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1 Introduction
Mobile networks are expected to evolve into a more intelligence era with multiple application scenarios, features, services and operation requirements. Technologies including artificial intelligence (AI) and machine learning (ML) are expected to improve the network performance for the future 5G networks aka 5G-advanced.
In 3GPP RAN#91E, although no agenda item was allocated to Rel-18 discussion, quite a lot of companies submitted their view on the scope of Rel-18 framework. One of the hot topics was to study the artificial intelligence (AI) and machine learning (ML) for NR. From the contributions [1-8], the motivations are, 
· AI/ML has been widely applied in the internet services, but not sure if it also benefits the cellular networks
· Several AI/ML related study items have been studied in SA, RAN3, but not sure if it also can be applied to the lower layer
As the June workshop is the first online discussion on AL/ML, the high level agreements on the scope of the study item are expected. This contribution summarizes the discussions so far and shows our proposal.
2 Necessities to study AI/ML in Physical layer
2.1 Use cases
They are several study items on AI/ML in 3GPP right now. Among the discussions, the motivation of AI/ML for network architecture is quite different than that for the air interface. “Autonomy” is the target of design and implementation of a communication infrastructure that has the functions of autonomous operations without human intervention.  A companion paper on “5G-Advanced Architecture Evolution to Support AI/ML” can be found in [9]. For the physical layer, the target is to improve the communication efficiency for the real time use cases. So a separate study item for physical layer is needed. 
According to the input from RAN1#91E, the following topics were proposed for physical layer enhancement, a more detailed analysis can be found in [10].
· MIMO [2]
· CSI compression/prediction  [1][3] [4] [7] [8]
· Receiver with noise-compression [1]
· RS overhead reduction [1][3] [7] [8]
· Channel estimation [2][8] 
· Beam management [1] [3] [8]
· MCS selection [1] [3]
· Positioning [3] [7] [8]
· Resource allocation [3]
· Mobility [3][7][8]
Observation 1: AI/ML can bring physical layer performance improvement in a few use cases proposed by the companies.
The input/output and the location of AI/ML models can be placed in the BS side, UE side, or both. This can be decided when the use cases have been determined.
Proposal 1：A separate study item of AI/ML for physical layer is needed. It will collect and identify the use cases that AI/ML can bring benefit. The placement of AI/ML models will be decided based on the use cases.
2.2 Evaluation
In order to identify the necessity to introduce AI/ML to NR physical layer, the evaluation should be carried out and the result should be aligned for the further specification work. The evaluation should base on the collected use cases of interest.  Apart from the traditional 3GPP evaluation methodology, as a rule of thumb for AI/ML algorithms, they need data for training, which includes features and labels (in case of supervised learning). In addition, this study is not intended to study the detailed AI/ML algorithms and models for use cases.
Proposal 2：SI will carry out evaluation to study the benefit of AI/ML for the physical layer. Detailed AI/ML algorithms and models are out of the scope of this SI.
2.3 Challenges
Though the publications have shown the AI/ML potentials to improve the physical layer performance. It seems still questionable on which practical scenario/use case, or on which problem, AI can show its performance advantage and the cost it will bring, and how it can be introduced into the current specification.
The challenges by introducing AI/ML models may include 
· Network or terminal vendors may implement their own solutions to deploy AI/ ML models for their hardware. The performance may be hardly comparable.
· The algorithm depends on offline/online training. The computation resource and power consumption should be considered.
· Whether there is additional introduced delay which will affect the performance of delay sensitive traffic.
Proposal 3：SI will study the specification impact if AI/ML is introduced for physical layer.
3 Conclusions
Based on the above analysis, we think the study item will study the necessities to introduce AI/ML to physical layer by
· Identify the possible use cases of interests. Companies are encouraged to input the use cases based on their experiments. The placement of AI/ML models will be decided based on the use cases.
· Evaluate the benefits of AI/ML on the collected use cases. The data for training among the different companies needs to be aligned. Detailed AI/ML algorithms and models are out of the scope of this SI.
· Study the specification impact for the identified use cases e.g. the signaling between the network and the terminal, which may be needed by an AI function as input and which may be produced by an AI function as output. Complexity, computation load, power consumption and time delay that the AI/ML may introduce. In addition, the implementation issues which don’t require specification support can also be identified in the process.
This study is mainly carried out in RAN1, but the coordination with other groups working on AI/ML is expected.  
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