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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 NW-sided model, for inference, in a beam report initiated by network, based on one measurement resource set, support the report of more than 4 beam related information in L1 signaling
· Note: Purpose, such as above “For NW-sided model, for inference”, will not be specified in RAN 1 specifications
· FFS on the report content for beam related information 
· FFS on max number of reported beam related information in one report 
Agreement
For UE-sided model, at least for BM-Case1, for content in the report of inference results, support 
· Opt 1: Beam information on predicted Top K beam(s) among a set of beams
· Opt 2: Beam information on predicted Top K beam(s) among a set of beams and RSRP of predicted Top K beam(s) among a set of beams
· At least K=1 and more, FFS on max value
· FFS on beam information 
· FFS on the definition of predicted Top K beam(s)
· FFS on definition of reported RSRP when applicable
· FFS on other information in the report with potential down selection among the following options 
· Opt 3: Beam information on predicted Top K beam(s) among a set of beams and probability information of predicted Top K beam(s) among a set of beams
· FFS on the quantization method of probability information
· Probability information is the probability of the beam to be the Top 1 or Top K beam
· Opt 4: Beam information on predicted Top K beam(s) among a set of beams, RSRP of predicted Top K beam(s) among a set of beams, and confidence information of the RSRP
· FFS on definition of reported RSRP 
· FFS on the definition and quantization method of confidence information
· Other options are not precluded.
where the set of beams is Set A, i.e., the beams for UE prediction.
Agreement
· For NW-sided model and for UE-sided model, beam indication is based on unified TCI state framework
· FFS on whether/how potential enhancement is needed
Conclusion
For UE sided model at least for inference, for measurement, the configuration of Set B, 
· take the current CSI framework as the starting point


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.
NW-Sided model inference
As per the current specifications, NW can configure the UE with a resource set including the RS resource corresponding to the Set-B beams using the legacy reporting framework. The configuration on the resource for measurement can include the RS resource set corresponding to the Set-B, which can either be a CSI-RS Resource set or SSB Resource set. The legacy reporting framework can also support multiple timing configurations such as aperiodic, periodic and semi-persistent. In our view, most of the measurements needed for AI/ML for beam management can be done using the legacy beam measurement and reporting framework.
For NW-sided model inference, consider the existing legacy reporting framework for configuration of resource for measurement as the starting point. 
For BM-Case1 functionality, one of the Set-B configurations that was studied was when the Set-B beam pattern is varied across different inference instances. In this case, multiple options for Set-B pattern were studied including random Set-B pattern different Set-B pattern and selecting from fixed set of Set-B patterns. As per the current specification, changing the resource configuration within a given report configuration involves a lot of signaling overhead and latency, especially for periodic report type. Thus, enhancements for more flexible methods to change the resource configuration in a configured report configuration.
Consider enhancements for methods to change the resource configuration in a configured report configuration.
For reporting the beam measurements to the NW, the UE can use the legacy reporting framework. One of the drawbacks of the legacy reporting framework is that it only allows reporting of 4 beam related information, based on one measurement set, in L1 signaling. To alleviate this drawback, it was agreed in the previous RAN1 meeting that more 4 beam related information can be reported, while the exact report content for the beam related information is still FFS. 
In the Rel-18, most of the results of AI/ML model for beam management were obtained by giving the L1-RSRP values of the Set-B beams as inputs. While there were some evaluations which used other beam related information such as beam ID and beam parameters, the evaluations that used only L1-RSRP as input gave adequate performance. Therefore, the beam related information should at least include the L1-RSRP values measured using either CSI-RS resource set or SSB resource set along with corresponding CRI or SSBRI. 
For NW-sided model, for inference, consider at least L1-RSRP measured using a CSI-RS or SSB to be included in the report content for beam related information.
When extending the current reporting framework to report more than 4 beams in one reporting instance, the UCI reporting overhear can become large. So, it will be beneficial to consider enhancements to reduce the reporting overhead. 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 NW-sided model, for inference, support quantization of differential L1-RSRP with step size larger than 2dB to reduce the size of report content for beam related information.
One of the options for Set-B discussed during the SI was when the Set-B is a subset of the measured beams Set-C. In this option, a part of the measured beams (Set-C) is used as inputs (Set-B) to the AI/ML model, whereas in the default case all the measured beams are used as inputs to the AI/ML model. When only a part of the measured beams is reported by the UE, the reported values were selected based on the measured L1-RSRP values, and usually the beams having the largest L1-RSRP values were reported. It was observed during the SI that reporting part of the measurements of Set-C was causing only some limited performance degradation, while the reduction in UCI overhead is reduced. Therefore, methods for reporting only of few of the configured measure beams should be considered.
For NW-sided model, for inference, support methods for reporting part of configured measured beams to reduce the size of report content for beam related information.
For BM-Cass2, similar to BM-Case11, it would be beneficial to have the enhancements proposed earlier in this section. Other than the already proposed enhancements, one specific enhancement for BM-Case is to have measurements from multiple past time instances in one reporting instance. To reduce the reporting signaling overhead, it would be beneficial to aggregate the measurements for multiple time instances and report it in one reporting instance. To reduce the report payload size, it is also important to consider methods to compress the measurements from multiple time instances. For e.g., the UE can report the past measurements using temporal correlation or use enhanced differential RSRP. 
For BM-Case2 NW-sided model, for inference, support reporting of multiple measurements from past time instances in one reporting instance.
For BM-Case2 NW-sided model, for inference, support methods to compress multiple measurements from past time instances in one reporting instance.
UE-Sided model inference
In a UE-sided model for AI/ML beam prediction, the UE has to measure the Set-B beams, use the measured beams as input to the AI/ML model and then report back the predicted beam information to the NW. In the RAN1#116 meeting it was concluded that for the UE-sided model, at least for inference, the configuration of Set-B for measurement will be based on the current CSI framework.
Since the UE-Sided model predicts the best beam information for Set-A of beams and only Set-B beams are measured by the UE, there is a possibility that the predicted beam is not one of the measured Set-B beams. The current specification allows the UE to report beam information of the measured beams configured in the report configuration. Therefore, some enhancements are needed to indicate predicted Set-A beam information to the NW. One of the options for indicating Set-A beams, is to configure the UE with one resource configuration for Set-B beams for measurements and a second resource configuration for Set-A beams for prediction.
For UE-sided model, for inference, support methods to indicate Set-A beams IDs to the UE.
For UE-sided model, for inference, consider configuring resource configuration for Set-A beams for indicating the predicted best beam/L1-RSRP.
In the Rel-18 SI, RAN1 discussed signaling methods to report the UE-sided model prediction information to the NW. For BM-Case1, the UE needs to report the information related to the predicted beams while for BM-Case2, the UE need to report information related to predicted beams for N future time instances. To enable the UE-sided AI/ML model inference, the SI suggested possible enhanced beam reporting. In the current specification only supports reporting of measured beams. Therefore, for enabling the UE to report the predicted beam, enhancements to reporting configuration should include method to reporting of predication related information. In the SI, the most common predicted beam information was the Set-A beam ID. So the prediction beam information should at least include the CRI/SSB-RI of the Set-A beams.
For UE-sided model, for reporting Top-K beam information, consider CRI/SSRI based on resource configuration for Set-A beams to be part of beam information.
Conclusion
In this contribution we make the following proposals.
Proposal 1	For NW-sided model inference, consider the existing legacy reporting framework for configuration of resource for measurement as the starting point. 
Proposal 2	Consider enhancements for methods to change the resource configuration in a configured report configuration.
Proposal 3	For NW-sided model, for inference, consider at least L1-RSRP measured using a CSI-RS or SSB to be included in the report content for beam related information.
Proposal 4	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 5	For NW-sided model, for inference, support quantization of differential L1-RSRP with step size larger than 2dB to reduce the size of report content for beam related information.
Proposal 6	For NW-sided model, for inference, support methods for reporting part of configured measured beams to reduce the size of report content for beam related information.
Proposal 7	For BM-Case2 NW-sided model, for inference, support reporting of multiple measurements from past time instances in one reporting instance.
Proposal 8	For BM-Case2 NW-sided model, for inference, support methods to compress multiple measurements from past time instances in one reporting instance.
Proposal 9	For UE-sided model, for inference, support methods to indicate Set-A beams IDs to the UE.
Proposal 10	For UE-sided model, for inference, consider configuring resource configuration for Set-A beams for indicating the predicted best beam/L1-RSRP.
Proposal 11	For UE-sided model, for reporting Top-K beam information, consider CRI/SSRI based on resource configuration for Set-A beams to be part of beam information.
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