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1. Introduction
The SID on enhancements for Artificial Intelligence (AI)/Machine Learning (ML) for NG-RAN [1] was approved in RAN#102 meeting. The aim of this study item is to further investigate new AI/ML based use cases and identify enhancements to support AI/ML functionality, and further discussions on the Rel-18 leftovers. One of the objectives is listed as follows:
-	Study two new AI/ML based use cases, i.e., Network Slicing and CCO, with existing NG-RAN interfaces and architecture (including non-split architecture and split architecture).
In this contribution, we focus on the discussion of CCO related use case. 
2. Discussion
Coverage and Capacity Optimization (CCO) function has been identified as a key function of the Self-Organizing Networks (SON) since LTE, which aims to detect and resolve or mitigate CCO problems for the radio access network (RAN) in an autonomous way. Some examples of CCO problems are listed in TS 37.320 [2], including coverage hole, weak coverage, pilot Pollution, overshoot coverage, poor UL coverage, etc.
According to TS 38.300 [3], to achieve the optimization of coverage and capacity, each NG-RAN node may be configured with alternative coverage configurations by OAM. The alternative coverage configurations contain relevant radio parameters and may also include a range for how each parameter is allowed to be adjusted. An NG-RAN node may autonomously adjust within and switch between coverage configurations. When a change is executed, a NG-RAN node may notify its neighbor NG-RAN nodes with the list of cells and SSBs with modified coverage included. The list contains the CGI of each modified cell with its coverage state indicator and optionally the SSB index of each modified SSB with its coverage state indicator. The coverage state indicator may be used at the receiving NG-RAN node to adopt coverage configurations matching with neighboring cells coverage configurations.
Observation 1: The NG-RAN node may be configured with alternative coverage configurations by OAM.
Observation 2: The CCO configurations may be adjusted by NG-RAN when the NG-RAN detects a coverage problem.
Observation 3: The CCO configurations may be adjusted by NG-RAN when it receives a notification of CCO configuration adjustment from neighbor NG-RAN nodes.
Based on the observations above, the CCO problems and notifications from neighbor NG-RAN nodes cannot be foreseen and prevented in advance in current system. In addition, it is complex to find the optimal configurations for CCO optimization because of some random factors, such as UE mobility and dynamic changes in traffic load. These random factors may cause the CCO problems. AI/ML techniques can be used to predict these random factors based on rich information. With the prediction results of these random factors, the CCO problems can be predicted. And then the CCO configuration can be adjusted based on these predictions to solve CCO problems.
Observation 4: The CCO problems can be detected and resolved by using AI/ML techniques.
[bookmark: _Hlk162361565]As analysis for observations above, the CCO problems are predictable, and the prediction results can be used to adjust the CCO configurations of NG-RAN nodes. Considering the generic AI/ML process and SON process, AI-based solutions for CCO may involve 7 main phases:
-	Monitoring phase: collect the training data, e.g., UE measurements, performance measurements (PM), alarms and other monitoring information (e.g., trace data).
-	Training phase: perform the ML training based on the collected data.
-	Deployment phase: load the trained ML model for inference.
[bookmark: _Hlk162366589]-	Inference phase: perform inference using the trained ML model, e.g., obtaining the predicted CCO problems, root cause, timing information, etc.
[bookmark: _Hlk162359934]-	Decision phase: make decision for actions for the predicted CCO problems, e.g. recommended CCO configuration, timing information, etc.
[bookmark: _Hlk162366107]-	Execution phase: execute the actions according to the decisions. During the execution phase, the actions are carried out to the NG-RAN nodes, and the reports (e.g., notifications) of the executed actions may need be provided.
-	Evaluation phase: evaluate whether the predicted CCO problems happens and whether the problems have been solved.
Observations 5: AI-based solutions for CCO may involve 7 main phases, including monitoring phase, training phase, deployment phase, inference phase, decision phase, execution phase and evaluation phase.
Based on the analysis of observations above, the training data will be collected for ML model training, and then the CCO problems can be predicted by performing inference using the trained ML model. To solve the CCO problems, when and why the CCO problems occur is also an important information. Therefore, we have following proposal:
Proposal 1: It is needed to predict the CCO problems, root cause of CCO problems and timing information of CCO problems based on the collected data. The collected data may include UE measurements, performance measurements (PM), alarms and other monitoring information (e.g., trace data).
Based on the generic AI/ML process and SON process, after predicting CCO problems, when and how to solve the CCO problems needs to be decided. Adjusting CCO configurations is a possible action for CCO problems. Therefore, we have following proposal:
Proposal 2: It is needed to recommend CCO configurations and related timing information for the predicted CCO problems.
Based on the observation 3, the NG-RAN may adjust CCO configurations when it receives a notification of CCO configurations adjustment from neighbor NG-RAN nodes. It means that the CCO configurations at the receiving NG-RAN may be affected by the CCO problems and CCO configurations of neighbor NG-RAN nodes. So the predicted CCO problems, recommended CCO configurations and related timing information from neighbor NG-RAN nodes may be useful for the NG-RAN to adjust CCO configurations in advance to avoid CCO problems. Therefore, we have following proposal:
Proposal 3: It is needed to exchange the predicted CCO problems, recommended CCO configurations and related timing information over network-interfaces. 
3. Conclusion
We have following observations and proposals:
Observation 1: The NG-RAN node may be configured with alternative coverage configurations by OAM.
Observation 2: The CCO configurations may be adjusted by NG-RAN when the NG-RAN detects a coverage problem.
Observation 3: The CCO configurations may be adjusted by NG-RAN when it receives a notification of CCO configuration adjustment from neighbor NG-RAN nodes.
Observation 4: The CCO problems can be detected and resolved by using AI/ML techniques.
Observations 5: AI-based solutions for CCO may involve 7 main phases, including monitoring phase, training phase, deployment phase, inference phase, decision phase, execution phase and evaluation phase.
Proposal 1: It is needed to predict the CCO problems, root cause of CCO problems and timing information of CCO problems based on the collected data. The collected data may include UE measurements, performance measurements (PM), alarms and other monitoring information (e.g., trace data).
Proposal 2: It is needed to recommend CCO configurations and related timing information for the predicted CCO problems.
Proposal 3: It is needed to exchange the predicted CCO problems, recommended CCO configurations and related timing information over network-interfaces.
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[bookmark: _Toc162258896][bookmark: tsgNames]4.2	AI/ML based Coverage and Capacity Optimization
[bookmark: _Hlk162975388]4.X.1	Use case description
Coverage and Capacity Optimization (CCO) function is one of the key function of Self-Organizing Networks (SON). AI/ML based CCO is to use the AI/ML techniques to detect and resolve or mitigate CCO problems for the radio access network (RAN). In current system, the NG-RAN node may be configured with alternative coverage configurations by OAM, and the CCO configurations may be adjusted by NG-RAN when there is a coverage problem or a notification of CCO configuration adjustment from neighbor NG-RAN node. It is easy to observe that the CCO problems and CCO notifications from neighbor NG-RAN nodes cannot be foreseen and prevented in advance in current system. So to provide the optimal coverage and capacity for RAN, it is needed to use AI/ML techniques to predict the CCO problems and CCO notifications from neighbor NG-RAN nodes. Based on these predictions, the CCO actions can be recommended and executed to solve CCO problems.
Considering the generic AI/ML process and SON process, AI-based solutions for CCO may involve monitoring phase, training phase, deployment phase, inference phase, decision phase, execution phase and evaluation phase. In monitoring phase, the training data (e.g., UE measurements, performance measurements (PM), alarms and other monitoring information (e.g., trace data)) will be collected for ML model training. In training, deployment and inference phase, train the ML model and perform inference using the trained ML model to get the predicted CCO information (e.g., predicted CCO problems, CCO notifications from neighbor NG-RAN nodes). In decision phase, the actions (e.g., CCO configuration) for the predicted CCO problems can be recommended. In execution phase, the actions are carried out to the NG-RAN nodes, and the reports (e.g., notifications) of the executed actions may need be provided. In evaluation phase, whether the predicted CCO problems happens and whether the problems have been solved will be evaluated based on the reports of the executed actions. 
Based on all analysis above, it is needed to predict the CCO information (e.g., predicted CCO problems, CCO notifications from neighbor NG-RAN nodes, root cause, timing information, etc.), recommend actions (e.g., recommend CCO configuration and related timing information, etc.) based on the predicted CCO information, and study whether the predicted information, recommended actions and related timing information needs to be exchanged over network-interfaces. 
[bookmark: _Toc162258898][bookmark: _Hlk162975425]4.X.2	Solutions and standard impacts
The following solutions are possible for supporting AI/ML-based coverage and capacity optimization:
[bookmark: _Hlk162977060]-	Additional information, such as the predicted information, recommended actions and related timing information, needs to be exchanged over network-interfaces. 
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