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1	Introduction
This contribution provides our view on RRM measurement prediction according to the following objective in SID [1].
	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]


2	Discussion
The RRM measurement prediction is mainly to control UE’s mobility in proactive manner. The prediction results can be used to prevent the unintended events (e.g., RLF due to too late HO) that seem inevitable with the legacy HO mechanism. For instance, if NW predicts future RSRP values of serving/neighbouring cells, it can prepare the HO procedure in advance and command UE to handover to the proper target cell in time. 
As above, it is expected that the measurement prediction can improve overall HO KPI in the end, but it is unclear how accurate the AI/ML based prediction result can be. Thus, we need to evaluate the accuracy of AI/ML model apart from the overall HO performance evaluation. For the evaluation, RAN2 can discuss first what information can be the baseline input/output for AI/ML model and potential KPI to evaluate prediction accuracy at this first meeting.
2.1 Baseline input/output for RRM prediction model
[image: ]For RRM measurement prediction model, as in other general cases of future prediction, the input can be historical information in past and the output can be the predicted information in future. More specifically, the RRM measurement results of Mt (Mt>1) latest measurement instances can be the input and the predicted result of Pt (Pt>=1) future time instances can be the output for the measurement prediction model as in the figure 1 below. Please, note that this is similar to BM-Case2 (temporal beam prediction) in R18 AI/ML for AIR SI. Figure 1. Example of RRM measurement prediction

The measurement/prediction result at each time instance can be L3-RSRP/RSRQ/SINR per cell (for cell-level prediction) or per beam (for beam-level prediction). Here, we consider the L3-filtered values as baseline because they are already used in legacy L3 RRM measurement reporting. On the other hand, since L3-filtered RSRP is kind of moving average of L1-fitered RSRP, it could be better approach to use L1-fitered RSRP directly for better prediction accuracy. In that sense, we are open to study potential use of L1-filtered values for the prediction if its effectiveness is proved based on evaluation result. For now, we can leave it as FFS.
[image: ]Another aspect we need to consider is the scenario of multiple cell measurement. In general, the UE is configured to perform RRM measurements on multiple cells including serving cell and/or neighbor cells. In that sense, the input of the model can be the historical measurement results for N(N>=1) cells and the output of the model can be the predicted measurement results for K(N>=K>=1) cells as in the figure 2 below.Figure 2. RRM measurement prediction with multiple cells

Regarding the K cells for output, when the value of K equals to the value of N, the K cells for output can be the same N cells for input. Meanwhile, when the value of K is smaller than that of N, we think the K cells can be either Top-K cells or the K cells configured by NW. However, it seems unclear to us what the definition of Top-K cells can be in RRM measurement prediction as discussed with more details in the section 2.3 below. Thus, we can postpone the discussion on how to determine the K cells for now.
Based on the discussion above, we would like to propose the following for baseline input/output of RRM measurement prediction model.
Proposal 1. For RRM measurement prediction, the measurement results of Mt (Mt>1) latest measurement instances for N(>=1) Cells (either serving or neighbor) are used for AI/ML model input. The # of time instance (Mt) and the # of cells (N) are up to companies for evaluation.
Proposal 2. For RRM measurement prediction, AI/ML model output are the prediction results of Pt(>=1) future time instances for K(N>=K>=1) cells (either serving or neighbor). The # of time instance (Pt) and the # of cells (K) are up to companies for evaluation. 
Proposal 3. For input/output of RRM measurement prediction model, the measurement/prediction result at each time instance can be L3 RSRP/RSRQ/SINR per cell (for cell-level prediction) or per beam (for beam-level prediction). FFS on the use of L1 RSRP/RSRQ/SINR.
In addition to the baseline input mentioned above, we can consider other additional information as input of AI/ML model. For example, UE’s location may be useful for improving the accuracy of AI/ML-based prediction. However, in our view, if the measurement results for multiple N cells are provided as input of the model, the input can implicitly include the information on UE’s location (like footprint). In that sense, the motivation for having additional information seems unclear to us for now, but we are open to discuss based on the evaluation results later.

2.2 Prioritization of time domain temporal prediction
Depending on whether the K cells for output are subset of N cells for input in Figure 2, we can consider two sub-use cases as below.
· Intra-cell prediction case: Time domain temporal prediction where the K cells for output are subset of N cells for input.
· Inter-cell prediction case: Spatial/frequency domain prediction where the K cells for output are not subset of N cells for input.
In our view, the Intra-cell prediction case (temporal prediction) should be the baseline considering that the RRM measurement prediction is mainly to control UE’s mobility in proactive manner. On the other hand, for the Inter-cell prediction case (especially for frequency domain prediction), we have some doubt on whether the level of cross-frequency correlation is enough for inter-frequency prediction and also on how to model it in the simulation. Even though we agree that inter-frequency measurement reduction can be one of the important benefit of the measurement prediction, it seems reasonable to prioritize the Intra-cell prediction case compared to Inter-cell prediction case considering the limited time and resources. Also, we believe the measurement reduction can be achieved quite enough only with the Intra-cell prediction. 
Based on the discussion above, we would like to propose the below.
Observation. 1: For RRM measurement prediction, there can be two sub-use cases as below.
· Intra-cell prediction case: Time domain temporal prediction where the K cells for output are subset of N cells for input.
· Inter-cell prediction case: Spatial/frequency domain prediction where the K cells for output are not subset of N cells for input.
Proposal 4. : For RRM measurement prediction, prioritize the Intra-cell prediction where the K cells for model output are subset of the N cells for model input. I.e., Time domain temporal prediction should be prioritized compared to others (e.g., frequency domain prediction).
2.3 Baseline KPI for RRM measurement prediction
For evaluation on accuracy of the prediction model, we can consider the following KPIs from the KPIs used for the beam prediction use case in R18 AI/ML for AIR SI.
· Average L3-RSRP difference: The average RSRP difference between the predicted RSRP and the ideal RSRP of K cells for model output.
· Top-1 (%): The percentage of “the Top-1 genie-aided cell/beam is Top-1 predicted cell/beam”
· Top-K/1 (%): The percentage of “the Top-1 genie-aided beam is one of the Top-K predicted cell/beam”
In the beam prediction case, the meaning of Top-1 beam is quite clear. The Top-1 can be the beam having highest RSRP at a certain time instance e.g., 80ms later. However, for the RRM measurement prediction case, it is unclear what the definition of Top-1 cell can be. First of all, the output of measurement prediction model would be predicted RSRP values for multiple Mt time instances. Then, the cell having highest RSRP can be different at each time instance and it is tricky to select one Top-1 cell within the prediction time. Also, from HO perspective, we should consider not only the predicted RSRP but also other factors (e.g., Time of stay, HO ping-pong, etc.) for best cell selection. 
According to the discussion above, we can consider only average RSRP difference as baseline KPI for RRM measurement prediction for now. However, we are open to discuss other KPIs related to Top-1 cell if RAN2 can have some consensus on the meaning of Top-1 cell.
Proposal. 5: For RRM measurement prediction, average L3-RSRP difference can be used for baseline prediction accuracy KPI. The average L3-RSRP difference is the average difference between the predicted L3-RSRP and the ideal L3-RSRP of K cells for model output.
3	Conclusion
Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1. For RRM measurement prediction, the measurement results of Mt (Mt>1) latest measurement instances for N(>=1) Cells (either serving or neighbor) are used for AI/ML model input. The # of time instance (Mt) and the # of cells (N) are up to companies for evaluation.
Proposal 2. For RRM measurement prediction, AI/ML model output are the prediction results of Pt(>=1) future time instances for K(N>=K>=1) cells (either serving or neighbor). The # of time instance (Pt) and the # of cells (K) are up to companies for evaluation. 
Proposal 3. For input/output of RRM measurement prediction model, the measurement/prediction result at each time instance can be L3 RSRP/RSRQ/SINR per cell (for cell-level prediction) or per beam (for beam-level prediction). FFS on the use of L1 RSRP/RSRQ/SINR.
Observation. 1: For RRM measurement prediction, there can be two sub-use cases as below.
· [bookmark: _GoBack]Intra-cell prediction case: Time domain temporal prediction where the K cells for output are subset of N cells for input.
· Inter-cell prediction case: Spatial/frequency domain prediction where the K cells for output are not subset of N cells for input.
Proposal 4. : For RRM measurement prediction, prioritize the Intra-cell prediction where the K cells for model output are subset of the N cells for model input. I.e., Time domain temporal prediction should be prioritized compared to others (e.g., frequency domain prediction).
Proposal. 5: For RRM measurement prediction, average L3-RSRP difference can be used for baseline prediction accuracy KPI. The average L3-RSRP difference is the average difference between the predicted L3-RSRP and the ideal L3-RSRP of K cells for model output.
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