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1. Introduction
In the RAN1#111, several agreements related to AI/ML based BM (e.g., BM-Case1 and BM-Case2) evaluation methodology were made. Also, in RAN#98-e, 6 sub-use cases including BM-Case 1 and BM-Case 2 were confirmed as initial set of use case. This contribution discusses on remaining issues on evaluation methodology for AI/ML based beam management. 

2. Discussions 
·  Definition of Top-1 genie-aided Tx / Tx-Rx beam
Agreement @ RAN1#110bis
· For DL Tx beam prediction, the definition of Top-1 genie-aided Tx beam considers the following options 
· Option A, the Top-1 genie-aided Tx beam is the Tx beam that results in the largest L1-RSRP over all Tx and Rx beams
· Option B, the Top-1 genie-aided Tx beam is the Tx beam that results in the largest L1-RSRP over all Tx beams with specific Rx beam(s)
· FFS on specific Rx beam(s)
· Note: specific Rx beams are subset of all Rx beams

Agreement @ RAN1#110bis
· For DL Tx-Rx beam pair prediction, the definition of Top-1 genie-aided Tx-Rx beam pair considers the following options:
· Option A: The Tx-Rx beam pair that results in the largest L1-RSRP over all Tx and Rx beams
· Option B: The Tx-Rx beam pair that results in the largest L1-RSRP over all Tx over all Tx beams with specific Rx beam(s)
· FFS on specific Rx beam(s)
· Note: specific Rx beams are subset of all Rx beams


In RAN1#110bis, as captured above, it is still under discussion for possible down-selection of definition of Top-1 genie-aided Tx or Tx-Rx beam pair. As expressed in our companion contribution [1], for NW-sided model, Tx beam prediction should be prioritized due to limitation of UE implementation flexibility and difficulty on representing UE beams for various UE types. 
Between two options for DL Tx beam prediction, Option A can provide better performance as it considers all possible combinations of Tx and Rx beams. With Option A, we can observe how well AI/ML model can predict DL Tx beam. However, Option A requires more RS overhead and complexity for UE to find best Rx beam for each Tx beam compared with Option B, thus Option B may also be considered where option B may be more likely to real UE implementation. Between two options, we have slight preference on Option A to see the full potential of AI/ML under the assumption that NW provides Tx beam repetition for UE to measure and find best Rx beam for each Tx beam, where this operation is possible with current specification with repetition=ON. 

Proposal 1. For the definition of Top-1 genie-aided Tx beam of DL Tx beam prediction, Option A (based on the largest L1-RSRP over all Tx and Rx beams) is preferred. 


· UCI report overhead
Agreement@RAN1#110
· To evaluate the performance of AI/ML in beam management at least for NW side beam prediction, UCI report overhead can be further studied as one of KPI options. 
· FFS: number of UCI reports and UCI payload size


As captured above, it is still on the discussion whether to consider UCI report overhead at least for NW-sided beam prediction. In our view, the more measurements and/or higher resolution of measurement reported, the more accurate the prediction results. However, larger number of reports and higher resolution of report definitely requires larger payload size. Therefore, it would be good to study on performance impact by considering UCI report overhead as one of KPI.


Proposal 2. UCI report overhead can be considered as one of KPI for NW sided beam prediction.


· Selection of Set B of beamsAgreement
· Study the following options on the selection of Set B of beams (pairs) 
· Option 1: Set B is fixed across training and inference
· Option 2: Set B is variable (e.g., different beams (pairs) patterns in each time instance/report/measurement during training and/or inference), FFS:
· Opt A: Set B is changed following a set of pre-configured patterns 
· Opt B: Set B is randomly changed among pre-configured patterns 
· Opt C: Set B is randomly changed among Set A beams (pairs) 
· The number of beams(pairs) in Set B can be fixed or variable
· Note: BM-Case1 and BM-Case2 may be considered for different option. 
· Other options are not precluded.


In RAN1#110b-e, above regarding on selection of Set B of beams was further modified and agreed. Option 1 is simple and straightforward. The remaining details is how to fix the set B of beams (pairs). Compared to Option 1, Option 2 has several sub options (i.e., option A, B and C). In our understanding, option 2-A considers multiple pre-configured beam patterns and the applied beam set changes sequentially, where that of option 2-B changes randomly. Option 2-C considers that set B beams (pairs) is a subset of set A beams (pairs), and applied beam set changes within Set A beams (pairs). It is obvious that beam prediction depends channel environment including UE mobility, so randomly changing beam set B may or may not provide good performance. Therefore, it is preferred to choose simple option. 

Proposal 3. For selection of Set B of beams, Option 1 can be considered as a baseline. 

· RS overhead reduction for BM-Case 2
Agreement
· For the evaluation of the overhead for BM-Case2, adoption the following metrics:
· RS overhead reduction, 
· Option 2: 
· where N is the total number of beams (pairs) (with reference signal (SSB and/or CSI-RS)) required for measurement for AI/ML, including the beams (pairs) required for additional measurements before/after the prediction if applicable
· Where M is the total number of beams (pairs) (with reference signal (SSB and/or CSI-RS)) required for measurement for baseline scheme
· Companies report the assumption on additional measurements
· FFS: Option 3:  
· where N is the number of beams (pairs) (with reference signal (SSB and/or CSI-RS)) required for measurement for AI/ML in each time instance
· where M is the total number of beams (pairs) to be predicted for each time instance
· where L is ratio of periodicity of time instance for measurements to periodicity of time instance for prediction
· Companies report the assumption on T1 and T2 patterns
· Other options are not precluded and can be reported by companies.


In the last meeting, agreements related to RS overhead reduction for both BM-Case 1 and 2 were made. For BM-Case 2, it is FFS for option 3 which considers periodicity of measurement and prediction time instance. As discussed, option 3 is effective for the observation/prediction window slides in time. However, this formulation needs to be modified for the case of Top-K beam prediction. Otherwise, it can be used only for the Top-1 beam prediction and this is not good KPI. 

Proposal 4. For RS overhead reduction of BM-Case 2, option 2 can be a baseline. 

· Assumption of BM procedure
In the last meeting, FL proposed following proposal to discuss on beam management procedure for DL Tx beam and DL Tx-Rx beam prediction [2]. 
For both BM-Case1 and BM-Case2, further study the following options to apply AI/ML in beam management procedure,
· Option 1: Use AI/ML model to predict Top-1 DL Tx beam in Set A
· For UE side AI/ML, the Top-1 DL Tx beam can be recommended by UE for DL data transmission
· For gNB AI/ML, the Top-1 DL Tx beam can be used for DL data transmission
· P3 may be needed for Rx beam sweeping for the predicted Top-1 DL Tx beam
· Option 2: Use AI/ML model to predict Top-K Tx beams in Set A 
· For UE side AI/ML, the Top-K Tx beams can be recommended by UE for P2
· For gNB AI/ML, the Top-K DL Tx beam can be used for P2
· P2 is used to select Top-1 DL Tx beam for DL data transmission
· P3 may be needed for Rx beam sweeping for the predicted Top-1 DL Tx beam
· Option 3: Use AI/ML model to predict Top-1 Tx-Rx beam pair in Set A
· For UE side AI/ML, 
· the Top-1 Tx-Rx beam pair can be used for DL data reception
· the Tx beam of the Top-1 can be recommended by UE for DL data transmission
· P3 procedure is not needed
· For gNB side AI/ML, 
· the Tx beam of the Top-1 Tx-Rx beam pair can be used for DL data transmission
· Option 4: Use AI/ML model to predict Top-K Tx-Rx beam pairs in Set A
· For UE side AI/ML, 
· the Top-K Tx-Rx beam pairs can be used for DL data reception 
· the Top-K Tx beams can be recommended by UE for P2
· P2 is used to select Top-1 DL Tx beam for DL data transmission
· P3 procedure is not needed
· For gNB side AI/ML, 
· the Tx beams of the Top-K Tx-Rx beam pairs can be used for P2
· P2 is used to select Top-1 DL Tx beam for DL data transmission
Other options are not precluded.


In our view, defining beam management procedure may be helpful for aligning the simulation between companies and finding potential AI/ML gain for beam management. However, listed options above are one of example of BM case-1 and BM case-2. As another example, it can be simulated both Top-1 / Top-K beam prediction together by adding additional output (e.g. expected RSRP per predicted beam). Also, any assumption on additional measurement (e.g., P1, P2, P3) can be reported by companies. Therefore, any agreement related to above listed options is not necessary. 
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3. Conclusion
This contribution discussed on evaluation methodology for AI/ML based CSI feedback enhancement. Based on the above discussion, followings are proposed. 
Proposal 1. For the definition of Top-1 genie-aided Tx beam of DL Tx beam prediction, Option A (based on the largest L1-RSRP over all Tx and Rx beams) is preferred. 
Proposal 2. UCI report overhead can be considered as one of KPI for NW sided beam prediction.
Proposal 3. For selection of Set B of beams, Option 1 can be considered as a baseline. 
Proposal 4. For RS overhead reduction of BM-Case 2, option 2 can be a baseline. 
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