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1. [bookmark: _Toc120549591]Introduction
In RAN#94-e meeting, new SID on AI/ML for NR Air Interface is determined, three target use cases and regarding aspects such as performance, complexity, potential specification impact need to be studied. 
SI objectives propose three use cases to focus on [1]: 
· 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. 
The following SI objectives regarding specification impact of three use cases are proposed: 
· 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
In this contribution, we concentrate on studying representative sub use cases for beam management use case and assess potential specification impact of sub use cases.
2. Spatial domain beam prediction
In this section, the motivation, procedure description, spec impact of spatial domain beam prediction sub use case for beam management use case are discussed. 
2 
Motivation
Traditional beam management makes UE measure a set of beam pairs configured by network, and select best beam pair among measured beam pairs. When the number of transmit beams at gNB M and reception beams at UE N is large, measuring the L1-RSRP of all M×N beam pairs and selecting the best beam will lead to large beam measurement overhead. AI based spatial domain beam prediction allows UE to measure a sparse pattern of beam pairs and predict best beam pair among all M×N beam pairs, so as to reduce beam measurement overhead or increase accuracy of beam prediction under the same beam measurement overhead. Therefore, spatial domain beam prediction can be a representative sub use case for beam management and can be further studied.
Proposal 1: Spatial domain beam prediction can be a representative sub use case for beam management.
Procedure of spatial domain beam prediction
Considering the training complexity at UE, we prefer that model training performs at gNB side. gNB can collect data by performing exhaust beam sweeping, the beam measurement overhead and report overhead at UE may be large. 
Model inference may happen at gNB side or UE side. To increase the prediction accuracy, top K best beam pairs can be predicted by AI model and the best beam pair can be selected by measuring the L1-RSRP of top K best beam pairs. On the other hand, considering that only measured RS can be used as QCL source, the measurement of the selected best beam is necessary. Thus, both P1 and P2 process need to be considered in the model inference procedure of spatial domain beam prediction.
Proposal 2: The model inference procedure of spatial domain beam prediction includes P1 and P2 process.
In the following, we describe the model inference procedure of spatial domain beam prediction at gNB/UE side.
spatial domain beam prediction at gNB side
The model inference procedure of spatial domain beam prediction at gNB side is shown in Fig. 1. 
· Firstly, gNB transmits beams with fixed or variable sparse pattern. 
· In step 2, UE reports the index and L1-RSRP of measured beam pairs. 
· In step 3, gNB inputs L1-RSRP of measured beam pairs into AI model and outputs the index and L1-RSRP of top K best beam pairs among all beams.
· In step 4, UE measures L1-RSRP of top K best beam pairs predicted by AI model.
· In step 5, UE reports the index of transmit beam and L1-RSRP corresponding to the best beam pair.
· In step 6, gNB indicates the beam for communication afterwards.

Fig. 1 spatial domain beam prediction at gNB side.
spatial domain beam prediction at UE side
The model inference procedure of spatial domain beam prediction at UE side is shown in Fig. 2. 
· Firstly, gNB transmits beams with fixed or variable sparse pattern. 
· In step 2, UE inputs L1-RSRP of measured beam pairs into AI model and outputs index and L1-RSRP of top K best beam pairs among all beam pairs.
· In step 3, UE reports the index and L1-RSRP of predicted top K beam pairs. 
· In step 4, UE measures L1-RSRP of top K best beam pairs predicted by AI model.
· In step 5, UE reports the index of transmit beam and L1-RSRP corresponding to the best beam pair.
· In step 6, gNB indicates the beam for communication afterwards.

Fig. 2 spatial domain beam prediction at UE side
Proposal 3: For spatial domain beam prediction, both model inference operated at gNB side and UE side can be studied.
Specification impact
In this section, specification impact of spatial domain beam prediction at gNB/UE side is discussed.
No matter spatial domain beam prediction is performed at which side, during model training and inference phase, both gNB and UE should employ the same pre-defined s method to determine the index of beam pairs so that both sides can correctly sort index of beam pairs 
Proposal 4: The same sort method of beam pairs is pre-defined so that gNB and UE have the same understanding of index of beam pairs.
spatial domain beam prediction at gNB side
In step 2, UE may need to report the number of reception beams at UE or the index of measured beam pairs among all beams besides L1-RSRP, where the index of measured beam pairs implicitly contains the number of reception beams at UE. 
In step 3, gNB uses the information of number of reception beams at UE or the index of measured beam pairs obtained in step 2 to correctly sort index of all beam pairs.  
In step 4, 5, the existing CSI report framework can be reused with no specification impact. 
In step 6, gNB indicates index of both transmit beam and reception beam corresponding to the selected beam pair or directly indicates the index of selected beam pair, which is different from existing beam indication that only the index of transmit beam is indicated. 
Above all, when model inference of spatial domain beam prediction is performed at gNB side, CSI report framework and beam indication need further enhancement.
Proposal 5: For model inference of spatial domain beam prediction at gNB side, CSI report framework and beam indication need further enhancement.
spatial domain beam prediction at UE side
When model inference is performed at UE side, an open issue is how does gNB transmit the AI model to UE, this is more related to RAN2 and RAN3 work.
In step 3, UE reports the index of top K beam pairs among all beam pairs instead of index of transmit beam. Thus, CSI report framework needs further enhancement.
In step 4, 5, the existing CSI report framework can be reused with no specification impact. 
In step 6, gNB indicates index of both transmit beam and reception beam corresponding to the selected beam or indicates the index of selected beam pair.
Similar as spatial domain beam prediction at gNB side, CSI report framework and beam indication need further enhancement.
Proposal 6: For model inference of spatial domain beam prediction at UE side, CSI report framework and beam indication need further enhancement.
1 
3. Conclusion
In this contribution, model inference procedure and spec impact of spatial domain beam prediction sub use case are discussed, and the following proposals are made.
Proposal 1: Spatial domain beam prediction can be a representative sub use case for beam management.
Proposal 2: The model inference procedure of spatial domain beam prediction includes P1 and P2 process.
Proposal 3: For spatial domain beam prediction, both model inference operated at gNB side and UE side can be studied.
Proposal 4: The same sort method of beam pairs is pre-defined so that gNB and UE have the same understanding of index of beam pairs.
Proposal 5: For model inference of spatial domain beam prediction at gNB side, CSI report framework and beam indication need further enhancement.
Proposal 6: For model inference of spatial domain beam prediction at UE side, CSI report framework and beam indication need further enhancement.
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