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1	Introduction
AI/ML for NG-RAN is expected to be part of the overall RAN Rel-19 package, as indicated in the summary by the RAN Chair in [1]. The initial assumption is that it will begin with a 6-month study phase followed by a 12-month normative phase.
A baseline set of objectives for further discussion are also listed in [1] and fall under 3 categories:
1)	Rel-18 leftovers;
2)	New use cases and/or new scenarios for existing R18 use cases; and
3)	Alignment of AI/ML framework between RAN and CN.
In this paper, we provide our views on the proposed objectives to facilitate final SID approval.
2	Discussion
According to [1], the first-order TU estimate is 2 TUs for RAN3 (lead WG) and no TUs for other WGs, while the proposed objectives are as follows:
	1)	Rel-18 leftovers (depends on Rel-18 outcome), e.g.:
-	Mobility optimization (NR-DC, UE Trajectory prediction)
-	Energy saving (prediction for energy cost)
-	Continuous MDT
[bookmark: _Hlk152579856]2)	At most 2 potential new use case/scenario which benefits from inference-based techniques
-	Coverage and Capacity Optimization
-	Potential Rel-18 use case enhancements (e.g. new scenarios for ES)
-	QoE
-	Slicing
Note: Model training/inference at the DU and/or F1 enhancements must be justified by the use case
3)	Study: Consider available functionality specified in 5GC (NWDAF, MDAS) in order to  align  AI/ML framework between RAN and CN



In our view, the TU allocation is reasonable, but some down-scoping will be necessary. Below, we provide our views on the baseline set of objectives.
2.1	Release 18 leftovers
In Rel-18, RAN3 worked on the three prioritized use cases (Load Balancing, Mobility Optimization, and Energy Saving) but still a number of leftover topics remain.
In our analysis of Rel-18 leftovers, we consider topics related to the prioritized use cases that were either:
a)	discussed during Rel-18 and explicitly postponed; or 
b)	extensions of functionality agreed during Rel-18 that do not require study.
Due to possible ambiguity of what is meant by “Release 18 leftovers”, we propose to clarify as follows:
Proposal 1:	Release 18 leftovers are topics related to the Rel-18 use cases that do not require study, e.g., discussed during Rel-18 and explicitly postponed, or extensions of functionality agreed during Rel-18.
2.1.1	Mobility Optimization use case 
In Rel-18 UE Trajectory prediction is limited to the cells of the target NG-RAN node and it is calculated on a cell-level granularity. Predicted UE Trajectory over the cells of the target NG-RAN node is limiting since it does not exploit the full potential of predicted trajectory. It would be very useful for a node to obtain trajectory information not only over its own cells but also over the cells of other neighbouring NG-RAN nodes. In this way, it can better determine how traffic is expected to depart from its coverage. In addition, the current predicted trajectory utilizes information only from connected mode UEs. However, we can assume that mobility patterns for idle mode and connected mode UEs are the same and therefore, additional idle or inactive mode input could be used for UE Trajectory prediction. Furthermore, in Rel-18 UE Trajectory prediction is limited to cell-based UE Trajectory. In our view, finer granularity of predicted UE trajectory in terms of beams will enable better per-beam decisions in terms of mobility and resource allocation.   
Finally, in Rel-18 the main focus of the Mobility Optimization use case was on the trajectory prediction. However, further enhancements in terms of output data from this use case could be considered, for example related to predicted resource reservation time window for CHO, estimated arrival probability for CHO, and traffic prediction. 
We believe that the discussions in RAN3 in Rel-18 on the Mobility Enhancements use case were extensive and therefore, this topic can be concluded in Rel-19 in work item phase.
Proposal 2:	Rel-18 leftovers for the mobility optimization use case should include mobility enhancements (i.e. predicted resource reservation time window for CHO, estimated arrival probability for CHO, and traffic prediction) and UE Trajectory prediction enhancements (i.e. support for multi-gNB, RRC_IDLE/RRC_INACTIVE states, and beam-level predictions).
2.1.2	Energy Saving use case 
The AI/ML Energy saving solution in Rel-18 assumes that a node wishing to initiate an action (cell activation/deactivation) is able to determine the energy cost value at the target node that this action will incur, in particular the related offloading of UEs. However, given that the energy cost metric is defined on a node level granularity, the energy cost reported by the NG-RAN node receiving offloaded traffic doesn’t necessarily reflect the actual cost pertaining to the offloading action, but will in many cases include energy cost resulting from other handovers to/from other neighbouring nodes. As per the Rel-18 standard, the node wishing to initiate the cell activation/deactivation action will therefore need a relatively complex algorithm to determine the corresponding energy cost at the target node.
Instead, it is preferred if a node is enabled to determine how a given offloading action (that results in an additional load to a neighbour) influences a neighbour’s energy cost metric by requesting the latter to report its inferred energy cost corresponding to this additional load. Even though RAN3 had discussions on exchanging a predicted energy cost corresponding to an additional load, it was not possible to conclude how to describe an “additional load” and hence the topic was not pursued in Rel-18. We therefore believe that the Rel-19 work item should include an objective to introduce inference of the energy cost incurred by an offloading action at the node receiving the offloading based on the additional load resulting from the offloading and necessary procedures to exchange it between neighbouring nodes. 
The Rel-18 AI/ML solution for energy saving does not cover split architecture. The AI/ML inference and training (when performed within the RAN) reside in the gNB-CU. However, the major contribution in terms of energy cost comes from the gNB-DU. Therefore, for Rel-19, we believe it is important that the energy cost within the gNB-DU is reported to the gNB-CU.
AI/ML Energy Saving for NG-RAN considered cell-based decisions in terms of cell activations and deactivations. In Rel-18, NES WI introduced beam-based granularity in the energy saving decisions by enabling beam activation and deactivation. A gNB-DU can switch-on a beam or it can switch-off a beam with the assistance of a gNB-CU. In our view, introducing a finer granularity control, through beam activation and deactivation, can improve the energy saving potential of a node. 
We believe that this topic can be concluded in Rel-19 work item phase without need for handling during the Rel-19 study item, since it was extensively discussed in Rel-18 in RAN3.
Proposal 3:	Rel-18 leftovers for the energy saving use case should include prediction for energy cost based on additional load, F1 enhancements to report Energy Cost from gNB-DU to gNB-CU, and beam-level AI/ML energy saving actions.
2.1.3	Continuous MDT 
The legacy MDT functionality requires separate configuration of MDT measurements performed when the UE is in RRC_CONNECTED state (immediate MDT) and when it is in RRC_INACTIVE or RRC_IDLE (logged MDT). During Rel-18, the benefits of obtaining MDT measurement series covering all RRC states, also described as continuous MDT, were identified. While such continuous measurement series may relatively simply be reconstituted for signalling-based MDT (where the OAM system configures MDT in specific UEs), it was shown during Rel-18 discussions that the current specification doesn’t enable continuous MDT for management-based MDT. For management-based MDT the NG-RAN node autonomously selects the UEs to be configured, and this functionality therefore enables collection of MDT data within a given area, typically the coverage area of an NG-RAN node or a cell. 
Based on this, there was a common understanding in RAN3 during Rel-18 discussions that it is important to be able to obtain continuous data series resulting from management-based (area-based) MDT. Different solutions were analysed during the Rel-18 work item phase, but the normative work needs to continue in Rel-19. We believe this topic can therefore be concluded in Rel-19 work item phase without need for handling during the Rel-19 study item. 
Proposal 4:	Rel-18 leftovers should include continuous MDT.
2.2	New use cases/scenarios 
In addition to leftover topics, it has been proposed that at most 2 new use case/scenarios can be studied. In our view, there is a significant number of leftovers for the Rel-18 use cases that have compelling commercial potential. Therefore, we believe it may be preferable to:
a)	study a single new use case (Coverage and Capacity Optimization) and 
b)	have further discussion whether to study a second new use case (e.g., slicing) or instead allow more time allocation for normative work during the first 6 months (e.g. use 1 TU to study a single new use case and 1 TU to begin normative work for Rel-18 leftovers).
2.2.1	New use case #1: Coverage and Capacity Optimization
The distributed Coverage and Capacity Optimization (CCO) feature was introduced for NR in Rel-17, building on principles introduced for LTE in Rel-12. The purpose of the feature is to detect and resolve, e.g. coverage issues and cell edge capacity issues. The NG-RAN node may determine CCO issues based on different observations including UE radio measurements, Radio Link Failure, Radio Connection Establishment Failure and observed performance (e.g. throughput, packet loss) of its served UEs. When a CCO issue is detected, the NG-RAN node may perform dynamic cell level and beam level coverage configuration changes, by autonomously switching between pre-configured coverage states, and inform neighbour nodes about the change and the corresponding CCO cause. The neighbour node may similarly adjust its own coverage configuration, taking into account the CCO cause provided by its neighbour. In split architecture, the CCO function resides in the gNB-CU.
It may be sufficient to detect and mitigate coverage issues on a relatively slow time scale, so while the coverage use case may benefit from distributed CCO, it may also be suitably handled by the centralized CCO feature residing in the OAM (specified by SA5). However distributed CCO, residing in the gNB, may work on faster time scales and therefore comes with a high potential for dynamic cell and beam adaptations to optimize capacity in scenarios with geographical changes in the UE traffic patterns. 
However, distributed CCO requires solving optimization problems with many input and output parameters, and fully leveraging the potential of distributed CCO would therefore require AI/ML. But because normative work for CCO for NR was done in parallel with RAN3’s initial AI/ML study item in Rel-17, the upcoming Rel-19 AI/ML for NG-RAN represents the first opportunity to study the use of AI/ML for distributed CCO in 3GPP. We therefore propose to include CCO as a use case to be studied in Rel-19.
Proposal 5:	Coverage and Capacity Optimization (CCO) should be studied as a new AI/ML use case.
2.2.2	New use case #2: Slicing
An important feature of 5G architecture is network slicing, which allows different slices of the network to provide different network characteristics (including resource isolation) according to the needs of specific tenants, applications, use cases, or users. Even though, our preference with respect to use cases is to study CCO, if a second new use case is introduced in Rel-19, we see benefits in AI/ML slicing optimizations for mobility enhancements to enable optimal per-slice resource allocation to a handover. Additionally, predicted UE trajectory over a network slice could be considered to enable AI/ML slice-based mobility optimization.
Proposal 6:	If a second new use case is studied, AI/ML network slicing optimization should be studied as a new AI/ML use case for mobility enhancements e.g., for optimizing resources to a handover.
However, whether to adopt proposal 6 or instead allow more time allocation for normative work should be further considered.
2.3	Alignment of AI/ML framework between RAN and CN
Different groups have been working on AI/ML solutions. SA2 has introduced analytics that can be provided by NWDAF in the core network while SA5 enabled MDAF to provide analytics in OAM. Also, RAN3 has introduced solutions to exchange predictions (predicted load, predicted UE Trajectory) and other information that could be used for AI/ML (energy cost, UE Performance, measured UE Trajectory) between NG-RAN nodes. 
Rel-18 was the first release where RAN3 introduced a basic AI/ML framework in the RAN. Even though solutions were provided for all the prioritized use cases, the predictions available in Rel-18 have limited capability. UE Trajectory prediction is only limited to the cells of the next hop target NG-RAN node and provides only cell-level granularity. Predicted load information is also limited to SSB Area Radio Resources. 
At the same time, the data collection framework in the RAN2 discussions for the AI/ML Air Interface is still in progress. Even though it seems beneficial to have a common framework in the RAN for the data collection needs, RAN2 needs further time to identify the right requirements for UE-sided model training. So, even though an alignment between the RAN and CN frameworks could be useful, in our view this is a premature topic for Rel-19 discussions.
Furthermore, since the Rel-19 AI/ML study is only planned for 6 months, we think it is reasonable to give priority to new use cases and scenarios instead of considering alignment of AI/ML framework between RAN and CN as a separate use case. Further understanding new use cases and extending the work of the existing Rel-18 topics could provide insights on what is needed for a possible AI/ML framework alignment in the future. Coordination between the RAN and the core network could be considered on a case-by-case basis if seen necessary as part of the chosen use cases of this work. 
3	Potential objectives (based on [1])
3.1	Study Item
[bookmark: _Hlk527071819]1)	Study the benefits and the functional framework (e.g. input/output data and the means to convey the data among involved nodes) of AI enabled NG-RAN for the following use cases based on the current NG-RAN architecture and interfacesAt most 2 potential new use case/scenario which benefits from inference-based techniques:
-	Coverage and Capacity Optimization
-	Potential Rel-18 use case enhancements (e.g. new scenarios for ES)
-	QoE
-	Slicing
Note: Model training/inference at the DU and/or F1 enhancements must be justified by the use case
2)	Study: Consider available functionality specified in 5GC (NWDAF, MDAS) in order to align AI/ML framework between RAN and CN
3.2	Work Item
1)	Rel-18 leftovers (depends on Rel-18 outcome), e.g.:
-	Mobility optimization, including:
-	NR-DCMobility Enhancements, i.e., predicted resource reservation time window for CHO, estimated arrival probability for CHO, and traffic prediction.
-	UE Trajectory prediction enhancements, i.e., multi-hop UE Trajectory prediction across gNBs, across RRC states, and finer granularity (i.e., beam-level).
-	Energy saving, including:
-	Prediction for energy cost based on additional load
-	F1 enhancements to report Energy Cost from gNB-DU to gNB-CU 
-	Energy saving with beam-level granularity
-	Continuous MDT
2)	Further normative work based on the Rel-19 study item conclusions.
4	Conclusions
In this contribution, we discussed the potential objectives for the Rel-19 AI/ML for NG-RAN SI and WI, using RP-232745 [1] as baseline.  The following is proposed:
Proposal 1:	Release 18 leftovers are topics related to the Rel-18 use cases that do not require study, e.g., discussed during Rel-18 and explicitly postponed, or extensions of functionality agreed during Rel-18.
Proposal 2:	Rel-18 leftovers for the mobility optimization use case should include mobility enhancements (i.e. predicted resource reservation time window for CHO, estimated arrival probability for CHO, and traffic prediction) and UE Trajectory prediction enhancements (i.e. support for multi-gNB, RRC_IDLE/RRC_INACTIVE states, and beam-level predictions).
Proposal 3:	Rel-18 leftovers for the energy saving use case should include prediction for energy cost based on additional load, F1 enhancements to report Energy Cost from gNB-DU to gNB-CU, and beam-level AI/ML energy saving actions.
Proposal 4:	Rel-18 leftovers should include continuous MDT.
Proposal 5:	Coverage and Capacity Optimization (CCO) should be studied as a new AI/ML use case.
Proposal 6:	If a second new use case is studied, AI/ML network slicing optimization should be studied as a new AI/ML use case for mobility enhancements e.g., for optimizing resources to a handover.
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