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In RAN#102 a new Rel-19 SI “New SID: Study on enhancements for Artificial Intelligence (AI)/Machine Learning (ML) for NG-RAN” (RAN3-led) was approved in [1], then revised in RAN#103 and eventually approved in [2], whose objective are listed as follows:
The aim of this study item is to further investigate new AI/ML based use cases and identify enhancements to support AI/ML functionality, and further discussions on the Rel-18 leftovers.
The detailed objectives of the SI are listed as follows:
· 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:
[bookmark: _Hlk166058106]         -   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 last RAN3 meeting there was an initial discussion about the leftovers from the Rel-18 AI/ML for NG-RAN WI, and below the agreements and FFS from such discussion are reported as excerpted from [3]: 
The Issues to be solved in R19:
Split architecture support for Rel-18 use cases based on the conclusions from Rel-18 WI 
Continuous MDT collection targeting the same UE across RRC states
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 FFS highlighted in yellow above as per the last RAN3 meeting and provides our view on the prioritization of Rel-18 leftovers to be used for successive down-selection of topics to be considered for the normative work in Rel-19.
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The last RAN3 meeting was the first meeting during which the discussion concerning the Rel-19 SI for the enhancements of the RAN AI/ML started [3]. Beyond discussing the two new AI/ML-based use cases, RAN3 made an initial attempt to identify the topics which were considered of utmost interest for companies to be selected as candidates for the normative work in Rel-19.
Based on the outcome of the meeting, for sure companies have interest in specifying the following topics in Rel-19:
· support of Rel-18 AI/ML-based use cases in case of split architecture (based on conclusions from the Rel-18 RAN AI/ML WI)
· continuous MDT
· mobility enhancements for UEs configured with NR-DC (hence going beyond the simple case of UEs single-connected to the NG-RAN) where the AI/ML function is only hosted in the MN.
Observation 1: There seems to be strong interest in RAN3 to at least consider split architecture support for Rel-18 use cases, continuous MDT and Mobility Optimization for NR-DC.
The remaining two Rel-18 leftovers, that is, Energy Saving (ES) enhancements and multi-hop UE trajectory across gNBs, were also considered during the discussion but their actual feasibility within the limited timeframe of the Rel-19 RAN AI/ML SI was objected, for different reasons.
Energy Saving enhancements, e.g., Energy Cost Prediction
For the ES use case, the main enhancement that was brought up by some companies in RAN3 concerned the enablers allowing an AI/ML model to predict the Energy Cost (EC), that is, whether and how the AI/ML-based ES use case could be realized in Rel-19 by introducing support for neighbour gNBs within a certain area of the network to report a prediction of their own EC index values based on the Additional Load information signalled from the requesting node (located within the same area) to each and every neighbour gNB.
Observation 2: The main enhancement that was proposed in RAN3 concerned whether and how to enable a gNB to predict its own EC index value subject to the signalling over Xn of the Additional Load from the requesting node.
The Additional Load concept was lengthily discussed in RAN3 during the Rel-18 RAN AI/ML WI but RAN3 was unable to reach consensus on how to define it, and it was then agreed in RAN3#121 meeting that, in Rel-18, the Additional Load and hence the predicted (inferred) EC are not pursued [4]:
The definition and signaling over RAN interfaces of the Additional Load as well as Inferred EC are not pursued in Rel-18.  
From the contributions submitted in the last RAN3 meeting it can be noted that some companies tried to resume the Additional Load discussions, motivated by the indication in the Rel-19 SID that for the leftovers’ discussion RAN3 should take the Rel-18 discussions into account. This however led companies in RAN3 to restate the same concerns as in Rel-18 on how to define the Additional Load and, as a consequence, not progressing at all on the ES enhancements topic. 
Due to the fact that a lot of companies, especially Operators, showed that the topic is of high interest for them, RAN3 made an agreement in the last meeting based on which the ES leftover could be discussed again in RAN3#124 (May 2024) if (and only if) new solutions not discussed in Rel-18 are submitted [3]:      
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 should be noted that already in the last RAN3 meeting there were some contributions providing solutions enabling the prediction of the EC index either without defining the Additional Load [5] or by defining it via other features developed in Rel-18 [6]. However, none of these solutions have actually been discussed.
For [5], it is not clear to us how a gNB can be requested to predict the EC index and report it to the requesting gNB without signalling the Additional Load, should this be possible by gNB implementation? If so, based on which information available at the requested gNB side, and how to ensure that this works in a multi-vendor environment? 
For [6], instead, the NES CHO feature developed in Rel-18 is exploited to enable the requested gNB to receive a characterisation of the Additional Load on the basis of which the requested gNB can predict its own EC index. In our view, the main drawback of this solution is the need for the UE to mandatorily support the NES CHO feature, which implies that only Rel-18 UEs could be considered for AI/ML-based ES.
Observation 3: Solutions for the AI/ML-based ES use case allowing for the prediction of the EC index not based on the Additional Load could have significant drawbacks compared to the minimal benefits that they could bring. 
Based on the above Observations, and considering the limited time left to complete the Rel-19 SI (basically two remaining meetings, including the current one), we have the following proposal:
Proposal 1: RAN3 to down-prioritize the leftover on Energy Saving enhancements in Rel-19.
Multi-hop UE trajectory across gNBs
The Rel-18 leftover related to the multi-hop UE trajectory spanning multiple gNBs was initially discussed during the Rel-18 WI phase as part of the AI/ML-based Mobility Enhancements (ME) use case, but the main drawback which prevented RAN3 to specify a ME solution exploiting the multi-hop UE trajectory prediction was the complexity of the mechanism allowing for the collection and reporting of the measured multi-hop UE trajectory back to the node hosting the AI/ML model (i.e., the source gNB) to be used for, e.g., feedback purposes. The main issues discussed were related to the time needed to keep the UE context in the source gNB after the concerned UE is handed over to another gNB, how to deal with the missing Xn connectivity between the source gNB and a “far away” target gNB, and how to consider the possible changes in cell deployments.
Therefore, Rel-18 focused on optimizing UE handovers across cells within the first next-hop target gNB, where the source gNB 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 target gNB, hence optimizing the handover resources in advance as well as reducing UE handover delay and failure probability.
Observation 4: In Rel-18 the AI/ML-based Mobility Enhancements use case only considered the UE trajectory prediction being limited to the first next-hop target gNB. 
The multi-hop UE trajectory prediction could bring some benefits for the first next-hop target gNB as well as for the gNBs in each subsequent hop, e.g., predict the incoming/outgoing cell traffic in a future period of time, understand the UE multiple-hop destination, etc. 
Observation 5: Multi-hop UE trajectory may be useful for mobility-related decisions concerning not only the first next-hop target gNB but also the intermediate NG-RAN nodes.
In last RAN3 meeting several solutions enabling the exploitation of the multi-hop UE trajectory prediction and addressing the issues related to the collection and reporting of the measured multi-hop UE trajectory were proposed by companies, and, in our view, it should be possible at this meeting to select one among the proposed solutions ensuring minimum standardization impact with respect to the mechanism specified in Rel-18 based on the single-hop UE trajectory prediction.
Observation 6: Solutions exploiting the multi-hop UE trajectory and addressing the issues related to the collection and reporting of the measured multi-hop UE trajectory were proposed by companies already in RAN3#123bis. RAN3 is now requested to only select the solution ensuring minimum standardization impact.
In our paper in [7] we analysed the main solutions for the multi-hop UE trajectory and proposed to select the “hop-by-hop transmission” mechanism which, in our view, ensures the minimum standardization impact with respect to the Rel-18 mechanism while providing the benefits as reported above in defining future mobility-related actions in the NG-RAN. 
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Based on the above Observations, and again considering the limited time left to complete the Rel-19 SI, we have the following proposal:
Proposal 2: RAN3 to select the “hop-by-hop transmission” mechanism for the multi-hop UE trajectory in Rel-19. 
Note that the above Proposal 2 has some similarities with the solution attempted to be selected as baseline in last RAN3 meeting, refer to [8]. 
Proposed prioritization of Rel-18 leftovers
Based on Proposal 1 and Proposal 2 above, RAN3 might end up in a situation where four out of five Rel-18 leftovers topics are considered to be studied as part of the Rel-19 SI and completed in a very limited time (basically two remaining meetings, including the current one). Therefore, it will likely be needed to further down-select the list of Rel-18 leftovers in order to timely complete the Rel-19 SI on RAN AI/ML. Based on this we propose the following:
Proposal 3: RAN3 to further down-select the Rel-18 leftovers based on the following prioritization:
1. Mobility optimization for NR-DC
2. Continuous MDT collection targeting the same UE across RRC states
3. Multi-hop UE trajectory across gNBs
4. Split architecture support for Rel-18 use cases based on the conclusions from Rel-18 WI.
3. Conclusion
Based on the discussion in this paper, we make the following observations and proposals:
Observation 1: There seems to be strong interest in RAN3 to at least consider split architecture support for Rel-18 use cases, continuous MDT and Mobility Optimization for NR-DC.
Energy Saving enhancements, e.g., Energy Cost Prediction
Observation 2: The main enhancement that was proposed in RAN3 concerned whether and how to enable a gNB to predict its own EC index value subject to the signalling over Xn of the Additional Load from the requesting node.
Observation 3: Solutions for the AI/ML-based ES use case allowing for the prediction of the EC index not based on the Additional Load could have significant drawbacks compared to the minimal benefits that they could bring. 
Proposal 1: RAN3 to down-prioritize the leftover on Energy Saving enhancements in Rel-19.
Multi-hop UE trajectory across gNBs
Observation 4: In Rel-18 the AI/ML-based Mobility Enhancements use case only considered the UE trajectory prediction being limited to the first next-hop target gNB. 
Observation 5: Multi-hop UE trajectory may be useful for mobility-related decisions concerning not only the first next-hop target gNB but also the intermediate NG-RAN nodes.
Observation 6: Solutions exploiting the multi-hop UE trajectory and addressing the issues related to the collection and reporting of the measured multi-hop UE trajectory were proposed by companies already in RAN3#123bis. RAN3 is now requested to only select the solution ensuring minimum standardization impact.
Proposal 2: RAN3 to select the “hop-by-hop transmission” mechanism for the multi-hop UE trajectory in Rel-19. 
Proposed prioritization of Rel-18 leftovers
Proposal 3: RAN3 to further down-select the Rel-18 leftovers based on the following prioritization:
1. Mobility optimization for NR-DC
2. Continuous MDT collection targeting the same UE across RRC states
3. Multi-hop UE trajectory across gNBs
4. Split architecture support for Rel-18 use cases based on the conclusions from Rel-18 WI.
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