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Proposals 
!!Observation 3.1.1 (updates on the observation of Tx beam) updates
· For BM-Case1 DL Tx beam prediction, when Set B is a subset of Set A, AI/ML can provide good beam prediction performance with less measurement/RS overhead without considering generalization aspects with the measurements from the best Rx beam without UE rotation.
· (A)With measurements of fixed Set B of beams that of 1/4 of Set A of beams
· Top-1 DL Tx beam prediction accuracy: 
· evaluation results from [7 sources: Huawei/HiSi, Futurewei, NVIDIA, MediaTek, vivo, CEWiT, Interdigital] indicate that, AI/ML can achieve [about 70%~80%] beam prediction accuracy
· evaluation results from [5 sources: Xiaomi, Apple, Intel, Lenovo, Fujitsu] indicate that, AI/ML can achieve [about 80%~90%] beam prediction accuracy
· evaluation results from [7 sources: CATT, OPPO, Samsung, Ericsson, Nokia, ZTE, vivo] indicate that, AI/ML can achieve [more than 90%] beam prediction accuracy
· [One source: vivo] reported that, AI/ML can achieve [97.3%] beam prediction accuracy with the measurements from the best Rx beam based on the best Tx beam in Set A, and AI/ML can achieve [76.4%] beam prediction accuracy with the measurements from the best Rx beam of on the best Tx beam in Set B.
· Non-AI baseline Option 2 (exhaustive beam sweeping in Set B of beams) can achieve [about 25%] beam prediction accuracy.
· Top-1 DL Tx beam with 1dB margin:
· evaluation results from [12 sources: Xiaomi, ZTE, Apple, Nokia, Samsung, Ericsson, Intel, InterDigital, Fujitsu, Lenovo, OPPO, CATT] indicate that, AI/ML can achieve [more than 90%] beam prediction accuracy.
· evaluation results from [2 sources: vivo, Huawei/HiSi] indicate that, AI/ML can achieve [80%] beam prediction accuracy, wherein [1 source: vivo] assumed the L1-RSRP of the Top-1 predicted beam is measured with the best Rx beam searched from the best Tx beam in set B.
· Top-K(=2) DL Tx beam prediction accuracy
· evaluation results from [6 sources: Futurewei, NVIIDA, MediaTek, CATT, vivo, CEWiT] indicate that, AI/ML can achieve [80%- 90%] beam prediction accuracy.
· evaluation results from [8 sources: Xiaomi, OPPO, NVIIDA, Nokia, Ericsson, Samsung, CATT, Fujitsu] indicate that, AI/ML can achieve [more than 90%] beam prediction accuracy. 
· The beam prediction accuracy increases with K.  
· evaluation results from [3 sources: Samsung, CATT, Fujitsu] indicate that Top-2 DL beam prediction accuracy can be [more than 95%] 
· evaluation results from [source: Lenovo] indicate that Top-3 DL beam prediction accuracy can be [more than 95%]
· evaluation results from [4 sources: HW/HiSi, CEWiT, Lenovo, ZTE] indicate that Top-5 DL beam prediction accuracy can be [more than 95%] 
· Average L1-RSRP difference of Top-1 predicted beam 
· evaluation results from [14 sources: Huawei/HiSi, Futurewei CATT, xiaomi, OPPO, ZTE, NVIDIA, Nokia, Samsung, MediaTek, Fujitsu, Lenovo, CEWiT, vivo] indicate that it can be [below or about 1dB]
· evaluation results from [1 source: vivo] indicates that it can be [2.6dB] with the assumption that the L1-RSRP of the Top-1 predicted beam is measured with the best Rx beam searched from the best Tx beam in set B
· Average predicted L1-RSRP difference of Top-1 beam 
· evaluation results from [5 sources: vivo, Lenovo, ZTE, xiaomi, Ericsson] indicates that it can be [below or about 1dB]
· evaluation results from [1 source: MediaTek] indicates that it is [about 2dB]
· Note that this is assumed that all the L1-RSRPs of Set A of beams are used as the label in AI/ML training phase [(e.g., regression AI/ML model)]
· UE average throughput
· evaluation results from [3 sources: Nokia, MediaTek, Interdigital] indicate that AI/ML achieves [96%~99%] of the UE average throughput of the BM-Case1 baseline option 1 (exhaustive search over Set A beams).
· evaluation results from [1 source: Interdigital] indicate that AI/ML achieves [89%] of the UE average throughput of the BM-Case1 baseline option 1 (exhaustive search over Set A beams).
· UE 5%ile throughput
· evaluation results from [2 sources: Nokia, MediaTek] indicate that, AI/ML achieves [95~97%] of the UE 5%ile throughput of the BM-Case1 baseline option 1 (exhaustive search over Set A beams).
 
· (B) With measurements of fixed Set B of beams that of 1/8 of Set A of beams
· Top-1 DL Tx beam prediction accuracy:
· evaluation results from [4 sources: Futurewei, MediaTek, CEWiT, DoCoMo] indicate that, AI/ML can achieve [about 50%] beam prediction accuracy
· evaluation results from [4 sources: Apple, Qualcomm, Intel, vivo] indicate that, AI/ML can achieve [about 60%~70%] beam prediction accuracy 
· evaluation results from [5 sources: CMCC, Lenovo, ZTE, Fujitsu, OPPO] indicate that, AI/ML can achieve [about 70%~80%] beam prediction accuracy.
· evaluation results from [2 sources: Nokia, Samsung, vivo] indicate that, AI/ML can achieve [more than 80%] beam prediction accuracy 
· [One source: vivo] reported that, AI/ML can achieve [89%] beam prediction accuracy with the measurements from the best Rx beam based on the best Tx beam in Set A, and AI/ML can achieve [67.6%] beam prediction accuracy with the measurements from the best Rx beam of on the best Tx beam in Set B.
· Non-AI baseline Option 2 (exhaustive beam sweeping in Set B of beams) can achieve [about 12.5%] beam prediction accuracy  
· Top-1 DL Tx beam prediction with 1dB margin
· evaluation results from [5 sources: Apple, Intel, vivo, Lenovo, Fujitsu] indicate that, AI/ML can achieve [70%-80%] beam prediction accuracy
· wherein [1 source: vivo] assumed the L1-RSRP of the Top-1 predicted beam is measured with the best Rx beam searched from the best Tx beam in set B.
· evaluation results from [1 source: OPPO] indicate that, AI/ML can achieve [80%-90%] beam prediction accuracy
· evaluation results from [4 sources: Nokia, Qualcomm, Samsung, ZTE] indicate that, AI/ML can achieve [more than 90%] beam prediction accuracy 
· Top-K(=2) DL Tx beam prediction accuracy
· evaluation results from [3 sources: Futurewei, MediaTek, CEWiT] indicate that, AI/ML can achieve [about 70%~ 80%] beam prediction accuracy
· evaluation results from [5 sources: CMCC, Intel, Qualcomm, vivo, Fujitsu] indicate that, AI/ML can achieve [80%~90%] beam prediction accuracy 
· evaluation results from [3 sources: Nokia, OPPO, Samsung] indicate that, AI/ML can achieve [90%] beam prediction accuracy for Top-2 DL Tx beam. 
· The beam prediction accuracy increases with K.  
· evaluation results from [1 source: CATT] indicate that Top-2 DL beam prediction accuracy can be [more than 95%] 
· evaluation results from [1 source: Samsung, Lenovo] indicate that Top-3 DL beam prediction accuracy can be [>95%] 
· evaluation results from [4 sources: Qualcomm, CEWiT, Lenovo, ZTE] indicate that Top-5 DL beam prediction accuracy can be [>90%] 
· Average L1-RSRP difference of Top-1 predicted beam 
· evaluation results from [7 sources: Nokia, Qualcomm, OPPO, Samsung, CEWiT, ZTE, vivo] indicate that it can be [below or about 1dB]
· evaluation results from [3 sources: Fujitsu, DoCoMo, Lenovo] indicate that it can be [1dB~2dB]
· evaluation results from [1 source: vivo] indicates that it can be [3.4dB] with the assumption that the L1-RSRP of the Top-1 predicted beam is measured with the best Rx beam searched from the best Tx beam in set B
· Average predicted L1-RSRP difference of Top-1 beam 
· evaluation results from [5 sources: vivo, Lenovo, OPPO, ZTE, Ericsson] indicates that it can be [0.8~1.5dB] 
· Note that [4 sources: vivo, Lenovo, ZTE, Ericsson] assumed that all the L1-RSRPs of Set A of beams are used as the label in AI/ML training phase (e.g., regression AI/ML model) and [1 source: OPPO] assumed that only the L1-RSRP of the Top-1 beam in Set A is used as the label in training phase and the result is [0.82 dB]. 
· UE average throughput
· evaluation results from [1 source: Nokia] indicates that AI/ML achieves [98%] of the UE average throughput of the BMCase1 baseline option 1 (exhaustive search over Set A beams).
· evaluation results from [1 source: MediaTek] indicates that AI/ML achieves [85%] of the UE average throughput of the BMCase1 baseline option 1 (exhaustive search over Set A beams).
· UE 5%ile throughput
· evaluation results from [1 source: Nokia] indicates that, AI/ML achieves 84% of the UE 5%ile throughput of the BMCase1 baseline option (exhaustive search over Set A beams).
· evaluation results from [1 source: MediaTek] indicates that, AI/ML achieves 70% of the UE 5%ile throughput of the BMCase1 baseline option (exhaustive search over Set A beams).
· Note that ideal measurements are assumed
· 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. 

!!Observation 3.1.2 (Observations for WB and NB)
· For BM-Case1 DL Tx beam prediction, when Set B is different to Set A, with measurements of Set B of wide beams that are 1/4 or 1/6 or 1/8 of Set A beams, AI/ML can provide good beam prediction performance with less measurement/RS overhead without considering generalization aspects with the measurements from the best Rx beam without UE rotation.
· Top-1 DL Tx beam
· evaluation results [from 3 sources: Nokia, Ericsson, Intel] indicate that, AI/ML can achieve [more than 80%] beam prediction accuracy [from 5 sources: Samsung, Huawei, MediaTek, Qualcomm, Intel] indicate that, AI/ML can achieve [more than 55%] beam prediction accuracy
· [One source: Intel] reported [more than 80%] beam prediction accuracy with 100% outdoor UEs, and [more than 60%] beam prediction accuracy with 20% outdoor UEs. 
· Evaluation results from [1 source: Samsung] shows that, with limited measurements (e..g, [1 or 4]) of narrow beams in Set A[=32], AI/ML can increase [15% or 30%] beam prediction accuracy [respectively] compared with [55%] beam prediction accuracy with measurement of wide beams only. 
· Top-1 DL Tx beam with 1dB margin. 
· evaluation results [from 4 sources: Nokia, Ericsson, Qualcomm, Intel] indicate that, AI/ML can achieve [more than 85%] beam prediction accuracy
· evaluation results [from 3 sources: Huawei, Samsung, Intel] indicate that, AI/ML can achieve [57%~77%] beam prediction accuracy
· [One source: Intel] reported [more than 86%] beam prediction accuracy with 100% outdoor UEs, and [more than 70%] beam prediction accuracy with 20% outdoor UEs.
· Top-K(=3) DL Tx beam
· evaluation results [from 3 sources: Nokia, Ericsson, Intel] indicate that, AI/ML can achieve [more than 95%] beam prediction accuracy 
· evaluation results [from 4 sources: Huawei, Samsung, MediaTek, Qualcomm] indicate that, AI/ML can achieve [85~94%] beam prediction accuracy 
· evaluation results from [1 source: Qualcomm] indicate that Top-5 DL beam prediction accuracy can be [more than 90%].
· Average L1-RSRP difference of Top-1 predicted beam
· evaluation results [from 3 sources: Nokia, Samsung, Qualcomm] indicate that, the average L1-RSRP difference can be [less or about 1dB]
· UE average throughput
· evaluation results [from 1 source: Nokia] indicate that, AI/ML achieves [99%] of the UE average throughput of the BMCase1 baseline option 1 (exhaustive search over Set A beams)
· UE 5%ile throughput
· evaluation results [from 1 source: Nokia] indicate that, AI/ML achieves [94%] of the of the BMCase1 baseline option 1(exhaustive search over Set A beams)
· Note that ideal measurements are assumed
· 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. 

!!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) comparing 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. 
Comparing performance with non-AI baseline option 2 (based on the measurement from Set B of beams), with measurements of random Rx beam(s) as AI/ML inputs:
· Evaluation results from [5 sources: MediaTek, Fujitsu, vivo, Nokia Samsung] show that AI/ML can still provide [7%~44%] beam prediction accuracy gain in terms of Top-1 beam prediction accuracy. 
· Evaluation results from [1 source: Lenovo] show that AI/ML has similar performance in terms of Top-1 beam prediction accuracy
Note: In both training and inference, measurements of random Rx beams are used as AI/ML inputs. 

!!Observation 3.1.8 (Quantization)
At least for BM-Case1 for inference of DL Tx beam with L1-RSRPs of all beams in Set B, 
· evaluation results from [3 sources: vivo, Qualcomm, DoCoMo] show that, with 1dB quantization step for the absolute L1-RSRP of the best beam and [4dB] quantization step differential L1-RSRP report with the existing quantization range, [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 input data for training and inference. 
· [One source: DoCoMo] used quantized L1-RSRPs with the same quantization scheme as labels in training.
· [One source: vivo] used unquantized L1-RSRPs as labels in training.
· [One source: Qualcomm] used labels based on [unquantized] data in training.
· evaluation results from [1 source: Nokia] show that, with quantized L1-RSRPs of beams in Set B with [4dB] quantization step as the inputs, AI/ML has [32%] loss in terms of Top-1 beam prediction accuracy compared to unquantized L1-RSRPs of beams in Set B. 
· Unquantized data is used in training for both inputs and labels.


!!Observation 3.1.11 (label)
In terms of beam prediction accuracy, an AI/ML model ([e.g., classification model]) with Top-1 beam(pair) in Set A as the label can provide better performance than an AI/ML model ([e.g., regression model]) with all L1-RSRPs per beam of all the beams(pairs) in Set A as the label with the comparable model complexity and computation complexity. However, the AI/ML model with all L1-RSRPs per beam of all the beams(pairs) in Set A as the label is able to predict L1-RSRP of predicted Top-1 and/or Top-K beams, which may be useful for NW. For the data collection for finetune and/or training, it needs much large overhead for all L1-RSRPs per beam of all the beams(pairs) in Set A as the label than with Top-1 beam(pair) in Set A as the label. 

