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1 Introduction
As instructed by the SID, the AI for mobility SI will study the RRM measurement prediction. In this paper, we try to analyse the scenarios of spatial and temporal domain predictions. 
	RP-234055
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]



2 Discussion
The UE measures multiple beams (at least one) of a cell and the measurement results (power values) are averaged to derive the cell quality. In doing so, the UE is configured to consider a subset of the detected beams. Filtering takes place at two different levels: at the physical layer to derive beam quality and then at RRC 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.


Figure 1: RRM measurement [38.300]

The high-level categorization of RRM measurement prediction is done in two ways, prediction in the spatial domain and prediction in the temporal domain. Considering the progress of AIML for air interface (R19) as a reference, the use case of beam management has been classified for spatial-domain beam prediction and temporal-domain beam prediction. 
The following are selected as representative sub-use cases: 
BM-Case1: Spatial-domain Downlink beam prediction 
Predicting Set A of beams based on measurement results of Set B of beams
		i): Set A and Set B are different (Set B is NOT a subset of Set A). 
ii): Set B is a subset of Set A. 
Note: Set A is for DL beam prediction. The codebook construction of Set A and Set B can be clarified by companies.
BM-Case2: Temporal Downlink beam prediction
Predicting Set A of beams based on the historic measurement results of Set B of beams
		i): Set A and Set B are different (Set B is NOT a subset of Set A). 
ii): Set B is a subset of Set A (Set A and Set B are not the same).
iii): Set A and Set B are the same. 
Note: Set A is a set of beams which are predicted, and Set B is a set of beams whose measurements are taken as inputs of the AI/ML model. 
The following agreements have been reached in the last RAN2 #125bis meeting:
	Agreements (RAN2 #125bis)

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 
2. We will consider intra-frequency intra and inter-cell spatial domain measurement predictions, for beam and cell level measurements.  
3. 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.  
4. 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
5. As a first step we will focus on measurement prediction accuracy.  FFS whether and what system level performance evaluation is needed.

According to the agreements in the last meeting, both spatial domain prediction and temporal domain prediction will be considered. Whereas pure temporal prediction will be the baseline for measurement predictions. For temporal domain prediction, two cases: Case A and Case B, referring to the RAN1 AI/ML air interface TR, were agreed upon. It would be helpful to develop a common understanding of Case A and Case B of temporal prediction, defined as follows according to TR 38.843:
Case A: based on the number of measurements/RSs and prediction time.
Case B: based on a periodicity T of the required reference signals for measurements.
The AI for mobility SID suggests studying both UE-sided and NW-sided models for RRM measurement prediction. In either case, the RRM measurement prediction conducted by UE or NW can be beneficial for the NW in determining the mobility related configuration/decision (e.g., beam management, handover). For example, it can be used by the network to decide which beams to configure. Predictions at the NW-side can be used by the network to make handover decisions efficiently for example to reduce ping-pong effect.
Observation 1: The RRM measurement prediction conducted by UE or NW can be beneficial for the NW in determining the mobility related configuration/decision (e.g., beam management, handover).
UE-side RRM measurement prediction
As the RRM measurements are a function of UE, therefore, it would be logical to consider UE-sided measurement prediction as the starting point for this agenda item. NW-sided measurement prediction can be studied after some progress on UE-sided measurement prediction has been made. Besides, RRM measurement prediction using UE-sided model has more relevance with RAN2 specification, while NW-sided model has more RAN3/SA impacts.
Proposal 1: From RAN2 point of view, RRM measurement prediction using UE-sided model is the starting point.
Two possible approaches that are being discussed in this study are beam-level and cell-level predictions. Beam-level measurement predictions can be used for the beam selection in case of mobility. During RACH initial access in a mobility scenario, the UE may select the “best beam” in the target cell based on the prediction. Thus, measurement prediction can help to reduce the number of measurements performed by the UE. Additionally, cell-level measurement prediction such as temporal domain prediction can enable the selection of a “best target cell” for a potential handover. Thus, improving the performance of handover by reducing the probability of a handover failure.
For UE-sided RRM measurement prediction, the UE must be configured by the network for predicting the measurements which may vary depending on the different cases of measurement prediction such as spatial/temporal domain prediction and their further classifications. Beam level measurements are generated directly from the L1 measurements and cell level measurements are derived from the L1 measurements using certain rules. From beam management in AI/ML for air interface: A set of beams i.e., set B, is used as an input to predict a set of beams i.e., set A. For temporal or spatial domain prediction, the network provides a configuration of set B beams for the UE to measure, which is used for inference for the UE-side model and thus set A is predicted. Another possible scenario can be when the network provides a configuration of set B and set B, when set B is not a subset of set A. For beam and cell level measurements, intra and inter-cell spatial domain measurement predictions, will be considered in this study. As cell-level measurements is the focus of this study, they can be either generated or predicted based on the beam-level or cell-level inputs. RAN2 agreement lists three possible cases for cell-level RRM measurement prediction:
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 

Observations: 
	Spatial domain prediction: Inter-cell (cell X and cell Y)

	 
	 
	Case 1
	Case 2
	Case 3

	Final outcome: Predicted cell-level measurements of cell Y
	Input
	predicted beam-level results i.e., a set of beams of Cell X
	cell-level results of cell X 
	beam-level results of cell X

	
	Predicted outcome
	predicted beam-level results i.e., a set of beams of cell Y 
	cell-level results of cell Y 
	cell-level results of cell Y 

	Temporal & Spatial domain prediction: Intra-cell (cell X)

	 
	 
	Case 1
	Case 2
	Case 3

	Final outcome: Predicted cell-level measurements of cell X
	Input
	predicted beam-level results i.e., a set of beams of Cell X
	cell-level results of cell X
	beam-level results of cell X 

	
	Predicted outcome
	predicted beam-level results i.e., a set of beams of cell X
	cell-level results of cell X
	cell-level results of cell X



The above table presents different cases of temporal and spatial domain prediction for inter/intra-cell scenarios. The assumption is that a configuration from the network is always required, which is used for or in the process of measurement inference. However, the measurement configuration may be different for each case and depends on whether the cell-level measurements are predicted based on predicted beam-level results, cell-level results, or beam-level results, of the same cell or a different cell. In some cases, it may be a configuration of a set of beams, as in R19 AI/ML air interface for beam management. Therefore, as a starting point, the legacy measurement configuration framework can be used as a baseline, which can be extended further considering different cases. 

Proposal 2: NW configures the UE for RRM measurement prediction. 
Proposal 2A: Configuration for RRM measurement prediction depends on the different cases of spatial and temporal domain RRM measurement prediction.
Proposal 3: The legacy measurement configuration framework is used as a baseline for beam/cell level measurement, for spatial/temporal domain RRM measurement prediction. 
Proposal 4: UE reports the RRM measurement prediction outcome to the NW, legacy measurement reporting framework is used as a baseline. Possible reporting enhancements are left to the normative phase discussion.

NW-side RRM measurement prediction
As described in the SID, the AIML model used for RRM measurement prediction can also be deployed at NW. compared to using a UE-sided model, using a NW-sided model for RRM measurement prediction may have the following advantages:
· NW has more powerful computing capability
· NW can easily collect enough training data from UEs under its coverage via legacy L1/L3 measurement reports. The complexity of data collection to train a UE-sided model can be avoided.
· NW can start the NW-sided AIML inference without additional prediction related configuration towards UE. 
· For the sake of model performance monitoring, NW node can easily configure the UE to do necessary L1/L3 measurements and report, or even request the neighbour NW node to provide the necessary UE measurements after a handover execution. 
From RAN2 point of view, how NW requests input to support RRM measurement prediction using NW-sided model would be the focus. As a starting point assumption, NW can request input from UE in one-shot (aperiodic), periodic, or event-triggered manner. 
Proposal 5: NW requests input from UE in a one-shot (aperiodic), periodic, or event-triggered manner for RRM measurement prediction for NW-sided model.

The input from UE will of course include any legacy L1/L3 beam measurement results or legacy L3 cell measurement results. At the same time, we believe the L1 beam prediction result by a UE supporting the AI for air interface beam prediction use case could also be considered as possible input for further L3 beam/cell level result prediction at NW.
Proposal 6: The input from UE could be either legacy L1/L3 measurements or L1 beam prediction results (if UE is capable of L1 beam prediction in the AI for air interface). 



3	Conclusion

Based on the discussion above, we request RAN2 to discuss and agree on the following proposals:

UE-sided RRM measurement prediction

Proposal 1: From RAN2 point of view, RRM measurement prediction using UE-sided model is the starting point.
Proposal 2: NW configures the UE for RRM measurement prediction. 
Proposal 2A: Configuration for RRM measurement prediction depends on the different cases of spatial and temporal domain RRM measurement prediction.
Proposal 3: The legacy measurement configuration framework is used as a baseline for beam/cell level measurement, for spatial/temporal domain RRM measurement prediction. 
Proposal 4: UE reports the RRM measurement prediction outcome to the NW, legacy measurement reporting framework is used as a baseline. Possible reporting enhancements are left to the normative phase discussion.

NW-sided RRM measurement prediction

Proposal 5: NW requests input from UE in one-shot (aperiodic), periodic, or event-triggered manner for RRM measurement prediction for NW-sided model.
Proposal 6: The input from UE could be either legacy L1/L3 measurements or L1 beam prediction results (if UE is capable of L1 beam prediction in the AI for air interface).
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