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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#113, many observations have been drawn for BM-Case-1 (spatial-domain) DL Tx beam prediction based on evaluation results shared by companies [1][2]. There are no observations drawn for DL Tx-Rx beam pair prediction yet while many companies have submitted their results. In our contributions for previous meetings, we have discussed and shared our results for both DL Tx beam prediction and DL Tx-Rx beam pair predictions. As RAN1#114 is the last meeting for Rel-18 AI/ML for Air-interface study item, we discuss the following in this contribution:
· Summary of performance for both DL Tx beam prediction and Tx-Rx beam pair prediction based on the results we shared so far.
· Our views on Set B selection options and Rx beam assumption in the normative phase.
Note: We also submitted our results for DL Tx beam prediction and DL Tx-Rx beam pair predictions based on larger datasets and updated NN architectures. The new results have been posted to the Excel file for “BMCase1” under Tab “BMCase-1 (Tx beam)” and “BMCase-1 (pair)”, respectively. In addition, the results for model generalization among different Set B patterns (for beam pair prediction) from our previous contribution (R1-2210843) [4] have also been added to the template for “BMCase1_Generalization (Pair)”.  Please refer to the Excel for the corresponding results. 
Performance summary spatial-domain Tx beam and Tx-Rx beam pair prediction
In previous meetings (including RAN1#114), we have shared and discussed our BM-Case-1 results for both Tx beam and Tx-Rx beam pair prediction when Set B is a subset of Set A. Given that RAN#114 is the last meeting for Rel-18, we would like to discuss performance summary based on the results we shared so far.
Note: We included the updated/new results in the Excel file for “BMCase1”, under “BMCase-1 (Tx beam)” and “BMCase-1 (pair)” tabs. 
Tx beam prediction
For Tx beam prediction, we summarize the results as following for each Set B selection option (Option 1 – fixed, Option 2B – variable) when Set B length increases.
· Top-1 and Top-K beam pair prediction accuracies.
· Average L1-RSRP difference of Top-1 predicted beam pair and Top-K predicted beams.
Fixed Set B pattern (Option 1)
Figure 2.1-1 depicts the performance of Top-1 and Top-K (K in [4, 8]) beam prediction accuracies across various Set B lengths, from ~9% of Set A length to 25% of Set A length when using fixed Set B pattern during both training and testing phases. Figure 2.1-2 depicts the performance of average L1-RSRP difference of Top-1 and Top-K (K in [4, 8]) predicted beam pairs across various Set B lengths, also from the same range (~9% of Set A length to 25% of Set A length).Figure 2.1-2: Average L1-RSRP difference of Top-1/Top-K predicted Tx beam with various Set B lengths when using fixed Set B pattern (Option 1)
Figure 2.1-1: Top-1/Top-K Tx beam prediction accuracy with various Set B lengths when using fixed Set B pattern (Option 1)


From above figures for Tx beam prediction using fixed Set B option, it can be noted that Top-1/Top-K beam prediction accuracy improves when Set B length increases using fixed Set B pattern, and the same performance behavior is observed for average L1-RSRP difference of Top-1/Top-K predicted beams. When considering L1-RSRP difference of Top-1 predicted beam, using Set B length = 1/4 of Set A can achieve < 1 dB and when considering L1-RSRP of Top-4 predicted beams, using Set B length > ~12% can achieve < 1 dB. When considering L1-RSRP of Top-8 predicted beams, even using Set B length = 3 (<10% of Set A) can achieve < 1 dB.
Observation 1: For BM-Case1 DL Tx beam prediction using fixed Set B pattern (Option 1), our study shows:
· When Set B length is 1/4 of Set A: the average L1-RSRP difference of the Top-1 predicted beam pair can achieve < 1 dB.
· When Set B length is 1/8 of Set A: the average L1-RSRP difference of Top-K predicted beam pairs can achieve < 1 dB when K is >=4.
Variable Set B patterns (Option 2B)
For variable Set B patterns, we use 5 preconfigured Set B patterns during model training phase then randomly apply one of the Set B patterns on each test sample during the testing phase. Figure 2.1-3 depicts the performance of Top-1 and Top-K beam prediction accuracies across various Set B lengths, from ~9% of Set A length to 25% of Set A length. Figure 2.1-4 depicts the performance of average L1-RSRP difference of Top-1 and Top-K predicted beams across various Set B lengths, also from ~9% of Set A length to 25% of Set A length.Figure 2.1-3: Top-1/Top-K Tx beam prediction accuracy with various Set B lengths when using variable Set B patterns (Option 2B)

Figure 2.1-4: Average L1-RSRP difference of Top-1/Top-K predicted Tx beam with various Set B lengths when using fixed Set B pattern (Option 2B)


From above figures for Tx beam prediction using variable Set B option, it can be noted that Top-1/Top-K beam prediction accuracy improves when Set B length increases using fixed Set B pattern, and the same performance behavior is observed for average L1-RSRP difference of Top-1/Top-K predicted beams. When considering L1-RSRP difference of Top-1 predicted beam, using Set B length = 1/4 of Set A can achieve ~1.1 dB and when considering L1-RSRP of Top-4 predicted beams, using Set B length > ~12.5% can achieve < 1 dB. When considering L1-RSRP of Top-8 predicted beams, even using Set B length = 3 (< 10% of Set A) can achieve < 1 dB.
Observation 2: For BM-Case1 DL Tx beam prediction using variable Set B with 5 preconfigured Set B patterns (Option 2B), our study shows:
· When Set B length is 1/4 of Set A: the average L1-RSRP difference of the Top-1 predicted beam pair can achieve < 1 dB.
· When Set B length is 1/8 of Set A: the average L1-RSRP difference of Top-K predicted beam pairs become < 1 dB when K is >=4.

Tx-Rx beam pair prediction
We summarize the results as following for each Set B selection option (Option 1 – fixed, Option 2B – variable) when Set B length increases.
· Top-1 and Top-K beam pair prediction accuracies. 
· Average L1-RSRP difference of Top-1 predicted beam pair and Top-K predicted beam pairs.
Fixed Set B pattern (Option 1)
Figure 2.2-1 depicts the performance of Top-1 and Top-K beam pair prediction accuracies across various Set B lengths, from 1/64 of Set A length to 1/4 of Set A length when using fixed Set B pattern during both training and testing phases. Figure 2.2-2 depicts the performance of average L1-RSRP difference of Top-1 and Top-K predicted beam pairs across various Set B lengths, also from 1/64 of Set A length to 1/4 of Set A length.
Figure 2.2-1: Top-1, Top-K Tx-Rx beam pair prediction accuracy with various Set B lengths when using fixed Set B pattern (Option 1)

When applying fixed Set B pattern in training and testing, Figure 2.2-1 and Figure 2.2-2 show that Top-1, Top-K beam pair prediction accuracy improves when Set B length increases using fixed Set B pattern, and the same performance behavior is observed for average L1-RSRP difference of Top-1, Top-K predicted beam pairs. It can be observed that average L1-RSRP difference of the Top-1 predicted beam pair is smaller than 1 dB when Set B length is 1/4 of Set A, and when Set B length is 1/8 or 1/16 of Set A, average L1-RSRP difference of the Top-4 and Top-8 predicted beam pairs are also smaller than 1 dB. Figure 2.2-2: Average L1-RSRP difference of Top-1, Top-K predicted Tx-Rx beam pairs with various Set B lengths when using fixed Set B pattern (Option 1)

Observation 3: For BM-Case1 DL Tx-Rx beam pair prediction using fixed Set B pattern (Option 1), our study shows:
· When Set B length is 1/4 of Set A: the average L1-RSRP difference of the Top-1 predicted beam pair can achieve < 1 dB.
· When Set B length is 1/8 of Set A: the average L1-RSRP difference of Top-K predicted beam pairs become < 1 dB when K is >=4. 
· When Set B length is 1/16 of Set A: the average L1-RSRP difference of Top-K predicted beam pairs become < 1 dB when K is >=4. 
Variable Set B patterns (Option 2B)
Like Tx beam prediction, we use 5 preconfigured Set B beam-pair patterns during model training phase then randomly apply one of the Set B patterns on each test sample during the testing phase. Figure 2.2-3 depicts the performance of Top-1 and Top-K beam pair prediction accuracies across various Set B lengths, from 1/64 of Set A length to 1/4 of Set A length. Figure 2.2-4 depicts the performance of average L1-RSRP difference of Top-1 and Top-K predicted beam pairs across various Set B lengths, also from 1/64 of Set A length to 1/4 of Set A length.
Figure 4.2-3: Top-1, Top-K Tx-Rx beam pair prediction accuracy with various Set B lengths when using variable Set B patterns (Option 2B)

Figure 4.2-4: Average L1-RSRP difference of Top-1, Top-K predicted Tx-Rx beam pairs with various Set B lengths when applying variable Set B patterns (Option 2B)

When using preconfigured 5 Set B patterns in training the AI/ML model then randomly selecting one of the preconfigured Set B patterns in each testing sample (Option 2B), Figure 2.2-3 and Figure 2.2-4 show that Top-1/Top-K beam pair prediction accuracy and average L1-RSRP difference of the Top-1/Top-K predicted beam pairs both improve when Set B length increases, like what we observed in using fixed Set B pattern as shown previously. It can also be observed when Set B length is 1/4 of Set A, the average L1-RSRP difference of the Top-1, Top-4 and Top-8 predicted beam pairs are all smaller than 1 dB, when Set B length is 1/8 of Set A, the average L1-RSRP difference of the Top-4 and Top-8 predicted beam pairs are smaller than 1 dB, and when Set B length is only 1/16 of Set A, the average L1-RSRP difference of the Top-8 predicted beam pairs is still smaller than 1 dB.
Observation 4: For BM-Case1 DL Tx-Rx beam pair prediction using variable Set B with 5 preconfigured Set B patterns (Option 2B), our study shows:
· When Set B length is 1/4 of Set A: the average L1-RSRP difference of the Top-1 predicted beam pair can achieve < 1 dB.
· When Set B length is 1/8 of Set A: the average L1-RSRP difference of Top-K predicted beam pairs become < 1 dB when K is >=4. 
· When Set B length is 1/16 of Set A: the average L1-RSRP difference of Top-K predicted beam pairs become < 1 dB when K is 8.
Performance comparison: fixed Set B vs. variable Set B
In this sub-section, we compare the BM-Case-1 performance between using fixed Set B pattern (Option 1) and variable Set B patterns (Option 2B) for both DL Tx beam prediction and DL Tx-Rx beam pair prediction.
Tx Beam Prediction
We compare the Tx beam prediction performance between using fixed Set B patterns and variable Set B patterns from 2 aspects:
· Prediction accuracy KPIs
· Top-1 prediction accuracy
· Top-K prediction accuracy, K=8
· Average L1-RSRP difference of Top-1 predicted beam.
Figure 2.3-1 and Figure 2.3-2 show the Top-1 and Top-8 beam prediction accuracy comparisons between using fixed Set B pattern and variable Set B patterns. 
Figure 2.3-3 shows the average L1-RSRP difference of Top-1 predicted beam between using fixed Set B pattern and variable Set B patterns.Figure 2.3-1: Top-1 beam prediction accuracy comparison (fixed Set B vs. variable Set B)
Figure 2.3-2: Top-8 beam prediction accuracy comparison (fixed Set B vs. variable Set B)

For DL Tx beam prediction accuracy as shown on Figure 2.3-1 and Figure 2.3-2, we observe that using fixed Set B pattern achieves better performance than using variable Set B patterns in most cases. However, when considering Top-8 prediction accuracy, the performance difference between using fixed Set B and variable Set B becomes miniscule.

Figure 4.3-3: average L1-RSRP difference of Top-1 predicted beam comparison (fixed Set B vs. variable Set B)

From Figure 2.3-3, we observe that the average L1-RSRP difference of Top-1 predicted beam performance difference between using fixed Set B and variable Set B is also small in general except for Set B length = 4 (~1.3 dB difference between the two).
Table 2.3-1 summarizes the performance comparison between fixed Set B and variable Set B for DL Tx beam prediction.
Table 2.3-1: Tx beam prediction performance comparison between fixed Set B and variable Set B 
	Set B Option
	Top-1 Prediction Accuracy with Set B length in [3 - 8]
	Top-8 Prediction Accuracy with Set B length in [3 - 8]
	Average L1-RSRP difference of Top-1 Predicted beam (dB) with Set B length in [3 - 8]

	Option 1 (fixed)
	[0.3348, 0.5252, 0.6111, 0.7180, 0.7320, 0.7668]
	[0.9575, 0.9763, 0.9911, 0.9976, 0.9980, 0.9986]
	[6.66, 4.37, 3.01, 1.44, 1.31, 0.93]

	Option 2B (variable)
	[0.3500, 0.4538, 0.5855, 0.6837, 0.7060, 0.7481]
	[0.9598, 0.9791, 0.9903, 0.9957, 0.9965, 0.9979]
	[6.79, 5.02, 3.04, 1.77, 1.55, 1.06]

	Average performance difference
(using Option 1 as benchmark)
	-0.02680 (-4.0%)
	0.00003 (0.006%)
	0.25 (dB)



Observation 5: For BM-Case1 DL Tx beam prediction, our study shows that using fixed Set B pattern performs only slightly better than using variable Set B patterns (Option 2B with 5 pre-configured Set B patterns) when evaluated using Top-1 prediction accuracy and average L1-RSRP difference of Top-1 predicted beam (with ~0.03 absolute difference in Top-1 prediction accuracy and ~0.25 dB difference in average L1-RSRP difference of Top-1 predicted beam). However, when considering the Top-K prediction accuracy (when K=8), there is no noticeable performance difference between the two options (difference << 1%).
Tx-Rx Beam Pair Prediction
Like the comparison described in Tx beam prediction section, we compare the Tx-Rx beam pair prediction performance between using fixed Set B patterns and variable Set B patterns from 2 aspects:
· Prediction accuracy KPIs
· Top-1 prediction accuracy
· Top-K prediction accuracy, K=8
· Average L1-RSRP difference of Top-1 predicted beam pair
Figure 2.3-4 and Figure 2.3-5 show the Top-1 and Top-8 beam pair prediction accuracy comparisons between using fixed Set B pattern and variable Set B patterns. 
Figure 2.3-6 shows the average L1-RSRP difference of Top-1 predicted beam pair between using fixed Set B pattern and variable Set B patterns.
Figure 2.3-4: Top-1 beam pair prediction accuracy comparison (fixed Set B vs. variable Set B)
Figure 2.3-5: Top-8 beam pair prediction accuracy comparison (fixed Set B vs. variable Set B)


From Figure 2.3-4 and Figure 2.3-5, we observe that fixed Set B pattern achieves better performance in Top-1 and Top-8 beam pair prediction accuracy in general. However, when Set B length increases to 1/4 of Set A, the performance difference for Top-8 beam pair prediction accuracy becomes relatively smaller between using fixed Set B and variable Set B.

Figure 2.3-6: average L1-RSRP difference of Top-1 predicted beam pair comparison (fixed Set B vs. variable Set B)

From Figure 2.3-6, we observe that the average L1-RSRP difference of Top-1 predicted beam pair is also smaller when using fixed Set B pattern compared to using variable Set B patterns in general, however, when Set B length increases to 1/4 of Set A, the average L1-RSRP difference between the 2 options becomes relatively smaller.
Table 2.3-2 summarizes the performance comparison between fixed Set B and variable Set B for DL Tx-Rx beam pair prediction.
Table 2.3-2: Tx-Rx beam pair prediction performance comparison between fixed Set B and variable Set B 
	Set B Option
	Top-1 Prediction Accuracy with Set B length in [4, 8, 16, 32, 64]
	Top-8 Prediction Accuracy with Set B length in [4, 8, 16, 32, 64]
	Average L1-RSRP difference of Top-1 Predicted beam (dB) with Set B length in [4, 8, 16, 32, 64]

	Option 1 (fixed)
	[0.157, 0.225, 0.397, 0.550, 0.652]
	[0.534, 0.680, 0.838, 0.946, 0.983]
	[9.32, 6.40, 3.32, 1.34, 0.71]

	Option 2B (variable)
	[0.120, 0.175, 0.320, 0.493, 0.616]
	[0.485, 0.600, 0.753, 0.924, 0.973]
	[10.09, 7.72, 4.25, 1.81, 0.85]

	Average performance difference
(using Option 1 as benchmark)
	-0.05140 (~-16.2%)
	-0.04920 (~-6.9%)
	0.73 dB



Observation 6: For BM-Case1 DL Tx-Rx beam pair prediction, our study shows that using fixed Set B pattern performs better than using variable Set B patterns (Option 2B with 5 pre-configured Set B patterns) in Top-1/Top-K prediction accuracy and average L1-RSRP difference of Top-1 predicted beam pair in general (with ~0.05 absolute accuracy difference in Top-1 and Top-8 prediction accuracy and ~0.73 dB difference in average L1-RSRP difference of Top-1 predicted beam). However, the performance difference between the two options in Top-K prediction accuracy (when K=8) and average Lr-RSRP difference of the Top-1 predicted beam pair becomes smaller (with ~0.01 absolute accuracy difference in Top-8 prediction accuracy and ~0.14 dB difference in average L1-RSRP difference of Top-1 predicted beam) when Set B length increases to 1/4 of Set A.
Summary on evaluation of AI/ML for beam management
As RAN1#114 is the last meeting for Rel-18 AI/ML for Air Interface study item, we summarize our view regarding the potential focuses for Rel-19 based on the observations from our study and results submitted by companies for spatial-domain beam prediction (BM-Case-1). 
· For DL Tx beam prediction, based on results shared by companies, using “best Rx beam” assumption can provide better prediction performance compared to using “specific Rx beam” while the “specific Rx beam” may be arbitrarily selected, thus, we suggest adopting “best Rx beam” as the baseline assumption.   
· Further study/discuss regarding how to determine the best Rx beam and the associated overhead in Rel-19.
· Based on the results shared by companies for both DL Tx beam prediction or Tx-Rx beam pair prediction, significant performance degradation can be observed when using random Set B patterns (Option 2C) compared to using fixed Set B patterns (Option 1) or variable Set B patterns (Option 2B), thus, we suggest deprioritizing Set B selection Option 2C.
· There have been many rounds of discussion regarding whether to further support/study DL Tx-Rx beam pair prediction and there was no consensus reached as of RAN1#113. To have more focused discussions in Rel-19, we suggest companies to reach consensus on this topic in RAN1#114.

Proposal 1: For BM-Case1 DL Tx beam prediction, consider “best Rx beam” (Option 1: Measurements of the “best” Rx beam) assumption as baseline assumption while other Rx assumptions, e.g., “specific Rx beam” may be considered as optional in normative phase.
Proposal 2: For BM-Case 1 DL Tx beam prediction, further study/discuss options regarding how to determine the “best Rx beam” and evaluate the associated overhead in normative phase.
Proposal 3: For BM-Case1, among various Set B selection options agreed, consider Option 2C (Set B is randomly changed among Set A beams (pairs)) as lower priority in normative phase.
Proposal 4: For BM-Case1, between DL Tx beam prediction and DL Tx-Rx beam pair prediction, companies should reach agreement/consensus in RAN1#114 on whether to support both cases.
Discussion on how AI/ML-based approach can help in beam management procedures
At the end of RAN1#113, FL suggested that companies share their views on how AI/ML can be used/leveraged in existing beam management.
“FL: I still think it is better to clarify on what do we think AI/ML can be implemented in beam management.”
Even though we believe the actual solution realization regarding how AI/ML-based approach can be integrated into existing beam management procedures is implementation-dependent, thus, vendor-specific, we discuss potential usage of AI/ML-based DL Tx beam prediction based on the results observed in our study.
One Potential Usage:
· eNB requests UE to send Tx beam measurements (for configured Set B) from best/quasi-optimal Rx beam. 
· UE determines best/quasi-optimal Rx beam based on either previous measurements or implementation-specific prediction.
· gNB predicts Top-1/Top-K Tx beam using the received measurements for Set B.
· Depending on Top-1/Top-K prediction accuracy and average L1-RSRP difference of the Top-1 predicted beam obtained from model testing phase and performance monitoring outcome, the following options may be considered:
a. If the average L1-RSRP difference of the Top-1 predicted beam is smaller than a pre-defined threshold, e.g., 0.5 dB, gNB may choose to use the predicted best Tx beam for DL data transmission, or
b. If the Top-K (K may be determined based on model testing phase and performance monitoring outcome) beam prediction accuracy is above a pre-defined threshold, e.g., 95%, gNB may request UE to perform beam sweeping on the predicted Top-K Tx beams, then use the Tx beam with the highest measurement for DL data transmission.
· Note: Additional beam sweeping procedure on the UE side may still be required to determine the best Rx beam.
Observation 7: For BM-Case-1 DL Tx beam prediction, the following procedures may be considered as one option for leveraging AI/ML-based approach. 
· eNB requests UE to send Tx beam measurements (for configured Set B) from best/quasi-optimal Rx beam. 
· UE determines best/quasi-optimal Rx beam based on either previous measurements or implementation-specific prediction.
· gNB predicts Top-1/Top-K Tx beam using the received measurements for Set B.
· Depending on Top-1/Top-K prediction accuracy and average L1-RSRP difference of the Top-1 predicted beam obtained from model testing phase and performance monitoring outcome, the following options may be considered:
a. If the average L1-RSRP difference of the Top-1 predicted beam is smaller than a pre-defined threshold, e.g., 0.5 dB, gNB may choose to use the predicted best Tx beam for DL data transmission, or
b. If the Top-K (K may be determined based on model testing phase and performance monitoring outcome) beam prediction accuracy is above a pre-defined threshold, e.g., 99%, gNB may request UE to perform beam sweeping on the predicted Top-K Tx beams, then use the Tx beam with the highest measurement for DL data transmission.
· Note: Additional beam sweeping procedure on the UE side may still be required to determine the best Rx beam.
Conclusions
In this contribution, we shared our results on model generalization Case 1 and Case 2 evaluation for BM-Case-1 DL Tx beam prediction across various UE distribution scenarios. As RAN#114 is the last meeting for the Rel-18 SI on AI/ML for Air Interface, we also summarized our study outcomes based on results we submitted so far. Our observations are as follows.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: For BM-Case1 DL Tx beam prediction, consider “best Rx beam” (Option 1: Measurements of the “best” Rx beam) assumption as baseline assumption while other Rx assumptions, e.g., “specific Rx beam” may be considered as optional in normative phase.
Proposal 2: For BM-Case 1 DL Tx beam prediction, further study/discuss options regarding how to determine the “best Rx beam” and evaluate the associated overhead in normative phase.
Proposal 3: For BM-Case1, among various Set B selection options agreed, consider Option 2C (Set B is randomly changed among Set A beams (pairs)) as lower priority in normative phase.
Proposal 4: For BM-Case1, between DL Tx beam prediction and DL Tx-Rx beam pair prediction, companies should reach agreement/consensus in RAN1#114 on whether to support both cases.
Observation 1: For BM-Case1 DL Tx beam prediction using fixed Set B pattern (Option 1), our study shows:
· When Set B length is 1/4 of Set A: the average L1-RSRP difference of the Top-1 predicted beam pair can achieve < 1 dB.
· When Set B length is 1/8 of Set A: the average L1-RSRP difference of Top-K predicted beam pairs can achieve < 1 dB when K is >=4.
Observation 2: For BM-Case1 DL Tx beam prediction using variable Set B with 5 preconfigured Set B patterns (Option 2B), our study shows:
· When Set B length is 1/4 of Set A: the average L1-RSRP difference of the Top-1 predicted beam pair can achieve < 1 dB.
· When Set B length is 1/8 of Set A: the average L1-RSRP difference of Top-K predicted beam pairs become < 1 dB when K is >=4.
Observation 3: For BM-Case1 DL Tx-Rx beam pair prediction using fixed Set B pattern (Option 1), our study shows:
· When Set B length is 1/4 of Set A: the average L1-RSRP difference of the Top-1 predicted beam pair can achieve < 1 dB.
· When Set B length is 1/8 of Set A: the average L1-RSRP difference of Top-K predicted beam pairs become < 1 dB when K is >=4. 
· When Set B length is 1/16 of Set A: the average L1-RSRP difference of Top-K predicted beam pairs become < 1 dB when K is >=4. 
Observation 4: For BM-Case1 DL Tx-Rx beam pair prediction using variable Set B with 5 preconfigured Set B patterns (Option 2B), our study shows:
· When Set B length is 1/4 of Set A: the average L1-RSRP difference of the Top-1 predicted beam pair can achieve < 1 dB.
· When Set B length is 1/8 of Set A: the average L1-RSRP difference of Top-K predicted beam pairs become < 1 dB when K is >=4. 
· When Set B length is 1/16 of Set A: the average L1-RSRP difference of Top-K predicted beam pairs become < 1 dB when K is 8.
Observation 5: For BM-Case1 DL Tx beam prediction, our study shows that using fixed Set B pattern performs only slightly better than using variable Set B patterns (Option 2B with 5 pre-configured Set B patterns) when evaluated using Top-1 prediction accuracy and average L1-RSRP difference of Top-1 predicted beam (with ~0.03 absolute difference in Top-1 prediction accuracy and ~0.25 dB difference in average L1-RSRP difference of Top-1 predicted beam). However, when considering the Top-K prediction accuracy (when K=8), there is no noticeable performance difference between the two options (difference << 1%).
Observation 6: For BM-Case1 DL Tx-Rx beam pair prediction, our study shows that using fixed Set B pattern performs better than using variable Set B patterns (Option 2B with 5 pre-configured Set B patterns) in Top-1/Top-K prediction accuracy and average L1-RSRP difference of Top-1 predicted beam pair in general (with ~0.05 absolute accuracy difference in Top-1 and Top-8 prediction accuracy and ~0.73 dB difference in average L1-RSRP difference of Top-1 predicted beam). However, the performance difference between the two options in Top-K prediction accuracy (when K=8) and average Lr-RSRP difference of the Top-1 predicted beam pair becomes smaller (with ~0.01 absolute accuracy difference in Top-8 prediction accuracy and ~0.14 dB difference in average L1-RSRP difference of Top-1 predicted beam) when Set B length increases to 1/4 of Set A.
Observation 7: For BM-Case-1 DL Tx beam prediction, the following procedures may be considered as one option for leveraging AI/ML-based approach. 
· eNB requests UE to send Tx beam measurements (for configured Set B) from best/quasi-optimal Rx beam. 
· UE determines best/quasi-optimal Rx beam based on either previous measurements or implementation-specific prediction.
· gNB predicts Top-1/Top-K Tx beam using the received measurements for Set B.
· Depending on Top-1/Top-K prediction accuracy and average L1-RSRP difference of the Top-1 predicted beam obtained from model testing phase and performance monitoring outcome, the following options may be considered:
a. If the average L1-RSRP difference of the Top-1 predicted beam is smaller than a pre-defined threshold, e.g., 0.5 dB, gNB may choose to use the predicted best Tx beam for DL data transmission, or
b. If the Top-K (K may be determined based on model testing phase and performance monitoring outcome) beam prediction accuracy is above a pre-defined threshold, e.g., 99%, gNB may request UE to perform beam sweeping on the predicted Top-K Tx beams, then use the Tx beam with the highest measurement for DL data transmission.
· Note: Additional beam sweeping procedure on the UE side may still be required to determine the best Rx beam.
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