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1. Introduction
RAN#102 approved the new study item on Artificial Intelligence (AI)/Machine Learning (ML) for mobility in NR [1]. The objectives of this study 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]
· Evaluate testability, interoperability, and impacts on RRM requirements and performance [RAN4]


In this contribution, the potential scenarios for RRM measurement prediction are discussed. 

2. Discussion 
The objective stated in the SID [1] categorizes the solution directions, i.e., the cell/beam-level measurement prediction, the HO failure/RLF prediction and the measurement events prediction. Also, there is an additional solution direction, i.e., “any other UE Assistance Information”. Additionally, it stated the evaluation of AI/ML-aided mobility benefits. Considering these objectives, what is currently missed would be the scenarios of each issue to be expected to be resolved by AI/ML. Without the scenarios agreed by RAN2, the discussion of each solution direction would not result in good progress and the fair evaluations may be impossible. 

Regarding the remaining two objectives led by RAN2, it’s premature to start considering these immediately, so these should be discussed later, i.e., the enhancements on top of AI/ML for air-interface WI (e.g., LCM) should wait for the progress of the WI, and the potential specification impacts would become clear only after the candidate solutions are identified. 
Therefore, RAN2 should first discuss and identify the problematic scenarios (or the problem definitions, or the use cases, or whatever) for each solution direction. 
Proposal 1 RAN2 should first focus on and identify the scenarios worth resolving along with their potential solutions, i.e., cell/beam-level measurement predictions, HOF/RLF predictions, measurement event predictions and additional UAIs. 
2.1. Potential scenarios on cell-level measurement predictions
The potential scenarios for cell-level measurement are considered first. Currently, the UE in RRC Connected measures each cell on each frequency that are configured by the gNB as the measurement configuration, and the measured radio quality is reported to the gNB via the measurement reporting [2]. With the cell-level measurement prediction, it’s assumed that some of the radio qualities are not actually measured but predicted by the model inference. 
In time-domain, the following potential scenarios would be considered as potential scenarios. 
· Time-domain option 1: Current cell quality is predicted by other cell qualities that are currently measured. 
· Time-domain option 2: Current cell quality is predicted by same cell qualities that are previously measured. 
Time-domain option 1 may be similar to one of the beam management use cases that were studied in Rel-18 AI/ML for air-interface [3], i.e., “BM-Case1: Spatial-domain Downlink beam prediction for Set A of beams based on measurement results of Set B of beams”. This option may be also seen as a location-based measurement prediction, e.g., by E-CID or OTDOA. 
Time-domain option 2 may be similar to BM-Case 2 in [3], i.e., “BM-Case2: Temporal Downlink beam prediction for Set A of beams based on the historic measurement results of Set B of beams”.
In frequency-domain, the following potential scenarios would be considered as potential scenarios. 
· Frequency-domain option 1 (intra-frequency and inter-frequency): A cell quality is predicted by other cell qualities that are measured, whereby these cells may be transmitted from different geographic locations. 
· Frequency-domain option 2 (inter-frequency): A cell quality on a frequency is predicted by other cell quality on other frequency, whereby these cells may be transmitted from the same geographic location. 

Frequency-domain option 1 may be similar to Time-domain option 1 above. 
Frequency-domain option 2 assumes the two cells on different frequencies are transmitted by the same antenna (tower), so the model infers the differences of path losses between these frequencies. This option is expected to be more useful in case of Carrier Aggregation, e.g., the Scell quality prediction by the PCell measurements. 
In addition, for the UE-sided model, the potential UE actions after the cell-level measurement prediction would be considered as follows. 
· UE action option 1: The UE just reports the predicted cell quality to the gNB, via the (current) measurement report. The gNB may use it for e.g., the handover decision [4]. 
· UE action option 2: The UE performs a specific action, e.g., to inform the gNB of some future condition predicted by the UE. The gNB may use it for e.g., the measurement configuration. 
UE action option 1 is just to replace the measured value with the predicted value in the measurement report, e.g., a predicted RSRP is reported instead of a measured RSRP. It may be similar to BM-Cases in [3], i.e., “BM-Case1: Spatial-domain Downlink beam prediction for Set A of beams based on measurement results of Set B of beams” and “BM-Case2: Temporal Downlink beam prediction for Set A of beams based on the historic measurement results of Set B of beams”.

UE action option 2 may be overlapped with the HOF/RLF prediction or the measurement event prediction in this study [1]. 

Given the consideration above, the potential scenarios for cell-level measurement prediction may be very similar to other potential scenarios for other solution directions. The overlaps of potential scenarios among different solutions should be avoided, so the scenarios would be carefully identified. 
At this point, it would be assumed that any predictions for future measurement results can rely on the other solutions such as the HOF/RLF predictions and/or the measurement event predictions. So, for the cell-level measurement predictions, it should be assumed that the predicted measurement results are the current radio quality based on the actual measurements. It does not preclude any future measurement result predictions, which may be considered when the other solution does not cover, if needed. 
Proposal 2 RAN2 should assume the baseline scenario for cell-level measurement prediction is that the current radio quality of a cell is predicted, i.e., any “measurement prediction in future” should be discussed in other topics first. 
If Proposal 2 is agreeable, the three potential scenarios would be considered based on both Time-domain options and both Frequency-domain options as depicted in Figure 1 below. RAN2 should discuss these potential scenarios for cell-level measurement predictions. 
Proposal 3 As a potential scenario for cell-level measurement prediction, RAN2 should discuss the scenario that a cell’s current radio quality is predicted by the current measurements of other cells, whereby these cells are transmitted from different locations. 
Proposal 4 As a potential scenario for cell-level measurement prediction, RAN2 should discuss the scenario that a cell’s current radio quality is predicted by the current measurements of other cell(s), whereby these cells are transmitted from the same location. 
Proposal 5 As a potential scenario for cell-level measurement prediction, RAN2 should discuss the scenario that a cell’s current radio quality is predicted by the measurements of the same cell’s radio quality that were previously measured. 
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Figure 1
 Potential scenarios for cell-level measurement predictions
In addition, more details should be discussed for both NW-sided and UE-sided models, considering how the gNB uses the predicted data for handover decision and/or how beneficial for the UE it is (e.g., for UE power saving during the handover procedure.) 

Proposal 6 RAN2 should discuss how the network uses the predicted data (for handover decision) and how much beneficial for the UE the predicted data is applied (e.g., for UE power saving), in order to identify the concrete scenarios for both NW-sided and UE-sided models. 
2.2. Potential scenarios on beam-level measurement predictions
For the beam-level measurement predictions, the WID states that “Inter-cell Beam-level measurement prediction for L3 Mobility (UE sided and NW sided model)” [1]. In our current view, it’s seen as quite similar with the beam management being discussed in AI/ML for air-interface below [5], except for the word “inter-cell”
	· Beam management - DL Tx beam prediction for both UE-sided model and NW-sided model, encompassing [RAN1/RAN2]:

· Spatial-domain DL Tx beam prediction for Set A of beams based on measurement results of Set B of beams (“BM-Case1”)

· Temporal DL Tx beam prediction for Set A of beams based on the historic measurement results of Set B of beams (“BM-Case2”)

· Specify necessary signalling/mechanism(s) to facilitate LCM operations specific to the Beam Management use cases, if any

· Enabling method(s) to ensure consistency between training and inference regarding NW-side additional conditions (if identified) for inference at UE 

NOTE: Strive for common framework design to support both BM-Case1 and BM-Case2


Therefore, RAN2 should first discuss what the difference is from the beam management use cases in AI/ML for air-interface WI. In some cases, the beam-level measurement prediction may just take advantage of the result of other WI. 
Proposal 7 RAN2 should clarify the difference between the beam-level measurement prediction in this study and the BM use cases in AI/ML for air-interface WI, before discussing the details of potential scenarios. 
3. Conclusion 
In this contribution, the potential scenarios on RRM measurement predictions are discussed.  RAN2 is kindly asked to take into account the observations and proposals below: 
Proposal 1
RAN2 should first focus on and identify the scenarios worth resolving along with their potential solutions, i.e., cell/beam-level measurement predictions, HOF/RLF predictions, measurement event predictions and additional UAIs.
Proposal 2
RAN2 should assume the baseline scenario for cell-level measurement prediction is that the current radio quality of a cell is predicted, i.e., any “measurement prediction in future” should be discussed in other topics first.
Proposal 3
As a potential scenario for cell-level measurement prediction, RAN2 should discuss the scenario that a cell’s current radio quality is predicted by the current measurements of other cells, whereby these cells are transmitted from different locations.
Proposal 4
As a potential scenario for cell-level measurement prediction, RAN2 should discuss the scenario that a cell’s current radio quality is predicted by the current measurements of other cell(s), whereby these cells are transmitted from the same location.
Proposal 5
As a potential scenario for cell-level measurement prediction, RAN2 should discuss the scenario that a cell’s current radio quality is predicted by the measurements of the same cell’s radio quality that were previously measured.
Proposal 6
RAN2 should discuss how the network uses the predicted data (for handover decision) and how much beneficial for the UE the predicted data is applied (e.g., for UE power saving), in order to identify the concrete scenarios for both NW-sided and UE-sided models.
Proposal 7
RAN2 should clarify the difference between the beam-level measurement prediction in this study and the BM use cases in AI/ML for air-interface WI, before discussing the details of potential scenarios.
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