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1. Introduction
[bookmark: _Hlk134894944]At Rel-18 SI stage, beam management was studied as one of initial set of use cases for AI/ML. The discussion on BM mainly focus on proper metrics for corresponding requirements/tests. The latest progress was involved in the [1]. As per the guidance described in WID [2], RAN4 aims to specify necessary RAN4 core requirements for BM case and further study on testability and interoperability. 
In this contribution, we further provide our views on the candidate KPIs/ Test Metrics and raise some potential issues on testability aspects for beam management.
2. [bookmark: _Hlk73468315]KPIs/ Test Metrics for Beam Management
	Issue 2-2: Metrics/KPIs for Beam prediction requirements/tests
Agreement:
· Metrics/KPIs for Beam prediction requirements/tests include
· Option 1: RSRP accuracy
· Option 2: beam prediction accuracy :Top-1(%), Top-K(%)
· 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, 
· Related measurement accuracy can be considered to determine x
· Option 4: overhead/latency reduction 
· Option 5: combinations of above options
· The overhead/latency reduction should be considered for the requirements as the side condition


In the SI stage, possible metrics on evaluation of beam prediction performance were discussed in RAN4. After discussions, the above options were retained for further study. In general, both RSRP accuracy and beam prediction accuracy are common KPIs used in RAN1 simulation, which the results verified by these two metrics can basically reflect the actual performance of beam management. 
From RAN4 perspective, the ultimate purpose of defining the performance requirements is to verify whether L1-RSRP corresponding to the strongest beam found can meet certain precision, which is exactly what the legacy KPI verifies in the test without AI/ML assisted on beam management. Therefore, the RSRP accuracy requirement also should be the baseline in AI-ML based beam prediction. 
Regarding whether to use beam prediction accuracy as the intermediate KPI to further verify correctness of the Top-K beam prediction, this may be more relevant to inference performance of AI itself, rather than just function test on beam management. It can be considered as an auxiliary metric to verify the inference capability of model in test, which is also the representative KPI for model monitoring.
For Option 3, it is the metric which is similar with the evaluation metric proposed in RAN1. Option 3 could be considered as a part of Option 2 and give it more relaxation. We are open to further study this metrics in WI.
Proposal 1: RAN4 to use RSRP accuracy as the baseline KPI to evaluate AI/ML based beam management inference performance and further study whether it needs combination with Option 2/3 in WI
In study item, RAN4 discussed emphatically the necessity and feasibility of introducing reference model in the use case of CSI compression, which is used to better align results from companies for deriving requirements. For the use case of beam management, the similar issue needs to be considered: The results submitted by companies from various models may be difficult to align if reference model is not specified. According to RAN1 output captured in TR 38.843[3], model complexity and computational complexity is considered as the one of KPIs in simulation. From this perspective, Reference model is the approach to define performance requirements and RAN4 needs to study whether needs to have some alignment on model used for defining requirements, e.g., model complexity or model structures, etc.
Proposal 2: RAN4 to study if reference model is needed in BM for alignment on KPI performance
3. Testability issues for beam management
As per the objectives listed in WID [2], RAN4 aims to finalize the testing framework and procedure for one-sided models, which will be studied in use-case specifics. For beam management, before working out the concrete testing framework, RAN4 needs to firstly identify the potential testability issues and further study if it is feasible to verify the performance through defining applicable tests. Here we would like to raise following issues on testability aspects for beam management for further discussion.
· Issue 1: The maximum numbers of beams to be tested that TE is capable to emulate in the testing environment
· Issue 2: How to obtain the ground truth value for the upper and lower bound of the range in test cases if fading channel propagation condition is assumed 
· Issue 3: Whether and how to emulate the UE trajectory in temporal DL beam predication test?
Firstly, for BM-Case1 and BM-Case2, the downlink beam prediction for Set A of beams is based on the AI/ML model input of Set B. For the performance evaluation of the AI/ML based beam management, the simulations are generally based on the evaluation assumptions that Tx beam prediction with Set B is 1/4 of Set A or 1/8 of Set A or 1/16 of Set A. When the multiple beams (e.g., num=16,32,64) are assumed as the model input, it means TE needs to be capable to support the testing of the corresponding numbers of beams, which requires enhanced capability of TE itself. For example, it will bring high complexity and high cost for the setup of the test system if multiple OTA probes are set for emulating multiple beams in set B, and the feasibility of the test needs to be further considered.
Observation 1: It will bring challenges to TE for supporting tests of multiple beams in Set B (e.g., num=16,32,64)
Secondly, for the legacy requirements on L1-RSRP measurement for beam reporting as following, the test is to verify whether the L1-RSRP measurement accuracy is within the specified limits. When the reported L1-RSRP is in the range shown in Table A.7.7.4.1.3-1, the UE is deemed to meet the requirement. Specifically, the values of upper and lower bound on range are derived based on the summation of the SSB_RP, measurement accuracy requirements and minimum/maximum UE gain. The ground truth values of upper and lower bound can be easily obtained by measurement and modeling and the comparability with the reported RSRP can be ensured under the assumption of the AWGN propagation condition. While apart from AWGN channel, the fading channel is also considered in RAN1 evaluation. It would make it challenging to obtain the comparable ground truth values of upper and lower bound under this propagation condition. Therefore, RAN4 needs to study whether to consider fading channel in the test and how to obtain the comparable ground truth values of upper and lower bound if it is supported.

	Cited from TS38.133 [clause A7.7.4 L1-RSRP measurement for beam reporting]
Table A.7.7.4.1.3-1: L1-RSRP absolute accuracy test requirement
	
	Test requirement Notes1,2,3

	SSB0
	SSB_RP0 -δ + Gmin ≤ Reported RSRP(dBm) ≤ SSB_RP0 +δ + Gmax

	SSB1
	SSB_RP1 -δ + Gmin ≤ Reported RSRP(dBm) ≤ SSB_RP1 +δ + Gmax

	Note 1:	SSB_RPn is the equivalent power received by an antenna with 0dBi gain at the centre of the quiet zone configured in the test for the SSB n under consideration
Note 2:	δ is the RSRP absolute accuracy requirement from Table 10.1.20.1.1-1, selected according to the Io used in the test
Note 3:	Gmin and Gmax are the minimum and maximum UE gain values from Table B.2.1.5.1-1, selected according to the UE power class





Observation 2: In the legacy L1-RSRP measurement performance requirements, the AWGN channel is assumed as the propagation condition in the test, for which the comparable ground truth values of upper and lower bound can be easily obtained. However, if the propagation condition is changed to fading channel, it would make it challenging to obtain.
Proposal 3: RAN4 to consider verify the BM performance under AWGN channel as the baseline and further study the feasibility on testing under the fading channel, e.g., how to obtain the ground truth values of upper and lower bound on range in test requirement under fading channel environment.
Thirdly, for the BM-Case2 on Temporal Downlink beam prediction, UE moving trajectory model was involved in RAN1 discussion, generally including Linear trajectory and Random direction straight-line trajectories. From testing perspective, it may be challenging to figure out the testing method under moving scenario such as how to plan and implement on UE movement when testing in anechoic chamber. Therefore, in initial phase of studying testability for beam management, we prefer to deprioritize to considered UE trajectory modeling in temporal DL beam predication until the whole picture on the testing method is clear.
Observation 3: For temporal DL beam prediction, how to figure out the testing method would be challenging if UE trajectory model is considered
Proposal 4: Deprioritize to considered UE trajectory modeling in temporal DL beam predication test in initial phase of WI
4. Summary
In this contribution, we further provided our views related issues on beam management. Based on above analysis, following proposals are present.
Proposal 1: RAN4 to use RSRP accuracy as the baseline KPI to evaluate AI/ML based beam management inference performance and further study whether it needs combination with Option 2/3 in WI
Proposal 2: RAN4 to study if reference model is needed in BM for alignment on KPI performance
Observation 1: It will bring challenges to TE for supporting tests of multiple beams in Set B (e.g., num=16,32,64)
Observation 2: In the legacy L1-RSRP measurement performance requirements, the AWGN channel is assumed as the propagation condition in the test, for which the comparable ground truth values of upper and lower bound can be easily obtained. However, if the propagation condition is changed to fading channel, it would make it challenging to obtain.
Proposal 3: RAN4 to consider verify the BM performance under AWGN channel as the baseline and further study the feasibility on testing under the fading channel, e.g., how to obtain the ground truth values of upper and lower bound on range in test requirement under fading channel environment.
Observation 3: For temporal DL beam prediction, how to figure out the testing method would be challenging if UE trajectory model is considered
Proposal 4: Deprioritize to considered UE trajectory modeling in temporal DL beam predication test in initial phase of WI
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