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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

[bookmark: _Hlk99710673]In this contribution, we discuss sub use-cases and potential specification impacts on AI/ML for beam management.
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

2.1. General aspects for DL beam prediction
2.1.1. Beam prediction scenario
At the RAN1#110 meeting, the following beam prediction types for spatial domain beam prediction (BM-Case 1) and temporal beam prediction (BM-Case 2) were agreed to be studied [4].
Agreement 
For the sub use case BM-Case1 and BM-Case2, further study the following alternatives for the predicted beams:
· Alt.1: DL Tx beam prediction
· Alt.2: DL Rx beam prediction
· Alt.3: Beam pair prediction (a beam pair consists of a DL Tx beam and a corresponding DL Rx beam)
· Note1: DL Rx beam prediction may or may not have spec impact

As shown in the Note1 in the above agreement, Rx beam prediction could be up to implementation without any specification impacts. Also, as the number of Rx beams is generally smaller than that of Tx beams in DL, the expected overhead reduction gain of beam prediction is relatively small. For those reasons, we focus on DL Tx beam prediction and beam pair prediction in this contribution. 
Currently, RAN1 AI/ML study covers a variety of scenarios/options for the beam prediction. Given that it is important to consider all possibilities, some studied scenarios could be unpractical or minor cases. For the efficacy of the study, it is reasonable to put the focus on the study of practical scenarios if possible. As the first step, we think RAN1 should discuss and identify the practical scenario for Tx beam prediction and beam pair prediction in addition to the performance gain.
Proposal 1: Identify the practical scenario for Tx beam prediction and beam pair prediction. 
Fig. 1 illustrates three scenarios for Tx beam prediction and beam pair prediction. Since the beam prediction requires Set B measurements as inputs for AI/ML models, P1 measurement is inevitable for both Tx beam prediction and beam pair prediction. When Tx beam prediction is applied, the beam quality of dense Tx beams can be estimated based on Set B measurements. As a result, P2 measurement can be replaced by the beam prediction as shown in Fig. 1. 
Depending on whether Rx beam refinement is performed after Tx beam prediction or not, Tx beam prediction can be categorized into two scenarios. When Rx beam refinement is not performed, UE determines the DL Rx beam based on P1 measurement. On the other hand, P3 measurement is necessary if Rx beam refinement is performed after beam prediction, as depicted in scenario 2 of Fig.1. In case of beam pair prediction, Rx beam can be predicted in addition to Tx beam. Hence, P2 and P3 beam measurements can be replaced by the beam pair prediction. Also, it should be noted that additional K measurements are necessary after beam prediction, if top K beam prediction is applied. 
Observation 1: After the beam prediction, additional beam measurements are necessary for the beam determination in the following case 
・Top K beam prediction is applied
・Rx beam refinement is performed after Tx beam prediction
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Figure 1. Necessary measurements for Tx beam prediction and beam pair prediction. (a) Tx beam prediction (b) beam pair prediction
At the RAN1#111 meeting, it was agreed to report the assumption on T1 and T2 patterns in temporal beam prediction [5].
Agreement
· For the evaluation of the overhead for BM-Case2, adoption the following metrics:
· RS overhead reduction, 
· Option 2: 
· where N is the total number of beams (pairs) (with reference signal (SSB and/or CSI-RS)) required for measurement for AI/ML, including the beams (pairs) required for additional measurements before/after the prediction if applicable
· Where M is the total number of beams (pairs) (with reference signal (SSB and/or CSI-RS)) required for measurement for baseline scheme
· Companies report the assumption on additional measurements
· FFS: Option 3:  
· where N is the number of beams (pairs) (with reference signal (SSB and/or CSI-RS)) required for measurement for AI/ML in each time instance
· where M is the total number of beams (pairs) to be predicted for each time instance
· where L is ratio of periodicity of time instance for measurements to periodicity of time instance for prediction
· Companies report the assumption on T1 and T2 patterns

In temporal beam prediction, there are two patterns for T1 and T2 as shown in Fig.2: prediction of beam quality between each measurement/reporting (pattern A) and prediction of beam quality instead of measurement/reporting (pattern B). In case of pattern A, the time sequence of inputs for AI/ML model in T1 has different periodicity from one of outputs in T2. Since the beam prediction can be used to interpolate the beam quality between each measurement, the periodicity of beam measurement/reporting can be configured to be large compared to one without the beam prediction. On the other hand, the time sequence of inputs for AI/ML model has the same periodicity from one of outputs in pattern B. In this pattern, beam measurement/reporting can be skipped after certain number of measurements, because the beam prediction can compensate them based on the historical beam measurements. Thus, even though both patterns can reduce the overhead of measurement/reporting, one approach can lead to the large periodicity of measurement/reporting, while the other approach could enable skipping of measurement/reporting for a while. As both approaches bring the practical gain and the desired pattern can be different according to NW operation, it is beneficial to study both patterns for T1 and T2. 
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Figure 2. T1 and T2 patterns in temporal beam prediction. (a) prediction of beam quality between each measurement/reporting (b) prediction of beam quality instead of measurement/reporting.
Proposal 2: Study the following two patterns for T1 and T2 in temporal beam prediction.
・prediction of beam quality between each measurement/reporting
・prediction of beam quality instead of measurement/reporting
2.1.2. Assistance information
At the RAN1#109-e meeting, the candidate inputs of ML models for spatial domain beam prediction (BM-Case 1) and temporal beam prediction (BM-Case 2) were listed as follows [2].
Conclusion
Regarding the sub use case BM-Case1, further study the following alternatives for AI/ML input:
· Alt.1: Only L1-RSRP measurement based on Set B
· Alt.2: L1-RSRP measurement based on Set B and assistance information
· FFS: Assistance information. The following were mentioned by companions in the discussion:  Tx and/or Rx beam shape information (e.g., Tx and/or Rx beam pattern, Tx and/or Rx beam boresight direction (azimuth and elevation), 3dB beamwidth, etc.), expected Tx and/or Rx beam for the prediction (e.g., expected Tx and/or Rx angle, Tx and/or Rx beam ID for the prediction), UE position information, UE direction information, Tx beam usage information, UE orientaton information, etc.
· Note: The provision of assistance information may be infeasible due to the concern of disclosing proprietary information to the other side.
· Alt.3: CIR based on Set B
· Alt.4: L1-RSRP measurement based on Set B and the corresponding DL Tx and/or Rx beam ID
· Note1: It is up to companies to provide other alternative(s) including the combination of some alternatives
· Note2: All the inputs are “nominal” and only for discussion purpose.

Conclusion
Regarding the sub use case BM-Case2, further study the following alternatives of measurement results for AI/ML input (for each past measurement instance):
· Alt.1: Only L1-RSRP measurement based on Set B
· Alt 2: L1-RSRP measurement based on Set B and assistance information
· FFS: Assistance information. The following were mentioned by companies in the discussion:, Tx and/or Rx beam angle, position information, UE direction information, positioning-related measurement (such as Multi-RTT), expected Tx and/or Rx beam/occasion for the prediction (e.g., expected Tx and/or Rx beam angle for the prediction, expected occasions of the prediction), Tx and/or Rx beam shape information (e.g., Tx and/or Rx beam pattern, Tx and/or Rx beam boresight directions (azimuth and elevation), 3dB beamwidth, etc.) , increase ratio of L1-RSRP for best N beams, UE orientation information
· Note: The provision of assistance information may be infeasible due to the concern of disclosing proprietary information to the other side.
· Alt.3: L1-RSRP measurement based on Set B and the corresponding DL Tx and/or Rx beam ID
· Note1: It is up to companies to provide other alternative(s) including the combination of some alternatives
· Note2: All the inputs are “nominal” and only for discussion purpose.

As can be seen in the conclusions, various assistance beam information and Rx beam ID are considered in some AI/ML input alternatives. However, some companies have concerns about revealing their deployment beam information. Hence, RAN1 should firstly encourage companies to bring up their views about what information can be disclosed as assistance information between UE and NW for the AI/ML beam management. If at least one company from each UE vendor, gNB vendor, and operator agrees with the feasibility of revealing the assistance information to the other side from the proprietary perspective, the assistance information could be supported at least as optional feature. Hence, RAN1 should discuss the beam prediction gain and its signalling mechanism for the feasible assistance beam information, after the feasibility of assistance information is confirmed by UE vendor, gNB vendor, and operator. 
Proposal 3: Study the performance/mechanism of assistance information only if at least one company from each UE vendor, gNB vendor and operator agrees with the feasibility of disclosing the information to the other side from the proprietary perspective.
2.1.3. Life cycle management for DL beam prediction 
At the RAN1#110 and the RAN1#110bis-e, it was agreed to study the specification impacts related to the model monitoring of the beam prediction as follows [4][6]
Agreement
Regarding the model monitoring for BM-Case1 and BM-Case2, to investigate specification impacts from the following aspects
· Performance metric(s)
· Benchmark/reference for the performance comparison
· Signaling/configuration/measurement/report for model monitoring, e.g., signaling aspects related to assistance information (if supported), Reference signals
· Other aspect(s) is not precluded

Agreement
Study at least the following metrics/methods for AI/ML model monitoring in lifecycle management per use case:
0. Monitoring based on inference accuracy, including metrics related to intermediate KPIs
0. Monitoring based on system performance, including metrics related to system performance KPIs
0. Other monitoring solutions, at least following 2 options.
2. Monitoring based on data distribution
0. Input-based: e.g., Monitoring the validity of the AI/ML input, e.g., out-of-distribution detection, drift detection of input data, or SNR, delay spread, etc.
0. Output-based: e.g., drift detection of output data
2. Monitoring based on applicable condition
Note: Model monitoring metric calculation may be done at NW or UE

Performance metric is an important aspect in model monitoring. As shown in the above agreement, the model accuracy and system performance were agreed as a performance metric to be studied. Model accuracy is to evaluate the reliability of model inference. 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). Fig. 3 shows example of how to obtain the model accuracy, when the input of model inference and the target value of model inference are L1-RSRP of Set B and L1-RSRP of Set A, respectively. 
Observation 2: The following values are necessary for evaluating model accuracy. 
・Model inference results: predicted beam quality of Set A (e.g. estimated L1-RSRP of Set A) 
・Ground truth data: actual beam quality of Set A (e.g. L1-RSRP of Set A)
When multiple models are available, NW can determine which model to be activated according to the real time model accuracy of each model.
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Figure 3. Model performance monitoring in beam prediction, when the input of model inference and the target value of model inference are L1-RSRP of Set B and L1-RSRP of Set A, respectively.
As can be seen from Fig. 3, beam measurements of Set A are necessary to evaluate model accuracy in addition to the beam measurements of Set B. For the spatial domain beam prediction, these beam measurements should be as close as possible in time domain so that the accurate performance metric can be obtained. On the other hand, temporal beam prediction outputs the future beam quality based on the historical past beam measurements. Then, the time offset should be applied between beam measurement timing for Set A and that for Set B as shown in Fig.4, so that the predicted L1-RSRP of Set A and actually measured L1-RSRP of Set A at close time can be compared for model monitoring. Thus, RS configuration optimized for model monitoring should be considered differently according to the spatial domain beam prediction and temporal beam prediction. 
Proposal 4: Consider RS configuration to enable both Set A and Set B beam measurement with the following condition.
・Spatial domain beam prediction: SetA and SetB beam measurements at close time
・Temporal beam prediction: SetA and SetB beam measurements with certain prediction time offset
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Figure 4. RS configuration example for model monitoring of temporal beam prediction.
System performance is another metric in model monitoring. In our view, the system performance can be categorized into the expected system performance and the empirical system performance. The expected system performance is calculated based on the model accuracy, while the empirical system performance is obtained via observing the signals transmitted with the predicted beams. One drawback of the model monitoring based on system performance is the relevance to the model performance. Even if the monitored system performance is low, it is difficult to discern if this deterioration comes from the active model performance.
Observation 3: System performance can be obtained by the empirical observation or the calculation with model accuracy and the channel measurements. 
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 model monitoring based on input/output data distribution in beam prediction should be discussed before studying the specification impacts related to it.
Proposal 5: Discuss the feasibility of the model monitoring based on the input/output data distribution in the beam prediction, before the specification impact discussion related to it. 
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 at the RAN1#109-e meeting that model inference at UE side and NW side will be studied as above [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. 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. For example, when the Rx beam for each Tx beam measurement is determined to achieve the largest RSRP for each Tx beam, Tx beam prediction performance deteriorates compared to the case where the particular Rx beam is used for all Tx beam measurements, as shown in our companion contribution [7]. Thus, as the DL Rx beam determination is important for the beam prediction, the feasibility of Rx beam information reporting or configuring the certain Rx beam determination policy should be discussed for NW side beam prediction. 
Proposal 6: In DL beam prediction with NW side model, some mechanisms to report Rx beam ID used for beam measurements and configuring the certain Rx beam determination policy can be considered as potential specification impacts.
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 is important for spatial domain beam prediction. In the current L1-RSRP CSI reports, 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. One example is to select CRI/SSBRI(s) randomly among measured RSs. If some gains are observed for this sub use case, the beam selection policy for CSI report should be enhanced. 
Observation 4: Enhancements on beam selection policy in CSI reports might be potential specification impacts for spatial domain beam estimation. 

2.2.2. Temporal DL beam prediction with NW side model
Historical beam measurements in one CSI report can help AI/ML to provide high performance in beam management [6]. In the current specification, multiplexed CSI report can consist of historical beam measurements. For example, CSI report at one uplink transmission occasion can include multiple CSI where each CSI corresponds to different NZP CSI-RS occasions by configuring multiple CSI report with overlapped uplink transmission occasions. However, the conventional CSI report mechanism is not optimized for the historical beam measurement report. For instance, current L1-RSRP CSI reports convey RSRP of the CRI/SSBRI achieving the largest RSRP. As a result, each CSI report might include the different CRI/SSBRI over time. 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 CSI reports over time domain might be beneficial for time domain beam prediction. In addition to it, UCI payload reduction can be expected, if common CRI/SSBRI for multiple CSI is supported as shown in Fig. 5. Thus, CSI report mechanism should be optimized to improve the performance of temporal beam prediction.
Proposal 7: CSI report should be enhanced to facilitate the model inference of temporal beam prediction with the overhead reduction. 
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Figure 5. Example of enhanced CSI report for time-domain beam prediction.
2.2.3. Life cycle management of NW side models
At the RAN1#110bis-e meeting, the agreements related to the model monitoring of beam prediction were made as follows [3]. 
Agreement
For BM-Case1 and BM-Case2 with a network-side AI/ML model, study the NW-side model monitoring:
· NW monitors the performance metric(s) and makes decision(s) of model selection/activation/ deactivation/switching/ fallback operation

Agreement
Regarding NW-side model monitoring for a network-side AI/ML model of BM-Case1 and BM-Case2, study the potential specification impacts from the following aspects
·  Beam measurement and report for model monitoring
· Note: This may or may not have specification impact.

In case of NW side model, it was agreed to study monitoring performance metrics and making decisions of model operation at NW side. Since the ground truth data is required to evaluate the model accuracy as shown in Observation 2, the mechanism to report the ground truth data to NW should be studied. Given that some AI/ML models in BM-Case 1 and BM Case2 outputs the top-1 or top-N/1 probability, the ground truth data corresponding to that information should be reported for NW side model monitoring. For this purpose, the only actual top-1 or top-N beams are required for model monitoring. Hence, the overhead reduction could be considered by top-1 or top-N beam indication without L1-RSRP/SINR. 
Proposal 8: Study the overhead reduction of L1 signalling to report SetA beam measurements for NW-based model monitoring. 
Table 1 summarizes the characterization of model monitoring approaches for NW side models. As can be seen in this table, the additional signalling overhead based on Set A beam measurements are necessary for model accuracy-based model monitoring, while the empirical system performance such as throughput can be obtained without the additional signalling for model monitoring.
Table 1.  Characterization of model monitoring approaches for NW side models
	Model monitoring based on
	Relevance
	Overhead
	Complexity
	Latency

	model accuracy
	High relevance to model performance
	Set A beam measurements
	Additional RS measurement
	Low latency to detect the model failure

	empirical system performance
	High relevance to system performance
	-
	-
	Large latency to detect the model failure

	input/output data distribution
	Low relevance to model/system performance
	-
	Drift detection
	Large latency to detect the model failure


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. 
In DL beam prediction with UE side models, the information UE can report depends on the active models. For example, the temporal beam prediction at UE side outputs the beam quality at certain predicted time instance(s), where the predicted time instances could be different according to the active model. Likewise, the number of predicted beams in spatial domain beam prediction depends on the active model. Thus, the active model determines what information can be reported based on the model inference. 
Observation 5: Active models determine what information can be reported based on the model inference.
Since the motivation of DL beam prediction is to facilitate the beam management, UE should report the information desired for NW operation. If the predicted information is not desired information for NW, the UE processing for the beam prediction is unnecessary and should be avoided. Hence, NW should determine which model to be active according to the utility of the model inference results. Furthermore, NW operation needs to consider the resource managements for all connected UEs so that the active model does not decrease the overall network performance. For those reasons, it is beneficial to support the mechanism for NW to determine which model to be activated or deactivated at UE side according to the current NW operation.
Proposal 9: NW should control which UE side model to be activated or deactivated based on the NW operation in beam prediction.
Some AI/ML models in BM-Case 1 and BM-Case2 output the top-1 or top-N/1 probability of certain beam(s). These probabilities can be useful as the reliability of each model inference result for the beam management. Hence, the L1 signalling to report the top-1 or/and top-N/1 probability of certain beam(s) could be viewed as a potential specification impact.  
Proposal 10: Study the L1 signalling to report the top-1 or/and top-N/1 probability of certain beam(s) from each model inference as a potential specification impact.
In case of DL beam prediction with UE side models, the Tx beam information might be necessary for several reasons. For instance, if the available AI model is specific to certain Tx beam configuration, Tx beam information is necessary to determine whether AI model is qualified to work in the current environment or not. Also, some AI models require Tx beam information as an input. Thus, the Tx beam information might be beneficial for beam prediction at UE side. However, as DL Tx beam information could reveal the proprietary implementation of RU chains, the feasibility of revealing DL Tx beam information to UE should be discussed. 
Observation 6: Mechanisms to provide DL Tx beam information from NW to UE could be potential specification impacts in DL beam prediction
There are several ways to provide DL Tx beam information to UE as assistance information. One option is to provide the boresight direction of the beam used for each reference signal transmission. Another option is (relative) power per angle for each reference signal, which requires more signalling overhead while detail beam information can be provided compared to boresight direction. If the feasibility of DL Tx beam information as assistance information is confirmed, the representation of assistance information should be identified, according to the performance with each assistance information.
Observation 7: Boresight direction and/or (relative) power per angle for each reference signal can be potential assistance information of Tx beam in DL beam prediction. 
2.3.1. Spatial domain DL beam prediction with UE side model 
Agreement
Regarding the sub use case BM-Case1 and BM-Case2, study the following alternatives for AI/ML output:
· Alt.1: Tx and/or Rx Beam ID(s) and/or the predicted L1-RSRP of the N predicted DL Tx and/or Rx beams 
· E.g., N predicted beams can be the top-N predicted beams
· Alt.2: Tx and/or Rx Beam ID(s) of the N predicted DL Tx and/or Rx beams and  other information
· FFS: other information (e.g., probability for the beam to be the best beam, the associated confidence, beam application time/dwelling time, Predicted Beam failure) 
· E.g., N predicted beams can be the top-N predicted beams
· Alt.3: Tx and/or Rx Beam angle(s) and/or the predicted L1-RSRP of the N predicted DL Tx and/or Rx beams
· E.g., N predicted beams can be the top-N predicted beams
· FFS: details of Beam angle(s)
· FFS: how to select the N DL Tx and/or Rx beams (e.g., L1-RSRP higher than a threshold, a sum probability of being the best beams higher than a threshold, RSRP corresponding to the expected Tx and/or Rx beam direction(s))
· Note1: It is up to companies to provide other alternative(s) 
· Note2: Beam ID is only used for discussion purpose
· Note3: All the outputs are “nominal” and only for discussion purpose
· Note4: Values of N is up to each company. 
· Note5: All of the outputs in the above alternatives may vary based on whether the AI/ML model inference is at UE side or gNB side.
· Note 6: The Top-N beam IDs might have been derived via post-processing of the ML-model output

At the RAN1#110 meeting, several AI/ML outputs were agreed to be studied for DL beam prediction [4]. As can be seen in the above agreement, top-N predicted beams are also considered as the candidate of model outputs. When the model output is top-N predicted beams, two-stage beam measurements should be considered to select one applied beam as shown in Fig.6. Two-stage beam measurement with top-N predicted beams consists of the following steps.
Step.1: UE measures RS with Set B beams and feed the measurement values into AI/ML models that outputs top-N predicted beams.
Step.2: UE measures top-N predicted beams from Set A based on the outcome of Step.1.
Step.3: UE reports K beam measurements in Step2.
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Figure 6. Two-stage beam measurements with top-N predicted beams.
When the two-stage beam measurement is applied, the number of measurements depends on Set B and N. Even if the number of beams in Set A is large, it is possible to save the number of measurements. Also, the probability that top-1 genie aided beam is one of top-N predicted beam gets large, as N increases [7]. It implies that two-stage beam measurements increase the beam selection accuracy compared to the top-1 beam prediction. Moreover, two-stage beam measurements make it possible to select the beam based on the actual measured values instead of the predicted values. It might help UE obtaining the actual QCL relations. As many gains can be expected in two-stage beam measurement, two-stage beam measurements should be considered for DL beam prediction with UE-side models.
Proposal 11: Study two-stage beam measurements with top-N predicted beams, since it reduces RS measurement overhead and increases the reliability of beam selection compared to top-1 beam prediction. 
2.3.2. Temporal DL beam prediction with UE side model 
At the RAN1#110bis-e, the agreement to study the potential specification impact of L1 signalling including multiple time instance(s) was agreed as follows [3]
Agreement
For BM-Case2 with a UE-side AI/ML model, study the potential specification impact of L1 signaling to report the following information of AI/ML model inference to NW
· The beam(s) of N future time instance(s) that is based on the output of AI/ML model inference
· FFS: value of N
· FFS: Predicted L1-RSRP corresponding to the beam(s)
· Information about the timestamp corresponding the reported beam(s)
· FFS: explicit or implicit
· FFS: other information

In general temporal beam prediction, the predicted time instance is shifted from the measured RS occasion by the time offset specific to active models. If the measured RS occasion is determined by CSI reference resource in the 5G NR framework, the time instance corresponding to the reported beam(s) can be implicitly determined when the time offset is known at NW. In that case, it is not necessary to report the time instances corresponding to the reported beam(s) in the beam reporting. 
Observation 8: Time instances corresponding to the reported beam(s) does not need to be reported when CSI reference resource is aligned between UE and NW, since it can be implicitly determined based on the measured RS occasion and the time offset.
In Rel-18 MIMO, however, there is a discussion about whether CSI reference resource can be qualified to be a source to determine the valid timing. Some companies have the concern that CSI reference resources may not be aligned between UE and gNB due to the miss-detection of DCI and the incomplete specification description of CSI reference resource. If so, it is beneficial to report the explicit predicted time instances in the reporting so that NW can make sure which predicted time instance is associated with each reported beam. 
Observation 9: It is beneficial to report the explicit predicted time instances in the reporting, if CSI reference resource is not always aligned between UE and NW.
2.3.3. Life cycle management of UE side models 
At the RAN1#110bis-e, the model monitoring of UE side models was categorized into three types: UE side model monitoring, NW side model monitoring, and hybrid model monitoring as follows [3].
Agreement
For BM-Case1 and BM-Case2 with a UE-side AI/ML model, study the following alternatives for model monitoring with potential down-selection: 
· Atl1. UE-side Model monitoring
· UE monitors the performance metric(s) 
· UE makes decision(s) of model selection/activation/ deactivation/switching/fallback operation
· Atl2. NW-side Model monitoring
· NW monitors the performance metric(s) 
· NW makes decision(s) of model selection/activation/ deactivation/switching/ fallback operation
· Alt3. Hybrid model monitoring
· UE monitors the performance metric(s) 
· NW makes decision(s) of model selection/activation/ deactivation/switching/ fallback operation

As proposed in Proposal 9, NW should make decision(s) regarding which UE side model to be activated in the DL beam prediction. Then, NW side model monitoring or hybrid model monitoring should be supported rather than UE side model monitoring. 
In Table 2, each model monitoring approach of UE side models is analyzed based on relevance, signaling overhead, complexity, and latency. When the model monitoring is based on model accuracy, the characterization is basically the same between NW side model monitoring and hybrid model monitoring except for the signalling overhead. When NW side model monitoring is adopted, the signalling overhead of Set A beam measurement reporting is required to monitor the performance at NW side. On the other hand, it is possible to reduce the signalling overhead in the hybrid model monitoring. For example, UE reports the monitored results instead of Set A beam measurement reporting. In addition, UE may report the monitored results only when the model performance is changed. Therefore, when model monitoring is based on model accuracy, the hybrid model monitoring should be prioritized than NW side model monitoring in terms of signalling overhead.
Proposal 12: Hybrid model monitoring should be prioritized than NW side model monitoring in terms of signalling overhead, when model monitoring is based on model accuracy.
Table 2.  Characterization of model monitoring approaches for UE side models
	Model monitoring based on
	Relevance
	Signaling overhead
	Complexity
	Latency

	model accuracy
	NW side model monitoring
	High relevance to model performance
	Set A beam measurement reporting
	Additional RS measurement
	Low latency to detect the model failure

	
	Hybrid model monitoring
	
	Monitored results
	
	

	expected system performance 
	Hybrid model monitoring
	High relevance to model performance
	Monitored results
	Additional RS measurement
	Low latency to detect the model failure

	empirical system performance
	NW side model monitoring
	High relevance to model performance
	-
	-
	Large latency to detect the model failure

	
	Hybrid model monitoring
	
	Monitored results
	-
	Large latency to detect the model failure

	input/output data distribution
	Hybrid model monitoring
	Low relevance to model/system performance
	Monitored results
	Drift detection
	Large latency to detect the model failure



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: After the beam prediction, additional beam measurements are necessary for the beam determination in the following case 
・Top K beam prediction is applied
・Rx beam refinement is performed after Tx beam prediction
Observation 2: The following values are necessary for evaluating model accuracy. 
・Model inference results: predicted beam quality of Set A (e.g. estimated L1-RSRP of Set A) 
・Ground truth data: actual beam quality of Set A (e.g. L1-RSRP of Set A)
Observation 3: System performance can be obtained by the empirical observation or the calculation with model accuracy and the channel measurements. 
Observation 4: Enhancements on beam selection policy in CSI reports might be potential specification impacts for spatial domain beam estimation. 
Observation 5: Active models determine what information can be reported based on the model inference.
Observation 6: Mechanisms to provide DL Tx beam information from NW to UE could be potential specification impacts in DL beam prediction
Observation 7: Boresight direction and/or (relative) power per angle for each reference signal can be potential assistance information of Tx beam in DL beam prediction. 
Observation 8: Time instances corresponding to the reported beam(s) does not need to be reported when CSI reference resource is aligned between UE and NW, since it can be implicitly determined based on the measured RS occasion and the time offset.
Observation 9: It is beneficial to report the explicit predicted time instances in the reporting, if CSI reference resource is not always aligned between UE and NW.
Proposal 1: Identify the practical scenario for Tx beam prediction and beam pair prediction. 
Proposal 2: Study the following two patterns for T1 and T2 in temporal beam prediction.
・prediction of beam quality between each measurement/reporting
・prediction of beam quality instead of measurement/reporting
Proposal 3: Study the performance/mechanism of assistance information only if at least one company from each UE vendor, gNB vendor and operator agrees with the feasibility of disclosing the information to the other side from the proprietary perspective.
Proposal 4: Consider RS configuration to enable both Set A and Set B beam measurement with the following condition.
・Spatial domain beam prediction: SetA and SetB beam measurements at close time
・Temporal beam prediction: SetA and SetB beam measurements with certain prediction time offset
Proposal 5: Discuss the feasibility of the model monitoring based on the input/output data distribution in the beam prediction, before the specification impact discussion related to it. 
Proposal 6: In DL beam prediction with NW side model, some mechanisms to report Rx beam ID used for beam measurements and configuring the certain Rx beam determination policy can be considered as potential specification impacts.
Proposal 7: CSI report should be enhanced to facilitate the model inference of temporal beam prediction with the overhead reduction. 
Proposal 8: Study the overhead reduction of L1 signalling to report SetA beam measurements for NW-based model monitoring. 
Proposal 9: NW should control which UE side model to be activated or deactivated based on the NW operation in beam prediction.
Proposal 10: Study the L1 signalling to report the top-1 or/and top-N/1 probability of certain beam(s) from each model inference as a potential specification impact.
Proposal 11: Study two-stage beam measurements with top-N predicted beams, since it reduces RS measurement overhead and increases the reliability of beam selection compared to top-1 beam prediction. 
Proposal 12: Hybrid model monitoring should be prioritized than NW side model monitoring in terms of signalling overhead, when model monitoring is based on model accuracy.
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