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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 corresponding 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 RAN4#110 meeting, there are some initial discussion on key issues including KPIs related, the impact of measurement error on prediction accuracy and testability. The outcome was recorded in latest WF [3].
In this contribution, we further provide our views on the candidate KPIs/ Test Metrics and generalization aspect for beam management.
2. [bookmark: _Hlk73468315]KPIs/ Test Metrics for Beam Management
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]For the discussion of BM case, RAN1 brought the latest agreements on the content in the report of inference results as following. It was firstly supported to report beam information on predicted Top-K beams and the combination of predicted Top-K beams and corresponding predicted RSRP value. Other candidate Options and more details are still under discussion in RAN1. 
	RAN1 agreement in RAN1#116
For UE-sided model, at least for BM-Case1, for content in the report of inference results, support 
•	Opt 1: Beam information on predicted Top K beam(s) among a set of beams
•	Opt 2: Beam information on predicted Top K beam(s) among a set of beams and RSRP of predicted Top K beam(s) among a set of beams



Based on this agreement, from RAN4 perspective, it can be confirmed that at least the aspects on both beam prediction accuracy and RSRP accuracy discussed in the past meetings need to be supported as the metrics for beam prediction requirements/tests. It may be UE capability or NW configuration to choose the report content.
Observation 1: Both predicted Top-K beam and predicted RSRP are supported to report in RAN1.
As per the above observation, we propose two cases which are respectively corresponding to the Opt 1/2 agreed in RAN1: 
· Case 1: If only the beam information on predicted Top K beam(s) is required to report
· Case 2: If beam information on both predicted Top K beam(s) and predicted RSRP are required to report
Next, we will provide our further thinking on metrics for these two cases.
For the Case 1, if only beam prediction accuracy is required, there are three alternatives as following put on the table. To Alt 1 and Alt3, both of them are required to output the information on Top-1 predicted beam. So far, RAN1 has no further conclusion on whether the reported beams are sorted. It is possible that UE just reports beam ID of Top-K without any ordering information. The Top-1 predicted beam may not be known. From this perspective, compared with these two Alts, Alt 2 is more appropriate as the KPI to figure out even without any rankings. 
· Alt1: Top-1 (%): the percentage of "the Top-1 strongest beam is Top-1 predicted beam"
· Alt2: Top-K/1 (%): the percentage of "the Top-1 strongest beam is one of the Top-K predicted beams"
· Alt3: Top-1/K (%): the percentage of "the Top-1 predicted beam is one of the Top-K strongest beams"
As for the Case 2, before determining whether RSRP accuracy needs to be additional KPI for Beam prediction, we think that the two issues that need to be firstly aligned are:
Issue 1: Whether RSRP accuracy only pertains to the case that AI/ML predicted beam ID is consistent with corresponding genie beam
Issue 2: The RSRP accuracy only focuses on the RSRP of predicted Top-1 beam or all of the predicted RSRSP values on predicted Top-K need to be checked
For further explanation, here we will firstly assume that the RSRP accuracy only focuses on the RSRP of predicted Top-1 beam or all of the predicted RSRSP values on predicted Top-K need to be checked. We will take the following cases depicted in the Fig.1 and Fig.2 as the examples:
The first understanding on Issue-1 is, the comparison between predicted RSRP and actual RSRP shall be firstly based on the precondition that the beam ID is consistent. As it shown in Fig.1, if the RSRP accuracy is verified for Top-1 beam, then the RSRP between predicted RSRP and actual RSRP can be comparable only when the predicted beam ID is the same with the genie best beam (e.g., between [beam 1+ predicted RSRP 1] and [beam 1+ actual RSRP 1’]). For this understanding, it implicitly contains the assumption that the prediction is somehow accurate. And for Fig.2, the RSRP accuracy refers to the comparison between predicted RSRP of Top-1 beam and the actual RSRP of same genie beam (e.g., between [beam 1+ predicted RSRP 1] and [beam 1+ actual RSRP 1’]) regardless of whether beam 1 is the actual best beam or not. 
And for the second understanding on Issue-1, RSRP accuracy is not limited the scenario with the consistent beam ID. As it shown in Fig.2, the predicted best beam is beam 1 while the actual best beam is beam 4, the RSRP accuracy refers to the comparison between RSRP 1 and RSRP 4’. Our concern on this understanding is that there may be with misalignment of beam ID when compared. Consequently, it is quite tricky to compare the corresponding RSRP accuracy.


Fig.1 


Fig.2 
Based on above analysis, at least for prediction accuracy, it can be confirmed as the Metrics/KPIs for Beam prediction requirements/tests regardless of whether predicted RSRPs are reported or not. And for the RSRP accuracy, it can be the additional Metrics/KPIs when predicted RSRP is required to report. For the definition on RSRP accuracy here, our interpretation is that it only pertains to the scenario where the top predicted AI/ML Beam ID is the same with legacy’s/genie beam. 
Proposal 1: RAN4 to confirm to use the following prediction accuracy as the Metrics/KPIs for Beam prediction requirements/tests:
· Top-K/1 (%): the percentage of "the Top-1 strongest beam is one of the Top-K predicted beams
Proposal 2: For beam prediction requirements/tests, RSRP accuracy can be the additional Metrics/KPIs when predicted RSRP is required to report. Specifically, RSRP accuracy pertains to the scenario where the top predicted AI/ML Beam ID is the same with legacy’s/genie beam
Besides, regarding the impact of measurement accuracy on prediction accuracy, RAN4 had some discussion in the last meeting. To our knowledge, the performance with measurement error evaluated by RAN1 mostly focus on Top-1 beam prediction accuracy. From RAN4 perspective, it is also related to which metrics/KPIs for beam prediction requirements/tests used by RAN4. If the metric defined in RAN4 is the percentage of "the Top-1 strongest beam is one of the Top-K predicted beams, perhaps the impact of measurement accuracy on prediction accuracy needs to be re-evaluated. From this point of view, we suggest to firstly determine the metrics/KPIs for Beam prediction requirements/tests and further study whether the impact of measurement accuracy is still not negligible under the specific KPIs on prediction accuracy.
Proposal 3: RAN4 to further discuss the impact of measurement accuracy on prediction accuracy after the metrics/KPIs for Beam prediction accuracy requirements/tests are determined
3. AI/ML generalization for Beam Management
As per the guidance agreed in the last meeting that the generalization related shall be discuss in each use case, we will share our initial thinking on generalization for beam management. 
	Issue 1-1: Generalization update 
Agreement:
· For AI/ML generalization [tests/requirements]
· RAN4 should discuss it and decide the requirements/tests for each AI feature in the case-by-case manner



For the model generalization on beam management, RAN1 has ever provided some outcome from simulation perspective in Rel-18. As following, it is provided various scenarios with crucial variables including UE mobility, the beam number set A/set B. The generalization performance is ensured by the method of specifying the most representative scenarios to evaluate. From testing perspective, maybe RAN4 can borrow some ideas from this method. We can firstly try to figure out the key factors that affect performance and further discuss how many scenarios to be tested in the test coverage. For beam management, the inference performance may be affected by the beam number set A/set B, UE mobility and the codebook configuration of base station including beam width, beam angle, etc. 
	Model generalization:
In the context of model generalization, scenarios may mean various deployment scenarios, various outdoor/indoor UE distributions, various UE mobility assumptions. Similarly, configurations may mean various UE parameters, various gNB settings, Various Set B of beam(pairs). The selected scenarios/configurations for generalization verification may consider the AI model inference node (e.g., @UE or @gNB) and use case (e.g., BM-Case1, or BM-Case2). Specifically, the following generalizations could be considered and clause 6.3.2 presents those which have been actually simulated by companies:
-	Scenarios:
-	Various deployment scenarios, e.g., UMa, UMi and others; e.g., 200m ISD or 500m ISD and others; e.g., same deployment, different cells with different configuration/assumption; e.g., gNB height and UE height; 
-	Various outdoor/indoor UE distributions, e.g., 100%/0%, 20%/80%, and others
-	Various UE mobility, e.g., 3km/h, 30km/h, 60km/h and others
-	Configurations (parameters and settings):
-	Various UE parameters, e.g., number of UE Rx beams (including number of panels and UE antenna array dimensions)
-	Various gNB settings, e.g., DL Tx beam codebook (including various Set A of beam(pairs) and gNB antenna array dimensions)
-	Various Set B of beam (pairs)
-	T1 for measurement /T2 for prediction for BM-Case2
-	Other scenarios/configurations (parameters and settings) are not precluded and can be reported



Proposal 4: For generalization on beam management, RAN4 to firstly figure out the key factors (e.g., the beam number set A/set B, UE mobility and the codebook configuration of base station) that affect performance and further discuss how many representative scenarios to be tested in the test coverage
4. Testability issues for beam management
	Issue 2-3: Test setup feasibility for FR12
Companies are invited to provide further analysis on what the test setup should enable in terms of test environment


In the last meeting, RAN4 initially discussed the potential testability issues including the testing environment conditions and the limitation of existing testing method when adapting for the AI/ML BM case. It can be observed from the discussion that there still have many feasibility issues on FR2 testing. From these issues, it would be necessary to involve some inputs from TE and OTA testing perspective. Meanwhile, in RAN#103 meeting, the study item on NR FR2 OTA testing enhancement was approved [4], which aims to enhance the FR2 test methodology to accommodate the verification of FR2 related new requirements. Therefore, from our point of view, it is more appropriate to put the testability issues for beam management as a separate study objective into Rel-19 SI on NR FR2 OTA testing enhancement.
Proposal 5: RAN4 to further study the testing feasibility and possible methodology for AI/ML beam management in Rel-19 study item on NR FR2 OTA testing enhancement
5. Summary
In this contribution, we further provided our views related issues on beam management. Based on above analysis, following proposals are present. 
Observation 1: Both predicted Top-K beam and predicted RSRP are supported to report in RAN1.
Proposal 1: RAN4 to confirm to use the following prediction accuracy as the Metrics/KPIs for Beam prediction requirements/tests:
· Top-K/1 (%): the percentage of "the Top-1 strongest beam is one of the Top-K predicted beams
Proposal 2: For beam prediction requirements/tests, RSRP accuracy can be the additional Metrics/KPIs when predicted RSRP is required to report. Specifically, RSRP accuracy pertains to the scenario where the top predicted AI/ML Beam ID is the same with legacy’s/genie beam
Proposal 3: RAN4 to further discuss the impact of measurement accuracy on prediction accuracy after the metrics/KPIs for Beam prediction accuracy requirements/tests are determined
Proposal 4: For generalization on beam management, RAN4 to firstly figure out the key factors (e.g., the beam number set A/set B, UE mobility and the codebook configuration of base station) that affect performance and further discuss how many representative scenarios to be tested in the test coverage
Proposal 5: RAN4 to further study the testing feasibility and possible methodology for AI/ML beam management in Rel-19 study item on NR FR2 OTA testing enhancement
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