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1. Introduction

In RAN3#112e meeting, functional framework for RAN AI and different use cases of specific model were discussed. Energy saving as one of key use cases was agreed to be captured in 37.817. The intention of this contribution is to propose a new energy-saving use case for CU/DU split and the corresponding solution.
2. Discussion

2.1. Scenario
Operators could deploy a dedicate network with CU/DU split architecture along the railway. Based on the train information and historical data statistics obtained by OAM, CU could select the offline model and corresponding algorithm, then combine it with the real-time measurements reported by DU to continuously carry out the model training and optimization process. Eventually CU is responsible for configuring appropriate energy-saving instruction to its DUs to reduce power consumption of the network. As shown in Figure 1, when the base station has no users or in the case of a train has pulled out the coverage of one DU, the DU can enter into the deep sleep status for energy saving. When the train (carriages from number 1~i) is about to go through, CU predicts the traffic volume of each carriage in advance, and issues corresponding energy-saving strategies indications to the DU (from number 1~n).
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Figure 1 Energy-saving in high-speed railway scenario
2.2. Solution
In this scenario, the AI function of network centralized unit is initiated through OAM. Model training and model reference are deployed on CU side, and CU is responsible for issuing strategies to DU to achieve power saving of base station. As depicted in Fig 2, this paper proposes the corresponding solution and signaling procedure.
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Figure 2 Separate architecture base station base station energy saving based on AI trajectory prediction
Step 1. OAM initiates AI/ML activation signaling to CU to call up a list of models based on trajectory prediction and base station power saving use cases. The related indications including the type of the use case models and corresponding available algorithms, a list of feature inputs and historical training data, and the activate/deactivate instructions of use case model, etc. 
Step 2. CU initiates the synchronization of DU AI ​​function via the AI ​​Setup message, information about the ID of related entities, the list of supported models and algorithms, and the characteristic inputs and outputs of models are contained in the message.
Step 3: DU successfully establishes AI ​​function with CU and sent positive feedback through AI Setup ACK, which not only determines the specific DU name and available algorithm model list, but also the IP address and port information allocated by DU side for purpose of data transmission. If the establishment fails, DU sends AI Setup Failure message indicating the failure cause and re-transmission time to CU.
Step 4. DU configures the measurement information on UE side and sends Logged Measurement Configuration indicating UE to report related information of RSRP and RSRQ of the serving cells and neighboring cells, SINR value, anonymous ID (For example, C-RNTI) and location information, etc.
Step 5. UE sends the required measurement information to base station CU through MDT Measurement Report.
Step 6. DU transmits all measurement data to CU as the feature inputs of model, which includes the base station energy consumption, cell PDCP volume, PRB utilization, RRC connection number, and the throughput, time delay and historical location information of UE, etc.
Step 7. Model training. Analyzing and evaluating the offline or online model using the measurement data. 
Step 8. CU sends AI Model Deployment to DU to indicate the utilization of a model. 

Step 9. DU feedback AI Model ACK if the configuration is successful, otherwise it sends back AI Model Failure
Step 10. Model Inference. Predictions and corresponding strategies are made according to the measurement data through trained ML model.

Step 11. CU sends analysis report to DU via F1 interface, which indicates the appropriate energy-saving operation of base station. The CU Configuration Update message includes information of recommended cell IDs for implementing energy-saving operations and new target cell IDs for carrying traffic offloading. 
Step 12. According to the analysis report, recommended actions or configurations are executed for target scenarios, at the same time the DU saves corresponding configuration information. 

Step 13. DU feedbacks Configuration Update ACK to CU which indicates the information used for model optimization after a series of execution operations end. 
Step 14: CU informs OAM the power saving effect of base stations through Status Indication message.

Step 15. OAM indicates CU whether to terminate the AI function according to the network power saving effect and pre-configuration information.
Step 16. If CU is satisfied with current network status and agrees with OAM about terminating the AI function, it sends AI Termination ACK, otherwise it feedbacks failure message.
2.3. Required data
The following data is required as input data for energy-saving of CU/DU separated base station based on UE trajectory prediction,
· Performance measurement of base station, e.g., current, voltage, energy consumption, temperature, humidity. 

· Performance measurement of related cells, e.g., PDCP volume, number of PDU sessions, PRB utilization, number of RRC connections, UE throughput, UE historical handover information and network congestion status, data packet delay, percentage of high-value traffic in the traffic load. 
· Radio measurements related to serving cells and neighboring cells associated with UE location information, e.g., RSRP, RSRQ, SINR, the latitude, longitude, altitude, moving direction and velocity of UE.
2.4. Output data
The following data is required as output data for energy-saving of CU/DU separated base station based on UE trajectory prediction,
· Energy saving status of the current cell. 

· Energy-saving operation related information, e.g., recommended cell IDs and period for energy-saving operation, energy-saving operation type (Symbol shutoff, channel shutoff, reduce transmit power, deep sleep) and shutoff ratio (time slot shutoff ratio, channel shutoff ratio)

· Recommended cell IDs and period for undertaking traffic offloading. 

· Address information for data transmission related address information, e.g., the IP address and port information for data transmission on CU and DU side.
2.5. Standard impact
Proposal 1: To capture the scenario on energy-saving in CU/DU split architecture into TR 37.817. 
Proposal 2: To capture corresponding TP below into TR37.817.
3. Conclusion

It is proposed to approve the following proposals:
Proposal 1: To capture the scenario on energy-saving in CU/DU split architecture into TR 37.817. 

Proposal 2: To capture corresponding TP below into TR37.817.
4. References

[1] TR37.817, Study on enhancement for Data Collection for NR and EN-DC
5. TP for TR 37.817

5   Use Cases and Solutions for Artificial Intelligence in RAN
5.2 Tool box Use cases
5.2.X AI based UE trajectory prediction

5.2.X.2 Solution and standard impact
5.2.X.2.1 Solution
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Figure 1． Separate architecture base station base station energy saving based on AI trajectory prediction
Step 1. OAM initiates AI/ML activation signaling to CU to call up a list of models based on trajectory prediction and base station power saving use cases. The related indications including the type of the use case models and corresponding available algorithms, a list of feature inputs and historical training data, and the activate/deactivate instructions of use case model, etc. 
Step 2. CU initiates the synchronization of DU AI ​​function via the AI ​​Setup message, information about the ID of related entities, the list of supported models and algorithms, and the characteristic inputs and outputs of models are contained in the message.

Step 3: DU successfully establishes AI ​​function with CU and sent positive feedback through AI Setup ACK, which not only determines the specific DU name and available algorithm model list, but also the IP address and port information allocated by DU side for purpose of data transmission. If the establishment fails, DU sends AI Setup Failure message indicating the failure cause and re-transmission time to CU.
Step 4. DU configures the measurement information on UE side and sends Logged Measurement Configuration indicating UE to report related information of RSRP and RSRQ of the serving cells and neighboring cells, SINR value, anonymous ID (For example, C-RNTI) and location information, etc.
Step 5. UE sends the required measurement information to base station CU through MDT Measurement Report.
Step 6. DU transmits all measurement data to CU as the feature inputs of model, which includes the base station energy consumption, cell PDCP volume, PRB utilization, RRC connection number, and the throughput, time delay and historical location information of UE, etc.
Step 7. Model training. Analyzing and evaluating the offline or online model using the measurement data. 
Step 8. CU sends AI Model Deployment to DU to indicate the utilization of a model. 

Step 9. DU feedback AI Model ACK if the configuration is successful, otherwise it sends back AI Model Failure

Step 10. Model Inference. Predictions and corresponding strategies are made according to the measurement data through trained ML model.

Step 11. CU sends analysis report to DU via F1 interface, which indicates the appropriate energy-saving operation of base station. The CU Configuration Update message includes information of recommended cell IDs for implementing energy-saving operations and new target cell IDs for carrying traffic offloading. 

Step 12. According to the analysis report, recommended actions or configurations are executed for target scenarios, at the same time the DU saves corresponding configuration information. 

Step 13. DU feedbacks Configuration Update ACK to CU which indicates the information used for model optimization after a series of execution operations end. 
Step 14: CU informs OAM the power saving effect of base stations through Status Indication message.

Step 15. OAM indicates CU whether to terminate the AI function according to the network power saving effect and pre-configuration information.

Step 16. If CU is satisfied with current network status and agrees with OAM about terminating the AI function, it sends AI Termination ACK, otherwise it feedbacks failure message.
5.2.X.2.2 Required data
The following data is required as input data for energy-saving of CU/DU separated base station based on UE trajectory prediction,
· Performance measurement of base station, e.g., current, voltage, energy consumption, temperature, humidity. 

· Performance measurement of related cells, e.g., PDCP volume, number of PDU sessions, PRB utilization, number of RRC connections, UE throughput, UE historical handover information and network congestion status, data packet delay, percentage of high-value traffic in the traffic load. 
· Radio measurements related to serving cells and neighboring cells associated with UE location information, e.g., RSRP, RSRQ, SINR, the latitude, longitude, altitude, moving direction and velocity of UE.
5.2.X.2.3 Output data
The following data is required as output data for energy-saving of CU/DU separated base station based on UE trajectory prediction,
· Energy saving status of the current cell. 

· Energy-saving operation related information, e.g., recommended cell IDs and period for energy-saving operation, energy-saving operation type (Symbol shutoff, channel shutoff, reduce transmit power, deep sleep) and shutoff ratio (time slot shutoff ratio, channel shutoff ratio)
· Recommended cell IDs and period for undertaking traffic offloading. 

· Address information for data transmission related address information, e.g., the IP address and port information for data transmission on CU and DU side.
5.2.X.2.4 Standard impact
The corresponding standard impacts for energy-saving of CU/DU separated base station based on UE trajectory prediction may include:

· The data plane of F1 interface for interaction of collected data and training data between CU and DU. 

· IP address or port information of both CU and DU side need to be transmitted via the relevant model configuration messages, for the purpose that DU reports physical layer granularity information to CU. 

· The AI-related data interaction between DUs can be achieved through the newly defined data plane of F1 interface, which also helps to realize the application of distributed algorithms in the future network. 

OAM is able to send termination indication to CU for saving the network resources in some cases.
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