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1 Introduction

In RAN3#112e meeting, the description for AI/ML based mobility optimization agreed as 

…

Predicting UE’s location is a key part for mobility optimisation, as many RRM actions related to mobility (e.g. selecting handover target cells) can benefit from the predicted UE location/trajectory. UE mobility prediction is also one key factor in the optimization of early data forwarding particularly for CHO. UE Performance prediction when the UE is served by certain cells is a key factor in determining which is the best mobility target for maximisation of efficiency and performance.
…

For example, before initiating a handover, the source gNB, could use feedbacks on UE performance collected for successful handovers occurred in the past and received from neighboring gNBs. 

Similarly, for the case of dual connectivity, before triggering the addition of a secondary gNB or triggering SN change, an eNB could use information (feedbacks) received in the past from the gNB for successfully completed SN Addition or SN Change procedures.

In the two reported examples, the source RAN node of a mobility event, or the RAN node acting as Master Node (a eNB for EN-DC, a gNB for NR-DC) can use feedbacks received from the other RAN node, as input to an AI/ML function supporting traffic related decisions (e.g. selection of target cell in case of mobility, selection of a PSCell / SCell(s) in the other case), so that future decisions can be optimized.
And the scope of standard impact is agreed as:
Study the enhancement of network interfaces to support AI enabled RAN intelligence based on the agreed use cases.

Coordinate with other working groups later for NRM enhancement when needed.

Detailed AI functionality and interface impacts could be studied case by case for the agreed use cases later.

Reuse the existing procedures for SON/MDT as the baseline for data collection or SON related use case where it fits. And additional enhancement/new signaling is studied when needed.
Where ML functionality resides within the current RAN architecture, depends on deployment and on the specific use cases
And the open issues are also listed for future study to be clarified, including:
We should refer to AI/ML unless needed in the specific discussion context

 - The detailed standard impacts for load balancing/load prediction should continue to discuss at next meeting. 

- Majority companies prefer predicted load exchanged between peer NG-RAN nodes should be supported.

- For load prediction, historical radio resource status can be the input and predicted resource status of serving cell and neighbor cell can be the output.

- The detailed standard impacts for mobility optimization should continue to discuss at next meeting. 

- For trajectory/location prediction, UE mobility history information can be the input, and UE trajectory prediction or the predicted target cell can be - the output.

- The detailed standard impacts for energy saving should continue to discuss at next meeting.

To be continued...
In this contribution, for AI/ML based mobility optimization, the corresponding standard impact is analyzed.
2 Discussion
For AI/ML based mobility optimization, AI/ML model can help to predict the 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 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.
Alternatively, AI/ML model can help to generate the adaptive handover strategy directly by exploring the complex relationship among UE info, node info, handover strategy and QoS performance to keep or enhance the QoS performance during handover by improving the handover efficiency and reducing the handover failure. 
In terms of AI functionality, AI/ML based mobility optimization is classified into two types:

· Type 1 AI/ML-assisted mobility optimization: Handover strategy is generated by conventional method based on the predicted trajectory information, where the predicted trajectory information is generated by AI/ML model. 

· Type 2 AI/ML-generated mobility optimization: Handover strategy is generated by AI/ML model based on the UE and node information.
As for AI model deployment, for the split structure, CU is the suitable node for AI model to reside in terms of mobility optimization with the following reasons: 1) the computation ability for CU is higher than DU; 2) UE measurement report, neighbor node information, RLF reports are available for CU; 3) one of responsibilities for CU is to make decisions for UE to do handover. 
For type 1, the work procedure is as following:
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Figure 1.1: AI/ML-assisted Mobility Optimization for Single Connection Case
Step 0: UE reports measurement report to the connected node.

Step 1: The connected node collects the AI/ML model required input data, such as UE position information in measurement report, and predicts the UE trajectory information via AI/ML model.
Step 2: The connected node generates handover strategy based on the predicted UE trajectory information generated in step 1.
Step 3: The connected 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 target node for further mobility optimization.
Step 4: The target node confirms the handover.

Step 5: The connected node and 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.
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Figure 1.2: AI/ML-assisted Mobility Optimization for Dual Connection Case
Step 0: UE reports measurement report to the MN and SN.

Step 1: The SN sends the trajectory prediction request to the MN.

Step 2: The MN collects the AI/ML model required input data, such as UE position information in measurement report, and predicts the UE trajectory information via AI/ML model.

Step 3: The MN feedbacks the predicted UE trajectory information to the SN.
Step 4: The SN generates handover strategy based on the received predicted UE trajectory information generated in step 3.

Step 5: The SN execute the handover strategy such as sending S-Node Change Required message to MN to request the SN change.

The functionality, input and output of Type 1 AI/ML model inference can be:

· AI functionality: 

· predict UE trajectory information
· Input: 

· UE info: trajectory, moving velocity, measurement report

· Output: 

· predicted trajectory information
· predicted moving coordination

· predicted camping cell

To support AI/ML based mobility optimization, NG-RAN node is required to support AI/ML model inference and exchange predicted UE trajectory information.

For type 2, the work procedure is as following:
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Step 0.a: Neighbor node sends the QoS information of historical HO-ed UEs (e.g. loss rate, delay, etc.). 

Step 0.b: UE reports measurement report to the connected node.

Step 1: The connected node collects the AI model required input data, such as UE measurement report and neighbor node information. And the connected node generates handover strategy via AI/ML model with received UE information, node information, neighbor node information.
Step 2, Step3, Step4: The connected node executes the AI/ML-generated handover decision, inc. handover, SN addition, SN change, DC triggering.
The functionality, input and output of Type 2 AI/ML model inference can be:

· AI functionality: 

· predict/generate handover strategy
· Input: 

· UE info: trajectory, moving velocity, measurement report
· node info: position, resource status
· neighbor node info: position, resource status, QoS parameters of historical HO-ed UE (e.g. loss rate, delay, etc.)
· Output: 

· predicted handover strategy
· predicted handover decision: handover or not handover
· predicted DC activation decision

· predicted handover target node
· predicted handover source node
· predicted handover time
To support AI/ML based mobility optimization, NG-RAN node is required to support AI/ML model inference.

Proposal 1: 
To support AI/ML based mobility optimization, AI/ML model help to predict UE trajectory information and/or generate handover strategy directly.
Proposal 2: 
To support AI/ML based mobility optimization, NG-RAN node is required to support AI/ML model inference, exchange predicted UE trajectory information and/or exchange QoS information of historical HO-ed UEs.
Proposal 3: 
To support AI/ML based mobility optimization, for split gNB, AI/ML model can be deployed to CU. 

3 Conclusion

RAN3 is requested to discuss and if possible agree on the following proposals:
Proposal 1: 
To support AI/ML based mobility optimization, AI/ML model help to predict UE trajectory information and/or generate handover strategy directly.
Proposal 2: 
To support AI/ML based mobility optimization, NG-RAN node is required to support AI/ML model inference, exchange predicted UE trajectory information and/or exchange QoS information of historical HO-ed UEs.
Proposal 3: 
To support AI/ML based mobility optimization, for split gNB, AI/ML model can be deployed to CU. 
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5 Appendix: Text Proposal 

The following standard impact for AI-based mobility optimization should be captured in the TR 37.817:
5.X.2
Solutions and standard impacts


For AI/ML based mobility optimization, AI/ML model can help to predict the 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 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.

Alternatively, AI/ML model can help to generate the adaptive handover strategy directly by exploring the complex relationship among UE info, node info, handover strategy and QoS performance to keep or enhance the QoS performance during handover by improving the handover efficiency and reducing the handover failure. 

In terms of AI functionality, AI/ML based mobility optimization is classified into two types:

· Type 1 AI/ML-assisted mobility optimization: Handover strategy is generated by conventional method based on the predicted trajectory information, where the predicted trajectory information is generated by AI/ML model. 

· Type 2 AI/ML-generated mobility optimization: Handover strategy is generated by AI/ML model based on the UE and node information.
As for AI model deployment, for the split structure, CU is the suitable node for AI model to reside in terms of mobility optimization with the following reasons: 1) the computation ability for CU is higher than DU; 2) UE measurement report, neighbor node information, RLF reports are available for CU; 3) one of responsibilities for CU is to make decisions for UE to do handover. 
For type 1, the work procedure is as following:
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Figure 1.1: AI/ML-assisted Mobility Optimization for Single Connection Case
Step 0: UE reports measurement report to the connected node.

Step 1: The connected node collects the AI/ML model required input data, such as UE position information in measurement report, and predicts the UE trajectory information via AI/ML model.

Step 2: The connected node generates handover strategy based on the predicted UE trajectory information generated in step 1.

Step 3: The connected 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 target node for further mobility optimization.

Step 4: The target node confirms the handover.

Step 5: The connected node and 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.
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Figure 1.2: AI/ML-assisted Mobility Optimization for Dual Connection Case
Step 0: UE reports measurement report to the MN and SN.

Step 1: The SN sends the trajectory prediction request to the MN.

Step 2: The MN collects the AI/ML model required input data, such as UE position information in measurement report, and predicts the UE trajectory information via AI/ML model.

Step 3: The MN feedbacks the predicted UE trajectory information to the SN.

Step 4: The SN generates handover strategy based on the received predicted UE trajectory information generated in step 3.

Step 5: The SN execute the handover strategy such as sending S-Node Change Required message to MN to request the SN change.

The functionality, input and output of Type 1 AI/ML model inference can be:

· AI functionality: 

· predict UE trajectory information
· Input: 

· UE info: trajectory, moving velocity, measurement report

· Output: 

· predicted trajectory information
· predicted moving coordination

· predicted camping cell

To support AI/ML based mobility optimization, NG-RAN node is required to support AI/ML model inference and exchange predicted UE trajectory information.

For type 2, the work procedure is as following:
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Step 0.a: Neighbor node sends the QoS information of historical HO-ed UEs (e.g. loss rate, delay, etc.). 

Step 0.b: UE reports measurement report to the connected node.

Step 1: The connected node collects the AI model required input data, such as UE measurement report and neighbor node information. And the connected node generates handover strategy via AI/ML model with received UE information, node information, neighbor node information.

Step 2, Step3, Step4: The connected node executes the AI/ML-generated handover decision, inc. handover, SN addition, SN change, DC triggering.

The functionality, input and output of Type 2 AI/ML model inference can be:

· AI functionality: 

· predict/generate handover strategy
· Input: 

· UE info: trajectory, moving velocity, measurement report

· node info: position, resource status

· neighbor node info: position, resource status, QoS parameters of historical HO-ed UE (e.g. loss rate, delay, etc.)
· Output: 

· predicted handover strategy
· predicted handover decision: handover or not handover

· predicted DC activation decision

· predicted handover target node

· predicted handover source node
· predicted handover time
To support AI/ML based mobility optimization, NG-RAN node is required to support AI/ML model inference.
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