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[bookmark: _Ref165266342]Introduction
According to the SID [1] of the Rel-19 AI/ML for mobility in NR as quoted below, the RRM measurement prediction include at least two parts (i.e. Cell-level measurement prediction and Beam-level measurement prediction).
	· [bookmark: _Hlk162962253]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]

· [bookmark: _Hlk162967981]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
· [bookmark: _Hlk162959596]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]
· [bookmark: _Hlk153472406]Evaluate testability, interoperability, and impacts on RRM requirements and performance [RAN4]

· NOTE 1: RAN1/3 work can be triggered via LS
· NOTE 2: RAN4 scope/work can be defined and confirmed by RAN#105 after some RAN2 discussions (within the RAN4 pre-allocated TUs)
NOTE 3: To avoid duplicate study with “AI/ML for NG-RAN” led by RAN3
NOTE 4: Two-sided model is not included



In this contribution, we provide our understandings on RRM measurement prediction. 
Discussion
1.1 Use Cases 
For AI/ML based RRM measurement prediction, cell-level measurement prediction is included in SID for both UE sided and NW sided model. In the RRM measurement and reporting, the cell-level measurement results are generated by the UE based on the beam-level measurement results. In addition to the direct cell-level measurement prediction, the predicted cell-level measurement results also can be generated by the beam-level measurement prediction.
Observation 1: In RRM measurement and reporting, the cell-level measurement results are generated based on the beam-level measurement results. And the similar way can also be reused for the cell-level measurement prediction.
Therefore, the cell-level measurement prediction can be achieved by both direct and indirect methods, as shown below:
· Alt1(Direct prediction): Predicting the cell-level measurement results using the measured cell-level results.
· Alt2(Indirect prediction): Predicting the beam-level measurement results and using the predicted beam-level measurement results to generate the predicted cell-level measurement results. And the legacy procedure for the generation of cell-level measurement results can be reused.

Proposal 1: The cell-level measurement prediction can be achieved by both direct and indirect methods, as follows:
· Alt1(Direct prediction): Predicting the cell-level measurement results using the measured cell-level results.
· Alt2(Indirect prediction): Predicting the beam-level measurement results and using the predicted beam-level measurement results to generate the predicted cell-level measurement results. And the legacy procedure for the generation of cell-level measurement results can be reused.

Similar to the downlink beam prediction in Rel-19 AI/ML for NR air interface [2], the cell-level RRM measurement prediction is also the prediction based on the measurement results. Hence, the design of the RRM measurement prediction can refer to the design of the beam prediction.
As in downlink beam prediction [2-3], both spatial-domain and temporal cell-level measurement prediction are considered. And the similar design for the set A and set B in beam prediction can be the reference. Thus, for cell-level measurement prediction, the following use cases can be considered.
· Case1: Spatial-domain cell-level measurement prediction for Set A of cells based on measurement results of Set B of cells
· Alt. i): Set A and Set B are different (Set B is NOT a subset of Set A). 
· Alt. ii): Set B is a subset of Set A. 
· Case 2: Temporal cell-level measurement prediction for Set A of cells based on the historic measurement results of Set B of cells
· Alt. i): Set A and Set B are different (Set B is NOT a subset of Set A). 
· Alt. ii): Set B is a subset of Set A (Set A and Set B are not the same). 
· Alt. iii): Set A and Set B are the same. 

In the SID [1], both intra and inter- frequency measurement prediction need to be considered. Thus, cells in Set A and Set B can be in the intra and inter-frequency.
Proposal 2: For cell-level measurement prediction, both spatial-domain and temporal prediction can be considered, as follows:
· [bookmark: _Hlk162968667]Case1: Spatial-domain cell-level measurement prediction for Set A of cells based on measurement results of Set B of cells
· Alt. i): Set A and Set B are different (Set B is NOT a subset of Set A). 
· Alt. ii): Set B is a subset of Set A. 
· Case 2: Temporal cell-level measurement prediction for Set A of cells based on the historic measurement results of Set B of cells
· Alt. i): Set A and Set B are different (Set B is NOT a subset of Set A). 
· Alt. ii): Set B is a subset of Set A (Set A and Set B are not the same). 
· Alt. iii): Set A and Set B are the same. 
· [bookmark: _Hlk162897076]Note: Cells in Set A and Set B can be in the intra- and inter-frequency.
Three measurement quantities i.e., RSRP, RSRQ and SINR can be measured in L3 RRM and RSRP is the common quantity, and in the beam management of Rel-19 AI/ML for NR air interface the RSRP prediction is performed. Therefore, we can prioritize the RSRP prediction and then discuss RSRQ and SINR prediction for RRM measurement prediction.
[bookmark: _Hlk162981017]Proposal 3: For RRM measurement prediction, we can prioritize the RSRP prediction and then discuss RSRQ and SINR prediction.
1.2 Training data collection
According to the SID [1], some potential AI mobility specific enhancement should be based on the Rel19 AI/ML-air interface WID general framework (e.g., LCM, performance monitoring etc). So, LCM and performance monitoring for RRM measurement prediction can be designed based on the general framework of AI/ML Air. 
Proposal 4: For LCM and performance monitoring in AI/ML Mobility, the general framework of AI/ML-air interface WID can be reused.
In addition, the training data collection has also been studied in the Rel-19 AI/ML-air WID, we can also wait the progress of AI/ML Air.
Proposal 5: The basic procedure and framework defined in AI/ML-air interface WID can be reused for the training data collection of AI/ML Mobility.
As we suggest in P2, we tend to follow the beam management in AI/ML-air. The training data content for case 1 and case 2 in P2, we also can follow the beam management with some necessary changes. And the training data content can include the measurement results of Set A and Set B (mandatory) and other assistance information(optional) e.g., UE location. And for temporal RRM measurement prediction, the historic measurement results of Set B are included in the training data content.
[bookmark: _Hlk162967143][bookmark: _Hlk162968456]Proposal 6: The training data content can include the measurement results of Set A and Set B (mandatory) and other assistance information (optional) e.g., UE location. And for temporal RRM measurement prediction, the historic measurement results of Set B are included in the training data content.
For AI/ML mobility, the cell-level measurement prediction is performed to assist mobility optimization. Therefore, the specified trigger of the data collection can be discussed for AI/ML based mobility. The mobility events triggered training data collection can be considered. When the UE performs L3 Mobility, i.e., L3 Handover, the UE and/or network side shall perform the training date collection for RRM measurement prediction. The network may decide to perform L3 handover based on the L3 measurement reporting, thus, the measurement events can also be used to trigger the training data collection. For example, when the configured measurement event is fulfilled, UE can perform the training date collection.
Proposal 7: The training data collection can be performed when one of the following events occurs:
· Alt1: When UE performs L3 Mobility, i.e., L3 handover.
· Alt2: When UE fulfils the measurement events, e.g., event A2, event A3, event A4, event A5.

1.3 Performance KPI 
In SID [1], 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 trade-offs. For temporal cell-level measurement prediction, the network based on the temporal predicted results can find the target cell which has the good radio in the present and future. And the Ping-pong HO can be avoided and the time of stay can become longer. For the Spatial-domain cell-level measurement prediction, the spatial-domain predicted measurement results can be used for measurement reporting, and the measurement in UE side can be reduced.
Observation 2: The cell-level measurement prediction is beneficial to reduce ping-pong handover, increase time of stay and reduce measurement.
How to define the prediction accuracy shall be discussed for the evaluation of the performance KPI. For the cell-level measurement prediction, it's the most intuitive approach the RSRP difference between the actual and predicted RSRP used for prediction accuracy. For spatial-domain cell-level measurement prediction, the Top-1(or Top K) Cell can also be used.
Proposal 8: The following items can be considered for the prediction accuracy of the cell-level measurement prediction：
-	Spatial-domain prediction：Top-1(or Top K) Cell, RSRP difference
-   Temporal prediction：RSRP difference
1.4 Potential solutions 
Both NW sided and UE sided model are considered for cell-level measurement prediction. Hence, we can discuss the potential solutions for NW sided and UE sided model separately.
For network sided model, predicted measurement results can be used for mobility optimization, e.g., based on the prediction, network can select the best target cell to trigger L3 handover and how to use the prediction is up to network implementation.
Observation 3: Predicted measurement results can be used for mobility optimization. And how to use the prediction is up to network implementation.
To support the inference of the network side model, some UE assistance information for the network side model may be needed. For example, the UE can report the measurement results as the input of the network sided model.
Proposal 9: UE may need to report data as the input for the inference of network sided model. The report can be included in the measurement report as a baseline. 
For UE sided model, the predicted measurement results can be reported to the network to assist the L3 mobility optimization and the predicted measurement results can be included in the measurement report. Besides, the predicted measurement results also can be used for the evaluation of measurement events.
Proposal 10: For UE sided model of cell-level measurement prediction, the following can be considered:
· The prediction can be reported to network. And the prediction results can be included in the measurement report as a baseline. 
· UE can use the predicted measurement results to evaluate measurement report events. 
1.5 Beam-level measurement prediction 
	TS 38.300:
In RRC_CONNECTED, the UE measures multiple beams (at least one) of a cell and the measurements 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.
The corresponding high-level measurement model is described below:


Figure 9.2.4-1: Measurement Model
NOTE 1:	K beams correspond to the measurements on SSB or CSI-RS resources configured for L3 mobility by gNB and detected by UE at L1.
[bookmark: _Hlk162974579]-	A: measurements (beam specific samples) internal to the physical layer.
-	Layer 1 filtering: internal layer 1 filtering of the inputs measured at point A. Exact filtering is implementation dependent. How the measurements are actually executed in the physical layer by an implementation (inputs A and Layer 1 filtering) is not constrained by the standard.
-	A1: measurements (i.e. beam specific measurements) reported by layer 1 to layer 3 after layer 1 filtering.
-	L3 Beam filtering: filtering performed on the measurements (i.e. beam specific measurements) provided at point A1. The behaviour of the beam filters is standardised and the configuration of the beam filters is provided by RRC signalling. Filtering reporting period at E equals one measurement period at A1.
-	E: a measurement (i.e. beam-specific measurement) after processing in the beam filter. The reporting rate is identical to the reporting rate at point A1. This measurement is used as input for selecting the X measurements to be reported.



In the RRM measurement prediction, beam-level measurement prediction is also included in the scope of the AI/ML SID [1]. According to the measurement model in 3GPP TS 38.300 [4] as quoted above, there are three types beam measurement results involved in the RRM measurement procedure, as shown below:
· [bookmark: _Hlk162974773]A: measurements (beam specific samples) internal to the physical layer.
· A1: measurements (i.e. beam specific measurements) reported by layer 1 to layer 3 after layer 1 filtering.
· E: a measurement (i.e. beam-specific measurement) after processing in the beam filter. The reporting rate is identical to the reporting rate at point A1. This measurement is used as input for selecting the X measurements to be reported.

[bookmark: _Hlk162979896]RAN2 shall discuss which beam measurements needs to be considered for the beam-level measurement prediction, and whether the beam-level measurement prediction can be performed for A (beam specific samples), A1(beam specific measurements after L1 filtering), E (beam-specific measurements after L1 filtering and L3 beam filtering) or perhaps all.
A, i.e., beam specific samples cannot be directly used for the mobility optimization by the high layer and it shall be excluded. 
A1, i.e., beam specific measurements after L1 filtering are used to generate the cell-level measurement results. Hence, to support the Alt2 in P1, the beam-level measurement prediction to predicate A1 can be considered in Rel-19.
E, i.e., beam-specific measurements after L3 beam filtering are the beam-level measurement results included in the RRM measurement report. So, the beam-level measurement prediction to predicate E can also be considered in Rel-19.
Proposal 11: For beam-level measurement prediction, the following options can be considered:
· Option 1： The beam-level measurement prediction for the beam specific measurements after L1 filtering (i.e., A1 in Figure 9.2.4-1 in TS 38.300)
· Option 2： The beam-level measurement prediction for the beam specific measurements after L1 filtering and L3 beam filtering (i.e., E in Figure 9.2.4-1 in TS 38.300)

In addition, the prediction of beam-level measurement prediction can also be used for the beam selection when UE performs the L3 mobility. The prediction can be used by the network, and the network can select the beam for the target cell. And moreover, UE can select the beam for the random access to the target cell based on the prediction.
Proposal 12：The beam-level measurement prediction can be used to assist the beam selection for target cell, including the following:
· The network can select the beam for the target cell based on the prediction
· The UE can perform beam selection for the random access procedure to the target cell based on the prediction

Conclusions
According to the analysis given above, we have the following observations and proposals:
Use Cases 
Observation 1: In RRM measurement and reporting, the cell-level measurement results are generated based on the beam-level measurement results. And the similar way can also be reused for the cell-level measurement prediction.
Proposal 1: The cell-level measurement prediction can be achieved by both direct and indirect methods, as follows:
· Alt1(Direct prediction): Predicting the cell-level measurement results using the measured cell-level results.
· Alt2(Indirect prediction): Predicting the beam-level measurement results and using the predicted beam-level measurement results to generate the predicted cell-level measurement results. And the legacy procedure for the generation of cell-level measurement results can be reused.
Proposal 2: For cell-level measurement prediction, both spatial-domain and temporal prediction can be considered, as follows:
· Case1: Spatial-domain cell-level measurement prediction for Set A of cells based on measurement results of Set B of cells
· Alt. i): Set A and Set B are different (Set B is NOT a subset of Set A). 
· Alt. ii): Set B is a subset of Set A. 
· Case 2: Temporal cell-level measurement prediction for Set A of cells based on the historic measurement results of Set B of cells
· Alt. i): Set A and Set B are different (Set B is NOT a subset of Set A). 
· Alt. ii): Set B is a subset of Set A (Set A and Set B are not the same). 
· Alt. iii): Set A and Set B are the same. 
· Note: Cells in Set A and Set B can be in the intra- and inter-frequency.
Proposal 3: For RRM measurement prediction, we can prioritize the RSRP prediction and then discuss RSRQ and SINR prediction.

Training data collection
Proposal 4: For LCM and performance monitoring in AI/ML Mobility, the general framework of AI/ML-air interface WID can be reused.
Proposal 5: The basic procedure and framework defined in AI/ML-air interface WID can be reused for the training data collection of AI/ML Mobility.
Proposal 6: The training data content can include the measurement results of Set A and Set B (mandatory) and other assistance information (optional) e.g., UE location. And for temporal RRM measurement prediction, the historic measurement results of Set B are included in the training data content.
Proposal 7: The training data collection can be performed when one of the following events occurs:
· Alt1: When UE performs L3 Mobility, i.e., L3 handover.
· Alt2: When UE fulfils the measurement events, e.g., event A2, event A3, event A4, event A5.

Performance KPI 
Observation 2: The cell-level measurement prediction is beneficial to reduce ping-pong handover, increase time of stay and reduce measurement.
Proposal 8: The following items can be considered for the prediction accuracy of the cell-level measurement prediction：
-	Spatial-domain prediction：Top-1(or Top K) Cell, RSRP difference
-   Temporal prediction：RSRP difference

Potential solutions
Observation 3: Predicted measurement results can be used for mobility optimization. And how to use the prediction is up to network implementation.
Proposal 9: UE may need to report data as the input for the inference of network sided model. The report can be included in the measurement report as a baseline. 
Proposal 10: For UE sided model of cell-level measurement prediction, the following can be considered:
· The prediction can be reported to network. And the prediction results can be included in the measurement report as a baseline. 
· UE can use the predicted measurement results to evaluate measurement report events.

Beam-level measurement prediction
Proposal 11: For beam-level measurement prediction, the following options can be considered:
· Option 1： The beam-level measurement prediction for the beam specific measurements after L1 filtering (i.e., A1 in Figure 9.2.4-1 in TS 38.300)
· Option 2： The beam-level measurement prediction for the beam specific measurements after L1 filtering and L3 beam filtering (i.e., E in Figure 9.2.4-1 in TS 38.300)
Proposal 12：The beam-level measurement prediction can be used to assist the beam selection for target cell, including the following:
· The network can select the beam for the target cell based on the prediction
· The UE can perform beam selection for the random access procedure to the target cell based on the prediction
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