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Introduction
In the SID on AI/ML for NR air interface, a study was agreed to explore the benefits and potential gains of using AI/ML techniques compared with traditional methods at the air-interface level for a few carefully selected use cases and assess the potential specification impact to enable improved support of AI/ML based algorithms[1]. The related descriptions on the initial set of use cases and potential specification impact are copied from SID as below: 
	Use cases to focus on: 
· Initial set of use cases includes: 
· CSI feedback enhancement, e.g., overhead reduction, improved accuracy, prediction [RAN1]
· Beam management, e.g., beam prediction in time, and/or spatial domain for overhead and latency reduction, beam selection accuracy improvement [RAN1]
· Positioning accuracy enhancements for different scenarios including, e.g., those with heavy NLOS conditions [RAN1] 
· Finalize representative sub use cases for each use case for characterization and baseline performance evaluations by RAN#98
· The AI/ML approaches for the selected sub use cases need to be diverse enough to support various requirements on the gNB-UE collaboration levels

Note: the selection of use cases for this study solely targets the formulation of a framework to apply AI/ML to the air-interface for these and other use cases. The selection itself does not intend to provide any indication of the prospects of any future normative project. 
(Skip)
For the use cases under consideration:
1. (Skip)
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
Note 1: specific AI/ML models are not expected to be specified and are left to implementation. User data privacy needs to be preserved.
Note 2: The study on AI/ML for air interface is based on the current RAN architecture and new interfaces shall not be introduced.


In this contribution, we share our views on the sub use cases selection for beam management. As illustrated in the SID, the potential key issues include beam prediction in time, and/or spatial domain for overhead and latency reduction, beam selection accuracy improvement, which need to be clarified and aligned for common understanding in RAN1. 
Sub use cases for beam measurement and selection
The beam management framework in NR is designed to measure and report some configured beamformed reference signals (RSs), which are transmitted either by the gNB or by the UE in FR2. 
· For downlink, the serving gNB transmits a set of Tx beams through the periodic SSBs or configured CSI-RS, i.e., CSI-RS for beam management, in a beam sweeping manner, each SSB or each CSI-RS resource corresponds to a DL beam. The UE measures the quality, i.e., L1-RSRP or L1-SINR, of each RS using different receive (Rx) beams or a same Rx beam and reports the indices and quality of the best N beams to the gNB. Based on the UE feedback, the gNB can configure or indicate the expected beam for the UE among the reported beams for DL data transmission. 
· For uplink, the UE can transmit different SRS resources with different Tx beams (e.g., associated to different spatial relations) for UL beam management and the gNB can using an SRS resource indicator indicate the Tx beam for a UL transmission based on the measurement of each SRS at the gNB side.
The beam management framework includes four operations: beam sweeping, beam measurement and reporting, beam indication, and beam failure detection and recovery. For beam sweeping, the gNB and the UE have a set of analog beams, and sequentially uses beams from the entire (sub)set in order to find good Tx-Rx beam pairs. As described in [2], there are three types of beam sweeping operations: Procedure 1 (P-1) - beam selection, which means that both gNB and UE perform sweeping to  select a Tx-Rx beam pair; Procedure 2 (P-2) – Tx beam refinement for the BS, which means the UE fixes its Rx beam while the gNB performs Tx beam sweeping possibly using narrower beams than in P-1; and Procedure 3 (P-3) – Rx beam refinement for the UE, which means the gNB fixes its Tx beam while the UE performs Rx beam sweeping to select a suitable Rx beam. 
During initial access, it can be assumed that the P1 procedure is performed and the gNB Tx beam sweeping associated with SSB transmissions and Tx beam (SSB) search/selection by the UE (using a suitable Rx beam via Rx beam sweeping). In this phase, latency and accuracy of initial beam assignment are important measures. 
Observation 1: Beam measurement and beam selection are important for initial beam assignment procedure during initial access in FR2.
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Figure 1 A simplified beam selection procedure
A simplified downlink beam measurement and beam report procedure supported for the UE in RRC-connected mode is shown in Figure 1, including the following steps: 
· Step 1: gNB configures one or more CSI-report configurations for beam reporting, where each CSI-report is associated with a set of SSB/CSI-RS resources used for beam measurement.
· Step 2: gNB transmits a set of SSB resources or CSI-RS resources for beam measurement, where each SSB resource or a CSI-RS resource represents one DL beam.
· Step 3: UE calculates L1-RSRP for each of the received SSB or CSI-RS resources.
· Step 4: UE reports the best N SSBRI or CRI and the corresponding L1-RSRPs to the gNB in each beam report.
· Step 5: gNB configures a beam, i.e., TCI state or a QCL-Info, for a CSI-RS or a PDCCH reception or indicates a beam (TCI state) for a PDSCH reception.
[bookmark: _Hlk101192986]Note that one of the key procedures is that the UE measures a set of configured beams from a configured resource set and selects/reports the N best beams indices to the NW with the correspondent beam/resource indicators. If the number of beams, i.e., the number of SSB or CSI-RS resources, for measurement is large, not only the RS overhead is higher, but also more measurements are required by the UE, which will lead to higher computational complexity and/or larger measurement/report latency, especially for very higher frequency range (with large number of narrow beams). Furthermore, the beam measurement and beam selection is also the key part of other beam management procedure, for example, the new beam identification in BFR procedure and the RX beam refinement at the UE or gNB/TRP side. 
Observation 2: Beam measurement and beam selection procedure is the key procedure for all beam management procedures.
Considering the fact that the selected beam is more relevant with the propagation environment between the gNB/TRP and the UE (and possibly UE orientation in case of dense deployments), if the location between the gNB/TRP and the UE is known or can be predicted by the gNB, fewer number of beams can be configured for the UE for beam refinement and to select a good beam for data transmission. Then the corresponding RS overhead and the beam report latency can be reduced. In addition, if the best beam at the UE side can be intelligently selected based on a small number of configured beams by AI methods, the number of configured measurement beams can be reduced as well. Furthermore, AI/ML approaches can be used at the gNB/TRP side for UE location/trajectory prediction to configure a small subset of beams for beam refinement/tracking. 
Beam prediction based on UE location/trajectory
The current beam management framework relies on the measurement and reporting based on a set of configured CSI-RS resources or a set of configured SSB resources. If the UEs have predictable and well defined trajectories, e.g., highways, high-speed train scenario, indoor factory, the optimal beams for such mobility can be predictable by applying AI method, which can greatly facilitate the beam switching and tracking, efficient handovers, and less beam failures, as illustrated in Figure 2. 
[image: ]
Figure 2 An illustration of an AI/ML approach for beam prediction with UE’s location/trajectory
In this sub use case, an AI model can be trained and deployed at the gNB to predict the best N beams for the UEs in a learned location with less message interaction. Further discussion would be required on how the gNB may source such location information, e.g., location reports provided by the UEs, interactions with the LCS framework, e.g., gNB acting as an LCS client to request UE’s location information, etc.
Proposal 1:  [bookmark: _Ref101789917]Beam prediction at gNB/TRP side with model management-related collaboration between gNB and UE (i.e., Cat. 2) can be taken as a sub-use case for beam management in predictable trajectory scenario.
Beam selection based on less overhead/latency
In current NR system, each SS period contains at most 64 SS blocks to sweep the candidate beams, which will significantly increase the messaging overhead and process delay in UEs for the exhaustive searching even for the UE with multiple RX beams. The AI/ML approach can be used to leverage the side information (e.g., environment) and improve efficiency for a specific environment as illustrated in Figure 3. For example, if the AI model is trained for the UE, the gNB only need to configure less CSI-RS resources for beam training or beam tracking, which can reduce the RS overhead and report latency.
[image: ]
[bookmark: _Ref101282002]Figure 3 An illustration of an AI/ML approach for beam measurement with less overhead
In this sub use case, an AI model can be deployed at the UE to measure fewer RS to predict the best beams and corresponding L1-RSRP values. The UE can employ an AI model to determine the best beam and L1-RSRP with the smaller set of candidate beams for the measurement reports. 
Proposal 2:  Beam selection from a larger number of candidate beams based on the measurement of a small number of configured beams at the UE side using AI model can be taken as another sub-use case.
Potential specification impact
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this section, we discuss potential specification impact corresponding to AI/ML-based beam management, including AI capability signaling and AI-based reporting configuration indication. 
Capability signaling corresponding to AI-based beam selection
In general, for AI operation over the air interface, the UE may be involved in AI model training, inference, or any signaling corresponding to AI model, based on the collaboration level and the use case. Obviously, not all UEs are expected to be capable of handling such signaling/computation, and hence AI-related signaling and/or computation is expected to be optional. Hence, UE capability signaling is needed for Cat.1a, Cat.2, Cat.3 collaboration levels, to indicate whether the UE can handle such features. 
A few examples are provided below for signaling corresponding to UE capability of supporting the following:
· AI model training at UE (if UE-based AI model training is specified), or more generally indication of the complexity/computational capability of the AI model that can be trained at the UE
· AI model inference (if UE-based AI model inference is specified), or more generally indication of the complexity/computational capability of the AI inference process at the UE
· Training data collection and transmission to network for AI model training (if real-time training data corresponding to AI model is configured to be fed back to the network side)
Proposal 3:  Study UE/NW capability related signaling corresponding to AI-based beam management under correspondent network-UE collaboration levels.
CSI reporting configuration for beam indication
The beam measurement and beam reporting procedure specified in NR Rel-15 is based on the CSI reporting framework, where the SSB resources and/or CSI-RS resources used for beam measurement and how to report the best beams are all configured by the CSI report configuration. If AI model is adopted for the beam selection or beam prediction, one of the key issues is how to signal the AI related parameters for a beam measurement or beam report procedure.
Proposal 4:  Study how to signal AI related parameters for a beam measurement procedure.
Conclusion
In this contribution, we have the following observations and proposals:  
Observation 1: [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Beam measurement and beam selection are important for initial beam assignment procedure during initial access in FR2.
Observation 2: Beam measurement and beam selection procedure is the key procedure for all beam management procedures.

Proposal 1:  Beam prediction at gNB/TRP side with model management-related collaboration between gNB and UE (i.e., Cat. 2) can be taken as a sub-use case for beam management in predictable trajectory scenario.
Proposal 2:  Beam selection from a larger number of candidate beams based on the measurement of a small number of configured beams at the UE side using AI model can be taken as another sub-use case.
Proposal 3:  Study UE/NW capability related signaling corresponding to AI-based beam management under correspondent network-UE collaboration levels.
Proposal 4:  Study how to signal AI related parameters for a beam measurement procedure.
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