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1  Introduction
In last meeting, RAN2 discussed the sub use case and KPI for RRM measurement prediction, and achieved the following agreements [1]. 
	Agreements
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 predicition.  
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


In this contribution, we will further discuss on RRM measurement specific sub use cases and relevant evaluation metrics/KPIs to evaluate.
2  Discussion
2.1 Sub use cases
In last meeting, RAN2 agreed to at least consider the following cases for cell level measurement prediction model:
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
As illustrated in Figure 9.2.4-1 of TS 38.300 [2], cell quality includes L1 cell quality (i.e. point B) and L3 cell quality (i.e. point C), and the corresponding definitions are as follows.
-	B: a measurement (i.e. cell quality) derived from beam-specific measurements reported to layer 3 after beam consolidation/selection.
-	Layer 3 filtering for cell quality: filtering performed on the measurements provided at point B. The behaviour of the Layer 3 filters is standardised and the configuration of the layer 3 filters is provided by RRC signalling. Filtering reporting period at C equals one measurement period at B.
-	C: a measurement after processing in the layer 3 filter. The reporting rate is identical to the reporting rate at point B. This measurement is used as input for one or more evaluation of reporting criteria.
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Figure 9.2.4-1: Measurement Model [2]
In the study on cell level measurement prediction, we would like to clarify the cell level results refer to L3 cell level results (i.e. point C) since they are used for L3 mobility.
Proposal 1: It is suggested to clarify that the cell level results in this study refers to L3 cell level results, i.e. point C in Figure 9.2.4-1 (measurement model) of TS 38.300.
Similarly, beam level results also need to be further clarified. As illustrated in the Figure 9.2.4-1 [2], L3 cell level results are derived based on L1 beam level results. And it is noted that the derivation of L3 cell level quality (red box) and the derivation of L3 beam level quality (blue box) are independent procedures based on L1 beam level results. Thus, it is unreasonable to predict L3 cell level measurements based on L3 beam level measurements or vice versa. Therefore, the beam level results in the agreed case 3 refer to L1 beam level results. 
In addition, the motivation of case 1 is to reuse the R18 study on AI/ML for Air interface in RAN1 as much as possible, it is obvious that the beam level results also refer to L1 beam level results.
Based on the above analysis, the beam level results in last meeting agreements refer to L1 beam level results.
Proposal 2: It is suggested to clarify that the beam level results in last meeting agreement on sub use cases refer to L1 beam level results. 
If Proposal 1 and 2 are agreed, the agreement on sub use cases in last meeting can be revised as follows and shown in Figure 1:
Case 1: To predict L1 beam level results, then generate L3 cell level results based on the predicted L1 beam results; 
Case 2: To directly predict L3 cell level results based on L3 cell level results.
Case 3: To directly predict L3 cell level results based on L1 beam level results
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Figure 1. Sub use cases for L3 cell level results prediction
Proposal 3: If Proposal 1 and 2 are agreed, the agreement on sub use cases in last meeting can be revised as follows:
Case 1: To predict L1 beam level results, then generate L3 cell level results based on the predicted L1 beam results 
Case 2: To directly predict L3 cell level results based on L3 cell level results
Case 3: To directly predict L3 cell level results based on L1 beam level results
On the other hand, we think L3 beam level results are also needed for L3 mobility. In legacy handover procedure, the network may also configure the UE to report the measurement information per beam. If beam measurement information is configured to be included in measurement reports, the UE applies the layer 3 beam filtering as illustrated in Figure 9.2.4-1 [2]. The reported measurements per beam will be used for network to select a specific beam of target cell. 
Observation 1: L3 beam level results are used for network to select a specific beam of target cell for L3 mobility.
Therefore, RAN2 is suggested to study the L3 beam level results prediction in this SID.
Proposal 4: RAN2 is suggested to study the L3 beam level results prediction.
For L3 beam level results prediction, the similar sub-use case as L3 cell level results prediction can be considered based on the above analysis, i.e. 
Case 1: To predict L1 beam level results, then generate L3 beam level results based on the predicted L1 beam results 
Case 2: To directly predict L3 beam level results based on L3 beam level results
Case 3: To directly predict L3 beam level results based on L1 beam level results
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Figure 2. Sub use cases for L3 beam level results prediction
Proposal 5: For L3 beam level results prediction, at least the following sub use cases are considered: 
Case 1: To predict L1 beam level results, then generate L3 beam level results based on the predicted L1 beam results 
Case 2: To directly predict L3 beam level results based on L3 beam level results
Case 3: To directly predict L3 beam level results based on L1 beam level results
In addition, similar to L3 cell level results prediction, both temporal domain prediction and spatial domain can be applied for L3 beam level results prediction.
Proposal 6: The temporal domain prediction and spatial domain can be applied for L3 beam level results prediction.
In last meeting, RAN2 agreed intra-frequency intra-cell and inter-cell use cases, but had no consensus on inter-frequency inter-cell use case. In our understanding, the measurement gaps would be reduced for inter-frequency prediction, the measurement efforts and UE power consumption would also be reduced. 
Observation 2: Measurement gap configuration, UE measurement efforts and power consumption would be reduced for inter-frequency inter-cell RRM measurement prediction.
[bookmark: OLE_LINK89][bookmark: OLE_LINK100][bookmark: OLE_LINK104][bookmark: OLE_LINK106]As per the objectives of AI/ML for Mobility, both UE sided and NW sided model should be considered for RRM measurement prediction. However, we think there may be some differences for the native inputs between UE sided and NW sided model which need to be further studied. For example, the UE trajectory information (e.g. UE speed, UE location) can be used flexibly as the inputs of UE sided AI/ML model, but the network topology can be used as the inputs of NW sided AI/ML model.
Observation 3: There may be differences for the native inputs between UE sided and NW sided model, such as the UE trajectory info used in UE sided model and the network topology used in NW sided model.
Furthermore, the network topology information at least includes the association between cells, the deployment of frequencies, which will be not available at UE side. In our understanding, the network topology information is helpful to predict the neighbour cell measurements based on serving cell measurements directly. Therefore, the inter-frequency inter-cell measurements prediction should be also studied, especially for NW sided model.
Proposal 7: Inter-frequency inter-cell RRM measurement prediction should be studied, especially for NW sided model.
For inter-frequency inter-cell prediction, cell level and beam level results prediction similar to which for intra-frequency can also be further studied. 
Proposal 8: All sub use cases for intra-frequency inter-cell prediction can also be further studied for inter-frequency inter-cell prediction.

[bookmark: OLE_LINK67]2.2 Evaluation metrics/KPIs
In last meeting, RAN2 agreed that at a first step we will focus on measurement prediction accuracy, and FFS whether and what system level performance evaluation is needed. For the study goals of this SID, measurement reduction is one of the most interested goals during the online discussion.
During the post email discussion on simulation assumptions and methodology [3], majority of companies support that one of the study goals for FR2-FR2 HO is to enhance handover performance. 
Observation 4: One of the study goals for FR2-FR2 HO is to enhance handover performance.
Therefore, the handover performance should be evaluated. As listed in SID [4], Ping-pong HO, HOF/RLF, Time of stay, Handover interruption etc., can be considered. Furthermore, the existing Handover Failure Modelling, RLF modelling and Ping-pong Modelling in TR 36.839 can be reused as the baseline model for statistic of Handover failure rate, RLF rate, Ping-Pong HO rate and short stay rate, etc.
Proposal 9: RAN2 consider the following evaluation metrics/KPIs for system level performance. 
· e.g. Ping-pong HO rate, HO failure rate, RLF rate, short stay rate etc.
Proposal 10: The existing Handover Failure Modelling, RLF modelling and Ping-pong Modelling in TR 36.839 can be reused as the baseline model for statistic of the system level performance.
For measurement reduction rate, the following definitions are proposed in post email discussion [3]:
· Measurement reduction rate in temporal domain (MRRT):
MRRT= skipped measurement time instances / total measurement time instances
· Measurement reduction rate in spatial domain (MRRS):
MRRS = skipped beams to be measured/ total beams to be measured
In general, we are fine with the above proposed definitions. However, we think other definitions should be also considered, for example:
· For inter-cell spatial domain measurement prediction (cell level measurements), the measurement reduction rate (MRRS-C) is: 
MRRS-C = skipped cells to be measured / total cells to be measured 
· For frequency domain prediction, the measurement gaps reduction rate (MGRR) is:
MGRR = skipped gaps to be measured / total gaps to be measured
Proposal 11: For measurement reduction rate, the following definitions are also considered:
· For inter-cell spatial domain measurement prediction (cell level measurements), the measurement reduction rate (MRRS-C) is: 
MRRS-C = skipped cells to be measured / total cells to be measured 
· For frequency domain prediction, the measurement gaps reduction rate (MGRR) is:
MGRR = skipped gaps to be measured / total gaps to be measured
In addition, we think the best cell prediction accuracy can be also considered as a metric for the prediction accuracy of cell level measurement prediction, which refers to the percentage of "the actual best cell based on the measurement results is the best cell based on the predicted results", because the network would select one target cell for handover procedure. 
Proposal 12: The best cell prediction accuracy can be considered as a metric for the prediction accuracy of cell level measurement prediction.
· Best Cell prediction accuracy (%): the percentage of "the actual best cell based on the measurement results is the best cell based on the predicted results"

3	Conclusion
Here are the observations and proposals for AI/ML based RRM measurement prediction.
Sub use cases
Proposal 1: It is suggested to clarify that the cell level results in this study refers to L3 cell level results, i.e. point C in Figure 9.2.4-1 (measurement model) of TS 38.300.
Proposal 2: It is suggested to clarify that the beam level results in last meeting agreement on sub use cases refer to L1 beam level results. 
Proposal 3: If Proposal 1 and 2 are agreed, the agreement on sub use cases in last meeting can be revised as follows:
Case 1: To predict L1 beam level results, then generate L3 cell level results based on the predicted L1 beam results 
Case 2: To directly predict L3 cell level results based on L3 cell level results
Case 3: To directly predict L3 cell level results based on L1 beam level results
Observation 1: L3 beam level results are used for network to select a specific beam of target cell for L3 mobility.
Proposal 4: RAN2 is suggested to study the L3 beam level results prediction.
Proposal 5: For L3 beam level results prediction, at least the following sub use cases are considered: 
Case 1: To predict L1 beam level results, then generate L3 beam level results based on the predicted L1 beam results 
Case 2: To directly predict L3 beam level results based on L3 beam level results
Case 3: To directly predict L3 beam level results based on L1 beam level results
Proposal 6: The temporal domain prediction and spatial domain can be applied for L3 beam level results prediction.
Observation 2: Measurement gap configuration, UE measurement efforts and power consumption would be reduced for inter-frequency inter-cell RRM measurement prediction.
Observation 3: There may be differences for the native inputs between UE sided and NW sided model, such as the UE trajectory info used in UE sided model and the network topology used in NW sided model.
Proposal 7: Inter-frequency inter-cell RRM measurement prediction should be studied, especially for NW sided model.
Proposal 8: All sub use cases for intra-frequency inter-cell prediction can also be further studied for inter-frequency inter-cell prediction.
Evaluation metrics/KPIs
Observation 4: One of the study goals for FR2-FR2 HO is to enhance handover performance.
Proposal 9: RAN2 consider the following evaluation metrics/KPIs for system level performance. 
· e.g. Ping-pong HO rate, HO failure rate, RLF rate, short stay rate etc.
Proposal 10: The existing Handover Failure Modelling, RLF modelling and Ping-pong Modelling in TR 36.839 can be reused as the baseline model for statistic of the system level performance.
Proposal 11: For measurement reduction rate, the following definitions are also considered:
· For inter-cell spatial domain measurement prediction (cell level measurements), the measurement reduction rate (MRRS-C) is: 
MRRS-C = skipped cells to be measured / total cells to be measured 
· For frequency domain prediction, the measurement gaps reduction rate (MGRR) is:
MGRR = skipped gaps to be measured / total gaps to be measured
Proposal 12: The best cell prediction accuracy can be considered as a metric for the prediction accuracy of cell level measurement prediction.
· Best Cell prediction accuracy (%): the percentage of "the actual best cell based on the measurement results is the best cell based on the predicted results"
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