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Introduction

At the latest RAN3#111e meeting,  the following agreements have been captured.
- As a starting point, focus on at least the following use cases: Energy saving, load balancing, traffic steering/mobility optimization (other use cases, e.g. optimization of physical layer parameters, are not precluded)

- Augmented information should be studied case by case, e.g. history info, info needed for prediction, etc.

Energy saving, load balancing, traffic steering/mobility optimization are considered as the use cases to further study. Moreover, prediction methods (e.g. load prediction, trajectory/location prediction and etc.)  were also mentioned in all types of uses case and shall be studied as a tool-box use case.
In this contribution, we continue to focus on the use case of AI based UE Trajectory Prediction, and propose to capture its solution,and standard impacts into the TR37.817[1].
Discussion

Solution
During the process of ML training and ML inference, data transmission is a critical issue to consider. Large volume of data transmission will cause serious latency over radio interface. AI-based trajectory prediction [2] we proposed is to predict the UE trajectory on the seconds granularity, so if Model training and Model inference are both deployed at OAM, required measurements report from UE or NG-RAN node have to be transferred to OAM for training and inference. However, data transmission over backhaul interface cannot meet the requirement on real time. It’s not a suitable solution to the AI-based trajectory prediction for making mobility decision which needs to be adjusted in real time.
Considering that the AI-based trajectory prediction is mainly used for real-time handover decisions, we propose two potential solutions to AI-based UE trajectory prediction as follows. The first one is that Model Training is located in OAM and Model Inference is located in RAN node, while the other one is that both Model Training and Model Inference are both located in RAN node. 
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Figure 1  Alternative1:Model Training located in OAM and Model Inference located in RAN node

Step 1. OAM sends ML Activation Message to NG-RAN node, which includes indication to activate AI based UE trajectory prediction function.

Step 2~4. According to the ML Activation Message received by NG-RAN node, NG-RAN node configures the measurement information on the UE side and sends Logged Configuration Message to UE including configuration information. If successfully configured, UE collects the indicated measurement, e.g., UE historical location information, UE moving direction, UE velocity, UE measurements related to RSRP, RSRQ, SINR of  of serving cell and neighbouring cells.
Step 5. UE  sends MDT measurement report message to OAM via NG-RAN node including the required measurement.
Step 6. Model Training.  Required measurements are leveraged to training ML model for trajectory prediction.

Step 7. OAM sends ML Model Deployment Message to deploy the trained/updated ML model into the NG-RAN node(s).
Step 8. The NG-RAN node obtains the MDT measurement report as inference data for real-time UE trajectory prediction.

Step 9. Model Inference. Required measurements are leveraged into Model Inference to output the prediction including UE trajectory prediction, target cell prediction, target NG-RAN node prediction, etc.
Step 10. ML Performance feedback. After making prediction through model inference, NG-RAN node sends ML performance feedback to OAM including the indication whether ML model performance is good or not.

Step 11. According to the prediction, recommended actions or configuration are executed for Mobility Optimization, Load Balance Optimization, Energy Saving Optimization, etc.
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Figure 2  Alternative2:Model Training and Model Inference both located in RAN node
Step 1. OAM sends ML Activation Message to NG-RAN node1, which includes indication to activate AI based UE trajectory prediction function.

Step 2a~2c.  NG-RAN node1 initiated AI Function Management procedure to NG-RAN node2 in order to align the corresponding AI functions with each other. 

2a)The NG-RAN node1 sends AI START message towards NG-RAN node2 including AI-based trajectory prediction to be started. 

2b)The NG-RAN node2 replies with AI START ACK message, the messages including AI function objectives started successfully and ML model request. 

2c)If failed, the NG-RAN node2 replies with AI START Failure message with appropriate failure cause.

Step 3~5. According to the ML Activation Message received by NG-RAN node1, NG-RAN node1 configures the measurement information on the UE side and sends Logged Configuration Message to UE including configuration information. If successfully configured, UE collects the indicated measurement, e.g., UE historical location information, UE moving direction, UE measurements related to RSRP, RSRQ, SINR of  of serving cell and neighbouring cells.
Step 6. UE  sends MDT measurement report message to NG-RAN node1 including the required measurement.
Step 7. Model training. Required measurements are leveraged to training ML model for trajectory prediction.

Step 8a~8c.  NG-RAN node1 initiated AI Model Management procedure to NG-RAN node2 in order to distribute/update the uniform AI training model for AI based UE trajectory prediction.  

8a)The NG-RAN node1 sends the AI MODEL DEPLOYMENT message towards NG-RAN node2 including Model type, Model graph, Model data. 

8b)The NG-RAN node2 replies with AI MODEL ACK message if successfully. 

8c)If failed, the NG-RAN node2 replies with AI MODEL FAILURE message with appropriate failure cause.
Step 9. NG-RAN node1 obtains the MDT measurement report as inference data for real-time UE trajectory prediction.
Step 10. Model Inference. Required measurements are leveraged into Model Inference to output the prediction  including UE trajectory prediction, target cell prediction, target NG-RAN node prediction, etc.
Step 11. According to the prediction, recommended actions or configuration are executed for Mobility Optimization, Load Balance Optimization, Energy Saving Optimization, etc.

Setp 12. NG-RAN node1 may send the predicted trajectory to NG-RAN node2 via Handover Request Message for subsequent optimization.
Required data
The following data is required as input data for UE trajectory prediction.
UE historical location information, e.g. Latitude, longitude, altitude 
UE moving direction
UE velocity
Radio measurements related to serving cell and neighbouring cells associated with UE location information, e.g., RSRP, RSRQ.
Output data
The output of UE trajectory prediction  contains the following information.

UE trajectory prediction (Latitude, longitude, altitude of UE over a future period of time)
The predicted Target cell/NG-RAN node
Standard impact
The corresponding standard impacts of UE trajectory prediction may include:

MDT signalling enhancement in order to report UE history location information and the corresponding assistance information, e..g, UE moving direction, UE velocity, Radio measurements;
AI function management procedures in order to align the corresponding AI functions between NG-RAN nodes;
AI Model management procedures in order to distribute/update the ML model between NG-RAN nodes;
The UE trajectory prediction information may be included in the handover request message towards the target NG-RAN node, which can be used for subsequent optimization.
Proposal 1:RAN3 is kindly asked to discuss the AI-based trajectory prediction use case and capture above content into the related TR 37.817. 
Proposal 2: The corresponding TP for TR37.817 is provided below.
3. Conclusion

It is proposed to approve the following proposals:

Proposal 1:RAN3 is kindly asked to discuss the AI-based trajectory prediction use case and capture above content into the related TR 37.817. 
Proposal 2: The corresponding TP for TR37.817 is provided below.
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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  Alternative1:Model Training located in OAM and Model Inference located in RAN node

Step 1. OAM sends ML Activation Message to NG-RAN node, which includes indication to activate AI based UE trajectory prediction function.

Step 2~4. According to the ML Activation Message received by NG-RAN node, NG-RAN node configures the measurement information on the UE side and sends Logged Configuration Message to UE including configuration information. If successfully configured, UE collects the indicated measurement, e.g., UE historical location information, UE moving direction, UE velocity, UE measurements related to RSRP, RSRQ, SINR of  of serving cell and neighbouring cells.
Step 5. UE  sends MDT measurement report message to OAM via NG-RAN node including the required measurement.
Step 6. Model Training.  Required measurements are leveraged to training ML model for trajectory prediction.

Step 7. OAM sends ML Model Deployment Message to deploy the trained/updated ML model into the NG-RAN node(s).
Step 8. The NG-RAN node obtains the MDT measurement report as inference data for real-time UE trajectory prediction.

Step 9. Model Inference. Required measurements are leveraged into Model Inference to output the prediction including UE trajectory prediction, target cell prediction, target NG-RAN node prediction, etc.
Step 10. ML Performance feedback. After making prediction through model inference, NG-RAN node sends ML performance feedback to OAM including the indication whether ML model performance is good or not.

Step 11. According to the prediction, recommended actions or configuration are executed for Mobility Optimization, Load Balance Optimization, Energy Saving Optimization, etc.
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Figure 2  Alternative2:Model Training and Model Inference both located in RAN node
Step 1. OAM sends ML Activation Message to NG-RAN node1, which includes indication to activate AI based UE trajectory prediction function.

Step 2a~2c.  NG-RAN node1 initiated AI Function Management procedure to NG-RAN node2 in order to align the corresponding AI functions with each other. 

2a)The NG-RAN node1 sends AI START message towards NG-RAN node2 including AI-based trajectory prediction to be started. 

2b)The NG-RAN node2 replies with AI START ACK message, the messages including AI function objectives started successfully and ML model request. 

2c)If failed, the NG-RAN node2 replies with AI START Failure message with appropriate failure cause.

Step 3~5. According to the ML Activation Message received by NG-RAN node1, NG-RAN node1 configures the measurement information on the UE side and sends Logged Configuration Message to UE including configuration information. If successfully configured, UE collects the indicated measurement, e.g., UE historical location information, UE moving direction, UE measurements related to RSRP, RSRQ, SINR of  of serving cell and neighbouring cells.
Step 6. UE  sends MDT measurement report message to NG-RAN node1 including the required measurement.
Step 7. Model training. Required measurements are leveraged to training ML model for trajectory prediction.

Step 8a~8c.  NG-RAN node1 initiated AI Model Management procedure to NG-RAN node2 in order to distribute/update the uniform AI training model for AI based UE trajectory prediction.  

8a)The NG-RAN node1 sends the AI MODEL DEPLOYMENT message towards NG-RAN node2 including Model type, Model graph, Model data. 

8b)The NG-RAN node2 replies with AI MODEL ACK message if successfully. 

8c)If failed, the NG-RAN node2 replies with AI MODEL FAILURE message with appropriate failure cause.
Step 9. NG-RAN node1 obtains the MDT measurement report as inference data for real-time UE trajectory prediction.
Step 10. Model Inference. Required measurements are leveraged into Model Inference to output the prediction  including UE trajectory prediction, target cell prediction, target NG-RAN node prediction, etc.
Step 11. According to the prediction, recommended actions or configuration are executed for Mobility Optimization, Load Balance Optimization, Energy Saving Optimization, etc.

Setp 12. NG-RAN node1 may send the predicted trajectory to NG-RAN node2 via Handover Request Message for subsequent optimization.
5.2.X.2.2 Required data
The following data is required as input data for UE trajectory prediction.
UE historical location information, e.g. Latitude, Longitude, Altitude 
UE moving direction
UE velocity
Radio measurements related to serving cell and neighbouring cells associated with UE location information, e.g., RSRP, RSRQ.
5.2.X.2.3 Output data
The output of UE trajectory prediction  contains the following information.

UE trajectory prediction (Latitude, Longitude, Altitude of UE over a future period of time)
The predicted Target cell/NG-RAN node
5.2.X.2.4 Standard impact
The corresponding standard impacts of UE trajectory prediction may include:

MDT signalling enhancement in order to report UE history location information and the corresponding assistance information, e..g, UE moving direction, UE velocity, Radio measurements;
AI function management procedures in order to align the corresponding AI functions between NG-RAN nodes;
AI Model management procedures in order to distribute/update the ML model between NG-RAN nodes;
The UE trajectory prediction information may be included in the handover request message towards the target NG-RAN node, which can be used for subsequent optimization.
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