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1. Introduction

In last meeting, the following agreements have been achieved for the specification of AI/ML for beam management [1].
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-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

In this contribution, we will follow the proposals by FL [2] and provide some discussions on AI/ML for the specification of beam management.
2. Discussions 
2.1 Performance monitoring
Proposal by FL:

For performance monitoring, study the following metrics calculated at UE and/or gNB side: 

· Alt.1-1: Statistical results on beam prediction accuracy related KPIs, e.g., Top-K/1 beam prediction accuracy
· Alt.1-2: Hypothetical on beam prediction accuracy related KPIs, e.g., Top-K/1 beam prediction accuracy, based on configured resource(s)
· Alt 2-1: Measured L1-RSRP of configured resource(s).
· Alt 2-2: Hypothetical L1-RSRP based on the configured resource(s) 
· Alt 3-1: Probability information of the predicted beam to be the Top 1.
· Alt 3-2: A confidence interval or prediction interval associated with predicted L1-RSRPs at a specific confidence level (e.g., 95%).
· Alt 4-1: The L1-RSRP difference between the measured [L1-]RSRP and predicted RSRP according to beam(s) in the same target Set A resources, e.g.

· The RSRP difference between the predicted Top 1 beam or [average of] Top K beam(s)

· The RSRP difference between the genie-aided Top 1 beam or [average of] Top K beam(s)

· Alt 4-2: The L1-RSRP difference between measured [L1-]RSRP of current beam and predicted RSRP of the predicted Top 1 beam

FL’s proposal has covered all potential alternatives for model monitoring at UE and/or NW side. In real deployment, gene-aided beam information is hard to achieve. Therefore, some alternatives could get good performance in theory but the real monitoring effect will be reduced due to the lack of accuracy. In addition, if monitoring is only based on L1-RSRP, like Alt.2, it is also difficult to ensure the effectiveness of monitoring. The comparison of measured L1-RSRP and predicted L1-RSRP should be used.
Proposal 1: Support FL’s proposal as the starting point for performance monitoring metric. Accessibility should be considered for gene-aided beam information related metrics.

Proposal (UE-sided model, monitoring procedure):

Considering the following applicability for further on performance monitoring for UE-sided model:

Type 1, Option 1, UE report the following for NW to calculate the metrics:

· Alt1-1: Predicted Top 1 or Top K beams, and ground truth of the target Set A resources (and at the target time instance(s) for BMcase-2) 

· Alt 2-1: Measured L1-RSRP of the configured resource(s) 

· Alt 4-1: Measured L1-RSRP, and the predicted RSRP of the configured resource(s) according to beam(s) in the same target Set A resources

· Alt 4-2: measured [L1-]RSRP of current and predicted RSRP of the predicted Top 1 beam 

Type 1, Option 2, UE calculate the metric(s) and report the metric(s) to NW:

· All above alternatives

Type 1, Option 2, considering the following alternatives that may define an event: 

· Alt 1-2, Alt 2-2, Alt 3-1, Alt 3-2, Alt 4-1, Alt 4-2.

Type 2, define threshold according to some metric(s) for UE to make decision(s) of model selection/activation/ deactivation/switching/fallback operation:

· All above alternatives

FL’s proposal has provided different monitoring metric for type 1 and type 2 monitoring and should be used as starting point for further specification works. For UE-sided model, UE should periodically report inference results which include beam information and NW could perform monitoring by the reporting information. L1-RSRP will be part of the report information and Alt2-1 should be part of Alt 4-1 and Alt 4-2. The necessity of listing Alt 2-1 for type 1 monitoring is limited. 
Proposal 2: FL’s proposal on UE-sided model monitoring procedure could be used as baseline. It is also fine to remove Alt 2-1 from Type 1 related options. 

Proposal (NW-sided model, monitoring procedure): 

Considering the following applicability for further on performance monitoring for NW-sided model:

•
Alt1-1: Top 1 or Top K beam information of the target Set A resources (and at the target time instance(s) for BMcase-2) based on measurements

•
Alt 2-1, Alt 4-1, Alt 4-2 Measured L1-RSRP of the configured resource(s)

o
Also can support Alt 1-1  
NW-sided model monitoring should be considered based on L1-RSRP reported from UE side. Considering predicted RSRP is not visible at UE side and the comparison of predicted L1-RSRP and measured L1-RSRP is performed at NW sided, it seems that only Alt 1-1 and Alt 2-1 should be considered for NW-sided model monitoring.
Proposal 3: Alt 1-1 and Alt 2-1 should be considered for NW-sided model monitoring.

2.2 NW-sided model report
Proposal (Content for inference) from the agreement in RAN 1 #116
For NW sided model, for inference, the “beam related information” in a beam report, FFS

· Opt 1: L1-RSRPs and beam information of Top M beam of a resource set

· FFS on how to determinate M, e.g, configured/predefined value/ according to a threshold/predefined method/etc…

· Opt 2: all L1-RSRPs of a resource set (without beam information or with best beam index (for differential L1-RSRP reporting))

· Opt 3: Index of a group of beams (identified as subset resource set of a resource set) and all L1-RSRPs of the group of beams.

· FFS on more than one group of beams

· FFS on other necessary information for BMCase-2

· FFS on the beam information

· Note: Purpose, such as above “For NW-sided model, for inference”, will not be specified in RAN 1 specifications

FL’s proposal has covered the potential schemes for NW-sided model inference and this should be considered as baseline for further specification works. For Opt 2, reporting all L1-RSRPs of a resource set could match the input of NW-sided model well at the cost of overhead. Overhead reduction should be considered, e.g. only top K beams L1-RSRP will be reported with real value and others with zero. For Opt 3, considering different scenarios and beam patterns in real world, a flexible way for group definition is required.
Proposal 4: FL’s proposal on NW-sided model reporting content for inference is acceptable.
Proposal (Content for training) 
For NW sided model, the content for training, FFS

· Opt 1: Top M beam information of resource set(s) for Set A (No L1-RSRP)

· Opt 2: L1-RSRPs and beam index of Top M beam of resource set(s) for Set A
· FFS on how to determinate M, e.g, configured/predefined value/ according to a threshold/predefined method/etc…

· Opt 3: all L1-RSRPs of a resource set (without beam information or with best beam index (for differential L1-RSRP reporting))

· Combination to the options for inference

The content for training is related to SetA report. The overhead control of SetA reporting is important for L1-signaling design. Opt 1 and Opt 2 follow the principle of overhead reduction, while Opt 3 will cause heavy overhead burden and could be considered for high layer signaling. 
Proposal 5: For NW-sided model training, Opt.3 should be considered for high layer signaling rather than L1 signaling.
Proposal (Quantization)

At least for NW sided model, the quantization of a reported L1-RSRP value, 

· Support differential L1-RSRP reporting with legacy quantization step and range  

· FFS: whether introduce new step size(s) and/or range(s) applicable to absolute of L1-RSRP and/or differential L1-RSRP 

· FFS on whether to support absolute L1-RSRP reporting (for all beams in a set)

· FFS on whether to support reporting the normalized L1-RSRP measurement instead of actual L1-RSRP values

Quantization of a reported L1-RSRP value is crucial for the balance between performance and overhead. Large quantization step for L1-RSRP will lead to inaccurate NW-sided model input and reduce the output accuracy of AI/ML model. According to the simulation results in SI phase, the input accuracy should be controlled less than 3dB. Finer step size could be considered for accurate L1-RSRP feedback. 
Proposal 6: Support FL’s proposal for quantization of a reported L1-RSRP value for NW-sided model and finer step size should be considered.
Proposal (NW-sided model, beam information in the report): 

At least for NW-side model, further study the reported beam information 

· Opt 0: legacy CRI/SSBRI, (i.e., index of resource in a resource set)

· Opt 1: beam indexes are reported based on a bitmap, where bitmap indicating RS index of a resource set. 

· Note: This is used when L1-RSRPs are reported for indicated bitmap. 

· Opt 2: No beam index reporting. 

· Note: This can be used when L1-RSRPs are reported for all resources in a resource set. 

· Opt 3: Only the beam index with largest measured value of L1-RSRP is reported (i.e., index of resource in a resource set) 

· Note: This can be used when L1-RSRPs are reported for all resources in a resource set with differential L1-RSRP reporting; or when only Top 1 beam index is reported without L1-RSRP 

· Opt 4: The beam index with largest measured value of L1-RSRP, and a bitmap are reported, where bitmap indicating RS index of a resource set, 

· Note: This can be used when L1-RSRPs are reported for indicated bitmap and/or beam index with largest measured value of L1-RSRP.

· Opt 5: Index of a group of beams (identified as subset resource set of a resource set)

· Note: This is used when all L1-RSRPs of the group of beams are reported. 

Other options are not precluded.

The proposed options have covered all potential schemes for beam information indication linked to different solutions for NW-sided model related information reporting. Comparing with other options, Opt 2 will not consider beam index reporting and be supported by default bundling with other agreements. Therefore, it is preferred that Opt 2 is listed as a note rather than an option.
Proposal 7: Support FL’s proposal for beam information in the report for NW-sided model and Opt.2 could be listed as a note rather than an option.
3. Conclusion
In summary, the following proposals and are provided:
Proposal 1: Support FL’s proposal as the starting point for performance monitoring metric. Accessibility should be considered for gene-aided beam information related metrics.

Proposal 2: FL’s proposal on UE-sided model monitoring procedure could be used as baseline. It is also fine to remove Alt 2-1 from Type 1 related options. 

Proposal 3: Alt 1-1 and Alt 2-1 should be considered for NW-sided model monitoring.

Proposal 4: FL’s proposal on NW-sided model reporting content for inference is acceptable.
Proposal 5: For NW-sided model training, Opt.3 should be considered for high layer signaling rather than L1 signaling.
Proposal 6: Support FL’s proposal for quantization of a reported L1-RSRP value for NW-sided model and finer step size should be considered.
Proposal 7: Support FL’s proposal for beam information in the report for NW-sided model and Opt.2 could be listed as a note rather than an option.
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