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1	Introduction
In the last TSG-RAN meeting 101, the majority of the companies showed their interests in AI/ML based mobility, while the motivations and study arrangement proposals are also provided. Then the moderator made a summary for the potential justification in [1].
In this paper, we shall provide our further analysis for AI/ML based mobility.
[bookmark: _Ref178064866]2	Discussion for the AI/ML based mobility
2.1 Type of mobility to be optimized
Including Rel-18 features, the existing HO mechanisms include the follows:
Rel-15:		Basic HO
Rel-16:		CHO and DAPS
Rel-18:		LTM (L1/L2-Triggered Mobility)
In general, the basic HO and CHO can be classified as L3-based mobility. In our consideration, the basic HO is fully studied and widespread implemented after iteration of several releases. Both the operators and vendors are aware of its cons and pros. For CHO, it is introduced in Rel-16, which has also been iterated for two releases. Besides, the AI/ML can also help to select and decide the candidate target cells. Therefore, the L3- based mobility is suitable to be chosen as the start point.
On the other hand, LTM is newly introduced in Rel-18 and has remarkable advantages over other existing HO mechanisms, e.g. shorter HO latency. But the Rel-18 only supports intra-CU HO and MAC entity will be involved. If we start the AI/ML based HO with LTM, the study would be very complicated and may have compatibility problems with future releases. Thus, we think the AI/ML based optimization can also be considered in LTM, but only after L3-based mobility is fully studied.
Study AI/ML for L3 based handover in Rel-19.
2.2 Evaluation and HO performance metrics
In Rel-11, handover performance had been studied for heterogeneous networks, and the performance evaluation methods and solutions to enhance HO performance have been captured in TR 36.839. For example, in TR 36.839, there are definitions for states during handover, and handover evaluation metrics (such as RLF rate, handover failure, ping-pong, etc). In NR, there currently are no such definitions for handover performance evaluation. Although the definitions are for E-UTRAN, it doesn’t seem be a problem to reuse the similar or same definitions in NR. On the other hand, we may need to further consider new features defined in NR such as CHO/DAPS. Therefore, we should first study whether the events modelling and evaluation methods can be extended to NR system.
If the HO events modelling and evaluation methods for NR HO have reached consensus, the next step may be about the evaluation of the benefits brought by AI/ML over the conventional HO procedures. In TR 36.839, the RLF rate, HOF rate and Ping-pong rate are used as the HO evaluation metrics. It is straightforward that simulation results with theses metric evaluation results should be provided, to reveal the typical scenarios where AI/ML brings the most benefits.
Handover performance metrics as defined in TR 36.839 can be used as reference for handover performance evaluation in NR for AI/ML based mobility evaluation. A set of handover performance metrics can be selected as handover performance enhancement targets. New performance metrics are not precluded considering new handover features defined in NR.
For the HO optimization use cases, as summarized in [1], there are the following cases:
[bookmark: _Hlk151646353]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
There is a check point about HO optimization in [/UE side], and the use case is candidate/target cell prediction (and also candidate/target beam prediction for LTM). First, it is unclear from the text what the HO optimization in network side or UE side means. An understanding is that it is about network side AI model or UE side AI model. It comes to the question whether it is better to put this model at the network side or UE side. First, it should be noted that in Rel-18 AI/ML for NG-RAN, RAN3 has specified a use case to predict the trajectory cells, and that AI model is put at (source) RAN side. The advantage to put the AI model for target cell prediction at RAN side (compared to putting it on the UE side) is that the date set at the RAN node should be much more that the data set that can be collected at the UE. For example, the network may consider the data collected from different UEs and also its deployment information (e.g. node location) and traffic load information to predict the candidate/target cell, while the UE may only be able to rely on its only collected data. More data set at the network will make the prediction more accurate. The target/candidate cell prediction at the UE may also be useful, but the other use case like RRM measurement prediction which includes target cell RRM measurement prediction is already able to serve a very similar purpose. Therefore, we propose to only study the target/candidate cell prediction at the network side. Of course, overlapping study with RAN3 should be avoided.
For RRM measurement and event prediction, it should be also clear what handover performance metrics are to be optimized. In our opinion, the core idea for RRM measurement and event prediction is also for HO optimization (e.g. on handover failure rate, RLF rate, Ping-pong rate). The conventional RRM measurement is based on the UE reporting with configured time intervals, and in order to acquire more accurate measurement results with more reporting samples, the signalling costs may rapidly increase. Besides, the UE reported historical measurement results cannot reveal the future situations. Through AI/ML based prediction, not only the UE reported results can be expanded with more samples, but also the predicted future results can be obtained. Thus the AI/ML models can help to bring more accurate measurement results based on the RRM measurement prediction, which can further help network to make better handover decision and enhance the handover performance.
Regarding the question if the AI/ML model should be put at the UE side or at the network side, we think they both have their own benefits. For the UE side model, the UE is able to predict the RRM results/events based on its own hardware performance, information which may not be available at the network. For the network side model, the network has more information about the local cell deployment and traffic load, information which the UE does not have.
Study optimization of handover performance metrics for network side model:
-	Candidate/target cell prediction in L3-based mobility
Study optimization of handover performance metrics for both UE side and network side model:
-	Cell-level measurement prediction, e.g., using intra-frequency measurement results to forecast the RRM measurement of inter-frequency/inter-RAT cells
-	Beam-level measurement prediction for L3 mobility
-	HO failure/RLF prediction
-	Measurement events prediction
2.3 LCM framework and others
In Rel-18, RAN1 has led the SI on AI/ML for air interface, where in the RAN2 part, the aspects like data collection, model transfer/delivery and other LCM procedures have been studied. In our opinion, the outcome of the study are also necessary and can be largely reused in AI /ML based mobility use cases.
The LCM framework for AI/ML for Air Interface (PHY) should be reused for AI/ML for Air Interface (mobility).
3. Conclusions
In this paper, we provide our further considerations for AI/ML based mobility use cases and give the following proposals:
1. [bookmark: _In-sequence_SDU_delivery]Study AI/ML for L3 based handover in Rel-19.
1. Handover performance metrics as defined in TR 36.839 can be used as reference for handover performance evaluation in NR for AI/ML based mobility evaluation. A set of handover performance metrics can be selected as handover performance enhancement targets. New performance metrics are not precluded considering new handover features defined in NR.
1. Study optimization of handover performance metrics for network side model:
-	Candidate/target cell prediction in L3-based mobility
1. Study optimization of handover performance metrics for both UE side and network side model:
-	Cell-level measurement prediction, e.g., using intra-frequency measurement results to forecast the RRM measurement of inter-frequency/inter-RAT cells
-	Beam-level measurement prediction for L3 mobility
-	HO failure/RLF prediction
-	Measurement events prediction
1. The LCM framework for AI/ML for Air Interface (PHY) should be reused for AI/ML for Air Interface (mobility).
4. Text proposal for SID
· Type of mobility
· Only L3-based mobility is considered
· Study optimization of handover performance metrics for network side model, including: 
· Candidate/target cell prediction
· Study optimization of handover performance metrics for both UE side and network side model, including:
· Cell-level measurement prediction, e.g., using intra-frequency measurement results to forecast the RRM measurement of inter-frequency/inter-RAT cells
· Beam-level measurement prediction for L3 mobility
· HO failure/RLF prediction
· Measurement events prediction
· LCM framework
· The LCM framework for AI/ML for Air Interface (PHY) should be reused
· Note 1: no change to the existing framework for the mobility under connected mode
· [bookmark: _GoBack]Note 2: target performance metrics should be studied for each use case, and handover performance metrics defined in TR 36.839 can be used as reference
· Note 3: Avoid overlapping work with RAN3
.
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