	Model Inference
	· Measurement Accuracy (e.g., CIR, PDP of SRS)
	· Measurement Accuracy (e.g., CIR, PDP of SRS) 
	/
	/

	
	LCM
	/
	· Reporting latency
	/
	/



5. Conclusions
According to the discussion, following proposals and observations are provided:
Proposal 1: The potential test metric in AI/ML spatial-frequency CSI compression is listed in Table 2.1.
	Table 2.1 Spatial-frequency CSI compression -  Test metric 

	Test Objective
	Type 1 NW Joint Training
	Type 3 Separate Training

	
	gNB
	UE
	gNB
	UE

	Test Metric
	Model Inference
	· Accuracy of CSI decompression
	· TP, BLER
· Accuracy of CSI compression
	· Accuracy of CSI decompression
	· TP, BLER
· Accuracy of CSI compression

	
	LCM
	· Model training procedure (if needed)
	· PMI reporting
· Core requirements (e.g. latency of model switching)
	· Model training procedure (if needed)
	· PMI reporting
· Core requirements (e.g. latency of model switching)
· Model training procedure (if needed)


Proposal 2: The potential test metric in AI/ML temporal CSI prediction is listed in Table 2.2.
	Table 2.2 Temporal CSI prediction -  Test metric 

	Test Objective
	AI/ML model @ NW
	AI/ML model @ UE

	
	gNB
	UE
	gNB
	UE

	Test Metric
	Model Inference
	· TP, BLER
· Accuracy of CSI prediction
	/
	/
	· TP, BLER
· Accuracy of CSI prediction

	
	LCM
	/
	· PMI reporting
	· RS enhancement (if needed)
· Assistance information (if needed)
	· Core requirements if NW is involved in LCM (e.g. latency of model switching)


Proposal 3: The potential test metric in AI/ML spatial beam prediction is listed in Table 3.1.
	Table 3.1 Spatial beam prediction -  Test metric

	Test Objective
	AI/ML model @ NW
	AI/ML model @ UE

	
	gNB
	UE
	gNB
	UE

	Test Metric
	Model Inference
	· TP, BLER
· Accuracy of beam prediction (e.g., Top-K Tx beam or Tx-Rx beam pair)
	/
	/
	· Accuracy of beam prediction (e.g. Top-K Tx beam or Tx-Rx beam pair)

	
	LCM
	/
	· Measurement accuracy (e.g. L1-RSRP) 
· Reporting latency 
	· Assistance information (if needed)
	· Measurement/Reporting latency
· Core requirements if NW is involved in LCM (e.g. latency of model switching)


Proposal 4: The potential test metric in AI/ML temporal beam prediction is listed in Table 3.2.
	Table 3.2 Temporal beam prediction -  Test metric

	Test Objective
	AI/ML model @ NW
	AI/ML model @ UE

	
	gNB
	UE
	gNB
	UE

	Test Metric
	Model Inference
	· [bookmark: _GoBack]TP, BLER
· Accuracy of beam prediction (e.g., Top-K Tx beam or Tx-Rx beam pair)
	/
	/
	· Accuracy of beam prediction (e.g. Top-K Tx beam or Tx-Rx beam pair)

	
	LCM
	/
	· Measurement accuracy (e.g. L1-RSRP) 
· Reporting latency 
	· Assistance information (if needed)
	· Measurement/Reporting latency
· Other core requirements if NW is involved in LCM (e.g. latency of model switching)


Proposal 5: The potential test metric in AI/ML assisted positioning is listed in Table 4.1.
	Table 4.1 AI/ML assisted positioning (LoS/NLoS identification) -  Test metric

	Test Objective
	AI/ML model @ NW
	AI/ML model @ UE

	
	gNB
	UE
	gNB
	UE

	Test Metric
	Model Inference
	· Measurement accuracy (e.g., identification accuracy of Los/NLoS)
	· Measurement accuracy (e.g. Rx-Tx measurement, RSTD measurement)
	/
	· Measurement accuracy (e.g., identification accuracy of Los/NLoS)
· Rx-Tx 
Reporting latency

	
	LCM
	/
	· Measurement accuracy (e.g. quality of label reporting for model training)
· Reporting latency 
	/
	· Measurement/Reporting latency
· Core requirements if NW is involved in LCM (e.g. latency of model switching)


Proposal 6: The potential test metric in direct AI/ML positioning is listed in Table 4.2.
	Table 4.2 Direct AI/ML positioning (LoS/NLoS identification) -  Test metric

	Test Objective
	AI/ML model @ LMF
	AI/ML model @ UE

	
	gNB (SRS-based)
	UE (PRS-based)
	gNB
	UE

	Test Metric
	Model Inference
	· Measurement Accuracy (e.g., CIR, PDP of SRS)
	· Measurement Accuracy (e.g., CIR, PDP of SRS) 
	/
	/

	
	LCM
	/
	· Reporting latency
	/
	/
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