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In RAN#102 meeting, the SID[1] of Study on Artificial Intelligence (AI)/Machine Learning (ML) for mobility in NR was approved, and the objectives of the SID are as follows:
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 this contribution, we will discuss the handover failure prediction case, and how to evaluate the AI/ML aided mobility given the HO performance KPI.
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cell level measurement prediction


In the legacy RRM measurement report, UE reports the cell level measurement report, which indeed is a list of cell measurement result including the serving cell and the neighbour cell. The measurement result of NR is referenced from TS38.331.

MeasResultListNR ::= SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultNR 
MeasResultNR ::= SEQUENCE { 
physCellId PhysCellId OPTIONAL, 
measResult SEQUENCE { 
cellResults SEQUENCE{ 
resultsSSB-Cell MeasQuantityResults OPTIONAL, 
resultsCSI-RS-Cell MeasQuantityResults OPTIONAL 
}, 
rsIndexResults SEQUENCE{ 
resultsSSB-Indexes ResultsPerSSB-IndexList OPTIONAL, 
resultsCSI-RS-Indexes ResultsPerCSI-RS-IndexList OPTIONAL 
} OPTIONAL 
}, 
..., 
From the above measurement result, we can see that the measurement result is a SSB and/or CSI-RS measurement result.   

And the measurement object is referenced below from TS38.331:
MeasObjectNR ::= SEQUENCE { 
ssbFrequency ARFCN-ValueNR OPTIONAL, -- Cond SSBorAssociatedSSB 
ssbSubcarrierSpacing SubcarrierSpacing OPTIONAL, -- Cond SSBorAssociatedSSB 
smtc1 SSB-MTC OPTIONAL, -- Cond SSBorAssociatedSSB 
smtc2 SSB-MTC2 OPTIONAL, -- Cond IntraFreqConnected 
refFreqCSI-RS ARFCN-ValueNR OPTIONAL, -- Cond CSI-RS 
referenceSignalConfig ReferenceSignalConfig, 
absThreshSS-BlocksConsolidation ThresholdNR OPTIONAL, -- Need R 
absThreshCSI-RS-Consolidation ThresholdNR OPTIONAL, -- Need R 
nrofSS-BlocksToAverage INTEGER (2..maxNrofSS-BlocksToAverage) OPTIONAL, -- Need R 
nrofCSI-RS-ResourcesToAverage INTEGER (2..maxNrofCSI-RS-ResourcesToAverage) OPTIONAL, -- Need R 
quantityConfigIndex INTEGER (1..maxNrofQuantityConfig), 
offsetMO Q-OffsetRangeList, 
cellsToRemoveList PCI-List OPTIONAL, -- Need N 
cellsToAddModList CellsToAddModList OPTIONAL, -- Need N 
excludedCellsToRemoveList PCI-RangeIndexList OPTIONAL, -- Need N 
excludedCellsToAddModList SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement OPTIONAL, -- Need N 
allowedCellsToRemoveList PCI-RangeIndexList OPTIONAL, -- Need N 
allowedCellsToAddModList SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement OPTIONAL, -- Need N 
..., 
} 
Hereby we can see that due to these two parameters: nrofSS-BlocksToAverage and nrofCSI-RS-ResourcesToAverage the measurement result of cell level indeed is the average value of the maximum number of measurement results per beam based on SS/PBCH blocks to be averaged, and/or the maximum number of measurement results per beam based on CSI-RS resources to be averaged.   
So as requested in the objectives of the WID, we need the inter-cell Beam-level measurement prediction, however, the measurement result literally has a beam level measurement result. 
Observation 1: the RRM measurement result of cell level indeed is the average value of the maximum number of measurement results per beam based on SS/PBCH blocks to be averaged, and/or the maximum number of measurement results per beam based on CSI-RS resources to be averaged.  
Observation 2: the inter-cell Beam-level measurement prediction can reuse the legacy measurement result ASN.1 as the measurement result literally has a beam level measurement result. 

The purpose of RRM measurement prediction:
Purpose 1: In the legacy HO procedure, the network prepares the HO resources upon the reception of UE report RRM measurement result. This may delay the resource allocation for the UE, and reduce the Ho performance. In order to enhance HO performance, the NW or the UE can predict the RRM measurement/event or unintended event in advance, so that it buys more time for the NW to prepare the HO event and the HO resources for the UE. 
Purpose 2: with the deployment of FR2 cells, given the large density of cells deployment, the network configures large measurement to the UEs. This will result that the UE performs frequent and complicated measurement constantly. If so, from the point of view of UE, the UE battery will degrade from performing frequent measurement, and in addition, the network radio circumstances will suffer a high signaling overhead. In the legacy RRM measurement, the UE should perform measurement towards all beams in the time of SMTC. But if the RRM measurement result can be predicted, the UE can perform only some of the beams in the time of SMTC, so that the UE energy can be saved dramatically. Beside, the UE can conduct RRC measurement only when the predicted RRM measurement is approach, and report the RRM measurement in due course. 
Proposal 1: the RRM measurement prediction should develop solutions based on the following two purposes:
Purpose 1: To enhance HO performance by predicting RRM measurement in advance.
Purpose 2: To save measurement efforts from UE side given the tradeoff between HO 	performance and measurement effort saving

For the UE sided model, once the UE model inferred the predicted RRM measurement, the UE should report the predicted RRM measurement to the network. The network can consider the HO event given the predicted RRM measurement result. 
Proposal 2: for the UE sided model, the UE should report the predicted RRM measurement to the network. 

For the UE sided model, the UE can report predicted RRM measurement to the network. But the UE can’t report RRM measurement prediction too frequently, as the signaling overhead should be controlled. And UE should report the RRM measurement prediction in a certain condition only, e.g. when a potential HO is going to happen. So the network should provide configuration to the UE to control the report of RRM measurement prediction. 
Proposal 3: the network should provide configuration to the UE to control the report of RRM measurement prediction. 

For UE sided model or network sided model, we think if the model is located in the network, the network can’t inference a predicted RRM result for each specific UE, unless UE provides some assistance information. 
In the legacy spec, the network can configure measurement report for the UE. Upon the configuration of measurement report, the UE can report RRM result under a certain threshold. 
However if the model is located in the UE, UE can inference a UE specific RRM prediction, which will help the network to understand the UE potential HO in a better way.
Observation 3: the network can’t inference a predicted RRM result for each specific UE, unless UE provides some assistance information. 
Proposal 4: UE legacy measurement report can be used to assist the network sided model to inference the predicted UE RRM measurement. 

In addition, in the legacy measurement configuration, the threshold of measurement report is configured for potential upcoming HO, so the measurement report is only configured when HO will happen quickly. However, the RRM measurement report configured for RRM measurement prediction can happen any time, maybe very much early than a potential HO, so we assume the measurement report configured to assist the network sided model for RRM measurement prediction is a separate measurement configuration compared to the legacy RRM measurement configuration. 
Proposal 5: the measurement report used to assist the network sided model inference should be a separate measurement configuration. 

For the network sided model, when the network obtained the UE measurement result, then the network will consider conducting HO for the UE. This is different with the above proposal about if the UE sided model inference the RRM measurement prediction, the UE should report the RRM measurement result prediction to the network for early HO decision. But if the network has already has the RRM measurement prediction from the network sided model, then the RRM measurement prediction is unnecessarily to be sent to the UE. 
Proposal 6: it is unnecessary for the network sided model to notify the UE about the inference of RRM measurement prediction. 


Conclusion
In this contribution, we discussed the RRM measurement prediction regarding the purpose of RRM measurement prediction, and whether UE sided model and NW sided model can bring benefit for HO performance. Then we have the following observations and proposals:
Observation 1: the RRM measurement result of cell level indeed is the average value of the maximum number of measurement results per beam based on SS/PBCH blocks to be averaged, and/or the maximum number of measurement results per beam based on CSI-RS resources to be averaged.  
Observation 2: the inter-cell Beam-level measurement prediction can reuse the legacy measurement result ASN.1 as the measurement result literally has a beam level measurement result. 
Observation 3: the network can’t inference a predicted RRM result for each specific UE, unless UE provides some assistance information. 
Proposal 1: the RRM measurement prediction should develop solutions based on the following two purposes:
Purpose 1: To enhance HO performance by predicting RRM measurement in advance.
Purpose 2: To save measurement efforts from UE side given the tradeoff between HO 	performance and measurement saving
Proposal 2: for the UE sided model, the UE should report the predicted RRM measurement to the network. 
Proposal 3: the network should provide configuration to the UE to control the report of RRM measurement prediction. 
Proposal 4: UE legacy measurement report can be used to assist the network sided model to inference the predicted UE measurement result. 
Proposal 5: the measurement report used to assist the network sided model inference should be a separate measurement configuration. 
Proposal 6: it is unnecessary for the network sided model to notify the UE about the inference of RRM measurement prediction. 
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