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1 Introduction

The AI for RAN WI was approved to specify data collection enhancements and signaling support within existing NG-RAN interfaces and architecture for AI/ML-based Network Energy Saving, Load Balancing and Mobility Optimization.
Regarding to mobility optimization, after the discussion of past several meetings, there are several open issues left for further discussion.

It is FFS whether the presence of time stay of UE in the predicted UE trajectory information is “Optional” or “mandatory”.
Which of the following statements do companies agree?

- 1) To support an AI model for UE trajectory prediction in other NG-RAN node(s), the source NG-RAN node needs to understand the actual (relevant) UE trajectory in the other NG-RAN node(s), and it is upon implementation if it is used for training/monitoring/etc. It needs to be further discussed if the actual trajectory consists of historical information obtained before the prediction is generated or trajectory measurements collected after the prediction is generated.

- 2) To support an AI/ML model for UE trajectory prediction of future NG-RAN node(s), the source NG-RAN node needs to receive UE Trajectory Information related to cells in future NG-RAN node(s), and it is up to implementation if it is used for training/monitoring/etc. It needs to be further discussed if the UE Trajectory Information consists of historical information obtained before the prediction is generated or trajectory measurements collected after the prediction is generated.
In this contribution, the Xn interface impact for ME is analyzed.

2 Discussion
Predicted cell-granularity UE trajectory
During the past discussion, several agreements have been made for the predicted UE trajectory:

Predicted cell-granularity UE trajectory can be exchanged over Xn for AI/ML based mobility optimization.
Cell-based UE Trajectory prediction has the same structure as UE History Information IE. 

Cell-based UE Trajectory prediction is provided as a list of cells into the future, each of which is indicated together with an expected time of stay into the cell.

UE Trajectory Prediction is transferred to the target gNB via the Handover Request.
One of the open issues is the presence of the predicted time of stay. It depends on the model design. And the common understanding is that the predicted trajectory is for target cell selection. When there are two cells with similar measurement results, the trajectory prediction can help the node to select one of them as the target cell. So if providing a list of cell that the UE will camp on without time of staying, it can realize the above effect for mobility optimization. Time of stay is an additional info for node, which is beneficial. Due to highly model design related, it is better to set as an optimal IE.
Proposal 1: 
The presence of predicted time of stay of a UE can be set as an optimal IE. 
The input data for training is still under discussion. There are three possible candidate: UE reported history information, UE History Information IE and UE geographic location. The controversial one is the UE geographic location. We think it can help model to improve the prediction accuracy. If inputting the cell-level information only, it is not easy to predict the correct next camping cell. For example, two UEs in the same underground from same start station to the same end station, so the trajectory in cell level for both two UEs are same, such as cell A, cell B, cell C. But after they get out from underground station, one comes to cell D, and the other goes to cell E. With the input of cell A/B/C, the model inference may be cell D or cell E. So the geographic location is required as the input data for trajectory prediction.

Proposal 2: 
UE geographic location can be one of the input data for cell-level trajectory prediction.
The coordinate of the location information can be collected via MDT procedure with user consent. 

CommonLocationInfo-r16 ::= SEQUENCE {
    gnss-TOD-msec-r16          OCTET STRING     OPTIONAL,

    locationTimestamp-r16      OCTET STRING     OPTIONAL,

    locationCoordinate-r16     OCTET STRING     OPTIONAL,

    locationError-r16          OCTET STRING     OPTIONAL,

    locationSource-r16         OCTET STRING     OPTIONAL,

    velocityEstimate-r16       OCTET STRING     OPTIONAL
}
With the coordinate information, the finer granularity of location prediction can be achieved. It can be discussed later after the cell-level granularity.

Proposal 3: 
MDT can be the baseline to collect UE geographic location.
For the source node to understand or to have the knowledge of the UE trajectory in other nodes or the future nodes, it is better to separate the discussion to input and feedback individually, although the usage of the data is up to implementation. For input data collection, the massive data would be collected. If some of the data records contain the UE trajectory containing the current cells, the model can understand where the UE will go based on them. For the feedback collection, UE trajectory of other UEs can help to evaluate the performance. Even without UE trajectory information, the UE performance feedback can help to do the evaluation. The trajectory prediction is for node to select the target cell. The UE performance feedback can help to evaluate whether the target cell selection is correct or not. Thus there is no need to collect the actual trajectory from the target node to source node.
Proposal 4: 
There is no need to transfer the actual UE trajectory from target node to source node.
For the training data collection, MDT is one of the mechanism to collect the UE trajectory information. For logged MDT, the UE comes to the Idle or Inactive state and starts to log the information. The connected node for a UE from RRC Inactive/Idle state maybe is not the last serving node. The existing mechanism does not support the logged info transferring from connected gNB to the last serving gNB. In such case, the logged info in the UE may be dropped and wasted. So propose to support transferring the UE location info from connected node to the last serving node. Definitely, whether requiring the logged data depends on the decision of last serving node. If the last serving node does not need the measured data anymore, the connected node does not transfer it back. So the last serving node can indicate the requirement to the connected node during UE context retrieval procedure. And then, if yes, the connected node requests the report via UE information request. The detailed enhancement can be further discussed.
Proposal 5: 
RAN3 to discuss how to transfer the logged location information from the connected node to the last serving node regarding to data collection via logged MDT mechanism.
Other potential impacts for mobility optimization
UE traffic is a vital factor for resource allocation decision. The existing mechanism supports node to collect the current traffic information of a UE. However, the traffic is time-varying without fixed pattern, so that the current traffic based resource allocation decision can not fit for the new traffic volume in next time slot. The service requirement for emerging applications is stringent, so the performance may be downgraded when the resource is not sufficient for the traffic volume. To avoid resource waste or performance downgrading due to allocated resource shortage, a proactive is required to reserve resource or allocate the proper resource for the new traffic. UE traffic prediction can provide such proactive information for node. The node can adjust the resource allocation decision in advance to overcome the traffic change to maintain the satisfactory and stable performance.

For mobility optimization for UEs, the target node has no sufficient knowledge of UE traffic information. So for handover, it is difficult for target UE to set the proper resource allocation decision for this UE, which may results in poor performance during handover procedure. To maintain the QoS or QoE, the predicted traffic information from source node can benefit for the setting of target node for this UE. Hence, exchanging predicted UE traffic information can help node to obtain the accurate predicted UE traffic volume and set the proper resource allocation decision to improve the performance during mobility.

Proposal 6: 
The predicted traffic information can be carried in handover procedure to provide reference information for target node to allocate resources.
The QoS requirements for emerging services are stringent. How to select a suitable target node for handover to guarantee the QoS performance meeting service requirements is a main problem addressed in mobility optimization. The QoS performance is related to the multiple factors such as channel quality, resource allocation, etc. Due to the variability of these parameters, the current status based decision can not foresee the actual performance for the UE with the connection of target node. With the help of AI/ML, the node can predict the achievable QoS parameters based on the resources, channel quality, and historical collected QoS parameters. It can provide information for neighbor node to make mobility decision, so that the actual QoS performance can be guaranteed to meet the target. In details, the node receives the predicted achievable QoS parameters from neighbors. When the node needs to make the handover decision of one UE with a certain applications, the node can select a target cell whose predicted achievable QoS performance is better than or equal to the UE application requirements. Hence, the predicted achievable QoS from neighbor nodes can be exchanged to provide information for mobility optimization decision.

Proposal 7: 
Predicted achievable QoS parameters can be exchanged to provide information for mobility optimization decision.
3 Conclusion

RAN3 is requested to discuss and if possible agree on the following proposals:
Proposal 1: 
The presence of predicted time of stay of a UE can be set as an optimal IE. 

Proposal 2: 
UE geographic location can be one of the input data for cell-level trajectory prediction.
Proposal 3: 
MDT can be the baseline to collect UE geographic location.
Proposal 4: 
There is no need to transfer the actual UE trajectory from target node to source node.

Proposal 5: 
RAN3 to discuss how to transfer the logged location information from the connected node to the last serving node regarding to data collection via logged MDT mechanism.
Proposal 6: 
The predicted traffic information can be carried in handover procedure to provide reference information for target node to allocate resources.
Proposal 7: 
Predicted achievable QoS parameters can be exchanged to provide information for mobility optimization decision.
4 References
[1] TR 37.817 
[2] TS 38.423 
[3] TS 38.473 
[4] TS 37.483 
