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***************************** CHANGE STARTS *******************************
[bookmark: _Toc129708875][bookmark: _Toc162258893][bookmark: _Toc18507][bookmark: _Toc527969760]4.2	AI/ML based Coverage and Capacity Optimization
[bookmark: _Toc162258894]4.2.1	Use case description
CCO is a function specified in R17. The objective of CCO is to detect and mitigate coverage and cell edge interference issues. CCO is used for dynamic coverage changes with an index-based solution for coverage switching among deployment options.
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 neighbour NG-RAN nodes with the list of cells and SSBs with modified coverage included. The information may be used at the receiving NG-RAN node to adopt CCO configurations matching with neighbouring cells configurations. If the list includes indication about planned reconfiguration and possibly a list of replacing cells, the receiving NG-RAN node may use this to avoid connection or re-establishment failures during the reconfiguration. Also, if the sending NG-RAN node adds cells in inactive state, the receiving NG-RAN node may use this information to avoid connection or re-establishment failures. The receiving NG-RAN node may also use the notification to reduce the impact on mobility. The receiving NG-RAN node should avoid triggering handovers towards cell(s) that are indicated to be inactive.
Balancing the coverage and capacity factors is essential for a well-functioning 5G network. High capacity in a limited area isn't useful without wide coverage, and extensive coverage without enough capacity to serve all users in the area would lead to slow speeds and poor quality of service. Operators use a variety of planning tools and real-time network management systems to dynamically adjust both coverage and capacity, ensuring optimal performance as demand shifts throughout the day and across different areas. 
AI/ML technique can help achieving the balance between coverage and capacity by predicting the possible coverage or capacity issue taking into account other factors like UE traffic and UE mobility. Then NG-RAN node could adjust its coverage configuration in a proactive manner to prevent the predicted coverage or capacity issue.

[bookmark: _Toc162258895][bookmark: _Toc97840230][bookmark: _Toc99489542][bookmark: _Toc100153147][bookmark: _Toc100154278][bookmark: _Toc100154487][bookmark: _Toc100154994]4.2.2	Solutions and standard impacts
4.2.2.1	Locations for AI/ML Model Training and AI/ML Model Inference
The following solutions can be considered for supporting AI/ML-based network Coverage and Capacity Optimization:
-	AI/ML Model Training is located in the OAM and AI/ML Model Inference is located in the gNB.
-	AI/ML Model Training and AI/ML Model Inference are both located in the gNB.
Note: gNB is also allowed to continue model training based on AI/ML model trained in the OAM
In case of CU-DU split architecture, the following solutions are possible:
-	AI/ML Model Training is located in the OAM and AI/ML Model Inference could locate in the gNB-CU or gNB-DU. 
-	AI/ML Model Training and Model Inference are both located in the gNB-CU.
Note: the location of AI/ML model inference in CU-DU split architecture would depend on the output of the AI/ML model. For example, the AI/ML model to predict the CCO issue could locate in gNB-CU, while the AI/ML model to predict the coverage modification could locate in gNB-DU.
[bookmark: _Toc97840231][bookmark: _Toc99489543][bookmark: _Toc100153148][bookmark: _Toc100154279][bookmark: _Toc100154488][bookmark: _Toc100154995]4.2.2.2	AI/ML Model Training at OAM and AI/ML Model Inference at NG-RAN
In this solution, NG-RAN performs coverage and capacity optimization using AI/ML model trained from OAM. 


Figure 4.2.2.1-1. Model Training at OAM, Model Inference at NG-RAN
Step 0: NG-RAN node 2 is assumed to have an AI/ML model optionally, which can provide NG-RAN node 1 with input information.
Step 1: NG-RAN node 1 configures the measurement information on the UE side and sends configuration message to UE to perform measurement procedure and reporting.
Step 2: The UE collects the indicated measurement(s), e.g., UE measurements related to RSRP, RSRQ, SINR of serving cell and neighbouring cells.
Step 3: The UE sends the measurement report message(s) to NG-RAN node 1.
Step 4: NG-RAN node 1 further sends UE measurement reports together with other input data for Model Training to OAM. 
Step 5: NG-RAN node 2 (assumed to have an AI/ML model optionally) also sends input data for Model Training to OAM.
Step 6: Model Training at OAM. Required measurements and input data from other NG-RAN nodes are leveraged to train AI/ML models for coverage and capacity optimization.
Step 7: OAM deploys/updates AI/ML model into the NG-RAN node(s). The NG-RAN node can also continue model training based on the received AI/ML model from OAM.
Note: This step is out of RAN3 Rel-19 scope.
Step 8: NG-RAN node 2 sends the required input data to NG-RAN node 1 for model inference of AI/ML-based coverage and capacity optimization. 
Step 9: UE sends the UE measurement report(s) to NG-RAN node 1. 
Step 10: Based on local inputs of NG-RAN node 1 and received inputs from NG-RAN node 2, NG-RAN node 1 generates model inference output(s) (e.g., predicted CCO issue, predicted coverage modification etc). 
Step 11: NG-RAN node 1 sends Model Performance Feedback to OAM if applicable.
Note: This step is out of RAN3 scope.
Step 12: NG-RAN node 1 executes coverage and capacity optimization actions according to the model inference output. NG-RAN node 1 may extend the cell coverage, if the output is a predicted coverage issue in the near future.
Step 13: NG-RAN node 2 provides feedback to OAM.
Step 14: NG-RAN node 1 provides feedback to OAM.
[bookmark: _Toc97840232][bookmark: _Toc99489544][bookmark: _Toc100153149][bookmark: _Toc100154280][bookmark: _Toc100154489][bookmark: _Toc100154996]4.1.2.3	AI/ML Model Training and AI/ML Model Inference at NG-RAN
In this solution, NG-RAN is responsible for model training and coverage and capacity optimization using the trained AI/ML model. 


Figure 4.2.2.2-1. Model Training and Model Inference at NG-RAN
Step 0: NG-RAN node 2 is assumed to have an AI/ML model optionally, which can provide NG-RAN node 1 with input information.
Step 1: NG-RAN node 1 configures the measurement information on the UE side and sends configuration message to UE to perform measurement procedure and reporting.
Step 2: The UE collects the indicated measurement(s), e.g., UE measurements related to RSRP, RSRQ, SINR of serving cell and neighbouring cells.
Step 3: The UE sends the measurement report(s) to NG-RAN node 1 including the required measurement result.
Step 4: NG-RAN node 2 sends the required input data to NG-RAN node 1 for model training of AI/ML-based network coverage and capacity optimization. 
Step 5: NG-RAN node 1 trains AI/ML model for AI/ML-based network coverage and capacity optimization based on collected data. NG-RAN node 2 is assumed to have AI/ML model for AI/ML-based network coverage and capacity optimization optionally, which can also generate predicted results/actions.
Step 6: NG-RAN node 2 sends the required input data to NG-RAN node 1 for model inference of AI/ML-based network coverage and capacity optimization. 
Step 7: UE sends the UE measurement report(s) to NG-RAN node 1. 
Step 8: Based on local inputs of NG-RAN node 1 and received inputs from NG-RAN node 2, NG-RAN node 1 generates model inference output (e.g., predicted CCO issue, predicted coverage modification etc). 
Step 9: NG-RAN node 1 executes network coverage and capacity optimization actions according to the model inference output. NG-RAN node 1 may extend the cell coverage, if the output is a predicted coverage issue in the near future.
Step 10: NG-RAN node 2 provides feedback to NG-RAN node 1.

[bookmark: _Toc97840233][bookmark: _Toc99489545][bookmark: _Toc100153150][bookmark: _Toc100154281][bookmark: _Toc100154490][bookmark: _Toc100154997]4.1.2.4	Input of AI/ML-based Coverage and Capacity Optimization
NG-RAN may need following information as input data for AI/ML-based Coverage and Capacity Optimization:
From local node:
-	Current/Predicted Radio Resource Status
-	Current/Predicted UE Traffic (e.g., data volume)
-	Current/Predicted UE trajectory
From UE:
-	UE measurement report (e.g., UE RSRP, RSRQ, SINR measurement, etc), including cell level and beam level UE measurements
-	UE location information (e.g., coordinates, serving cell ID, moving velocity)
-	UE Mobility History Information
-	CEF/RA/RLF report from the UE
From neighbouring NG-RAN nodes:
-	Current/Predicted Radio Resource Status
-	Current/Predicted UE Traffic (e.g., data volume)
-	Current/Predicted UE trajectory

[bookmark: _Toc97840234][bookmark: _Toc99489546][bookmark: _Toc100153151][bookmark: _Toc100154282][bookmark: _Toc100154491][bookmark: _Toc100154998]4.1.2.5	Output of AI/ML-based Coverage and Capacity Optimization
[bookmark: _Toc97840235][bookmark: _Toc99489547][bookmark: _Toc100153152][bookmark: _Toc100154283][bookmark: _Toc100154492][bookmark: _Toc100154999]AI/ML-based Coverage and Capacity Optimization model can generate following information as output:
-	predicted CCO issue(s) (e.g, coverage issue or cell edge capacity issue), inferred by gNB-CU in CU-DU split architecture;
-	id of affected cell(s) in which there is the predicted CCO issue(s), inferred by gNB-CU in CU-DU split architecture;
-	SSB index(s) of affected beam(s) in which there is the predicted CCO issue(s), inferred by gNB-CU in CU-DU split architecture;
-	predicted Cell Coverage Modification(s), e.g., predicted Cell Coverage State, inferred by gNB-DU in CU-DU split architecture;
-	predicted SSB Coverage Modification, e.g., predicted SSB Coverage State, inferred by gNB-DU in CU-DU split architecture.

4.1.2.6	Feedback of AI/ML-based Coverage and Capacity Optimization
To optimize the performance of AI/ML-based Coverage and Capacity Optimization model, following feedback can be considered to be collected:
[bookmark: _Toc97840236][bookmark: _Toc99489548][bookmark: _Toc100153153][bookmark: _Toc100154284][bookmark: _Toc100154493][bookmark: _Toc100155000]-	UE performance (e.g., throughput, delay, packet loss rate after Cell Coverage Modification or resource reallocation or after handover)
-	Radio Resource Status (of current and neighbouring NG-RAN node)

4.1.2.7	Standard Impact
Potential Xn interface impact:
· RAN3 may enhance the Rel18 Data Collection Initiation/Report procedure to support the exchange of the following between neighbouring NG-RAN nodes:
· Predicted Coverage and Capacity Optimization issue
· Predicted Coverage Modification
Potential E1 interface impact:
· RAN3 may introduce new procedure to support the exchange of the following between CU-CP and CU-UP:
· Current/Predicted UE Traffic (e.g., data volume) from CU-UP to CU-CP
Potential F1 interface impact:
· RAN3 may introduce new procedure to support the exchange of the following between CU and DU:
· Predicted Coverage and Capacity Optimization Issue from CU to DU
· Predicted Coverage Modification from DU to CU
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