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1. Introduction
A new SI “Study on enhancements for Artificial Intelligence (AI)/Machine Learning (ML) for NG-RAN” was approved for Rel-19 at RAN #102 meeting [1], then revised in RAN#103 and eventually approved in [2]. One of the objectives of the new SI is to further discuss the Rel-18 leftovers. The agreements and FFS of Rel-18 leftovers of RAN AI/ML in RAN3#123bis meeting are as follows [3]:
	[bookmark: _Hlk164935750]Agree to take as baseline for the Mobility Optimization for NR-DC that the use case is studied assuming inference at the MN. The main use case is limited to dual connectivity only (e.g. no conditional procedures are in scope).
Agree to have discussions on AI/ML based energy saving at the next meeting, where enhancements will be based on new solutions not discussed in Rel18. It is strongly recommended not to reiterate Rel18 proposals on which consensus could not be achieved. If consensus on a solution approach is not reached at May meeting, the topic is down prioritized.
It is agreed to evaluate solutions on multi hop trajectory and check their impact on specifications with the aim of minimizing that. If consensus on a solution approach is not reached at May meeting, the topic is down prioritized.
There is no consensus on whether inference is at the gNB-DU for Network Slicing and CCO.
It is FFS whether inference at the gNB-DU is needed based on the benefits and the identified cases compared with inference at the gNB-CU. 
· Formulate the use case and solution for split architecture support, NR-DC, and continuous MDT use cases
· Further discuss the ES and multi-hop use cases and solutions based on principles as approved above
· Further down-selection in May meeting


This contribution addresses the Rel-18 leftovers related to “Mobility optimization for NR-DC” and “Multi-hop UE trajectory across gNBs”, providing our considerations and proposals for discussion.
2. Discussion
2.1 Mobility optimization for NR-DC
In the last meeting, RAN3 has agreed that Rel-19 only considers AI/ML model inference being hosted in the MN for the case of Mobility Optimization for NR-DC, while also excluding all conditional-based procedures, which greatly simplifies the scope of the discussion, as reported below [3]:
	Agree to take as baseline for the Mobility Optimization for NR-DC that the use case is studied assuming inference at the MN. The main use case is limited to dual connectivity only (e.g. no conditional procedures are in scope).
· Formulate the use case and solution for split architecture support, NR-DC, and continuous MDT use cases


Rel-18 mainly considered the scenario where a UE is connected to a single NG-RAN node, and NR-DC scenario is not considered. The enablers for the Mobility Optimization use case in Rel-18 over Xn are as follows:
· Cell Based UE Trajectory Prediction and Data Collection ID IEs in the HANDOVER REQUEST message;
· UE Trajectory Collection Configuration and UE Performance Collection Configuration IEs in the DATA COLLECTION REQUEST message; 
· UE Performance and Measured UE Trajectory IEs in the DATA COLLECTION UPDATE message.
In our understanding, the above enablers could bring similar benefits for UE mobility optimization for NR-DC, e.g. the SN could optimize radio resources in advance based on the UE trajectory prediction generated and sent from the MN. Therefore, we can consider to:
· Introduce Cell Based UE Trajectory Prediction and Data Collection ID IEs in relevant DC-related messages, e.g., SN ADDITION REQUEST message, SN MODIFICATION REQUEST message, SN CHANGE REQUEST message;
· Introduce Data Collection Reporting Initiation procedure between the MN and the SN for configuring the collection of the UE trajectory and UE performance;
· Introduce Data Collection Reporting procedure between the MN and the SN for reporting the measured UE trajectory and UE performance.
Proposal 1: RAN3 to agree on introducing enablers related to the Rel-18 Mobility Optimization use case to also cover NR-DC scenarios, i.e., transfer of the UE trajectory prediction and Data Collection ID in relevant DC procedures, as well as Data Collection Reporting (Initiation) procedures between MN and SN.
Considering that some MN-initiated DC decisions (e.g., SN Addition, SN Change, SN Modification, SCG Activation/Deactivation) may be deduced based on AI/ML, the requested node (i.e., SN) should be able to distinguish an incoming AI/ML-based DC request message originated from the requesting node (i.e., MN) with respect to a “legacy” (i.e., not AI/ML-based) DC request message. This would allow the requested node to reject such incoming DC request message due to the fact that DC decisions from the requesting node are based on predictions, hence not absolutely accurate. Another reason motivating the need of such indication is that the AI/ML-based DC decisions from the MN could be in contrast with other predicted strategies considered in SN for different AI/ML-based use cases such as energy saving or load balancing strategies in the SN. In addition, in our view, the SN should be aware of the prediction timestamp for which the predicted DC decisions are supposed to happen (e.g., predicted SN Addition time, predicted SN Change time, predicted SN Modification time, SCG Activation/Deactivation time) and such information should be provided within the corresponding DC request message in order to prepare for the resource reservation timely, if accepted by the SN.
Hence, we think RAN3 should discuss and agree whether the AI/ML purpose of the DC request message and prediction timestamp of predicted DC decisions should be explicitly indicated by the MN so that they can be identifiable by the SN.
Proposal 2: AI/ML purpose of the MN-initiated DC request message and prediction timestamp of predicted DC decisions from the MN are beneficial to be known at the SN side to optimize UE mobility in NR-DC scenarios. 
2.2 Multi-hop UE trajectory across gNBs
The inference-based UE mobility enhancement in Rel-18 focused on optimizing UE handovers across cells within the 1st hop target NG-RAN node. For example, the source NG-RAN node predicts the cell-based UE trajectory (i.e., the list of target cells where the UE will likely be handed over) and provides this prediction to the next-hop NG-RAN node, hence optimizing the handover resources in advance as well as reducing UE handover delay and failure probability.
Considering time limitation and complexity in Rel-18, RAN3 has not addressed the multi-hop UE trajectory prediction, i.e., a prediction of the UE trajectory spanning multiple NG-RAN nodes. However, the multi-hop UE trajectory prediction could bring some benefits for the 1st hop target NG-RAN node as well as for the NG-RAN node in each hop, e.g., predict the incoming/outgoing cell traffic in a future period of time, understand the UE multi-hop destination, etc. 
Observation 1: Multi-hop UE trajectory may be useful for mobility related decisions of the 1st hop target NG-RAN node as well as intermediate NG-RAN nodes.
The agreement related to multi-hop UE trajectory prediction in the last RAN3 meeting is as follows [3]:
	It is agreed to evaluate solutions on multi hop trajectory and check their impact on specifications with the aim of minimizing that. If consensus on a solution approach is not reached at May meeting, the topic is down prioritized.
· Further discuss the ES and multi-hop use cases and solutions based on principles as approved above


Below, we provide the analysis of possible solutions for the multi-hop UE trajectory prediction transmission across multiple gNBs as well as multi-hop UE trajectory feedback collection and reporting.
As agreed in Rel-18, the source NG-RAN node can send the cell-based UE trajectory prediction in the HANDOVER REQUEST message. Moreover, the source NG-RAN node can configure the measured UE trajectory collection by the target NG-RAN node in the DATA COLLECTION REQUEST message, with the reporting being only one-time, which includes collection time duration and number of visited cells. At successful handover, the target NG-RAN node starts collecting information related to the measured UE trajectory (i.e., list of visited cells and corresponding time UE stayed in each cell) and it shall terminate the collection of the UE trajectory information when it meets the UE trajectory collection configuration previously provided by the source NG-RAN node, or the UE moves to inactive or idle state, or the UE is handed over to a cell belonging to a different NG-RAN node. Then, the target NG-RAN node can send the measured UE trajectory in the DATA COLLECTION UPDATE message back to the source NG-RAN node. 
In order to enable the multi-hop UE trajectory prediction to span across multiple gNBs, we think that the multi-hop UE trajectory prediction could also be transferred in the HANDOVER REQUEST message from the source NG-RAN node to target NG-RAN node through multiple intermediate nodes. One direct enhancement is that the Cell Based UE Trajectory Prediction IE should be designed to contain the identifiers of the multiple NG-RAN nodes whose cells are predicted to be visited by the UE. In addition, the intermediate NG-RAN node may not need to transfer the list of cells previously predicted to be visited (or include the whole UE trajectory prediction from the source NG-RAN node) to the next-hop NG-RAN node, since we do not see any benefits for the next-hop NG-RAN node to have this information.
[bookmark: _Hlk162518651]Proposal 3: RAN3 agree to transfer the multi-hop UE trajectory prediction between the source NG-RAN node and the target NG-RAN node following the design of the single-hop UE trajectory prediction transmission in Rel-18 (i.e., in the HANDOVER REQUEST message).
Since the multi-hop UE trajectory prediction could be transferred across multiple NG-RAN nodes, we need to specify how to transfer the measured multi-hop UE trajectory. Assume for instance that the multi-hop UE trajectory prediction spans three nodes: Node1 (initial source node), Node2 (intermediate node) and Node3 (final node). Since the initial source NG-RAN node (Node1) uses AI/ML tools to predict the multi-hop UE trajectory, it may be beneficial for the initial source NG-RAN node to obtain the measured multi-hop UE trajectory as a feedback information to further monitor the model’s performance and decide whether to re-train the AI/ML model. 
[image: ]
[bookmark: _Ref165977394]Figure 1 - Multi-hop UE trajectory prediction spanning three NG-RAN nodes.
Observation 2: It may be beneficial for the initial source NG-RAN node that predicted the multi-hop UE trajectory to obtain the measured multi-hop UE trajectory as a feedback information to further monitor the model’s performance and decide whether to re-train the AI/ML model.
From our point of view, there are four possible solutions for the collection and reporting of the measured multi-hop UE trajectory:
[bookmark: _Hlk166082972]Option1: Parallel transmission from each hop node to the initial source NG-RAN node (i.e., Node2 to Node1, Node3 to Node1). Node1 initiates a Data Collection Reporting Initiation procedure towards Node2 which includes collection time duration and number of visited cells covering multiple nodes based on the UE trajectory prediction. Each next-hop target NG-RAN node transfers the locally collected measured UE trajectory directly back to the initial source NG-RAN node, hence Node2 sends feedback information to Node1 and Node3 sends feedback information to Node1. In this way, how does the concerned next-hop target NG-RAN node (Node3) know which is the initial source NG-RAN node (Node1), and the UE trajectory collection and reporting configuration to use? One possible way is that intermediate node (Node2) sends the initial source NG-RAN node ID (Node1 ID) and an update of the measured UE trajectory collection and reporting configuration previously sent to Node2 to the next-hop target NG-RAN node (Node3), e.g., in the HANDOVER REQUEST message. The updated measured UE trajectory collection and reporting configuration sent by Node2 to Node3 mentioned above means that the Node2 needs to revise the measured UE trajectory collection and reporting configuration initially provided by Node1 to Node2 based on the actual UE path and behaviour within Node2. Once each node provided its own portion of the measured UE trajectory to Node1 it will be up to Node1 to merge all the received portions to derive the complete measured multi-hop UE trajectory and use it for, e.g., model performance monitoring. The main drawbacks of this solution are 1) for how long the Node1 should keep the UE context stored, and 2) the potential unavailability of the Xn interface between Node1 and a “far away” final target NG-RAN node (e.g., Node3).
Option2: Hop-by-hop transmission (i.e., Node3 to Node2, Node2 to Node1). Node1 initiates a Data Collection Reporting Initiation procedure for Node2, and Node2 initiates another Data Collection Reporting Initiation procedure for Node3, and in each procedure the measured UE trajectory collection (and reporting) configuration is provided. Each next-hop target NG-RAN node sends the locally collected measured UE trajectory up to the initial source NG-RAN node via the intermediate NG-RAN nodes, which may require enhancements of the measured single-hop UE trajectory feedback mechanism of Rel-18 because it is now expected that each intermediate node (Node2) is able to keep the UE context for a sufficient amount of time to ensure that, once it has received the portion of measured UE trajectory from the subsequent node (Node3) and has merged such contribution with its own portion of measured UE trajectory, it will be possible to propagate the measured UE trajectory back to Node1. Or, alternatively, each intermediate node (e.g., Node3) sends the locally collected measured UE trajectory to the previous node (Node2) immediately after the UE is handed over to another subsequent NG-RAN node (Node4, not shown in Figure 1), and then Node2 transparently forwards the measured UE trajectory collected by and received from Node3, hence leaving to Node1 the responsibility to merge all the received portions of measured UE trajectory to derive the complete measured multi-hop UE trajectory. Anyway, we think that the main drawback of this solution is mainly for how long each node should keep the UE context stored in order to enable hop-by-hop propagation of the measured UE trajectory portions along the chain.
Option3: Final-hop to initial-hop transmission (i.e., Node2 to Node3, Node3 to Node1). Node1 initiates a Data Collection Reporting Initiation procedure for Node2, and Node2 initiates another Data Collection Reporting Initiation procedure for Node3, and in each procedure the measured UE trajectory collection (and reporting) configuration is provided. Each intermediate node (Node2) transfers its own (locally collected) portion of the measured UE trajectory to the next-hop target node (Node3) via, e.g., the HANDOVER REQUEST message. Then the final node (Node3) collects its own (locally collected) portion of the measured UE trajectory, it merges its own portion with the measured UE trajectory previously collected by and received from Node2 and sends the complete measured multi-hop UE trajectory to the initial source node (Node1). Even though the legacy measured UE trajectory collection configuration maybe enough to support this solution, each subsequent target node needs to acquire the initial source NG-RAN node ID (Node1 ID). In addition, we believe that the necessity of this solution is worth discussing, as we think that the main drawback for the transmission of locally collected measured UE trajectory information over the Xn interface is the significant Xn signalling overhead, in addition to the ones already observed for Option1.
Option4: Measured UE trajectory transfer via AMF (i.e. Node3 to AMF, AMF to Node1). Node1 initiates a Data Collection Reporting Initiation procedure for Node2 to provide the measured UE trajectory collection configuration, and Node2 initiates another Data Collection Reporting Initiation procedure for Node3 to provide the measured UE trajectory collection configuration as well as the initial source NG-RAN node ID (Node1 ID). At least except the first target node, i.e., Node2, which can send its own portion (locally collected) of the measured UE trajectory back to Node1 directly, each next-hop target node sends its own portion (locally collected) of the measured UE trajectory to the AMF, then either the AMF merges each portion of the measured UE trajectory provided by each next-hop target node and forwards the merged measured UE trajectory to Node1 which, in turn, merges what it received from the AMF with the portion of the measured UE trajectory collected locally and previously received by Node2 (the first next-hop target node), or the AMF separately forwards each and every portion of the measured UE trajectory received from each next-hop target node to Node1 sequentially, and it is up to Node1 to merge all the received portions of measured UE trajectory to derive the complete measured multi-hop UE trajectory. In this manner, we need to propagate the initial source NG-RAN node ID (Node1 ID) over the Xn interface towards each next-hop target node, and ensure that the initial source node and each next-hop target node can maintain the connection to the same AMF. In our view, involving the AMF could be applicable also to Option1 and Option3 to at least solve the issue of potential unavailability of the Xn interface between Node1 and a “far away” final target NG-RAN node (e.g., Node3), at a cost of impacting the NG interface which was ruled out in Rel-18.
Proposal 4: RAN3 to down-select one option for the transfer of the measured multi-hop UE trajectory feedback among the following:
· Option1: Parallel transmission from each hop node to the initial source NG-RAN node (i.e., Node2 to Node1, Node3 to Node1)
· Option2: Hop-by-hop transmission (i.e., Node3 to Node2, Node2 to Node1)
· Option3: Final-hop to initial-hop transmission (i.e., Node2 to Node3, Node3 to Node1)
· Option4: Measured UE trajectory transfer via AMF (i.e. Node3 to AMF, AMF to Node1).
Proposal 4bis: RAN3 to adopt Option2 (hop-by-hop transmission) as the solution to enable the propagation of the multi-hop UE trajectory prediction and the transfer of the measured multi-hop UE trajectory back to the source NG-RAN node, which ensures minimum standard impact.
3. Conclusion
Based on the above discussion, we have the following observations and proposals:
Observation 1: Multi-hop UE trajectory may be useful for mobility related decisions of the 1st hop target NG-RAN node as well as intermediate NG-RAN nodes.
Observation 2: It may be beneficial for the initial source NG-RAN node that predicted the multi-hop UE trajectory to obtain the measured multi-hop UE trajectory as a feedback information to further monitor the model’s performance and decide whether to re-train the AI/ML model.
Proposal 1: RAN3 to agree on introducing enablers related to the Rel-18 Mobility Optimization use case to also cover NR-DC scenarios, i.e., transfer of the UE trajectory prediction and Data Collection ID in relevant DC procedures, as well as Data Collection Reporting (Initiation) procedures between MN and SN.
Proposal 2: AI/ML purpose of the MN-initiated DC request message and prediction timestamp of predicted DC decisions from the MN are beneficial to be known at the SN side to optimize UE mobility in NR-DC scenarios. 
Proposal 3: RAN3 agree to transfer the multi-hop UE trajectory prediction between the source NG-RAN node and the target NG-RAN node following the design of the single-hop UE trajectory prediction transmission in Rel-18 (i.e., in the HANDOVER REQUEST message).
Proposal 4: RAN3 to down-select one option for the transfer of the measured multi-hop UE trajectory feedback among the following:
· Option1: Parallel transmission from each hop node to the initial source NG-RAN node (i.e., Node2 to Node1, Node3 to Node1)
· Option2: Hop-by-hop transmission (i.e., Node3 to Node2, Node2 to Node1)
· Option3: Final-hop to initial-hop transmission (i.e., Node2 to Node3, Node3 to Node1)
· Option4: Measured UE trajectory transfer via AMF (i.e. Node3 to AMF, AMF to Node1).
Proposal 4bis: RAN3 to adopt Option2 (hop-by-hop transmission) as the solution to enable the propagation of the multi-hop UE trajectory prediction and the transfer of the measured multi-hop UE trajectory back to the source NG-RAN node, which ensures minimum standard impact.
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