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1. Introduction
The rel-19 study item on AIML mobility enhancements was approved, where one of the objectives was the related to RRM measurement and event prediction [1]:
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]

Initial discussions were made regarding RRM prediction in RAN2-125bis and the following agreements were made [1]:
Agreements
1 For cell level measurement prediction model, at least consider the following cases:
a. Case 1: To predict beam level results, then generate cell level results based on the predicted beam results; 
b. Case 2: To directly predict cell level results based on cell level results.
c. 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 predicition.  
4. The following items can be considered as a baseline for the prediction accuracy of the cell-level measurement prediction：
a. Spatial-domain prediction： RSRP difference to the actual measurement
b. Temporal prediction：RSRP difference to the actual measurement
c. 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

An email discussion has been carried out after the meeting to discuss further the different sub use-cases and simulation assumptions/parameters [3]. However, both in RAN2-125bis and the email discussion, there was no proper discussion regarding the details of the beam prediction aspects (apart from the agreement that RRM use case 1 will use predicted beams to calculate/derive the cell level measurements). This contribution addresses those aspects. 
2. Discussion
[bookmark: _Hlk166126031]2.1. Cell level measurement derivation
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). 
The corresponding high-level measurement model is shown below [Taken from 38.300]:


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.
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. One aspect that needs discussion is on how the cell level measurement consolidation is to be done when some of the beams are measured and some are predicted.
In NR, when it comes to which beams are selected for cell level measurement derivation, the following IEs are defined for each measurement object (e.g., each NR frequency being measured) [see TS 38.331, section 5]:
· nrofCSI-RS-ResourcesToAverage:  the maximum number of measurement results per beam based on CSI-RS resources to be averaged
· nrofSS-BlocksToAverage: the maximum number of measurement results per beam based on SS/PBCH blocks to be averaged.
· absThreshCSI-RS-Consolidation: Absolute threshold for the consolidation of measurement results per CSI-RS resource(s) from L1 filter(s).
· absThreshSS-BlocksConsolidation: Absolute threshold for the consolidation of measurement results per SS/PBCH block(s) from L1 filter(s). 

In the case of spatial prediction, where there are some beams that are predicted and some that are measured, it is not clear on how the above parameters are going to be used in the beam consolidation during cell level measurement derivation.

Proposal 1: For the case of spatial RRM prediction, RAN2 to clarify how the cell level measurement derivation is to be performed when some of the beams are measured and some are predicted. 

2.2 Beam level measurement results
A UE may be configured to include beam level results in the measurement reports (e.g., measurement results of the X best beams). The cell level measurement reports will help the network identify the best cell to hand over the UE to, and the beam level measurements associated with that best cell could be used by the network to determine which beam to assign to that UE at the target upon handover.
Our understanding is that the inter-cell beam prediction that is part of the objective of this study item is not just for the sake of cell level measurement derivation as in RRM use case 1, but also for identifying the best beam(s) in the target cell.

Observation 2: For RRM use case 1, the predicted beams could be used not only as input for the derivation of the cell level measurements, but also to identify the best beam.

In the email discussion [3], there seems to be a consensus that for the cell level measurement results, RSRP difference between actual and predicted values is the key metric/KPI to be used for evaluating prediction results (even though there are different preferences regarding the details of that, for example, if the average RSRP difference is sufficient or the full RSRP difference CDF should be considered).
For the case the beam level predictions that are going to be used to identify the top beam(s) for the target cell, we think it is sufficient to adopt the same metric that is used for the beam prediction use case in the RAN1 AIML work, as captured in the AIML PHY TR [4]. Specifically, we recommend the following KPIs to be considered:
-  Average L1-RSRP difference of Top-1 predicted beam:
-  Top-1 (%): the percentage of "the Top-1 genie-aided beam is Top-1 predicted beam"
- Top-K/1 (%): the percentage of "the Top-1 genie-aided beam is one of the Top-K predicted beams"

Proposal 2: For the evaluation of the beam predictions, RAN2 to adopt the KPIs/metrics used in the RAN1 work on beam prediction (e.g., average L1-RSRP difference of Top-1 predicted beam, Top-1(%), Top-K/1(%)).
4. Conclusion
In this contribution, beam level prediction in the context of RRM measurement prediction use case was 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: For RRM use case 1, the predicted beams could be used not only as input for the derivation of the cell level measurements, but also to identify the best beam.

Proposal 1: For the case of spatial RRM prediction, RAN2 to clarify how the cell level measurement derivation is to be performed when some of the beams are measured and some are predicted. 

Proposal 2: For the evaluation of the beam predictions, RAN2 to adopt the KPIs/metrics used in the RAN1 work on beam prediction (e.g., average L1-RSRP difference of Top-1 predicted beam, Top-1(%), Top-K/1(%)).
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