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[bookmark: _Ref165266342]1 Introduction
In last RAN2#125b meeting, the following agreement related to RRM measurement prediction is made:
Agreements
1	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 
1 We will consider intra-frequency intra and inter-cell spatial domain measurement predictions, for beam and cell level measurements.  
2 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 predicition.  
3 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
4 As a first step we will focus on measurement prediction accuracy.  FFS whether and what system level performance evaluation is needed
In this contribution, we further discuss the model prediction type, time/spatial/frequency domain based on agreement.
2 Discussion
2.1 Model prediction type
For cell level measurement prediction model, we have listed 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.
And we further analyse these cases based on RRM measurement framework as shown in fig.1. 
[image: ]
Fig.1 measurement model
From handover perspective, the network could configure UE with cell-level or beam-level report within reportConfig, and only L3-Cell (i.e., C in Fig.1) and L3-Beam (i.e., E inFig.1) are used for report and handover evaluation. Therefore, the ultimate goal of the case 1/2/3 listed above for cell-level measurement prediction is to predict C in Fig.1, which is L3-Cell measurement result. But furthermore, we still need to discuss what parameters could be as model input.
For the case 1 (To predict beam level results, then generate cell level results based on the predicted beam results), there are 2 steps, first is that using AI model to predict beam-level results, and the UE could derive cell-levels as legacy. And note that based on the measurement model, as we will not use L3-Beam (E) to derive cell-level results, only A (Raw-L1-Beam) and A1 (L1-Beam) will be considered, since L1 filtering is up to UE implementation, the difference between A and A1 is not clear, and following the legacy the UE anyway needs to derive A1 (L1-Beam) from A (Raw-L1-Beam) no matter what kind of method or no method is used, therefore we suggest to consider A1 (L1-Beam) as model input.
For the case 2 (To directly predict cell level results based on cell level results), to predict C, based on measurement model, either B (L1-Cell) or C (L3-Cell) can be used as model input, the difference is that if we consider B (L1-Cell) as model input, the traditional L3 filtering will be considered as a black box in AI model, i.e., no legacy L3 filtering is needed. But if we consider C (L3-Cell) as model input, the complexity of model could be reduced as the model is not required to consider filtering procedure. Details can be FFS.
For the case 3 (To directly predict cell level results based on beam level results), similar as case 1, the UE anyway needs to use A1 instead of E (L3-Beam) to finally derive C (L3-Cell). Therefore, A1 can be considered as model input.
Furthermore, besides the basic measurement results as model input, other assistance information can be also considered as model input in order to improve the prediction accuracy, such as UE location, speed, etc.
For L3 cell level measurement prediction model, consider the following model input/output:
Proposal 1a: for the model prediction type case 1, RAN2 to consider using A1 (L1-Beam) and other assistance information as model inference input, to predict other A1 (L1-Beam).
Proposal 1b: for the model prediction type case 2, RAN2 to consider whether to use B (L1-Cell) or C (L3-Cell) and other assistance information as model inference input, to predict other C (L3-Cell).
Proposal 1c: for model prediction type case 3, RAN2 to consider using A1 (L1-Beam) and other assistance information as model inference input, to predict C (L3-Cell).
Apart from the above mentioned cell level prediction, as the network could configure UE to directly report L3-beam measurement result to facilitate mobility control, the L3-beam prediction could be also considered. Note that in SID, inter-beam measurement is suggested, and we assume it could mean the UE predict L3-beam result (i.e., E in Fig.1) and report the predicted result. Furthermore, in this beam-level prediction case, A1 (L1-Beam) and E (L3-Beam) could be considered as model input to predict other E (L3-Beam).
Proposal 2: RAN2 to consider for beam level measurement prediction, whether to predict L3-level beam measurement result based on A1 (L1-Beam) or E (L3-Beam) and other assistance information.
2.2 Time/temporal-domain prediction
By predicting future cell/beam measurement result based on historical measurement result, the UE/NW could be aware of channel environment in advance so that improve handover performance, also measurement overhead could be reduced since under some situations the UE is not required to perform real measurement on every measurement time instance. Therefore, time-domain prediction is a promising method for AI/ML mobility. When we look back to Rel-18, RAN1 has already studied beam case 2 which is similar as our time-domain prediction case, but the difference is that RAN1 only focus on serving cell beam prediction, here we can extend this to neighbour cell including cell/beam-level as mentioned in above section. The reason is that if our AI model is involved with mobility/handover, if we want to use AI model to predict event A3/5, of cause that the UE need to predict both serving cell and neighbour cell in advance. But regarding model training, maybe different cell has different model training requirement, therefore not sure whether a generalized model could be suitable for all cells in time-domain case, of which details can be FFS.
Proposal 3: RAN2 to confirm that the goal of time-domain prediction includes handover performance improvement and/or measurement reduction.
Proposal 4: both serving cell and neighbour cell time-domain prediction (including cell-level and beam-level) should be considered, FFS whether it is same or different model.
2.3 Spatial-domain and/or frequency-domain prediction
To our understanding, spatial-domain prediction is related to different position, it could be beam-level in the same cell as Rel-18 BM Case-1 or cell-level / inter-beam in the intra/inter frequency. Therefore it is somehow overlapped with frequency-domain (i.e., based on several frequencies cells to predict more frequencies cells) in case we can predict inter-frequency cell/beam measurement results. Maybe we need to firstly give a clearly definition for spatial-domain and frequency-domain prediction.
Proposal 5: RAN2 to clarify the definition of spatial-domain and frequency-domain prediction
For intra-frequency spatial-domain prediction, we want to clarify that in case of intra-frequency deployment, the NW only needs to configure UE with the measurement object corresponding to this intra-frequency, and the UE performs measurement based on this frequency instead of cell, deriving all intra-frequency cells measurement results simultaneously (e.g., by orthogonality of SSB). It is noted that the UE anyway will derive all cells among this frequency. Therefore, no cell-level measurement reduction is assumed. But since we can configure UE with ReferenceSignalConfig within MeasObject, specific beam needed to be measured can be indicated by network configuration, regarding this, the UE could predict more beams based on a partial beam in the serving and/or neighbour cell as shown in fig.2.


Fig.2 intra-frequency spatial-domain prediction
Proposal 6: RAN2 to confirm that for intra-frequency spatial-domain prediction, the goal is to reduce measured beam number, i.e., no cell measurement reduction.
Proposal 7: for intra-frequency spatial-domain prediction, the partial beams of serving cell and/or neighbour cell can be as model inference input, to predict more beams of serving cell and/or neighbour cell.
For inter-frequency spatial-domain prediction, since the UE needs to perform measurement based on different measurement object corresponding to different frequency, to predict more frequencies/cells measurement results. It means the UE does not have to perform every frequencies or cells which is required by network, but predict some of them by AI model. That is to say the UE could predict more cells/frequencies based on a partial cells/frequencies as shown in Fig.3. Furthermore measurement overhead of cell/frequency can be reduced, also the UE does not switch the RF to perform measurement on other frequency, so measurement gap is also saved. Therefore RAN2 is suggested to consider whether to support inter-frequency case even though it is more challenging compared to other cases.


Fig.3 inter-frequency spatial-domain prediction
Proposal 8: RAN2 to consider whether to support infer-frequency spatial-domain measurement prediction.
Proposal 9: RAN2 to confirm that for inter-frequency spatial-domain prediction, the goal is to reduce measured cell/frequency number and save measurement gap.
Proposal 10: for inter-frequency spatial-domain prediction, the partial cells/frequencies can be as model input, to predict more cells/frequencies.
3 Conclusions
For L3 cell level measurement prediction model, consider the following model input/output:
Proposal 1a: for the model prediction type case 1, RAN2 to consider using A1 (L1-Beam) and other assistance information as model inference input, to predict other A1 (L1-Beam).
Proposal 1b: for the model prediction type case 2, RAN2 to consider whether to use B (L1-Cell) or C (L3-Cell) and other assistance information as model inference input, to predict other C (L3-Cell).
Proposal 1c: for model prediction type case 3, RAN2 to consider using A1 (L1-Beam) and other assistance information as model inference input, to predict C (L3-Cell).
Proposal 2: RAN2 to consider for beam level measurement prediction, whether to predict L3-level beam measurement result based on A1 (L1-Beam) or E (L3-Beam) and other assistance information.
Proposal 3: RAN2 to confirm that the goal of time-domain prediction includes handover performance improvement and/or measurement reduction.
Proposal 4: both serving cell and neighbour cell time-domain prediction (including cell-level and beam-level) should be considered, FFS whether it is same or different model.
Proposal 5: RAN2 to clarify the definition of spatial-domain and frequency-domain prediction
Proposal 6: RAN2 to confirm that for intra-frequency spatial-domain prediction, the goal is to reduce measured beam number, i.e., no cell measurement reduction.
Proposal 7: for intra-frequency spatial-domain prediction, the partial beams of serving cell and/or neighbour cell can be as model inference input, to predict more beams of serving cell and/or neighbour cell.
Proposal 8: RAN2 to consider whether to support infer-frequency spatial-domain measurement prediction.
Proposal 9: RAN2 to confirm that for inter-frequency spatial-domain prediction, the goal is to reduce measured cell/frequency number and save measurement gap.
[bookmark: _GoBack]Proposal 10: for inter-frequency spatial-domain prediction, the partial cells/frequencies can be as model input, to predict more cells/frequencies.
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