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1. Introduction
In 3GPP RAN #102[1], for A/ML based beam management, it is agreed to provide specification support for the core requirements, especially for AI/ML LCM procedures e.g., for performance monitoring. Besides, specify performance requirements and test cases for AI/ML LCM procedures (including performance monitoring) and UE features enabled by UE-sided models are also agreed in the AI/ML WID, including: specify necessary performance requirements and tests (including metrics), and specify necessary test cases and performance requirements for LCM procedure, including performance monitoring.

	4.1	Objective of SI or Core part WI or Testing part WI
Provide specification support for the following aspects:
… 
· Beam management - DL Tx beam prediction for both UE-sided model and NW-sided model, encompassing [RAN1/RAN2]:
…
· Core requirements for the above two use cases for AI/ML LCM procedures and UE features [RAN4]:
· Specify necessary RAN4 core requirements for the above two use cases.
· Specify necessary RAN4 core requirements for LCM procedures including performance monitoring.

4.2	Objective of Performance part WI
· For Beam Management and Positioning Accuracy enhancement use cases, specify performance requirements and test cases for AI/ML LCM procedures (including performance monitoring) and UE features enabled by UE-sided models
· Specify necessary performance requirements and tests (including metrics) for the above-mentioned use cases
· Specify necessary test cases and performance requirements for LCM procedure, including performance monitoring.



In this contribution, we will continue to discuss the testability and interoperability issue on AI/ML based beam management with the focus on KPI and performance requirement, as well as the potential test issues on BM. 

2. Discussion
2.1 KPI and performance requirement
Beam management(BM)-Case1 is agreed in RAN1, i.e. Spatial-domain DL beam prediction for Set A of beams based on measurement results of Set B of beams. As example is shown in figure 1, the best beam(s) can be estimated through AI/ML based BM methods with L1 measurements on a beam subset. 


Figure 1.  Spatial-domain DL beam prediction
Another sub use case is beam management(BM)-Case2, i.e. Temporal DL beam prediction for Set A of beams based on the historic measurement results of Set B of beams. As example is shown in figure 2, The best beam in the future can be predicted through AI/ML based BM methods based on the beam quality at the current and historical time. 
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Figure 2. Temporal DL beam prediction
Regarding the model/functionality input, measurements on a sub set of beams or historical beams are utilized.
Regarding the model/functionality output and performance monitoring, intermediate KPIs (e.g. beam prediction accuracy, L1-RSRP difference of the predicted beam) are used in RAN1 for performance evaluation, and system performance related KPIs(e.g. throughput) can also be considered and agreed in RAN1. 

In RAN4 R19 tests, for both BM-Case1 and BM-Case2, 
· Regarding the input related test, at least the performance requirement on BM model/functionality input (e.g. beam measurement accuracy for set B) should be supported
· Regarding the output related test, three options have been agreed in R18, i.e.,
		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: The successful rate for the correct prediction which is considered as maximum RSRP among 		top-K predicted beams is larger than the RSRP of the strongest beam – x dB, 
According to our understanding, all three metrics can effectively evaluate the performance of BM output. However, the core concept of AI/ML-based BM management lies in replacing actual RS transmission and measurement with AI/ML-based RS measurement prediction or beam prediction. Without AIML-based beam prediction, we may need to send more RS and conduct more measurements. With AI/ML prediction, we can utilize predicted RS measurement values as substitutes for actual RS measurements. Therefore, based on this logic, a straightforward testing metric is to assess whether the predicted measurement accuracy meets the requirements. Consequently, we slightly prefer evaluating the difference between predicted RSRP and actual RSRP through option 1.
· Regarding the performance monitoring
· UE can monitor and estimate the performance of AI/ML based BM model/functionality through RSRP accuracy as well. 
· Besides, as discussed in[2], stability of the performance monitoring and decision-making mechanism should be considered to mitigate the impact of random effects on monitoring outcomes, includes: (1) obtaining a consistent monitoring result by considering multiple evaluating samples within an evaluation window, (2) assessing whether model monitoring should be handled at the UE level or the cell level.
Proposal 1: Performance requirement on BM model/functionality input (e.g. beam measurement accuracy) should be supported.
Proposal 2: Option 1(RSRP accuracy) should be utilized to test the BM model/functionality output.
Proposal 3: UE can monitor the performance of AI/ML based CSI model/functionality through RSRP accuracy.
Proposal 4: Stability of the performance monitoring and decision-making mechanism should be considered to mitigate the impact of random effects on monitoring outcomes.
	
2.2 Testability issues on BM
Regarding the testability issues on BM, from our understanding, following aspects need to be considered first.
· The number of FR2 beams that TE can support(or TE can simultaneous support) remains unclear. Currently, in the discussion of RAN4, companies have raised concerns regarding the limited number of FR2 beams that TE may be capable of supporting. Therefore, it is imperative to clarify this limit and its exact value first. Based on this limitation(if any), RAN4 can further consider how to reach a consensus on designing/conducting tests for BM use cases and how to set/form beam set A and B of different sizes for different BM cases.
· If TE ensures sufficient FR2 beams for BM testing, it's crucial to further consider that as a data/scenario-driven solution, the chamber and beam patterns provided by different TEs may impact the test results of BM (e.g., due to variations in beam settings, different considerations on multipath, and other implementations). Besides, even for a same TE, different DUT hardware implementations may also lead to variations in receiving behavior and beam measurement results. Attention must be paid to ensure that the BM model constructed on the DUT side(e.g. by corresponding training dataset) can be matched(or approximate matched) and utilized in the chamber environment on the TE side. Otherwise, it becomes challenging for the DUT to pass the test under unknown chamber conditions/scenarios. This may require a close collaboration between DUT and TE to ensure that the model under test is compatible with the testing environment.
In summary, we need to:
(1) Clarify the limitation on the FR2 beams that TE can support(or TE can simultaneous support),
(2) Consider how to ensure that the BM model constructed on the DUT side can be matched(or approximate matched)  and utilized in the testing environment on the TE side.

Proposal 5: For BM testability, RAN4 need to:
(1) Clarify the limitation on the FR2 beams that TE can support(or TE can simultaneous support),
(2) Consider how to ensure that the BM model constructed on the DUT side can be matched(or approximate matched)  and utilized in the testing environment on the TE side.

3 Conclusions
In this contribution, we have discussed the testability and interoperability issue on AI/ML based BM and got following proposals:
Proposal 1: Performance requirement on BM model/functionality input (e.g. beam measurement accuracy) should be supported.
Proposal 2: Option 1(RSRP accuracy) should be utilized to test the BM model/functionality output.
Proposal 3: UE can monitor the performance of AI/ML based CSI model/functionality through RSRP accuracy.
Proposal 4: Stability of the performance monitoring and decision-making mechanism should be considered to mitigate the impact of random effects on monitoring outcomes.
Proposal 5: For BM testability, RAN4 need to:
(1) Clarify the limitation on the FR2 beams that TE can support(or TE can simultaneous support),
(2) Consider how to ensure that the BM model constructed on the DUT side can be matched(or approximate matched)  and utilized in the testing environment on the TE side.
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