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[bookmark: _Ref129681832]In RAN#94-e, the Rel. 18 NR_AIML_Air study was approved, and scope and objectives were agreed  [1]. 
The initial use cases to focus for the study are as follows.
In this contribution, we present our views on sub use cases under the AI/ML-based beam management use case.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.

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. 

AI/ML for beam management
Beam management is a procedure that properly selects and maintains a set of transmit and receive beam directions that are physically pointing to each other to overcome strong path loss attenuation, thus, can provide good connectivity and service to the UE. This procedure is especially important in 5G-NR deployments that operate in mmWave frequencies. Traditional approach of relying on periodic measurement reporting to perform such task comes with significant overhead that scales with the number of beams and users.
In recent years, thanks to the advances in computing power, artificial intelligence (AI) / machine learning (ML) and deep learning (DL) techniques, AI/ML, especially DL has achieved great success in various areas like image recognition and natural language processing. DL is a useful technique that optimizes a deep neural network which can approximate mapping of unknown or complex nonlinear relationships. DL has been adopted in the field of wireless communications for areas like modulation, channel estimation, spectrum sensing and adaptative beam management [2]. These research works are mostly done by academia institutes. Even though the results are promising, they are either based on numerical simulations, not considering the complexity of real deployment scenarios, channel variations, or based on simplified assumptions. In addition, these AI/ML-based algorithms are usually not validated using practical configurations for real deployment communication networks. 
As specified in [1] and discussed during RAN#94-e, companies proposed several (sub) use cases related to AI/ML-based beam management, and they include:
· Beam prediction in spatial domain
· Beam prediction in time domain
The goal of leveraging AI/ML in beam management is to reduce overhead and latency and improve beam selection accuracy.
In the following sub sections, we discuss each sub use case at high level and share our views on the two sub use case in the Rel-18 study.
Sub use case: beam prediction in spatial domain
The goal of leveraging AI/ML for beam prediction in the spatial domain is to reduce the overhead for beam sweeping by predicting the optimal beam pair using measurements from a sparse set of beams.
A high-level architecture diagram of AI/ML-based beam prediction in spatial domain is depicted in Figure 2.1-1, in which an AI/ML-based beam tracking/prediction function will predict the optimal beam pair among all beam pairs, e.g., probability of being the Top-1 beam pair.Figure 2.1-1: A high level architecture diagram of AI/ML for beam prediction in spatial domain

Depending on the algorithm design, e.g., whether gNB or UE will perform the AI/ML model training/inference task, the above high-level architecture of AI/ML-based beam prediction in spatial domain may introduce impacts on gNB and/or UE side for using a new AI/ML-based beam prediction algorithm, and on air-interface for exchanging needed information including configurations and potential AI/ML model(s) between the UE and gNB, and/or air-interface enhancements (e.g., mechanism for collecting measurements).
Potential benefits of leveraging AI/ML for beam prediction in spatial domain include:
· Reduce the beam sweeping overhead by prediction the optimal beam pair using a small subset of beams. 
· During training time, the AI/ML model learns the complex mapping from the received measurements collected with a reduced number of beams to the optimal spatial beam pair among a larger set of beams. During the inference time, AI/ML model takes new inputs, i.e., measurements from a small number of beams to predict the optimal beam pair, the complexity and latency can also be reduced.
· Improve the accuracy of optimal beam selection by leveraging AI/ML’s strength in learning complexing mapping functions.
Sub use case: beam prediction in time domain
Due to UE mobility and environmental changes, another challenge in beam management is beam tracking as significant beam misalignment can occur very quickly which may result in reduced data rate and communication outage; thus, tracking UEs and maintaining the quality of their directional links / beam pairs are critical in 5G. Therefore, the goal of leveraging AI/ML for beam prediction in the time domain is to track a mobile UE efficiently and accurately to reduce beam tracking overhead and reduce blockage probability and/or duration.
A high-level architecture diagram of AI/ML-based beam prediction in time domain is depicted in Figure 2.2-1, in which an AI/ML-based beam prediction function will predict the next optimal beam pair (or optimal beam pairs for future T time steps) among all beam pairs, e.g., probability of being the Top-1 beam pair. Figure 2.2-1: A high level architecture diagram of AI/ML for beam prediction in time domain

Depending on the algorithm design (e.g., whether gNB or UE will perform the AI/ML model training/inference task), the above high-level architecture of AI/ML-based beam prediction in time domain may introduce impacts on UE or gNB side for using a new AI/ML-based beam prediction algorithm, and on air-interface for exchanging needed information (and potential AI/ML model) between the UE and gNB, and/or potential air-interface enhancements.
The potential benefits of leveraging AI/ML for beam prediction in time domain include:
· Reduce the overhead of intensive calculations required to track the best beam direction due to UE mobility
· Reduce the overhead of training and feedbacks, e.g., CSI-RS and PUCCH reports. 
· Once the AI/ML model is trained, the complexity during inference time is smaller; thus, the latency for potential beam switching can be reduced, which in turns reduces the blockage probability / duration and improves UE experience.
Summary view of sub use cases
As discussed in the previous sub sections, the actual impacts to the standards for the 2 sub use cases are yet to be studied and analysed during the SI phase. At high level, some of the aspects discussed are summarized in Table 2.3-1.

Table 2.3-1: Summary view of beam management sub use cases
	Sub use case
	Description
	AI/ML Potentials 
	Potential Standards impact

	Beam prediction (spatial domain) 
	Leverage AI/ML to predict optimal beam pair (or estimate the quality of each beam pair) across all beam pairs (e.g., by using a subset of the candidate beam pairs in the spatial domain).
	· Reduce beam sweeping overhead.
· Reduce channel estimation overhead / time.
· Improve optimal beam selection accuracy, thus, improve UE experience.
	Depending on solution design, may introduce standards impact on configurations, beam pattern indication, and model exchange.

	Beam prediction (time domain)
	Leverage AI/ML to predict the next / future best serving beam for a UE to help optimally perform beam switching in mobility or blocking scenarios.
	· Reduce beam tracking overhead.
· Reduce beam tracking latency.
· Reduce blockage probability /duration.
· Improve UE experience.
	Depending on solution design and which network entity performs AI/ML model training and inference, may introduce standards impact on configurations, feedbacks, and others.



Based on the above, leveraging AI/ML techniques for beam prediction in  spatial domain and time domain could reduce the overhead/latency, improve beam selection accuracy, and reduce blockage probability/duration and these potentials could lead to better overall UE experience with less service interruption.
Observation 1: AI/ML-based beam prediction in spatial domain and AI/ML-based beam prediction in time domain can potentially reduce the overhead, improve beam selection accuracy, and improve UE experience/performance.
Given the above observation, we have the following proposal:  
Proposal 1: Support “AI/ML-based beam prediction in spatial domain” and “AI/ML-based beam prediction in time domain” as sub use cases for AI/ML-based Beam Management use case.  

[bookmark: _Hlk99719549]Conclusions
In this contribution, we present our views on potential sub use cases of the AI/ML for beam management use case.  Based on the discussions in the previous sections our observation and proposal are as follows. 
Observation 1: AI/ML-based beam prediction in spatial domain and AI/ML-based beam prediction in time domain can potentially reduce the overhead, improve beam selection accuracy, and improve UE experience/performance.
Proposal 1: Support “AI/ML-based beam prediction in spatial domain” and “AI/ML-based beam prediction in time domain” as sub use cases for AI/ML-based Beam Management use case.
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