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Proposals 

Observation 3.1.7 (Quantization)
At least for BM-Case1 for inference of DL Tx beam with L1-RSRPs of all beams in Set B, existing quantization granularity of L1-RSRP (i.e., 1dB for the best beam, 2dB for the difference to the best beam) causes [a minor loss] in beam prediction accuracy compared to unquantized L1-RSRPs of beams in Set B:
· Evaluation results from [11 sources: Interdigital, vivo, Huawei/HiSi, CATT, Fujitsu, Lenovo, Apple, Qualcomm, Samsung, DoCoMo, Ericsson] show [less than 5%] loss in terms of Top-1 beam prediction accuracy. 
· [One source: Apple] uses the data without quantization for training and data with quantization for inference. Other sources use the same quantization scheme for data for training and inference.

Observation 3.1.8 (Quantization)
Evaluation results from [4 sources: vivo, Qualcomm, DoCoMo] show that, with [4dB] quantization step for the difference to the best beam of L1-RSRP with the existing quantization range, show [less than 5%] loss in terms of Top-1 beam prediction accuracy compared to unquantized L1-RSRPs of beams in Set B. 
· Same quantization scheme is used for the data for training and inference. 


Observation 4.1.1 (generalization)
The following generalization aspects were evaluated for BMCase-1 and/or BMCase-2,
· Scenarios
· Various deployment scenarios,
· e.g., UMa, UMi 
· e.g., 200m ISD or 500m ISD 
· [e.g., same deployment, different cells with different configuration/assumption]
· e.g., gNB height and UE height
· FFS: e.g., Carrier frequencies
· 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., UE Rx beam codebook (including number of /panels, and 
· e.g., UE antenna array dimensions)
· Various gNB settings, 
· e.g., DL Tx beam codebook
· e.g. (including various Set A of beam(pairs) and 
· e.g., gNB antenna array dimensions)
· Various Set B of beam (pairs)
Companies have provided evaluation results which show that Case 3 and/or Case 2A can provide better performance than Case 2. In most of the cases/ evaluations, Case 3 have performance degradation than Case 1. From the evaluation results [from 2 sources: Samsung, Nokia] for [scenario with various UE distribution], Case 3 may have similar or slightly higher performance than Case.
· For various Scenarios, Case 2 have some performance degradation than Case 1. In Case 2, AI/ML still can provide better performance (e.g. [>30%] of Top-1 beam prediction unless otherwise stated) than non-AI baseline option 2 (based on the measurements from Set B of beams):
· For various deployment scenarios: UMa/UMi
· (Case 2) For generalization Case 2 compared to Case 1, evaluation results from [4 sources: Futurewei, CATT, Fujitsu, OPPO] show [less than 5%] degradation, evaluation results from [3 sources: Ericsson, MediaTek, Lenovo] show [5%~10%] degradation, evaluation results from [2 sources: MediaTek, xiaomi] show [10%~20%] degradation, evaluation results from [2 sources: Qualcomm, Samsung] show [20%~35%] degradation for Top-1 beam prediction accuracy compared to Case 1, for DL Tx beam and/or beam pair prediction.
· wherein [1 source: xiaomi] assumed different ISD and antenna height for UMa/UMi, and its results show [16%, and 19%] degradation for Top-1 beam prediction accuracy, for DL Tx beam and beam pair prediction respectively.
· wherein [1 source: Samsung] assumed different ISD, antenna height, down tilt and NLOS probability as defined in TR 38.901 for UMa/UMi, and its results show [about 35%] degradation for Top-1 beam prediction accuracy, for DL Tx beam prediction. 
· Other sources assumed same ISD, antenna height and same NLOS probability for UMa/UMi.
· (Case 3) For generalization Case 3 compared to Case 1, the evaluation results from [4 sources: CATT, Qualcomm, Samsung, Lenovo, Fujitsu] show [less than 5%] degradation, and the evaluation results from [1 source: xiaomi] show [8%] degradation for Top-1 beam prediction accuracy, for DL Tx beam and/or beam pair prediction.
· wherein [1 source: xiaomi] assumed different ISD and antenna height and the results show [about 8%] degradation for Top-1 beam prediction accuracy for both DL Tx beam and beam pair prediction. 
· For various deployment scenarios: ISD 200m/ISD 500m
· (Case 2) For generalization Case 2 compared to Case 1, evaluation results from [2 sources:, Fujitsu, CATT] show [similar or about 1%] degradation, evaluation results from [3 sources: Lenovo, Nokia, Ericsson] show [~9%] degradation for Top-1 beam prediction accuracy for DL Tx beam and/or beam pair prediction.
· (Case 3) For generalization Case 3 compared to Case 1, the evaluation results from [1 source: Nokia] show slightly better ([1%~2%] for Top-1 beam prediction accuracy) performance compared to Case 1 with triple size of training data for DL Tx beam prediction.
· For various deployment scenarios: 100% outdoor/20%outdoor
· (Case 2) For generalization Case 2 compared to Case 1, evaluation results from [4 sources:, Fujitsu, CATT, Nokia, Interdigital] show [less than 3%] degradation, evaluation results from [3 sources: Ericsson] show [5%~10%] degradation, evaluation results from [2 sources: xiaomi, ZTE, DoCoMo] show [10%~25%] degradation for Top-1 beam prediction accuracy for DL Tx beam and/or beam pair prediction.
· In addition, [1 source: Samsung] evaluated the scenario with 80% outdoor/20% outdoor, and its evaluation results show [about 20%] degradation for Top-1 beam prediction accuracy for DL Tx beam prediction.
· In addition, [1 source: MediaTek] evaluated the scenario with 100% outdoor/0% outdoor, and its evaluation results show [10%~25%] degradation for Top-1 beam prediction accuracy for DL Tx beam prediction.
· In addition, evaluation results from [1 source: InterDigital] show that the performance degradation becomes larger with smaller ratio of Set B/Set A. 
· (Case 2A) For generalization Case 2A compared to Case 1, evaluation results from [1 source: Ericsson] show xxx for Top-1 beam prediction accuracy for DL Tx beam prediction.
· In addition, [1 source: Samsung] evaluated the scenario with 80% outdoor/20% outdoor, and its evaluation results show [3%~8%] degradation for Top-1 beam prediction accuracy for DL Tx beam prediction.
· (Case 3) For generalization Case 3 compared to Case 1, the evaluation results from [4 sources: xiaomi, ZTE, Fujitsu] show [less than 2%] degradation, and the evaluation results from [1 source: DoCoMo] show [10%] degradation for Top-1 beam prediction accuracy compared to Case 1. However, the evaluation results from [1 source: Nokia] show slightly better ([about 1%] for Top-1 beam prediction accuracy) performance compared to Case 1 with double size of training data. 
· In additional, [1 source: Samsung] evaluated the scenario with 80% outdoor/20% outdoor, and its evaluation results show slightly better ([about 4%] for Top-1 beam prediction accuracy) performance compared to Case 1 with same training data size for DL Tx beam prediction.

· For various UE mobility, 30km/h / 60km/h / xxx
· (Case 2)
· (Case 3)
· …
· For various Configurations, Case 2 have significant performance degradation than Case 1 in most of the cases/ evaluations. In Case 2, AI/ML still can provide comparable or worse performance (e.g., [<30%] of Top-1 beam prediction unless otherwise stated) than non-AI baseline option 2 (based on the measurements from Set B of beams):
· With various configurations (parameters and settings): different gNB antenna array dimensions, and/or DL Tx beam codebook 
· (Case 2) For generalization Case 2 compared to Case 1, evaluation results from [3 source: vivo, ZTE, OPPO] show [4%~10%] degradation, evaluation results from [3 sources: Nokia, Qualcomm, Lenovo] show [30%~50%] degradation, evaluation results from [2 sources: Samsung, Fujitsu] show [about 60%] degradation, for Top-1 beam prediction accuracy for DL Tx beam and/or beam pair prediction.
· wherein [3 source: vivo, OPPO, ZTE] assumed one Tx beam codebook is a subset of the other Tx beam codebook with same or different gNB antenna array/ beamwidth, and the results show [4%~10%] degradation for Top-1 beam prediction accuracy for DL Tx beam and beam pair beam prediction, wherein, [1 source: vivo] assumed random Set B pattern for beam pair prediction. 
· wherein [1 source: Samsung] assumed different Tx beam codebooks have different horizontal angles but the same gNB array/beamwidth and the results show [about 56%] degradation for Top-1 beam prediction accuracy with same training data size for DL Tx beam prediction. 
· Evaluation results from [6 sources: Qualcomm, Nokia, Lenovo, vivo, ZTE, OPPO] show better performance than non-AI baseline option 2 (based on the measurements from Set B of beams). However, evaluation results from [2 sources: Samsung, Fujitsu] similar or even worse performance than non-AI baseline option 2 (based on the measurements from Set B of beams).
· (Case 2A) For generalization Case 2A compared to Case 1, evaluation results from [1 source: Samsung] show [16%~20%] for Top-1 beam prediction accuracy for DL Tx beam prediction with the assumption that different Tx beam codebooks have different horizontal angles but the same gNB array/beamwidth.
· (Case 3) For generalization Case 3 compared to Case 1, the evaluation results from [4 sources: Nokia, Samsung, Fujitsu, ZTE] show [less than 5%] degradation, and the evaluation results from [2 source: Qualcomm, Lenovo] show [10%~15%] degradation for Top-1 beam prediction accuracy compared to Case 1. 

· For various UE parameters, different UE antenna array/panel dimensions, and/or UE Rx beam codebook
· (Case 2)
· //when UE Rx beam codebook is a subset
· //when UE Rx beam codebook is different(unseen)
· //when UE antenna array is different
· //when UE panel are on/off
· For DL Tx beam and beam pair will be separated described.
· (Case 3)

· For various Set B of beams
· (Case 2)
· (Case 3)

· Note: the following are assumed in the simulation unless otherwise stated
· For DL Tx beam prediction, the measurements from best Rx beam are used.
· Fixed Set B pattern.
· Without UE Rotation.
· Beams could be measured regardless of their SNR.
· No measurement error.
· Measured in a single-time instance (within a channel-coherence time interval).
· No quantization for the L1-RSRP measurements.
· No constraint on UCI payload overhead for full report of the L1-RSRP measurements of Set B for NW-side models are assumed. 
· Observations are applicable for both Tx beam and beam pair.
· The evaluation results are from BM-Case 1 and similar observation are expected for BM-Case 1 when Set B is different from Set A. 

Observation 4.1.1a (generalization) for online
The following generalization aspects were evaluated for BMCase-1 and/or BMCase-2,
· Scenarios
· Various deployment scenarios,
· e.g., UMa, UMi 
· e.g., 200m ISD or 500m ISD 
· [e.g., same deployment, different cells with different configuration/assumption]
· [FFS e.g., Carrier frequencies]
· 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., UE Rx beam codebook /panels, 
· e.g., UE antenna array dimensions
· Various gNB settings, 
· e.g., DL Tx beam codebook
· e.g. various Set A of beam(pairs) 
· e.g., gNB antenna array dimensions
· Various Set B of beam (pairs)

Companies have provided evaluation results which show that Case 3 and/or Case 2A can provide better performance than Case 2. In most of the cases/evaluations, Case 3 has performance degradation than Case 1. From the evaluation results [from 2 sources: Samsung, Nokia] for [scenario with various UE distribution], Case 3 may have similar or slightly higher performance than Case 1.

· [For various Scenarios], Case 2 have some performance degradation than Case 1 in most of the cases/ evaluations. In Case 2, AI/ML still can provide better performance (e.g. [>30%] of Top-1 beam prediction unless otherwise stated) than non-AI baseline option 2 (based on the measurements from Set B of beams):
· [For various deployment scenarios: UMa/UMi
· For various deployment scenarios: ISD 200m/ISD 500m
· For various deployment scenarios: 100% outdoor/20%outdoor and others
· For various UE mobility: [30km/h / 60km/h] and others]
· [For various Configurations], Case 2 have significant performance degradation than Case 1 in most of the cases/ evaluations. In Case 2, AI/ML still can provide comparable or worse performance (e.g., [<30%] of Top-1 beam prediction unless otherwise stated) than non-AI baseline option 2 (based on the measurements from Set B of beams):
· [For various configurations (parameters and settings): gNB antenna array dimensions, and/or DL Tx beam codebook 
· For various UE parameters: UE antenna array/panel dimensions, and/or UE Rx beam codebook
· For various Set B of beams: number and/or pattern]
· Note: the following are assumed in the simulation unless otherwise stated
· For DL Tx beam prediction, the measurements from best Rx beam are used.
· Fixed Set B pattern.
· Without UE Rotation.
· Beams could be measured regardless of their SNR.
· No measurement error.
· Measured in a single-time instance (within a channel-coherence time interval).
· No quantization for the L1-RSRP measurements.
· No constraint on UCI payload overhead for full report of the L1-RSRP measurements of Set B for NW-side models are assumed. 
· Observations are applicable for both Tx beam and beam pair.
· The evaluation results are from BM-Case 1 and similar observation are expected for BM-Case 1 when Set B is different from Set A. 

Observation 3.1.11 (Rx beam) 
At least for BM-Case1 when Set B is a subset of Set A, and for DL Tx beam prediction, with the measurements of the “best” Rx beam with exhaustive beam sweeping for each model input sample, AI/ML provides the better performance than with measurements of random Rx beam(s). 
· Evaluation results from [8 sources: vivo, Nokia, Fujitsu, Samsung Lenovo, Huawei/HiSi, Ericsson, MediaTek] show [25%~50%] degradation with random Rx beam(s) compared with the “best” Rx beam in terms of Top-1 prediction accuracy. 
· Evaluation results from [1 source: CATT] show [about 6%] degradation with measurement of random Rx compared with measurement of best Rx in term of Top-1 beam prediction accuracy. 
· Even though, AI/ML can still provide better performance than non-AI baseline option 2 (exhaustive beam sweeping in Set B of beams with best Rx beam [or with corresponding Rx beam assumption]). For example, [xx%~yy%] improvement for Top-1 beam prediction accuracy based on the evaluation results from [x sources: A, B, C]. 

Observation 3.1.3 (UE distribution)
For BM-Case1, AI/ML may have different performance in different scenarios. For example, based on the evaluation results AI/ML can achieve better beam prediction performance with 100% outdoor UE distribution than with UE distribution 80% indoor and 20% outdoor for generalization Case 1 (training and testing the model with the same scenario):
· [8 sources: InterDigital, ZTE, Samsung, Ericsson, Intel, CEWiT, Nokia] observed [7% ~17%] beam prediction accuracy difference for Top-1 beam (pair) 


