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1. Introduction
At the RAN#94-e meeting, a new SID [1] on “Study on Artificial Intelligence (AI)/Machine Learning (ML) for NR Air Interface” was approved. This SID captures the objective of SI in terms of potential specification impacts as follows.
1) Assess potential specification impact, specifically for the agreed use cases in the final representative set and for a common framework:
· PHY layer aspects, e.g., (RAN1)
· Consider aspects related to, e.g., the potential specification of the AI Model lifecycle management, and dataset construction for training, validation and test for the selected use cases
· Use case and collaboration level specific specification impact, such as new signalling, means for training and validation data assistance, assistance information, measurement, and feedback
· Protocol aspects, e.g., (RAN2) - RAN2 only starts the work after there is sufficient progress on the use case study in RAN1 
·  Consider aspects related to, e.g., capability indication, configuration and control procedures (training/inference),  and management of data and AI/ML model, per RAN1 input 
· Collaboration level specific specification impact per use case 
· Interoperability and testability aspects, e.g., (RAN4) - RAN4 only starts the work after there is sufficient progress on use case study in RAN1 and RAN2
· Requirements and testing frameworks to validate AI/ML based performance enhancements and ensuring that UE and gNB with AI/ML meet or exceed the existing minimum requirements if applicable
· Consider the need and implications for AI/ML processing capabilities definition

2. Discussion on sub use-cases and potential specification impacts on AI/ML for beam management
At the RAN1#109-e meeting and the RAN1#110bis-e, it was agreed that the only spatial-domain DL beam prediction (BM-case 1) and temporal DL beam prediction (BM-case 2) are studied for characterization and baseline performance evaluations as follows [2] [3]. 
Conclusion 
For AI/ML based beam management, RAN1 has no consensus to support on studying any other sub use case in addition to BM-Case1 and BM-Case2
Note: this conclusion is independent of the discussion on the alternatives of AI/ML model inputs for BM-Case1 and BM-Case2

Agreement
For AI/ML-based beam management, support BM-Case1 and BM-Case2 for characterization and baseline performance evaluations
· BM-Case1: Spatial-domain DL beam prediction for Set A of beams based on measurement results of Set B of beams
· BM-Case2: Temporal DL beam prediction for Set A of beams based on the historic measurement results of Set B of beams
· FFS: details of BM-Case1 and BM-Case2
· FFS: other sub use cases
Note: For BM-Case1 and BM-Case2, Beams in Set A and Set B can be in the same Frequency Range

In this contribution, we discuss spatial domain beam prediction and temporal beam prediction.
2.1. General aspects for DL beam prediction for NW side and UE side
2.1.1. Beam Set for DL beam prediction
At the RAN1#110bis-e and the RAN1#112, the definition of Set B was clarified, and the concept of Set C was introduced as follows, respectively [3] [4].
Conclusion 
For the sub use case BM-Case1 and BM-Case2, Set B is a set of beams whose measurements are taken as inputs of the AI/ML model

Agreement
· Additionally study the following option on the selection of Set B of beams (pairs) (for Option 2: Set B is variable) 
· Opt D: Set B is a subset of measured beams (pairs) Set C (including Set B = Set C), e.g. Top-K beams(pairs) of Set C
· Companies report the number of pre-configured patterns used in the evaluation for Option 2: Set B is variable if applicable (e.g. Opt A and Opt B)

In the above agreement, Set C is defined as the measured beams (pairs). In the DL beam prediction at NW side, Set B is selected from the reported beams. However, the reported beams are not always the same as measured beams. For example, the reported beams are ones achieving the largest L1-RSRP among the measured beams in the current L1-RSRP reporting. As the Set B and Set C are not always the same, it is better to differentiate them. For the same reason, we think it is better to define Set D as a set of beams which could be potentially measured by UE. Fig.1 illustrates the example of Set A, Set B, Set C, and Set D.
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Figure 1. Example of Set A, Set B, Set C, and Set D. (a) DL beam prediction at UE side (b) DL beam prediction at NW side.
In the practical scenario, UE cannot detect some signals due to the measurement sensitivity when the SNR is lower than certain level. Then, it is meaningless to measure the beam achieving very low SNR, such as the beam whose boresight is not aligned with UE direction. As one of the biggest motivations of the beam prediction is to reduce the number of beam measurements, the useless beam measurements should be avoided as much as possible in the beam prediction. Then, it is reasonable that UE does not measure all beams when some beams are expected to be not detectable. In other words, Set C should be chosen smartly among the potentially measured beams (Set D). Considering the situation where Set C is a subset of Set D, Set D should be defined to facilitate the discussion.
Proposal 1: Define Set C and Set D as follows to facilitate the discussion
・Set C is a set of beams whose measurements are obtained by UE for model inputs (Set B ⊂ Set C)
・Set D is a set of beams which could be potentially measured by UE  (Set C ⊂ Set D)
Proposal 2: Study the following scenario for the beam prediction
・Fixed Set C: UE measure the same beam per model inference.
・Variable Set C: UE may measure the different beam per model inference.
2.1.2. Beam indication of Set A in Tx beam prediction
Beam indication of Set A after beam prediction is one important aspect to study. In beam prediction, Set B/C can consist of a subset of Set A or different beams of Set A. When the predicted top-1 or top-K Set A beam(s) are not included in Set C, it is unclear if additional measurements of Set A beam are necessary before PDSCH/PDCCH reception with corresponding Set A beam. One candidate approach is the beam indication of Set A via QCL source of Set B/C. In this case, UE skips additional Set A beam measurement after beam prediction. However, this approach is under the assumption that TCI state indicating the Set B/C as QCL source is sufficient to receive signals with Set A beam. The other approach is to measure Set A beam before PDSCH/PDCCH reception. However, this additional measurement can be the measurement overhead. As each approach has pros and cons, RAN1 should study how to indicate Set A beam that is not included in Set B/C after beam prediction. 
Proposal 3: Study how to indicate the beam of Set A that is not included in Set B/C. At least the following approaches can be considered.
・Beam indication of Set A via QCL source of Set B/C 
・Beam indication of Set A via QCL source of Set A with additional measurement of Set A
2.1.3. Performance monitoring for DL beam prediction 
At the RAN1#112, the agreement related to the metric for the performance monitoring in DL beam prediction was made as follows [4]
Agreement 
Regarding the performance metric(s) of AI/ML model monitoring for BM-Case1 and BM-Case2, study the following alternatives (including feasibility/necessity) with potential down-selection:
· Alt.1: Beam prediction accuracy related KPIs, e.g., Top-K/1 beam prediction accuracy
· Alt.2: Link quality related KPIs, e.g., throughput, L1-RSRP, L1-SINR, hypothetical BLER
· Alt.3: Performance metric based on input/output data distribution of AI/ML 
· Alt.4: The L1-RSRP difference evaluated by comparing measured RSRP and predicted RSRP 
· Other alternatives are not precluded
· Note: At least the performance and spec impact should be considered

Performance metric is an important aspect in performance monitoring. Beam prediction accuracy related KPI can accurately evaluate the model inference performance. This metric can be calculated based on the inference results (predicted Set A beam RSRP/indication) and the target values of model inference (ground truth data). The drawback of this approach is the measurement overhead. As it is necessary to search out the actual top-K/1 beam(s) in this approach, the beam measurements of all Set A beams are required. 
Observation 1: Beam prediction accuracy related KPI requires the large measurement overhead for searching out the actual top 1/K beam(s). 
Link quality related KPI is another metric in performance monitoring. As these KPIs are anyway necessary for the NW operation, this metric can be obtained without the additional signalling and measurements for performance monitoring. One drawback of the performance monitoring based on link quality related KPI is the relevance to the model performance. Even if the monitored link quality related KPI (e.g., throughput and L1-RSRP) is low, it is difficult to discern if this deterioration comes from the active model performance. 
Observation 2: Link quality related KPI is affected by various factors in addition to model performance. 
Input/output data distribution is also one approach to monitor the model performance. The drift detection based on the data distribution can discern if the data characteristic is the same between the model training stage and the model inference stage. If the statistical data characteristic is changed, the model performance also might change according to it. However, as the relevance of the data distribution to the model/system performance is questionable, the accuracy of the performance monitoring based on input/output data distribution in beam prediction should be discussed before studying the specification impacts related to it.
Proposal 4: Discuss the feasibility of the performance monitoring based on the input/output data distribution in the beam prediction, before the specification impact discussion related to it. 
Predicted L1-RSRP difference is one of the attractive performance metrics. This approach can evaluate the model performance by comparing the predicted value with the actual value of the same beam. As opposed to the beam prediction accuracy related KPI, the predicted L1-RSRP does not require searching out the actual top-1/K beam(s). Instead, the only measurements of the top-1/K predicted beams are necessary in addition to the inference results. Hence, the additional measurement overhead is lower than the beam prediction accuracy related KPI. 
Observation 3: The required measurement overhead for performance monitoring is relatively low for the monitoring based on the predicted L1-RSRP difference. 
The characteristics of each performance metric in beam prediction are summarized in Table1. 
Table 1. Performance metric comparison in beam prediction.
	
	Alt.1 Beam prediction accuracy related KPI (e.g., top-1/K beam prediction accuracy, L1-RSRP difference)
	Alt.2 Link quality related KPI (e.g., throughput, L1-RSRP)
	Alt.3 Input/output distribution
	Alt.4 Predicted L1-RSRP difference of top-1/K beam(s)

	Relevance to the model performance
	Performance metric reflects on the model performance
	Feasibility is FFS. Many factors other than model performance affect the system performance 
	Feasibility is FFS.
	Feasibility is FFS.

	Measurement/reporting overhead
	Large overhead to search out the actual top-1 beam. 
	No additional overhead is necessary
	No additional overhead is necessary.
	Only measurements of top-1/K predicted beams are additionally necessary.


In temporal beam prediction, one model can predict beam qualities associated with multiple prediction time offsets (time gaps between the measurement and predicted beam qualities), as can be seen in Fig. 2. As the prediction time offset gets large, the prediction difficulty gets increased. Then, it is preferrable to calculate the performance metric per prediction time offset for the performance analysis. In this manner, NW can discern reliability of the predicted value corresponding to each prediction time offsets for NW operation.
Proposal 5: Study performance metric calculation per prediction time offset for monitoring temporal beam prediction.
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Figure 2. Performance monitoring of model/functionality predicting beam qualities associated with multiple time instances.
Agreement 
For the sub use case BM-Case1, consider both Alt.1 and Alt.2 for further study:
· Alt.1: AI/ML inference at NW side
· Alt.2: AI/ML inference at UE side
Agreement 
For the sub use case BM-Case2, consider both Alt.1 and Alt.2 for further study:
· Alt.1: AI/ML inference at NW side
· Alt.2: AI/ML inference at UE side

For the spatial domain beam prediction and temporal beam prediction, it was agreed to study the beam prediction at UE side and NW side at the RAN1#109-e meeting [2]. Since the potential specification impacts heavily depend on where model inference is performed, we discuss the potential specification impacts related to spatial domain beam prediction and temporal beam prediction for NW side model and UE side model individually in the subsequent sections, respectively.
2.2. DL beam prediction with NW side model
Since gNB is expected to have more computational resources, memory storage, and high-frequent exposure to communications compared with UE, DL beam prediction with NW side model is one of the promising scenarios. 
In Rel-17, beam measurement reporting supports reporting UE panel used for the corresponding measurement. However, Rx beam ID is still determined by UE implementation and not included in the current beam measurement reports. The lack of DL Rx beam information at NW side makes it difficult to perform beam prediction with NW side model. DL Rx beam prediction and DL Tx-Rx beam pair prediction at NW are apparently hard without Rx beam information. However, there is a concern about reporting DL Rx beams due to the proprietary aspects. If RAN1 can make the consensus that the DL Rx beam information cannot be reported to NW, DL Tx-Rx beam pair prediction with NW side model should be deprioritized due to the feasibility.
Observation 4: In DL Tx-Rx beam pair prediction with NW side model, some mechanisms to report Rx beam ID used for beam measurements are necessary. 
Proposal 6: If RAN1 can make the consensus that the DL Rx beam information cannot be reported to NW, DL Tx-Rx beam pair prediction with NW side model should be deprioritized due to the feasibility.
In addition, Tx beam prediction is also difficult when DL Rx beam is frequently changed without NW awareness, because the measurement value is different even with the same Tx beam according to the DL Rx beam. In Fig.3, two Rx beam determination mechanisms are illustrated. When the Rx beam for each Tx beam measurement is determined to achieve the largest RSRP for each Tx beam (Alt 1 in Fig. 3), Tx beam prediction performance deteriorates compared to the case where the particular Rx beam is used for all Tx beam measurements (Alt 2 in Fig. 3), as shown in our companion contribution [6]. Furthermore, the relative measurement error becomes large when different Rx beams are applied for the measurements. It implies that if the inputs consist of measurement with different Rx beams in Tx beam prediction, the relative measurement errors in Set B becomes larger than the case where all input values are measured with the same Rx beam. For those reasons, it is beneficial to use the measurements from the same Rx beam in Set B. In NW side beam prediction, the model inputs are measurements reported from UE. As the appropriate Rx beam determination mechanism for the measurement is different depending on whether NW performs the beam prediction or not, NW should be able to configure at least Rx beam determination policy for the measurement reporting.
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Figure 3. Example of Rx beam determination policy. Alt1) Set B measurement is obtained from the best Rx beam for each Tx beam. Alt2) Set B measurement is obtained from the best Rx beam for the best Tx-Rx beam pair among Set C.
Proposal 7: Study the potential specification impacts of Rx beam determination policy for measurement reporting for NW side beam prediction. E.g., the measurements results from the same Rx beam are reported for Set B.
In UE side model, UE is expected to report the condition on the functionality so that NW discerns if the functionality is applicable to configuration/deployment. In the same manner, some mechanisms to check the applicability of NW side model should be studied. One promising approach is to report the UE deployment/configuration info as assistance information for the NW side model/functionality applicability determination. In our view, at least the following information about UE can be considered for this purpose.
· Rx beam determination mechanism
· UE antenna/beam configuration
· UE antenna radiation pattern
Of course, the proprietary aspects should be considered when the deployment information are treated. For example, the virtualized ID representing each deployment information can be used as assistance information instead of informing actual deployment. 
Proposal 8: Study the potential specification impacts of assistance information (e.g., virtualized ID) to help the applicability determination of NW side models. At least the following information can be included in assistance information.
· Rx beam determination mechanism
· UE antenna/beam configuration
· UE antenna radiation pattern
2.2.1. Spatial domain DL beam prediction with NW side model
Since spatial domain DL beam prediction can estimate the best beam based on CSI reports with sparse beam measurements, CSI report does not necessarily include the beam measurements associated with the best beam. Moreover, covering a wide direction with a small number of beam measurements could be important for spatial domain beam prediction. On the other hand, measurement sensitivity should be considered. If the SNR is lower than certain level, the measurement values are not reliable for model inputs. Given that the only measurements satisfying the measurement sensitivity are useful, UE should report measurements whose value is larger than certain threshold. Thus, there are several aspects to be considered regarding what beams should be reported for the beam prediction. In the current L1-RSRP reporting, RSRP of the CRI/SSBRI achieving the largest RSRP is reported. However, the selection policy on CRI/SSBRI whose RSRP is reported could be optimized for this sub use case. 
Observation 5: Study the potential specification impacts on the reported measurement selection policy, e.g., filtering the reported measurements whose value is larger than certain threshold. 
2.2.2. Temporal DL beam prediction with NW side model
At the RAN1#113 meeting, it was agreed to study reporting of measurements associated with multiple past time instances in one reporting instance as follows [5].
Agreement
For BM-Case2, study necessity, benefit(s) and potential specification impact from the following additional aspects for AI model inference:
· Reporting information about measurements of multiple past time instances in one reporting instance for BM-Case2 
· Note: only applicable to network-side AI/ML model
· Note: The potential performance gains of measurement reporting should be justified by considering UCI payload overhead

Historical beam measurements in one reporting instance can help AI/ML to provide high performance in beam management [6]. If measurements associated with multiple time instances can be included in one reporting instance, it could reduce the number of UL transmissions. Also, it is possible to reduce UCI payload overhead by optimizing the structure of UCI. For instance, current L1-RSRP reporting conveys RSRP of the CRI/SSBRI achieving the largest RSRP. As a result, each CSI report might include RSRP of the different CRI/SSBRI over time if CSI is reported at each time instance. But for the purpose of tracking beam quality, the data showing how the quality of same beam changes in time domain is useful. In that sense, common CRI/SSBRI of beam reporting over time domain might be beneficial for time domain beam prediction, which reduces the UCI payload by not repeating CRI/SSBRI for each time instance. In addition to it, UCI payload can be reduced by representing L1-RSRP via differential values from ones at different time instances. Fig. 4 illustrates the enhanced beam reporting for temporal beam prediction at NW side. 
Proposal 9: Study at least the following UCI payload overhead reduction via L1 beam reporting of multiple measurement time instances in one reporting instance for temporal beam prediction.
・Common CRI/SSBRI at multiple time instances to track the beam quality
・Differential L1-RSRP value representation from ones at different time instances.
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Figure 4. Example of enhanced beam reporting of measurements at multiple time instances for temporal beam prediction.
2.3. DL beam prediction with UE side model
When DL beam prediction is performed at UE side, the DL Rx beam information is fully available. Also, the DL beam measurement values can be obtained without beam measurement reporting unlike DL beam prediction at NW side. Thus, DL beam prediction at UE side is also as promising as well as beam prediction at NW side. 
At the RAN1#113 meeting [5], the agreement related to conditions was made.
Agreement
For BM-Case1 and BM-Case2 with a UE-side AI/ML model, study the necessity and potential BM-specific conditions/additional conditions for functionality(ies) and/or model(s) at least from the following aspects:
· information regarding model inference 
· Set A / Set B configuration
· performance monitoring
· data collection
· assistance information

In the above agreement, captured aspects of conditions are still very high-level description. We think more concrete information should be specified as conditions for further study. In our view, conditions should include all information that NW should know for the configuration/activation decision. Then, at least the following information can be considered as potential conditions for UE side beam prediction.
· RS configuration of Set C, e.g., numerologies, carrier frequency, bandwidth, frequency density, and number of antenna ports
· Applicable NW deployment, e.g., gNB antenna/beam configuration, gNB antenna radiation pattern
· Reportable information, e.g., Set A information, predicted values (predicted L1-RSRP or top-K predicted beam indices), and predicted time offset
· Applicable channel property, e.g., received signal strength (RSRP/SINR), interference signal strength, LOS/NLOS condition, doppler information (UE speed) 
Proposal 10: Study what aspects should be included in the condition indicated by UE capability for UE side beam prediction. At least the following information can be considered as potential conditions. 
· RS configuration of Set C, e.g., numerologies, carrier frequency, bandwidth, frequency density, and number of antenna ports
· Applicable NW deployment, e.g., gNB antenna/beam configuration, gNB antenna radiation pattern
· Reportable information, e.g., Set A information, predicted values (predicted L1-RSRP or top-K predicted beam indices), and predicted time offset
· Applicable channel property e.g., received signal strength (RSRP/SINR), interference signal strength, LOS/NLOS condition, doppler information (UE speed) 
When beam prediction is performed based on UE measurements at UE side, more complicated computational processing is expected than calculating just measurement values. Also, multiple CSI-RS resources or multiple RS occasions are necessary to calculate the predicted values for temporal beam prediction. In those cases, it is unclear if the legacy CSI framework, such as CSI processing unit framework and CSI computation time mechanism, can be reused for predicted beam reporting. These aspects should be studied to check the feasibility.
Proposal 11: Study if the legacy CSI framework, such as CSI processing unit framework and CSI computation time mechanism, can be reused for predicted beam reporting.
2.3.1. Performance monitoring of UE side models 
At the RAN1#112bis-e meeting, the agreements related to the performance monitoring was made [11].
Agreement
For AI/ML performance monitoring for BM-Case1 and BM-Case2, study potential specification impact of at least the following alternatives as the benchmark/reference (if applicable) for performance comparison:
        Alt.1: The best beam(s) obtained by measuring beams of a set indicated by gNB (e.g., Beams from Set A)
o   FFS: gNB configures one or multiple sets for one or multiple benchmarks/references
        Alt.4: Measurements of the predicted best beam(s) corresponding to model output (e.g., Comparison between actual L1-RSRP and predicted RSRP of predicted Top-1/K Beams)
        FFS:
o   Alt.3: The beam corresponding to some or all the indicated/activated TCI state(s)   
        Other alternative is not precluded. 


Alt.1 approach requires identifying the best beam. It implies this performance monitoring involves the measurements of all Set A beams. Then, the RS configuration to enable such measurements could be potential specification impacts. Also, in NW side performance monitoring, the measurement reporting of top1/K Set A beam(s) could be potential specification impacts in order to obtain the ground truth data for performance monitoring at NW side. In hybrid performance monitoring, reporting of top-1/K beam prediction accuracy/L1-RSRP difference/event occurrence could be considered as potential specification impacts specific to Alt.1 performance monitoring.
On the other hand, Alt4 requires the additional measurement of top-1/K predicted Set A beams. Hence, the RS configuration enabling that measurement could be potential specification impacts. Regarding the potential specification impacts related to reporting, reporting of top-1/K predicted Set A beam(s) measurements and the predicted L1-RSRP difference can be expected as potential specification impacts specific to Alt4 performance monitoring for NW side performance monitoring and hybrid performance monitoring, respectively.
Table 2 summarizes the potential specification impacts for Alt.1 and Alt.4 performance monitoring. 
Observation 6: Potential specification impacts from the performance monitoring via the measurement of the actual best beam and the predicted best beam can be summarized in Table 2.
Table 2. Potential specification impact for Alt.1 and Alt.4 performance monitoring.
	
	Alt.1 Beam prediction accuracy related KPI (e.g., top1/K beam prediction accuracy, L1-RSRP difference)
	Alt.4 Predicted L1-RSRP difference of top1/K beam(s)

	Data collection 
	・Measurements of all Set A beams
・RS Configuration to enable the above measurement
	・Measurements of top-1/K predicted Set A beams
・RS Configuration to enable the above measurement

	Reporting
	・Report the measurement of top-1/K measured Set A beams for NW side performance monitoring
・Report top-1/K beam prediction accuracy/L1-RSRP difference/event occurrence for hybrid performance monitoring
・Report upcoming operation request based on the monitored performance for UE side performance monitoring
	・Report the measurement of top-1/K predicted Set A beams for NW side performance monitoring
・Report predicted L1-RSRP difference/event occurrence for hybrid performance monitoring
・Report upcoming operation request based on the monitored performance for UE side performance monitoring


Performance monitoring was studied to guarantee the performance in the actual field. If the model/functionality failure can be detected via performance monitoring soon after it occurs, the performance drop due to model/functionality failure can be alleviated. Hence, it is beneficial to enable fast identification and fast recovery via performance monitoring. 
The fast identification of model/functionality failure can be achieved via L1/L2 reporting of calculated performance metric and even occurrence for hybrid performance monitoring, and the upcoming operation request for UE side performance monitoring, respectively.
Proposal 12: Study the L1/L2 reporting of the calculated performance metrics, event occurrence, and upcoming operation request for near real time performance monitoring.
In NW side performance monitoring, the fast identification of model/functionality failure requires the large overhead to report the inference results for performance calculation. Also, since there is no performance benefit of NW side performance monitoring over hybrid performance monitoring, we would rather focus on hybrid performance monitoring than NW side performance monitoring.
Proposal 13: Prioritize hybrid performance monitoring over NW side performance monitoring due to the large overhead. 
3. Conclusion
In this contribution, we discussed the sub use-cases and potential specification impacts on AI/ML for beam management. Based on the discussion we made the following observations and proposals.
Observation 1: Beam prediction accuracy related KPI requires the large measurement overhead for searching out the actual top 1/K beam(s). 
Observation 2: Link quality related KPI is affected by various factors in addition to model performance.
Observation 3: The required measurement overhead for performance monitoring is relatively low for the monitoring based on the predicted L1-RSRP difference. 
Observation 4: In DL Tx-Rx beam pair prediction with NW side model, some mechanisms to report Rx beam ID used for beam measurements are necessary. 
Observation 5: Study the potential specification impacts on the reported measurement selection policy, e.g., filtering the reported measurements whose value is larger than certain threshold. 
Observation 6: Potential specification impacts from the performance monitoring via the measurement of the actual best beam and the predicted best beam can be summarized in Table 2.
Proposal 1: Define Set C and Set D as follows to facilitate the discussion
・Set C is a set of beams whose measurements are obtained by UE for model inputs (Set B ⊂ Set C)
・Set D is a set of beams which could be potentially measured by UE  (Set C ⊂ Set D)
Proposal 2: Study the following scenario for the beam prediction
・Fixed Set C: UE measure the same beam per model inference.
・Variable Set C: UE may measure the different beam per model inference.
Proposal 3: Study how to indicate the beam of Set A that is not included in Set B/C. At least the following approaches can be considered.
・Beam indication of Set A via QCL source of Set B/C 
・Beam indication of Set A via QCL source of Set A with additional measurement of Set A
Proposal 4: Discuss the feasibility of the performance monitoring based on the input/output data distribution in the beam prediction, before the specification impact discussion related to it. 
Proposal 5: Study performance metric calculation per prediction time offset for monitoring temporal beam prediction.
Proposal 6: If RAN1 can make the consensus that the DL Rx beam information cannot be reported to NW, DL Tx-Rx beam pair prediction with NW side model should be deprioritized due to the feasibility.
Proposal 7: Study the potential specification impacts of Rx beam determination policy for measurement reporting for NW side beam prediction. E.g., the measurements results from the same Rx beam are reported for Set B.
Proposal 8: Study the potential specification impacts of assistance information (e.g., virtualized ID) to help the applicability determination of NW side models. At least the following information can be included in assistance information.
· Rx beam determination mechanism
· UE antenna/beam configuration
· UE antenna radiation pattern
Proposal 9: Study at least the following UCI payload overhead reduction via L1 beam reporting of multiple measurement time instances in one reporting instance for temporal beam prediction.
· Common CRI/SSBRI at multiple time instances to track the beam quality
· Differential L1-RSRP value representation from ones at different time instances.
Proposal 10: Study what aspects should be included in the condition indicated by UE capability for UE side beam prediction. At least the following information can be considered as potential conditions. 
· RS configuration of Set C, e.g., numerologies, carrier frequency, bandwidth, frequency density, and number of antenna ports
· Applicable NW deployment, e.g., gNB antenna/beam configuration, gNB antenna radiation pattern
· Reportable information, e.g., Set A information, predicted values (predicted L1-RSRP or top-K predicted beam indices), and predicted time offset
· Applicable channel property e.g., received signal strength (RSRP/SINR), interference signal strength, LOS/NLOS condition, doppler information (UE speed) 
Proposal 11: Study if the legacy CSI framework, such as CSI processing unit framework and CSI computation time mechanism, can be reused for predicted beam reporting.
Proposal 12: Study the L1/L2 reporting of the calculated performance metrics, event occurrence, and upcoming operation request for near real time performance monitoring.
Proposal 13: Prioritize hybrid performance monitoring over NW side performance monitoring due to the large overhead. 
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(a) Example of Set A, Set B, Set C, and Set D at UE side model
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(b) Example of Set A, Set B, Set C, and Set D at NW side model
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Predicted values at multiple time instances might be obtained by the prediction
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