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1. Introduction

In RAN 94-e meeting, new study item on AI/ML for NR Air Interface was approved [1]. In the study item scope, the initial set of use cases were identified:

· 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
In this paper, a sub use case on beam management is proposed, and some potential specification impacts are discussed. 

2. Motivation

Beamforming, which uses high-dimensional phased arrays to generate the highly directional transmission link, is able to overcome severe pathloss attenuation for mmWave links. However, directional links require fine alignment of the transmitter and receiver beams, achieved through a set of operations known as beam management, including beam selection, beam reporting, beam switching, beam tracking, etc. The large number of antennas creates high overhead in beam management in many ways, such as the power and time consumption, the reference signal overhead and the computational complexity. To deal with the above impairments, AI technology can be considered to use to improve their performance. In this paper, we propose an image-reconstruction-based beam selection scheme to predict the quality of all beam pairs and select the optimal beam by using only a limited number of beam measurements. The proposed scheme can significantly reduce the beam training overhead and delay.

3. AI-based beam selection with partial measurements
We consider the sub use case of beam selection in spatial domain for overhead reduction and accuracy improvement. Assume that the transmitter and receiver measure M beams and N beams, respectively.  In general, the most common beam selection scheme is to obtain RSRP of all beam pairs by an exhaustive beam searching and then select the optimal beam corresponding to the largest RSRP. Due to the fact that the time consumption on this beam searching is proportional to the number of beams, we predict and select the unmeasured beams by solving the image reconstruction problem using AI.
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Fig.1 Scheme illustration
As shown in Fig.1., full RSRP map obtained with uniformly placed beams can be treated as an 2D image. In this way, RSRP map with partial beam measurements and all beam measurements are viewed as a low-resolution and a high-resolution image, which are used as the input and output of AI model, respectively. Like the fact that information is unbalance in different areas of a nature image, different measurement indexes carried unbalanced information. We consider the pattern of beam measurement is not fixed, which can be designed adaptively according to a fixed ratio of measurements. In this way, only a very small number of selected important beam pair measurements, which are also called eigen beams, are needed for the AI model to predict all measurements and the optimal beam.

Proposal #1: Study image-reconstruction-based beam selection scheme as a use case for beam management enhancement.

4. Specification impact 
Here, the potential collaboration level of the proposed scheme is discussed. AI model is trained off-line and employed for inferencing at one side of UE, but requires additional signaling of the adaptive beam measurement pattern from the side of network. The beam measurement pattern is fixed for a base station or a cell, which can be updated regularly based on the evaluation scheme.

Proposal #2: Study the necessary specification change to support AI-based beam selection, considering collaboration level between UE and network, and additional signaling enhancement from the side of network for the adaptive beam measurement.

5. Conclusion

In this paper, we provide an AI-based beam selection scheme for low-overhead beam management. Based on the discussion above, we propose the following proposal:

Proposal #1: Study image-reconstruction-based beam selection scheme as a use case for beam management enhancement.

Proposal #2: Study the necessary specification change to support AI-based beam selection, considering collaboration level between UE and network, and additional signaling enhancement from the side of network for the adaptive beam measurement.
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