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1 Introduction

RAN#102 has agreed the SI to further investigate the new AI/ML based use cases and identify the enhancement to support AI/ML functionality in NG-RAN as RP-234054.
There are three RAN3 related objectives:

· Study two new AI/ML based use cases, i.e., Network Slicing and CCO, with existing NG-RAN interfaces and architecture (including non-split architecture and split architecture). 
· Rel-18 leftovers as candidates for normative work, based on the Rel-18 principles, as follows:
-   Mobility optimization for NR-DC
-   Split architecture support for Rel-18 use cases based on the conclusions from Rel-18 WI 
-   Energy Saving enhancements, e.g., Energy Cost Prediction

-   Continuous MDT collection targeting the same UE across RRC states
-   Multi-hop UE trajectory across gNBs
Note: RAN3 should take the Rel-18 discussions into account.
In the paper we discuss the potential interface impact for AI/ML for mobility in NR-DC cases. 

2 Discussion
In R18, AI/ML for mobility in single-connectivity is specified, where the main enhancement include:
· Resource status prediction

· UE trajectory prediction

· UE performance collection

· UE trajectory collection

NR-DC effectively improves the transmission rate and reliability. The dimensionality and complexity of the mobility in DC cases is much higher than that of the single connectivity. Improper decision can not bring the benefit, while the signaling between the nodes dramatically improves. In addition, the unsuitable DC initiating will downgrade the network performance and user experience.
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Figure 1: AI/ML for mobility in DC case
For the NR-DC cases, it is better for source MN and source SN to get the resource status from the neighbours. And the source nodes (MN or SN) can set the mobility decision such as target cell selection based on the predicted resource status. Similar as the single-connectivity, if the predicted resource status for one cell is high, the source MN or SN may not select this cell as the handover target to avoid the UE performance downgrading due to heavy load. For the procedure, as the R18 defined procedure is the non-UE associated for peer-node, it can be re-used directly between the source MN or SN with the neighbour nodes. 
Proposal 1: The legacy predicted resource status from neighbour nodes can be reused to provide the information in DC case.

Regarding to the UE trajectory prediction, R18 defines the mechanism for single-connectivity that the source node can send the predicted trajectory to the target node for target node to make the further mobility decision. In NR-DC cases, the SN may have no sufficient information to UE trajectory prediction. The SN change without inter-MN handover maybe happen. In such case, the time for UE to stay in a SN is short, so that the collected information from UE is not enough to do the prediction, such as the no necessary input data for the AI/ML to generate the predicted trajectory. The other case is that the SN has no AI/ML capability. It can not assume the all nodes in the network are equipped with AI/ML function with the reason that AI/ML model requires the high computation power comparing with the normal communication. The inter-SN change can take the UE trajectory prediction as the reference information to set the mobility decision. To overcome the above situation, it is better for source MN to provide the UE trajectory information to the source SN to assist source SN to set SN initiated SN change decision.
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Figure 2: UE trajectory prediction in DC case
Proposal 2: Source MN provides the UE trajectory prediction information to the source SN to assist source SN to set SN initiated SN change decision.

Similar as the UE trajectory collection in single connectivity, to collect the training data and feedback data for UE trajectory prediction, the SN needs to report the UE trajectory back to the MN. 

Proposal 3: UE trajectory should be provided from SN to MN to provide the training data and feedback data for UE trajectory prediction

The handover-ed UE performance is the main feedback information to evaluate the mobility decision with the aim of avoiding performance downgrading during the handover procedure. In DC case, the timing of SN addition or change and the choice of the SN have the impact on the handover performance. The bad SN addition or change decision may lead to handover failure or the poor performance after handover. So, the handover-ed UE performance should be used to evaluate the mobility decision in DC case.

For the UE performance collection, in single-connectivity, the source node initialize the collection by sending the data collection request message, and the data collection ID in handover request message is used to tell the target node that the UE performance of this UE should be collected. In DC case, the same principle can be reused. The MN can initialize the collection via data collection request message, and MN can indicate the target SN that the UE’s performance should be collection in SN addition request. After UE accesses the SN, SN collects the UE performance (i.e. throughput, delay, loss rate) and reports to the MN in data collection update message. So the only enhancement required in DC case is to add the collection ID in SN addition request message.

Proposal 4: Performance of handover-ed UE should be reused to evaluate the AI/ML assisted mobility decision in DC case.

3 Conclusion

Based on the discussion, we have the following proposals. It is proposed to agree the proposals.
Proposal 1: The legacy predicted resource status from neighbour nodes can be reused to provide the information in DC case.

Proposal 2: Source MN provides the UE trajectory prediction information to the source SN to assist source SN to set SN initiated SN change decision.

Proposal 3: UE trajectory should be provided from SN to MN to provide the training data and feedback data for UE trajectory prediction

Proposal 4: Performance of handover-ed UE should be reused to evaluate the AI/ML assisted mobility decision in DC case.
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5.1 Mobility optimization for NR-DC
5.1.1
Use case description
NR-DC effectively improves the transmission rate and reliability. The dimensionality and complexity of the mobility in DC cases is much higher than that of the single connectivity. Improper decision can not bring the benefit, while the signaling between the nodes dramatically improves. In addition, the unsuitable DC initiating will downgrade the network performance and user experience.
5.1.2
Solutions and standard impacts

5.1.2.1
Locations for AI/ML Model Training and AI/ML Model Inference

The following solutions can be considered for supporting AI/ML-based mobility optimization for NR-DC:

- AI/ML Model Training is located in the OAM and AI/ML Model Inference is located in the MN.

- AI/ML Model Training and AI/ML Model Inference are both located in the MN. 

5.1.2.2
Input data of AI/ML based Mobility Optimization for NR-DC:
To predict the optimized mobility decisions for NR-DC, a gNB may need the following information as input data for AI/ML-based mobility optimization for NR-DC:
From local node: 
-
Measured/Predicted resource status

-
Legacy predicted UE trajectory

From neighbouring gNBs:

-
Measured/Predicted resource status
From the UE:

-
UE measurement report (e.g., UE RSRP, RSRQ, SINR measurement, etc), including cell level and beam level UE measurements
5.1.2.3
Output data of AI/ML based Mobility Optimization for NR-DC:

AI/ML-based mobility optimization model for NR-DC in a gNB can generate following information as output:
· Predicted UE trajectory

5.1.2.4
Feedback of AI/ML based Mobility Optimization for NR-DC:

To optimize the performance of AI/ML-based mobility optimization model for NR-DC, following feedback can be considered to be collected from gNBs:

· Legacy UE performance feedback for those UEs handed over to SN
· Measured UE trajectory

5.1.2.5
Potential standard impacts:

Following standard impacts is listed for subsequent Rel-19 normative work compared with what was specified during Rel-18.

Xn interface:

· Enhance the procedure to collect information between gNBs:

· UE trajectory prediction from MN to SN

· Measured UE trajectory from SN to MN
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