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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK5][bookmark: OLE_LINK8]A study item of Study on AI (Artificial Intelligence)/ML (Machine Learning) for mobility in NR was approved in RAN#102 meeting [1] and revised in RAN#103 meeting [2]. In this contribution, we discuss the AI/ML based RRM measurement prediction for mobility in NR and present our views on scenario, sub-use case and evaluation aspects.
Discussion
The study will focus on mobility enhancement in RRC_CONNECTED mode over air interface by following existing mobility framework, i.e., handover decision is always made in network side. Mobility use cases focus on standalone NR PCell change. UE-side and network-side AI/ML model can be both considered, respectively.
The objective of the SID is listed below:
	Study and evaluate potential benefits and gains of AI/ML aided mobility for network triggered L3-based handover, considering the following aspects:
· AI/ML based RRM measurement and event prediction, 
· Cell-level measurement prediction including intra and inter-frequency (UE sided and NW sided model) [RAN2]
· Inter-cell Beam-level measurement prediction for L3 Mobility (UE sided and NW sided model) [RAN2]
· HO failure/RLF prediction (UE sided model) [RAN2]
· Measurement events prediction (UE sided model) [RAN2]
· Study the need/benefits of any other UE assistance information for the network side model [RAN2]

· The evaluation of the AI/ML aided mobility benefits should consider HO performance KPIs (e.g., Ping-pong HO, HOF/RLF, Time of stay, Handover interruption, prediction accuracy, and measurement reduction) etc.) and complexity tradeoffs [RAN2]
· NOTE: Simulation assumption and methodology can leverage TR 38.901, 38.843 and 36.839. And leave the detail discussion to RAN2
· Potential AI mobility specific enhancement should be based on the Rel19 AI/ML-air interface WID general framework (e.g. LCM, performance monitoring etc) [RAN2]  
· NOTE: This would only be treated after sufficient progress is made in the Rel-19 AI/ML air interface WID 
· Potential specification impacts of AI/ML aided mobility [RAN2]
· [bookmark: _Hlk153472406]Evaluate testability, interoperability, and impacts on RRM requirements and performance [RAN4]

· NOTE 1: RAN1/3 work can be triggered via LS
· NOTE 2: RAN4 scope/work can be defined and confirmed by RAN#105 after some RAN2 discussions (within the RAN4 pre-allocated TUs)
NOTE 3: To avoid duplicate study with “AI/ML for NG-RAN” led by RAN3
NOTE 4: Two-sided model is not included


In the following section, we discuss the RRM measurement prediction use case scenarios, sub-use cases and simulation KPIs respectively.
Scenarios
For FR1 deployment scenario, the handover success rate is generally high in practical. However in some typical scenarios there are problems such as high ping-pong HO rate or high handover rate with a short time of stay. Therefore, for FR1, we think that AI/ML can be used for RRM measurement prediction to enhance and improve the handover performance, such as ping-pong handover rate and HOF rate etc. Besides, in practical multi-carrier deployments are commonly used to guarantee the network coverage performance and satisfy the UEs’ quality of service. UEs in multi-carrier deployment scenarios typically require much more measurements for RRM to perform intra-band and/or inter-band handover. AI/ML can be introduced to perform RRM prediction and reduce the measurement gap, which can save UEs’ power. Therefore, the study on AI/ML based mobility enhancement in NR should focus on the following two aspects:
(1) HO performance enhancement: ping-pong HO rate decrease, HOF rate decrease.
(2) Measurement reduction: measurement gap reduction, UE power saving.
These scenarios where AI/ML can be introduced and the performance to be enhanced are usually typical scenarios such as highways, dense urban, crossroads, etc. Besides typical intra-band handover or inter-band handover is also a commonly case due to the practical deployment scenario.
Proposal 1: The study on AI/ML based mobility enhancement in NR should focus on the following two aspects:
(1) HO performance enhancement: ping-pong HO rate decrease, HOF rate decrease.
(2) Measurement reduction: measurement gap reduction, UE measurements reduction and UE power saving.
Proposal 2: For FR1, both intra-band and inter-band HO should be considered, since multi-carrier is very commonly network deployment scenario in practical.
Proposal 3: For FR1, some typical scenarios, e.g., highways, dense urban, crossroads, can be considered to introduce AI/ML for RRM measurement prediction.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]For FR2, millimetre wave (mmWave) has the potential to establish future communication systems due to its abundant bandwidth resources and high transmission rate. Because of its high frequency, the mmWave signal has the characteristics of short wavelength and is severely attenuated during transmission. Massive multiple-input and multiple-output (MIMO) arrays and corresponding beamforming techniques with finer granularity can compensate for this defect. Since the beamforming signal is highly directional in wide spatial domain, it’s quite important to study beam-level RRM prediction to enhance mobility especially for FR2.
Proposal 4: For FR2, beam-level RRM prediction should be FFS.
FR2 are usually deployed to provide high peak rate in hotspot areas with FR1 network deployed for a continuous coverage network layer. Thus, heterogeneous network deployment is a typical scenario for FR2. For FR2 only hotspot scenario, homogeneous network scenario can be used for studying the handover between FR2.
Proposal 5: For FR2, both homogeneous network with HO between FR2 cells and heterogeneous network with HO between FR1 macro cell and FR2 hotspot cell should be studied.
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Sub-use cases
For RRM measurement prediction, the sub-use case can be categorized considering the RRM prediction in space domain, time domain, frequency domain and their combinations. Besides, the measurement prediction should also be refined by beam-level or cell-level when considering the typical deployment scenarios. The priority should be used considering scenarios where AI/ML may be used for mobility enhancement. 
Proposal 6: For RRM measurement prediction, the sub-use case can be categorized considering the RRM prediction in space domain, time domain, frequency domain and their combinations.
Proposal 7: Typical scenarios where AI/ML may be used for mobility enhancement should be considered for prioritizing some sub-use cases.
In Rel-18 AI/ML for NR air interface SI, intra-cell beam prediction in spatial domain and time domain has been studied. It can be a good basis and starting pointing for the discussion and study of current item, such as for inter-cell beam-level RRM prediction in space domain or time domain or intra-cell inter-frequency RRM prediction.
Inter-frequency RRM prediction for both intra-cell and inter-cell are obviously useful for measurement gap reduction, the system performance (e.g., handover performance) can also be further studied or analysed.
Proposal 8: Following sub-use cases are recommended FFS using Rel-18 AI/ML beam prediction work as basis:
· Inter-frequency RRM prediction for both intra-cell and inter-cell
· inter-cell beam-level RRM prediction in space domain or time domain
Simulation and KPIs
Based on the discussion about scenario and sub-use cases, we highly recommended the simulation work can pay more attentions on the use cases which may be more valuable and commercial prospective, such as highway for FR1, space-time-frequency domain prediction in multi-carrier scenario for both FR1 and FR2. For the cases that are higher complex and more difficult, we suggest and highly appreciate companies to deal with them with following methods:
(1) Reasonably simple evaluation methodology, simplification and effective numerical analysis base on simplification evaluations; 
(2) Open datasets can be provided by the top companies, with interesting companies provided evaluations base on open datasets.
Proposal 9: Former work of dataset generation in TR38.843 can be considered. For evaluation cases, the use cases which may be more valuable and commercial prospective should be considered, such as highway for FR1, space-time-frequency domain prediction in multi-carrier scenario for both FR1 and FR2.
Proposal 10: For the cases that are higher complex and more difficult, following methods are recommended:
(1) Reasonably simple evaluation methodology, simplification and effective numerical analysis base on simplification evaluations; 
(2) Open datasets can be provided by the top companies, with interesting companies provided evaluations base on open datasets.
Since we have analysed that AI/ML may be used to improve HO performance and/or reduce measurement gap compared with traditional methods. Following KPIs may be considered FFS.
(1) Intermediate KPIs: e.g., prediction accuracy
(2) HO performance KPIs: e.g., ping-pong HO, HOF/RLF, Time of stay 
(3) Measurement reduction KPIs: e.g., overhead, latency, power.
Proposal 11: For cell-level RRM prediction, following KPIs should be considered:
	(1) Intermediate KPIs
	(2) HO performance KPIs
(3) Measurement reduction KPIs
Proposal 12: Evaluation results using datasets generated by system-level simulation or dataset generated by field test should be captured in TR.
Proposal 13: Enough time window for evaluation results submission. Evaluation results can be captured or updated into TR before the end of the SI.
Conclusions
In this contribution, we discuss the AI/ML based RRM measurement prediction for mobility in NR and present our views on scenarios, sub-use cases and evaluations aspects:
Proposal 1: The study on AI/ML based mobility enhancement in NR should focus on the following two aspects:
(1) HO performance enhancement: ping-pong HO rate decrease, HOF rate decrease.
(2) Measurement reduction: measurement gap reduction, UE measurements reduction and UE power saving.
Proposal 2: For FR1, both intra-band and inter-band HO should be considered, since multi-carrier is very commonly network deployment scenario in practical.
Proposal 3: For FR1, some typical scenarios, e.g., highways, dense urban, crossroads, can be considered to introduce AI/ML for RRM measurement prediction.
Proposal 4: For FR2, beam-level RRM prediction should be FFS.
Proposal 5: For FR2, both homogeneous network with HO between FR2 cells and heterogeneous network with HO between FR1 macro cell and FR2 hotspot cell should be studied.
Proposal 6: For RRM measurement prediction, the sub-use case can be categorized considering the RRM prediction in space domain, time domain, frequency domain and their combinations.
Proposal 7: Typical scenarios where AI/ML may be used for mobility enhancement should be considered for prioritizing some sub-use cases.
Proposal 8: Following sub-use cases are recommended FFS using Rel-18 AI/ML beam prediction work as basis:
· Inter-frequency RRM prediction for both intra-cell and inter-cell
· inter-cell beam-level RRM prediction in space domain or time domain
Proposal 9: Former work of dataset generation in TR38.843 can be considered. For evaluation cases, the use cases which may be more valuable and commercial prospective should be considered, such as highway for FR1, space-time-frequency domain prediction in multi-carrier scenario for both FR1 and FR2.
Proposal 10: For the cases that are higher complex and more difficult, following methods are recommended:
(1) Reasonably simple evaluation methodology, simplification and effective numerical analysis base on simplification evaluations; 
(2) Open datasets can be provided by the top companies, with interesting companies provided evaluations base on open datasets.
Proposal 11: For cell-level RRM prediction, following KPIs should be considered:
(1) Intermediate KPIs
(2) HO performance KPIs
(3) Measurement reduction KPIs
Proposal 12: Evaluation results using datasets generated by system-level simulation or dataset generated by field test should be captured in TR.
Proposal 13: Enough time window for evaluation results submission. Evaluation results can be captured or updated into TR before the end of the SI.
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