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Introduction
The Rel-18 study item “Study on Artificial Intelligence and Machine Learning for NR air-interface” is to study the 3GPP framework for AI/ML for air-interface corresponding to each target use case regarding aspects such as performance, complexity, and potential specification impact. Three typical use cases are being discussed: CSI feedback enhancement, beam management, and positioning accuracy improvement. This document focuses on beam management use case. Please see the feature lead summary from previous meeting for the latest progress on this topic [1]. We will address some open issues mentioned in [1]. 
. 
Discussion
Spec impact for inference at UE side
The following two proposals were discussed in previous meeting, but no consensus due to lack of time (see [1]):
	Proposal 6.3.1: For BM-Case1 with a UE-side AI/ML model, study the necessity and the potential specification impact (if needed) of additional the following information reported optionally from UE: 
· Predicted L1-RSRP corresponding to the beam(s)
· Whether/how to differentiate predicted L1-RSRP and measured L1-RSRP
· Confidence/probability information related to the output of AI/ML model inference (e.g., predicted beams)
· FFS: definition/content of confidence information/probability
· Note: At least the performance and spec impact should be considered


Proposal 6.3.2: For BM-Case1 and BM-Case2 with a UE-side AI/ML model, study potential specification impact of AI model inference from the following aspect(s): 
· Indication of the associated Set A from NW to UE including association/mapping of Set A and Set B if applicable
· Indication of the beams of Set C for UE measurement
· Note: Set C is for DL beam measurement. Set B may be Set C or a subset of Set C




Proposal 6.3.1 is related to the reporting of prediction result from UE to NW. In RAN1#110bis-e, consensus has already been achieved to focus on the study of L1 signaling for UE to report the prediction result, with details FFS. In our view, instead of specifying new L1 signaling, a natural choice is to reuse/enhance the existing CSI reporting framework for beam management. However, as pointed out by companies, current spec only supports to report the measured beam(s). In more details, for exiting measurement-based beam management, a report configuration (i.e. CSI-ReportConfig as described in TS38.331) would indicate L1-RSRP related metrics (e.g. ssb-index-RSRP, or cri-RSRP) as the report quantity. In addition, the report configuration would be associated with one or several resource sets (such as a set of SSB, a set of CSI-RS or both) on which the measurements should be performed. In other words, the current CSI report for beam management always assumes that the beams reported by UE have been actually measured by the UE and the predicated beams are not reported.
Therefore, instead of debating whether predicted L1-RSRP needs to be reported or not in Proposal 6.3.1, the first thing is to introduce a mechanism into CSI reporting framework for UE to be able to report prediction result. We observe two ways to make this happen.
The first option is to introduce prediction-related metrics in the report configuration as the reporting quantities. For example, the most obvious metric could be predicted best beam ID. If NW see beneficial to obtain other metrics, NW should be allowed to configure those metrics. Other metrics could be predicted beam quality such as predicted L1-RSRP, or L1-SINR; predicted beam application time; confidence/probability information related to predicted beam, etc. 
The second option is to configure prediction-dedicated resource set in the CSI report configuration. For example, two resource sets are configured to the UE, one is Set A (i.e. the set of beams for prediction), the other is Set B (i.e. set of beams for measurement). In case that Set A and Set B are non-overlapping (containing different beams), if the reported beam belongs to Set A, NW knows it is the prediction result rather measurement result. On the other hand, if Set A and set B are partially overlapping (some beams belong to both Set A and Set B), further indication in the UE reporting can be used to indicate whether the report is based on prediction or measurement. 
When NW receives CSI report, it is beneficial for NW to be able to differentiate between prediction and actual measurement. This facilities NW to perform smarter follow-up decision, e.g. if NW has observed some inconsistency in the prediction result, NW can request UE to do further measurement and then report it.    
Proposal 1: CSI reporting framework can be considered as starting point for UE to report beam prediction to NW in case of UE-side inference.
Proposal 2: Prediction related metrics can be introduced in the CSI report configuration as the report quantities. FFS the following prediction related metrics:
· Predicted beam ID (or RS ID, or TCI State ID)
· Predicted beam quality, such as predicted L1-RSRP, L1-SINR 
· Predicted beam application time (when to start/stop applying the predicted beam)
· Confidence/probability information
Proposal 3: Consider introducing mechanism for NW to distinguish between prediction and measurement results.
Proposal 6.3.2 is related to provide assistance information from NW to UE. In our view, both pieces of information mentioned (indication of the associated Set A including association/mapping of Set A and Set B, and indication of beams for UE measurement) are necessary for UE to perform inference. Therefore, we are supportive of the proposal. If the CSI reporting framework is used as the above proposal 1, the indications mentioned in proposal 6.3.2 can be done via the resource set configuration in CSI report configuration.    
Proposal 4: RAN1 to agree following Proposal 6.3.2 in Feature Lead Summary (FLS):
Proposal 6.3.2 in FLS: For BM-Case1 and BM-Case2 with a UE-side AI/ML model, study potential specification impact of AI model inference from the following aspect(s): 
· Indication of the associated Set A from NW to UE including association/mapping of Set A and Set B if applicable
· Indication of the beams for UE measurement




Spec impact for model monitoring for NW-side model
In previous meeting, the following agreement has been achieved.
	Agreement
Regarding NW-side model monitoring for a network-side AI/ML model of BM-Case1 and BM-Case2, study the necessity and the potential specification impacts from the following aspects:
·  UE reporting of beam measurement(s) based on a set of beams indicated by gNB 
· Signaling, e.g., RRC-based, L1-based
· Note: Performance and UE complexity, power consumption should be considered



In our opinion, the model monitoring (and the follow-up decision such as deactivation or switch models) can be based on statistics for a certain observation period, instead of one-time instance. Therefore, the reporting can have relaxed latency requirement. RRC-based signaling is more suitable in this case. During the observation period, multiple measurement results can be accumulated and reported back to NW in periodic or aperiodic manner. This can minimize the signaling overhead. It could be similar to the Logged Measurement specified in TS 38.331. 
Proposal 5: For UE to report beam measurements to support NW-side model monitoring, the framework of Logged Measurement as specified in TS 38.331 can be considered as the starting point for RRC-based reporting. 

Conclusion
In this paper, we have discussed some details on AI/ML for beam management. We have the following proposals:

Proposal 1: CSI reporting framework can be considered as starting point for UE to report beam prediction to NW in case of UE-side inference.
Proposal 2: Prediction related metrics can be introduced in the CSI report configuration as the report quantities. FFS the following prediction related metrics:
· Predicted beam ID (or RS ID, or TCI State ID)
· Predicted beam quality, such as predicted L1-RSRP, L1-SINR 
· Predicted beam application time (when to start/stop applying the predicted beam)
· Confidence/probability information
Proposal 3: Consider introducing mechanism for NW to distinguish between prediction and measurement results.
Proposal 4: RAN1 to agree following Proposal 6.3.2 in Feature Lead Summary (FLS):
Proposal 6.3.2 in FLS: For BM-Case1 and BM-Case2 with a UE-side AI/ML model, study potential specification impact of AI model inference from the following aspect(s): 
· Indication of the associated Set A from NW to UE including association/mapping of Set A and Set B if applicable
· Indication of the beams for UE measurement
Proposal 5: For UE to report beam measurements to support NW-side model monitoring, the framework of Logged Measurement as specified in TS 38.331 can be considered as the starting point for RRC-based reporting. 
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