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1 Introduction

In RAN3#113e meeting, the general procedure and initial input/output of model have been defined. The input data of the model includes

The following data is required as input data for mobility optimization.
  Input Information from UE: 

· FFS UE historical location information from MDT, e.g., Latitude, longitude, altitude, cell ID
· Radio measurements related to serving cell and neighbouring cells associated with UE location information, e.g., RSRP, RSRQ, SINR

· UE historical serving cells and their locations

· Moving velocity

· FFS predicted traffic

Input Information from the neighbouring RAN nodes: 

· UE’s successful handover information in the past and received from neighboring RAN nodes

· UE’s history information from neighbor

· Position, resource status, FFS QoS parameters of historical HO-ed UE (e.g., loss rate, delay, etc.)

· Resource status and utilization prediction/estimation

· SON Reports of handovers that are successful, too-early, too-late, or handover to wrong (sub-optimal) cell 

· FFS Information about the performance of handed over UEs

Input Information from the local node: 

· UE trajectory prediction output (will be used by the RAN node internally)

· Local load prediction 
The output data of the model includes
· FFS UE trajectory prediction (Latitude, longitude, altitude of UE over a future period of time)

· Estimated arrival probability in CHO and relevant confidence interval

· Predicted handover target node, candidate cells in CHO, may together with the confidence of the predication
In this contribution, based on the current progress, the corresponding standard impact for mobility optimization is analyzed.
2 Discussion
Up to now, whether to involve UE for AI/ML model inference/training is still under discussion. The complexity for AI/ML model execution is higher than the conventional algorithms, while the power and computation capability for UE is limited. So whether and how to involve UE require investigation and evaluation. Thus, the study of predicted traffic from UE as the input needs to be delayed to wait for the conclusion of UE involvement.
Proposal 1: 
The study of predicted traffic from UE as the input needs to be delayed to wait for the conclusion of UE involvement in RAN intelligence.
For the input information from the neighboring RAN node, the performance of handed over UEs from neighbor nodes can evaluate the impact of the strategy generated from AI/ML model. For example, in reinforcement learning, the performance data can be set as the reward for model training to improve the model efficiency. Apart from that, they can also describe the node status to provide reference for handover decision. One of the mobility optimization objective is to guarantee the QoS performance for the UE during mobility, so QoS parameters should be contained in the performance feedback, such as loss rate, delay, etc., to improve the handover robustness and user experience.
Proposal 2: 
The model input data should include information about QoS performance of handed over UE from neighbor nodes, such as loss rate, delay, etc.
For AI/ML based mobility optimization, AI/ML model can help to predict the UE trajectory for the following time period by exploring the trend of historical position data, so that the handover strategy can take the predicted trajectory information as reference. In details, predicted UE trajectory information helps to select the proper target node/cell to alleviate the wrong handover cases, and set the precise handover time to avoid too early/late handover, resulting in reduced failure rate. Thus, the handover efficiency is improved to optimize mobility management. So, predicted UE trajectory can be the output of model with the input of UE historical location information.

Proposal 3: 
Predicted UE trajectory can be the output of the AI/ML model with the input of UE historical location information.
For high-mobility UEs, the collected data amount of a small-coverage cell (i.e. mmW cell) is small, which is not sufficient for AI/ML model to generate accurate predicted UE trajectory information. And the node capability to support AI/ML model is diverse, so there may exist some nodes with no ability for AI/ML model inference or the function for UE trajectory prediction. Thus, exchanging predicted UE information is beneficial for node to get the accurate predicted UE position information and set the proper mobility optimization strategy to improve the handover robustness and efficiency.
Proposal 4: 
To support AI/ML based mobility optimization, the input of AI/ML model from neighbor node can include the predicted UE trajectory information.
The predicted UE trajectory information exchange procedure is as following:
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Figure 1: Predicted UE trajectory information exchange procedure
Step 0: UE reports measurement report or MDT report to the connected node.

Step 1: The serving node collects the AI/ML model required input data, such as UE position information in measurement report or MDT report, and predicts the UE trajectory information via AI/ML model.
Step 2: The serving node generates handover strategy based on the predicted UE trajectory information generated in step 1.
Step 3: The serving node sends the handover request to the target node according to handover strategy. Within the handover request, the predicted UE trajectory information can be carried to provide reference to the target node for further mobility optimization.
Step 4: The target node confirms the handover.

Step 5: The serving node and the target node continue to complete the handover procedure.

Step 6: After handover, the target node can set the further handover strategy based on the received predicted UE trajectory information.
Proposal 5: 
Predict UE trajectory information can be carried in handover procedure.
3 Conclusion

RAN3 is requested to discuss and if possible agree on the following proposals:
Proposal 1: 
The study of predicted traffic from UE as the input needs to be delayed to wait for the conclusion of UE involvement in RAN intelligence.
Proposal 2: 
The model input data should include information about QoS performance of handed over UE from neighbor nodes, such as loss rate, delay, etc.

Proposal 3: 
Predicted UE trajectory can be the output of the AI/ML model with the input of UE historical location information.
Proposal 4: 
To support AI/ML based mobility optimization, the input of AI/ML model from neighbor node can include the predicted UE trajectory information.
Proposal 5: 
Predict UE trajectory information can be carried in handover procedure.
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5 Appendix: Text Proposal 

The following standard impact for AI/ML-based mobility optimization should be captured in the TR 37.817:
5.3
Mobility Optimization
5.3.2
Solutions and standard impacts

5.3.2.1 AI/ML Model Training in OAM and AI/ML Model Inference in NG-RAN node
Step 1. The RAN is assumed to have in use a trained AI/ML model for inference

Step 2. Model Inference. Required measurements are leveraged into Model Inference to output the prediction, e.g.  UE trajectory prediction, target cell prediction, target NG-RAN node prediction, etc.
Step 3. According to the prediction, recommended actions or configuration are executed for Mobility Optimization.
Step 4. NG-RAN node sends the handover request to the target NG-RAN node according to handover strategy. Within the handover request, the predicted UE trajectory information can be carried to provide reference to the target node for further mobility optimization.

5.3.2.2 AI/ML Model Training and AI/ML Model Inference in NG-RAN node
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Figure 5.3-1: Model Training and Model Inference both located in RAN node
Step 1. NG-RAN node1 configures the measurement information on the UE side and sends configuration message to UE including configuration information.
Step 2. UE collects the indicated measurement, e.g., UE measurements related to RSRP, RSRQ, SINR of serving cell and neighbouring cells.
Step 3. UE sends measurement report message to NG-RAN node1 including the required measurement.
Step 4. Model training. Required measurements are leveraged to training ML model for mobility optimization.
Step 5. NG-RAN node1 obtains the measurement report as inference data for real-time UE mobility optimization.
Step 6. Model Inference. Required measurements are leveraged into Model Inference to output the prediction, including e.g., UE trajectory prediction, target cell prediction, target NG-RAN node prediction, etc.
Step 7. According to the prediction, recommended actions are executed for Mobility Optimization. NG-RAN node1 may send the predicted mobility optimization solution to NG-RAN node2.
Step 8. NG-RAN node1 sends the handover request to NG-RAN node2 according to handover strategy. Within the handover request, the predicted UE trajectory information can be carried to provide reference to NG-RAN node2 for further mobility optimization.
5.3.2.3 Input data
The following data is required as input data for mobility optimization.
Input Information from UE: 

· UE historical location information from MDT, e.g., Latitude, longitude, altitude, cell ID

· Radio measurements related to serving cell and neighbouring cells associated with UE location information, e.g., RSRP, RSRQ, SINR

· UE historical serving cells and their locations

· Moving velocity

· 
Input Information from the neighbouring RAN nodes: 

· UE’s successful handover information in the past and received from neighboring RAN nodes

· UE’s history information from neighbor

· Position, resource status, QoS parameters of historical HO-ed UE (e.g., loss rate, delay, etc.)

· Resource status and utilization prediction/estimation

· SON Reports of handovers that are successful, too-early, too-late, or handover to wrong (sub-optimal) cell 

· Information about the performance of handed over UEs

Input Information from the local node: 

· UE trajectory prediction output (will be used by the RAN node internally)

· Local load prediction 

If existing UE measurements are needed by a gNB for AI/ML-based network energy saving, RAN3 shall reuse the existing framework (including MDT and RRM measurements). FFS on whether new UE measurements are needed.

5.3.2.4 Output data
· UE trajectory prediction (Latitude, longitude, altitude of UE over a future period of time)

· Estimated arrival probability in CHO and relevant confidence interval
· Predicted handover target node, candidate cells in CHO, may together with the confidence of the predication
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