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Introduction

At the latest RAN3#113e meeting,  the following potential solutions to AI-based mobility optimization have been captured into the TR:
The AI/ML Model Training function is deployed in OAM, while the Model Inference function resides within the RAN node 

Both the AI/ML Model Training function and the AI/ML Model Inference function reside within the RAN node

AI/ML Model Training is located in CU-CP or OAM, and AI/ML Model Inference function is located in CU-CP

To make the solution much integrity and stable, in this contribution, we provide our further views on these solutions above and provide the corresponding TP on the AI-based mobility optimization.
Discussion

Training in OAM and Inference in NG-RAN node
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Step 1. NG-RAN node configures the MDT 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 MDT measurement report message to OAM via NG-RAN node including the required measurement.
Step 4. Model Training.  Required measurements are leveraged to training ML model for trajectory prediction.

Step 5. OAM sends ML Model Deployment Message to deploy the trained/updated ML model into the NG-RAN node(s).

Step 6. NG-RAN node obtains the measurement report as inference data for  UE mobility optimization.
Step 7. 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 8. NG-RAN sends the AI/ML model performance feedback to OAM.
Step 9. According to the prediction, recommended actions or configuration are executed for Mobility Optimization.
Proposal 1: Propose to capture the solution above in TR that training located in OAM and inference located in NG-RAN node into the TR.

UE Measurements
Last meeting, it was agreed that if existing UE measurements are needed by a gNB for AI/ML-based mobility optimization, RAN3 shall reuse the existing framework (including and RRM measurements), and some companies considered to introduce new UE measurements. From our perspective, MDT framework can be enhanced if other new UE measurements is really necessary.  For now, existing MDT framework can be the baseline, and no need to define a new signaling to transfer the UE measurement. 

Proposal 2: Existing MDT framework can be the baseline, and no need to define a new signaling to transfer the UE measurement.

When UE trajectory needs to be predicted, model training in NG-RAN node shall collect the historical UE information including UE trajectory prediction in the past period of time. Therefore, it is recommended to introduce an indication in the logged MDT measurement configuration to indicate UE whether to collect consecutive historical information (latitude, longitude, altitude, etc) when UE is Idle, Inactive, or Connected state. The MDT configuration also shall include measurement period, and measurement validity time.
Proposal 3: Introduce an indication in the logged MDT measurement configuration to indicate UE whether to collect consecutive historical information (latitude, longitude, altitude, etc) when UE is in  Idle, Inactive, or Connected state.

Input data
Last meeting, several input data from UE, neighbour RAN nodes, and local node for mobility optimization was agreed. We can not preclude other inputs also benefits the AI/ML model.  Following data should also be included:

UE moving direction

UE historical location information from MDT

Some companies mentioned that UE moving direction could be deduced by the UE trajectory. But the moving direction deduced is the average direction, which can not reflect the UE’s real direction in the certain point. Moreover, the current moving direction is also an important factor to the AI/ML model.

UE historical location information is used to predict UE future trajectory precisely. Therefore, in order to report UE history location information and the corresponding assistance information, e..g, UE moving direction, UE velocity, Radio measurements.
Proposal 4: Following information should be included as input:

UE moving direction

UE historical location information, e.g., Latitude, longitude, altitude

Output data
UE trajectory prediction (Latitude, longitude, altitude of UE over a future period of time) is output of the trajectory prediction. UE trajectory prediction has been captured in the TR37.817 as one mobility use case, so it is reasonable that  UE trajectory prediction is one output of the AI-based mobility. The mobility optimization decision could be generated by AI/ML Model or conventional method based on the predicted trajectory. Moreover, UE trajectory prediction could be transferred to the target NG-RAN node for reference via Handover request. Hence, UE trajectory prediction should also be included as the output data.

Proposal 5: UE trajectory prediction should also be included as the output data.

Standard impacts
The corresponding standard impacts of UE trajectory prediction include:

- MDT signaling enhancement in order to report UE history location information and the corresponding assistance information, e.g., UE moving direction, UE velocity, radio measurements.

- The predicted UE trajectory information could be included in the handover request message towards the target NG-RAN node, which can be used for subsequent optimization.

Proposal 6: The predicted UE trajectory information could be included in the handover request message towards the target NG-RAN node, which can be used for subsequent optimization.
The corresponding TP for TR37.817 can be seen in the Section5.
Proposal 7: The corresponding TP for TR37.817 is provided below.
3. Conclusion

It is proposed to approve the following proposals:

Proposal 1: Propose to capture the solution above in TR that training located in OAM and inference located in NG-RAN node into the TR.

Proposal 2: Existing MDT framework can be the baseline, and no need to define a new signaling to transfer the UE measurement.

Proposal 3: Introduce an indication in the logged MDT measurement configuration to indicate UE whether to collect consecutive historical information (latitude, longitude, altitude, etc) when UE is in  Idle, Inactive, or Connected state.

Proposal 4: Following information should be included as input:

UE moving direction

UE historical location information, e.g., Latitude, longitude, altitude

Proposal 5: UE trajectory prediction should also be included as the output data.

Proposal 6: The predicted UE trajectory information could be included in the handover request message towards the target NG-RAN node, which can be used for subsequent optimization.
Proposal 7: The corresponding TP for TR37.817 is provided below.
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
5.3
Mobility Optimization
5.3.2
Solutions and standard impacts

Editor Note: Capture the solutions for the use case, including potential standard impacts on existing Nodes, functions, and interfaces

Considering the locations of AI/ML Model Training and AI/ML Model Inference for mobility solution, following two options are considered: 

The AI/ML Model Training function is deployed in OAM, while the Model Inference function resides within the RAN node 

Both the AI/ML Model Training function and the AI/ML Model Inference function reside within the RAN node
Furthermore, for CU-DU split scenario, following option is possible:

AI/ML Model Training is located in CU-CP or OAM, and AI/ML Model Inference function is located in CU-CP

5.3.2.1 AI/ML Model Training in OAM and AI/ML Model Inference in NG-RAN node
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Step 1. NG-RAN node configures the MDT 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 MDT measurement report message to OAM via NG-RAN node including the required measurement.
Step 4. Model Training.  Required measurements are leveraged to training ML model for trajectory prediction.

Step 5. OAM sends ML Model Deployment Message to deploy the trained/updated ML model into the NG-RAN node(s).
Step 6. NG-RAN node obtains the measurement report as inference data for  UE mobility optimization.

Step 7. 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 8. NG-RAN sends the AI/ML model performance feedback to OAM.
Step 9. According to the prediction, recommended actions or configuration are executed for 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 may send the predicted trajectory to NG-RAN node2 via handover request message for subsequent 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

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 

If existing UE measurements are needed by a gNB for AI/ML-based mobility optimization, RAN3 shall reuse the existing framework (including MDT and RRM measurements). 
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
1
1
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