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1. Introduction

A rel-19 study item on AIML mobility enhancements was approved during RAN#102, with the main objective of [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]
· 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]
· Evaluate testability, interoperability, and impacts on RRM requirements and performance [RAN4]

This contribution provides further input regarding the RRM measurement prediction. 

2. Discussion
2.1. Measurements and mobility in NR

In NR, when a UE is in RRC_CONNECTED state, it measures the signal level of one or more beams of a cell and the measurements results are averaged to derive the cell quality. The UE is configured to consider a subset of the detected beams. Filtering takes place at two different levels: at the physical layer (L1) level to derive beam quality and then at RRC (L3) level to derive cell quality from multiple beams. Cell quality from beam measurements is derived in the same way for the serving cell(s) and for the non-serving cell(s). Measurement reports may contain the measurement results of the X best beams if the UE is configured to do so by the gNB.

The corresponding high-level measurement model is shown below [Taken from 38.300]:
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Figure 1: NR Measurement Model [Taken from 38.300]

A UE performs measurements of serving and neighbour cells based on a configuration received from the gNB.  The UE can be configured to report the measurements periodically or when certain events are fulfilled (e.g., A3 event, where a neighbour cell’s signal quality becomes better than the serving cell by more than a certain threshold). The UE may be configured with a conditional handover (CHO) configuration regarding a certain neighbour cell, which contains a HO command and associated measurement event. When the measurement event conditions get fulfilled, the UE executes the HO command associated with the event, instead of sending a measurement report.

Observation 1: Legacy RRM measurement reporting in NR is based on a cell level measurement derivation that consolidates/averages a certain number of beams that have radio signal level above a certain threshold.
2.2. AIML based RRM measurement prediction.
In the Rel-19 work item on AIML enhancements for PHY [2], the beam management (BM) use case is being specified that includes spatial-domain beam prediction (BM case 1) and temporal beam prediction (BM case 2). In the BM case 1, the AIML model predicts a set A of beams based on the measurement results of set B of beams, while in BM case 2, the model predicts a set A of beams (current and/or future values), based on the historical measurement results of set B of beams.

Since cell level measurements are derived from the consolidations of beam level measurements, a UE that can support BM case1 can predict the current cell level measurement by consolidating the measured and predicted beams of a given cell. Similarly, a UE that can support BM case 2 can consolidate the predicted beams of a given cell at a future time to derive the predicted cell level measurement at that future time. 
Thus, we propose:

Proposal 1: BM use case 1 (spatial-domain beam prediction) and BM use case 2 (temporal-domain beam prediction) as being specified in the rel-19 WI on AIML for PHY are the baseline for the beam prediction to be used for cell level measurement predictions.
Proposal 2: The following two main sub use cases to be studied for RRM measurement prediction:

· Case 1 (Spatial RRM measurement prediction): predicted cell level measurements at the current time derived by consolidating the measured and predicted beams of a cell at the current time.
· Case 2 (Temporal RRM measurement prediction): predicted cell level measurements at a future time derived by consolidating the predicted beams of a cell at a future time.

Spatial RRM measurement prediction can be applied for the same cell or for a different cell. For example, the spatial RRM measurement prediction can be made for cell X, where all the beams of the cell are predicted (e.g., based on the beams of measured cells). In this case, the consolidation of the beams of cell X will only consider the predicted beams as there are no measured beams. Cell X can be inter-frequency or inter-RAT cell, as compared to the cell(s) whose current/historical measurements are used as input for the prediction.

Temporal RRM measurement prediction can also be applied for the same cell or for a different cell. For example, future RRM measurement predictions can be made for cell X, based on current measurements of other cells. Cell X can be inter-frequency or inter-RAT cell, as compared to the cell(s) whose current/historical measurements are used as input for the prediction.

Proposal 3: Both spatial and temporal RRM measurement predictions are applicable to intra-cell, intra-frequency, inter-frequency, and inter-RAT cases.  

Regarding the metrics/KPIs that can be used for the evaluation of RRM measurement prediction, most of the metrics/KPIs that were defined for the BM case in the TR could be considered. However, some modification/adaptation of the KPIs is required (e.g., the prediction accuracy KPIs such as Top-1, Top-K/1, etc.), as multiple predicted beams may be considered/consolidated during cell level measurement derivation. In the meantime, the difference between the predicted and measured/actual L3-RSRP cell level measurements can be considered as baseline KPIs.

Observation 2: The KPIs defined for evaluation of the BM use case can be adopted to the RRM measurement prediction use case, but modification/adaptation is required to consider the fact that a predicted cell level measurement is a consolidation of multiple (measured and/or predicted) beams. 
Proposal 4: The difference of the measured/actual and predicted L3-RSRP cell level measurements are considered as the baseline performance metric/KPI for the RRM measurement prediction use case.
4. Conclusion

In this contribution, the issues of RRM measurement prediction for AIML mobility enhancement are discussed, and the following observations and proposals are made:

Observation 1: Legacy RRM measurement reporting in NR is based on a cell level measurement derivation that consolidates/averages a certain number of beams that have radio signal level above a certain threshold.
Observation 2: The KPIs defined for evaluation of the BM use case can be adopted to the RRM measurement prediction use case, but modification/adaptation is required to consider the fact that a predicted cell level measurement is a consolidation of multiple (measured and/or predicted) beams. 
Proposal 1: BM use case 1 (spatial-domain beam prediction) and BM use case 2 (temporal-domain beam prediction) as being specified in the rel-19 WI on AIML for PHY are the baseline for the beam prediction.
Proposal 2: The following two main sub use cases to be studied for RRM measurement prediction:

· Case 1 (Spatial RRM measurement prediction): predicted cell level measurements derived by consolidating the measured and predicted beams of a cell at the current time.
· Case 2 (Temporal RRM measurement prediction): predicted cell level measurements derived by consolidating the predicted beams of a cell at future times.

Proposal 4: Both spatial and temporal RRM measurement predictions are applicable to intra-cell, intra-frequency, inter-frequency, and inter-RAT cases. 

Proposal 5: The difference of the measured/actual and predicted L3-RSRP cell level measurements can be considered as the baseline performance metric/KPI for the RRM measurement prediction use case.
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