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1	Introduction
In this contribution we discuss what needs to be considered when defining detailed objectives for the Rel-19 study item on AI/ML for air interface (Mobility), which has been endorsed as part of the RAN Rel-19 package [1]. 
The RAN chair’s Summary for RAN Rel-19 Package: RAN1/2/3-led in [1] presents on high level potential objectives for the Rel-19 study item on AI/ML for air interface (Mobility). 
Potential objectives to study in [1]:
· Type of mobility
· L3-based mobility and L1/L2-triggered mobility (LTM) are both considered
· HO optimization in Network side [/UE side], including 
· Candidate/target cell prediction in L3-based mobility, or, candidate/target beam(s) and cell(s) prediction in LTM
· RRM measurement and event prediction, including
· Beam-level measurement prediction
· Cell-level measurement prediction, e.g., using intra-frequency measurement results to forecast the RRM measurement of inter-frequency/inter-RAT cells
· HO failure/RLF prediction
· Measurement events prediction
· LCM framework and others
· The conclusions in Rel-18 AI/ML study should be used as baseline
· Other impacts are further studied
· Note 1: no intention to change the existing framework for the mobility under connected mode
· Note 2: In the SID, target performance metrics and impacts should be clarified
· Note 3: Avoid overlap work with RAN3
2	Discussion
The functional AI/ML framework studied in the Release-18 TR 38.843 on AI/ML for NR air interface is the baseline for the AI/ML for inter-cell mobility. In addition to studying how AI/ML can be applied to optimize inter-cell mobility procedures, the Release-19 AI/ML for air interface (Mobility) study item should also identify any changes and extensions that are required in the functional AI/ML framework.
Proposal 1: The study item should investigate how the AI/ML air interface functional framework devised in Release-18 TR 38.843 can be extended for the mobility use cases.
The NR specifications support the following handover mechanisms. 
· Rel-15: Basic Handover
· Rel-16: CHO (Conditional Handover)
· Rel-18: LTM (L1/L2-Triggered Mobility)
In our view in this study, we could focus on Rel-15 basic handover and Rel-18 LTM mobility to reduce the study scope.
The baseline connected mode mobility methods have been extensively studied and optimized. Applying AI/ML methods has the potential to further improve and optimize the connected mode performance in new applications and in problematic scenarios, as well as in reducing the amount of radio measurements and reporting that are required. In addition, mobility-related resource allocation in the network can be optimized. 
The potential of machine learning driven solutions is in the ability to learn the specific mobility context, which enables tailored mobility solutions. For example, the mobility procedures may be optimized for each cell boundary and/or UE type (fast or slow moving etc.), or even for each individual handover. Aligned with the potential study scope summarized in [1] we see that it would be beneficial to study the following ML optimization use cases for connected mode mobility:
· Handover optimization and target prediction
· Extension of beam prediction concepts to inter-cell mobility
· ML-based optimization of handover parameters
· RRM measurement and event prediction
· Prediction of mobility-related events
· Inter-cell mobility measurement reduction
Network and/or UE-sided
Inference in the network or in the UE are to be studied for mobility ML use cases. In Rel-19, the UEs are expected to follow the baseline handover and existing events but can provide predicted events or other additional information based on ML and for ML features in the network.
The potential of ML in mobility use cases is in enabling learning the local radio environment and mobility patterns, which in turn enables optimizing the mobility procedures for each situation. Therefore, the ML models in mobility use cases may often be cell-, site-, or area-specific, or otherwise localized to covering only a specific scope. For cell-, site- or area-specific mobility ML models, inference in the network may be preferable since inference in the UE can pose challenges to the ML Life-Cycle Management (LCM). For example, in UE deployments model switching may be required when the UE is moving and this may require network assistance.
Observation 1: The potential of ML in mobility use cases is to enable learning the local radio environment and mobility patterns, which may often require cell/site/area-specific ML models.
Observation 2: For cell-, site- or area-specific mobility ML models, inference in the network may be preferable. 
Data sources in both the UE and the network may be used in mobility use cases. For example, the UE takes the radio measurements and the network has data related to the handover preparation. When analysing either network or UE sided inference for a mobility use case, the location of the data sources and the signalling impacts need to be studied and considered.  
Observation 3: When analysing either network or UE sided inference for a mobility use case, the location of the data sources and the signalling impacts need to be studied and considered.
Reliability and Scalability
Mobility methods need to be very reliable, even in case of unexpected circumstances. This includes any ML solutions used to optimize mobility, which must perform in a wide variety of scenarios. ML-driven mobility solutions need to be designed to be robust, resilient, and fail-safe. The solutions need to also scale to diverse network deployments.
Observation 4: ML-driven mobility solutions need to be designed to be robust, resilient, and fail-safe.
Observation 5: ML-driven mobility solutions need to be scalable to diverse network deployments.
3	Proposal for detailed SI objectives
We propose the following objectives for the Rel-19 study item on AI/ML for Air Interface (Mobility) based on the potential objectives discussed in RAN#101 [1] and further discussion in the section 2 of this contribution.

Proposal 2: Our proposal for the study item objectives:

Study what kind of extension and enhancements are needed for the AI/ML air interface functional framework devised in Release-18 TR 38.843 to support new mobility use cases.
· Mobility types and use cases to focus on: 
· Type of mobility
· L3-based mobility and L1/L2-triggered mobility (LTM) are both considered
· HO optimization in Network side, including 
· Prediction of candidate/target beam(s) and/or cell(s)
· ML-based optimization of handover parameters
· RRM measurement and event prediction, including
· Beam-level measurement prediction
· Cell-level measurement prediction, e.g., using intra-frequency measurement results to forecast the RRM measurement of inter-frequency/inter-RAT cells
· HO failure/RLF predictionMobility-related event prediction
· Study the required extensions to the AI/ML for air interface functional framework developed in the Rel-18 TR 38.843 to support the mobility use cases [RAN2, RAN1]
· RAN2 to start the study. RAN1 study aspects may be identified once RAN2 has progressed its studies.
· Study the RAN4 requirements and other RAN4 implications for the above-mentioned mobility use cases and how to ensure predictable UE behavior and performance [RAN4]

[bookmark: _Hlk527071819]4	Conclusions
In this contribution we have discussed additional aspects that needs to be considered when defining detailed objectives for the Rel-19 AI/ML for Air Interface (Mobility) study item. In our view the potential scope summarized in [1] serves as good starting point for the objectives. 
In the document we have focused on addressing why it is especially important to study impacts and extensions needed for the AI/ML for air interface framework to support the mobility use cases of today and in the future by defining future-proof AI/ML framework. Based on the discussions we make the following observations and proposals.
Proposal 1: The study item should investigate how the AI/ML air interface functional framework devised in Release-18 TR 38.843 can be extended for the mobility use cases.
Observation 1: The potential of ML in mobility use cases is to enable learning the local radio environment and mobility patterns, which may often require cell/site/area-specific ML models.
Observation 2: For cell-, site- or area-specific mobility ML models, inference in the network may be preferable.
Observation 3: When analysing either network or UE sided inference for a mobility use case, the location of the data sources and the signalling impacts need to be studied and considered.
Observation 4: ML-driven mobility solutions need to be designed to be robust, resilient, and fail-safe.
Observation 5: ML-driven mobility solutions need to be scalable to diverse network deployments.
In the Proposal 2 of Section 3 we propose the study item objectives for Rel-19 AI/ML for Air Interface (Mobility) SI.
Proposal 2: Our proposal for the study item objectives:
Study what kind of extension and enhancements are needed for the AI/ML air interface functional framework devised in Release-18 TR 38.843 to support new mobility use cases.
· Mobility types and use cases to focus on: 
· Type of mobility
· L3-based mobility and L1/L2-triggered mobility (LTM) are both considered
· HO optimization in Network side, including 
· Prediction of candidate/target beam(s) and/or cell(s)
· ML-based optimization of handover parameters
· RRM measurement and event prediction, including
· Beam-level measurement prediction
· Cell-level measurement prediction, e.g., using intra-frequency measurement results to forecast the RRM measurement of inter-frequency/inter-RAT cells
· HO failure/RLF predictionMobility-related event prediction
· Study the required extensions to the AI/ML for air interface functional framework developed in the Rel-18 TR 38.843 to support the mobility use cases [RAN2, RAN1]
· RAN2 to start the study. RAN1 study aspects may be identified once RAN2 has progressed its studies.
· Study the RAN4 requirements and other RAN4 implications for the above-mentioned mobility use cases and how to ensure predictable UE behavior and performance [RAN4]
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