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1. Introduction
At the RAN1#94-e meeting, a new SID [1] on “Study on Artificial Intelligence (AI)/Machine Learning (ML) for NR Air Interface” was approved. This SID captures the objective of SI in terms of potential specification impacts as following
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

[bookmark: _Hlk99710673]In this contribution, we discuss sub use-cases and potential specification impacts on AI/ML for beam management.
2. Discussion on sub use-cases and potential specification impacts on AI/ML for beam management
SID on AI/ML for NR air interface (AI) lists the examples of beam management use-cases: beam prediction in time and/or spatial domain for overhead and latency reduction, beam selection accuracy improvement.
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] 

In this section, we introduce two sub use-cases, time-domain beam prediction and spatial-domain beam estimation. 

2.1. Time-domain beam prediction
AI/ML makes it possible to predict beam qualities based on previous beam measurements. It implies AI/ML-based beam management can reduce the latency. Also, since beam prediction can handle beam quality changes within a short time period based on historical data, it can reduce the overhead accompanied by frequent beam measurement reports to adjust the beam quality changes. For those expected gains, the time-domain beam prediction should be studied in Rel-18 AI/ML for AI.
Proposal 1: Time-domain beam prediction should be studied as a sub use-case of beam management in Rel-18 AI/ML for AI.
Given that AI/ML model deployment on UE is challenging due to limited computational resources, memory shortage, and low-frequent exposure to communications, we assume that AI/ML model is deployed on gNB for time-domain beam prediction. Fig.1 shows one example sub use-case for time-domain beam prediction. As shown in this figure, AI/ML predicts beam quality in the future based on historical beam measurements in CSI reports from UE. In the subsequent sub-sections, we discuss the potential specification impacts of this sub use-case.
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Figure 1. Framework of AI/ML-based time-domain beam prediction.

2.1.1. Potential specification impacts of time-domain beam prediction
Historical beam measurements in one CSI report can help AI/ML to provide high performance in beam management [2]. Even in the current specification, one CSI report can consist of historical beam measurements. For example, CSI report at one uplink transmission occasion can include multiple CSI where each CSI corresponds to different NZP CSI-RS occasions by configuring multiple CSI report with overlapped uplink transmission occasions. However, the conventional CSI report mechanism is not optimized for historical beam measurement report. For instance, current L1-RSRP CSI reports convey RSRP of the CRI/SSBRI achieving the largest RSRP. As a result, each CSI report might include the different CRI/SSBRI over time. But for the purpose of tracking beam quality, the data showing how beam quality changes in time domain is useful. In that sense, common CRI/SSBRI of CSI reports over time domain might be beneficial for time-domain beam prediction. In addition to it, UCI payload reduction can be expected, if common CRI/SSBRI for multiple CSI is supported as shown in Fig. 2. Thus, CSI report mechanism should be optimized to improve the performance of time-domain beam prediction.
Proposal 2: CSI report should be enhanced to improve the performance of time-domain beam prediction, if time-domain beam prediction is supported as sub use-case. 
[image: ]
Figure 2. Example of enhanced CSI report for time-domain beam prediction.

2.2. Spatial-domain beam estimation	
2.2.1. Sub use-case description
AI/ML is used as a tool for super-resolution imaging, enhancing the resolution of one image from low-resolution to high resolution. In the same manner, beam quality with dense beams can be estimated based on sparse beam measurements, as shown in Fig. 4. 
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Figure 4. The framework of AI/ML-based spatial-domain beam prediction.
Beam management with narrow beams can achieve high beamforming gain. On the other hand, a lot of beam measurements are necessary for general beam management with narrow beams, because a narrow beam covers a smaller space than a wide beam. To solve this issue, AI/ML can be applied to estimate beam quality with narrow beams based on wide and sparse beam measurements. To investigate the gain and validity the spatial-domain beam estimation should be studied to integrate this technique in 5G NR.
Proposal 3: Spatial-domain beam estimation should be studied as a sub use-case of beam management in Rel-18 AI/ML for AI.
For the same reason brought up in time-domain beam prediction, we assume that AI/ML model is deployed on gNB for spatial-domain beam estimation. In the subsequent sub-sections, we discuss the potential specification impacts of this sub use-case.

2.2.2. Potential specification impacts of spatial-domain beam estimation
Since this sub use-case can estimate the best beam based on CSI reports with sparse beam measurements, CSI report does not necessarily include the beam measurements associated with the best beam. Moreover, covering a wide space with a small number of beam measurements is important for spatial-domain beam estimation. In the current L1-RSRP CSI reports, RSRP of the CRI/SSBRI achieving the largest RSRP is reported. However, the selection policy on CRI/SSBRI whose RSRP is reported could be optimized for this sub use-case. One example is to select CRI/SSBRI randomly among candidate RS. If some gains are observed for this sub use-case, the beam selection policy for CSI report should be enhanced. 
Observation 1: Enhancements on beam selection policy in CSI reports might be potential specification impacts for spatial-domain beam estimation. 

3. Conclusion
In this contribution, we discussed the sub use-cases and potential specification impacts on AI/ML for beam management. Based on the discussion we made following proposals and observations.
Proposal 1: Time-domain beam prediction should be studied as a sub use-case of beam management in Rel-18 AI/ML for AI.
Proposal 2: CSI report should be enhanced to improve the performance of time-domain beam prediction, if time-domain beam prediction is supported as sub use-case. 
Proposal 3: Spatial-domain beam estimation should be studied as a sub use-case of beam management in Rel-18 AI/ML for AI.
Observation 1: Enhancements on beam selection policy in CSI reports might be potential specification impacts for spatial-domain beam estimation. 
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