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Introduction
In the RAN#102 meeting, the new WID on Artificial Intelligence (AI)/Machine Learning (ML) for NR Air Interface was agreed. In the WID, normative work for beam management use case was agreed with objective of identifying specification impacts for enabling AI/ML for beam management. In the previous RAN#1 meeting[3] the following agreements were made.Agreement
For UE-side AI/ML model inference, for BM-Case2, support to report inference results of N(N>=1, FFS on N) future time instance(s) in one report 
· wherein information of inference results of one time instance is as in one report for BM-Case 1 
· Note: overhead reduction is not precluded 
· FFS on details
Agreement
For network-sided AI/ML model for BM-Case1 and BM-Case2, 
· support using existing CSI framework for configuration of Set A as the starting point
· support using existing CSI framework for configuration of Set B as the starting point
· Note: Purpose, such as above “For NW-sided model, for BM-Case1 and BM-Case2” and “Set A” and “Set B”, will not be specified in RAN 1 specifications

Agreement
For report content of inference results for UE-sided model for BM-Case 1, for the RSRP of predicted Top K beam(s) in the report of inference results, when applicable, further study the following options:
· Option A: Predicted RSRP
· Option B: Predicted RSRP, if the beam is not configured for corresponding measurement, and measured L1-RSRP if the beam is configured for corresponding measurement
· Where the predicted RSRP is based on AI/ML output
· Note: Support both Option A and Option B is not precluded.

Working Assumption
For report content of inference results for UE-sided model for BM-Case 2, the RSRP of predicted beam(s) in the report of inference results, is the predicted RSRP, where the predicted RSRP is based on AI/ML output


Agreement
For UE-sided model at least for BM Case-1, CSI-ReportConfig is used for the configuration of inference results reporting
· FFS on the details in the CSI-ReportConfig, at least considering:
· Alt 1: one CSI-ResourceConfigId is configured for Set B
· FFS: how UE can determine the information about set A
· Alt 2: one CSI-ResourceConfigId is configured for both Set A and Set B
· FFS: How to configure resource set(s) for Set A and Set B in CSI-ResourceConfig
· Alt 3: two CSI-ResourceConfigId s are configured for Set A and Set B separately
· Alt 4: one CSI-ResourceConfigId is configured for Set B, Set A is configured using separate resource set(s) other than that represented by CSI-ResourceConfigId 
· FFS: how to configure/indicate separate resource set(s) for Set A
· Note: separate CSI-ReportConfig for Set A and Set B are not precluded.
· Note: Not perform measurement for Set A and only perform measurement for Set B subject to the CSI-ReportConfig
· FFS on the association between Set A and Set B with or without additional IE
· Other necessary configuration are not precluded. 

Agreement
Further study, for the consistency of NW-side additional condition across training and inference for UE-sided model for BM-Case 1 and BM Case 2, where the NW-side additional condition may at least impact UE assumption on beams of Set A/Set B:
· Opt1: Based on associated ID (Referring to AI 9.1.3.3)
· FFS on what can be assumed by UE with the same associated ID across training and inference
· FFS on how associated ID is introduced, e.g., within CSI framework, or outside of CSI framework
· Opt 2: Performance monitoring based
· FFS details  
· Other options are not precluded. 

In this contribution we present our views on specification support for AI/ML for beam management.
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In the Rel-18 study of AI/ML for beam management, the evaluation results for the beam management use case showed benefits of using AI/ML for spatial and temporal domain beam prediction. In the next sections we present our views on the specification impacts for supporting beam management.
Performance monitoring
In the TR for AI/ML for air interface, multiple alternatives were identified for performance monitoring metrics, including beam prediction related KPIs, link quality related KPIs, metrics based on data distribution and L1-RSPR difference between measured and predicted RSRP. Depending on the contents of the predicted beams, the performance metrics can be selected from the available alternatives. For a UE-sided model, it is already agreed in the RAN1#116 meeting to support beam information and RSRP of predicted beams to the content of inference results. Therefore, in our opinion, it is necessary to support beam prediction related KPIs and L1-RSRP difference between the measured and the predicted beam. Also, one additional performance metric that can be considered is having a measurement from a set of configured resources and then comparing it with the predicted results. For e.g., the NW can trigger measurement for predicted beams, which can then be measured and reported by the UE for performance monitoring.
For performance monitoring, support Alt.1-1, Alt.2-1 and Alt.4-1, i.e., statistical results on beam prediction accuracy related KPIs, measured L1-RSRP of configured resource(s), and the L1-RSRP difference between the measured L1-RSRP and predicted RSRP according to beam(s) in the same target Set A resources for the metrics calculated at UE and/or gNB side.
There are multiple different options for performance monitoring in the TR for AI/ML for air interface, such as Type 1, Option 1, in which the UE reports both the predicted values and its measure values to the NW and the NW can compare the reported values and estimate the model performance. While this option gives the NW the flexibility to calculate its own performance metrics, this comes with an overhead of reporting size. Another option is where the UE calculates the metric by itself and then the UE can either reports the calculated performance metric to the NW or report an event to the NW based on the calculated performance metrics. This option reduces the reporting overhead at the cost of NW flexibility. In summary, there are pros and cons for both options, and they both should be supported.
For performance monitoring of NW-sided model, support Type 1 Option 1 and Type 1 Option 2, i.e., UE reports measurements to the NW for calculating the metrics and UE calculates the metrics and report either the metrics or an event to the NW.
NW-sided model report
In the previous RAN1 meeting, it was agreed that for a NW-sided mode for inference, more than 4 beam measurements can be reported in a single reporting instance. In our option, the data collection mechanism for inference can be reused for both training and monitoring. In general for a NW-sided model, having a common data collection mechanism for inference measurement reporting and data collection for monitoring and training. In this regard, we propose that for a NW-sided mode, the data collection mechanism of monitoring and training should support reports with more than 4 beam related information.
For NW-sided model, for monitoring and training, the report for inference with more than 4 beam related information can be used.
For a NW-sided, for inference the model needs measurement for the Set-B of beams as input and beam related information reported by the UE should at least include the L1-RSRP values of the Set-B beams. For this purpose, the NW can configure a measurement resource for the UE and ask the UE to report all the L1-RSRP values. While reporting the beam information, the UE can report the L1-RSRP and the CRI/SSBRI (as beam information) of the all the configured measurement resource. This corresponds to the case when the NW configures all the beams of Set-B for measurement. In this case to reduce the reporting overhead, the reporting of CRI/SSBI can be avoided as this information can be implicitly signaled to the NW. Another case that was considered was NW configuring the UE with measurement resources corresponding to Set-B of beam and UE only reporting measurement information from a subset of Set-B beams (Set-C). For e.g., only beams having RSPR values above a certain threshold can be reported by the UE or the UR can report the beams having the largest M RSRP values. 
For NW-sided model, for inference, support Opt-1 and Opt-2, i.e., L1-RSRPs and beam information of Top M beam of a resource set and all L1-RSRPs of a resource set , for the beam related information.
Currently when a UE is reporting the L1-RSRP values to the NW, the UE reports L1-RSRP values along with the CRI or SSB-RI of the resource used to measure the L1-RSRP value. In our opinion, the CRI/SSB-RI can be omitted from the UE measurement report to reduce the UCI overhead. Rather than explicitly reporting the CRI/SSB-RI, the CRI/SSB-RI can be reported implicitly based on some common understanding between the UE and the NW.
For NW-sided model, for inference, support implicit indication of CRI or SSB-RI to reduce the size of report content for beam related information.
When a UE is reporting more than L1-RSRP values, the largest L1-RSRP value is quantized using a small step size (1dB), while for reporting the other L1-RSRP values, the UE calculates and reports the differential L1-RSRP values. The differential L1-RSRP values are quantized using a larger step size (2dB). During the Rel-18 study, some companies have shown that increasing g the differential L1-RSRP quantization step size from 2dB to 4dB only results in small loss in terms of Top-1 predication accuracy. Therefore, enhancements to support quantization of differential L1-RSRP with step size larger than 2dB can be considered.
For quantization of reported L1-RSRP values, support introducing new step size and range for reporting differential L1-RSRP values.



Conclusion
In this contribution we make the following proposals.
Proposal 1	For performance monitoring, support Alt.1-1, Alt.2-1 and Alt.4-1, i.e., statistical results on beam prediction accuracy related KPIs, measured L1-RSRP of configured resource(s), and the L1-RSRP difference between the measured L1-RSRP and predicted RSRP according to beam(s) in the same target Set A resources for the metrics calculated at UE and/or gNB side.
Proposal 2	For performance monitoring of NW-sided model, support Type 1 Option 1 and Type 1 Option 2, i.e., UE reports measurements to the NW for calculating the metrics and UE calculates the metrics and report either the metrics or an event to the NW.
Proposal 3	For NW-sided model, for monitoring and training, the report for inference with more than 4 beam related information can be used.
Proposal 4	For NW-sided model, for inference, support Opt-1 and Opt-2, i.e., L1-RSRPs and beam information of Top M beam of a resource set and all L1-RSRPs of a resource set , for the beam related information.
Proposal 5	For NW-sided model, for inference, support implicit indication of CRI or SSB-RI to reduce the size of report content for beam related information.
Proposal 6	For quantization of reported L1-RSRP values, support introducing new step size and range for reporting differential L1-RSRP values.
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