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Introduction
A new study item focusing on AI/ML for mobility in NR was approved during the RAN plenary meeting RAN#102 with the following objectives for RRM measurement prediction [1]:
	...
· 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]
...


In RAN2#125-bis discussion, the following agreements were made for RRM measurement prediction sub-agenda item:
	
Agreement
For cell level measurement prediction model, at least consider the following cases:
· Case 1: To predict beam level results, then generate cell level results based on the predicted beam results; 
· Case 2: To directly predict cell level results based on cell level results.
· Case 3: To directly predict cell level results based on beam level results 

Agreement
We will consider intra-frequency intra and inter-cell spatial domain measurement predictions, for beam and cell level measurements.  

Agreement
For temporal domain measurement prediction, we will consider the AI-PHY beam management Case A and Case B from the RAN1 AI/ML PHY TR and it applies to both beam level and cell level. As baseline we will focus on pure temporal prediction.  

Agreement

The following items can be considered as a baseline for the prediction accuracy of the cell-level measurement prediction：
· Spatial-domain prediction: RSRP difference to the actual measurement
· Temporal prediction: RSRP difference to the actual measurement
· measurement reduction rate as one KPI
Agreement
As a first step we will focus on measurement prediction accuracy.  FFS whether and what system level performance evaluation is needed



As outlined [1], this study on AI/ML for mobility in NR will focus on enhancing mobility in RRC_CONNECTED mode by following the existing mobility framework, i.e., handover decision is always made in network side. In the RRC_CONNECTED mode, network-controlled mobility is utilized for UEs that are classified into two categories of mobility: cell-level mobility and beam-level mobility. In this contribution, we discuss the RRM measurement prediction for AI/ML for mobility and conclude with some proposals how this can be enhanced.

1. Discussion
General Aspects
Within the scope of the study item, both cell-level measurement prediction and beam-level measurement prediction are considered. The existing measurement model defined in TS 38.300 can be illustrated in Figure 1. The UE measures multiple beams of a cell, and the resulting measurements are then averaged to determine the cell quality, and/or beam quality if configured by the gNB, by L1 and L3 filtering techniques.


[image: ]
Fig.1 Measurement model

In the AI/ML for NR Air Interface SI [2], two use cases for beam management have been studied, BM-Case 1 and BM-Case 2, which are spatial and temporal domain beam prediction, respectively. These predictions are based on smaller sets of L1 beam measurements or historic measurements. It is important to highlight that the beam prediction in Rel-18 is specific to the serving cell only. In AI/ML for mobility study, a similar prediction approach can be expanded to include neighboring cells and L3 measurements instead of just L1. Therefore, the efforts expended in RAN1 can be leveraged as much as possible.

Observation 1: The RAN1 work on beam prediction in Rel-18 can be leveraged for AI/ML-based RRM measurement prediction.

In general, the decision for handover based on L3 is determined by the cell-level measurement report obtained from beam-level measurements in L1. Hence, the cell-level and beam-level measurement results can be predicted directly based on L1 beam measurements. For instance, the measurement results at point A1 in Figure 1 may provide more valuable insights than measurements obtained after applying L3 filtering.

Proposal 1: The cell-level and beam-level measurement results can be obtained by utilizing the L1 beam measurement results.

Among the RRM measurement parameters, RSRP plays a particularly significant role as the main measurement metric for evaluating cell quality and serves as the basis for making decisions related to mobility management. L3 filtering is applied to RSRP measurements to reduce noise fluctuations and remove outliers. However, in case AI/ML model or functionality is applied, the predicted L1-RSRP values of the neighboring cells might be already smoothed, i.e., do not include unnecessary noise fluctuations. Therefore, AI/ML predictions of L1-RSRP measurements can be utilized for the handover process. Additionally, utilizing L1-RSRP without applying the L3 filtering function reduces the processing delay.

Proposal 2: AI/ML inference predictions of L1-RSRP can be used for the HO process. 

Sub-use cases for RRM Measurement Prediction

During the last meeting, RAN2 began discussing the cell-level prediction model. As outlined in the agreement from RAN2#125-bis, it has been determined that at least three alternatives are being considered as inputs for the AI/ML model to predict the cell-level measurements. Case-1 involves predicting cell-level measurements based on beam-level measurement predictions. In this scenario, the input is the beam-level measurements, with AI/ML model outputting predicted beam measurements. The cell-level measurements then are calculated based on the predicted beam measurements. The possible methods for predicting the beams will be addressed in the next proposal.

Proposal 3: The following options for beam-level measurement prediction, at least for Case-1, can be considered as AI/ML model input:
· L1 filtered measurements such as L1-RSRP,
· L3 filtered measurements such as L3-RSRP.

On the other hand, the beam management use case in the Rel-18 AI/ML for NR Air Interface SI [2] supports temporal and spatial beam prediction. Two sets of beams, Set A and Set B are defined for beam management sub-use cases. Set A consists of predicted beams calculated based on Set B, which consists of measured beams. The definition and the subset relationship of Set A and Set B are specified separately for the spatial and temporal domains in TR 38.843. Similar designs for downlink beam prediction can be applied to spatial and temporal domain cell-level measurement prediction.

Proposal 4: The definition and the subset relationship between Set A and Set B for downlink beam prediction in AI/ML for NR Air Interface SI can be utilized for temporal and spatial domain cell-level measurement prediction.

Secondary Synchronization Signal (SSB) reference signal measurement serves as a basis for channel estimation and used for cell selection, handover decision etc. On the other hand, beam level measurement prediction is carried out based on the Channel State Information Reference Signal (CSI-RS). Hence, for the purpose of conducting measurements for cell-level measurement prediction, we propose to utilize both SSB and CSI-RS as reference signals.

Proposal 5: Utilize both SSB and CSI-RS as reference signals for cell-level measurement prediction.



Conclusion
In this contribution, we have the following proposals:
Observation 1: The RAN1 work on beam prediction in Rel-18 can be leveraged for AI/ML-based RRM measurement prediction.

Proposal 1: The cell-level and beam-level measurement results can be obtained by utilizing the L1 beam measurement results.

Proposal 2: AI/ML inference predictions of L1-RSRP can be used for the HO process.

Proposal 3: The following options for beam-level measurement prediction, at least for Case-1, can be considered as AI/ML model input:
· L1 filtered measurements such as L1-RSRP,
· L3 filtered measurements such as L3-RSRP.

Proposal 4: The definition and the subset relationship between Set A and Set B for downlink beam prediction in AI/ML for NR Air Interface SI can be utilized for temporal and spatial domain cell-level measurement prediction.

Proposal 5: Utilize both SSB and CSI-RS as reference signals for cell-level measurement prediction.
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