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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Hlk163155367][bookmark: _Hlk53665621]The AI/ML for mobility was discussed at the latest RAN2 meeting. The agreements were achieved in [1] as below:
	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 continue to discuss the RRM measurement prediction and share our opinions.
6. Discussion
2.1 Sub use cases (input, output and potential combinations)
2.1.1 General
In NR, beamforming technology is used as the underlying technology. The UE measures multiple beams of a cell and the measurement results are averaged to derive the cell quality. The NR measurement model is as below (extracted from [2]):
	The corresponding high-level measurement model is described below:


Figure 9.2.4-1: Measurement Model


In general, L3-based handover decision is based on cell-level measurements derived from beam-level measurements in Layer 1. In addition, RACH resources for contention-free RACH are bounded with specific SSBs(beams). If target gNB wants UE to perform a contention-free RACH procedure, target gNB first needs to select an SSB with good quality, and then allocate the dedicated (contention-free) RACH resource associated with the selected SSB. Therefore, beam-level measurements are useful for handover.
Observation 1: For handover scenario, L3 beam-level measurements are useful for handover, e.g., L3 beam-level measurements can be utilized for dedicated RACH resource configuration.
With the introduction of AI/ML for mobility, it is natural that contention-free RACH procedure should be supported similar to legacy handover. In order to support contention-free RACH procedure, the best K (K>= 1) beams of target cell should be considered for the dedicated RACH resource configuration. Therefore, we propose:
Proposal 1: For RRM measurement prediction, besides predicted cell quality, the best K (K>= 1) beams of target cell need to be considered for the dedicated RACH resource configuration.
If proposal 1 is agreed, a new sub use case can be considered to directly predict cell level results and beam level results of best K beams. For the new sub use case, beam-level results are necessary as input since the output includes beam-level results. Cell-level results may be optional for input.
Proposal 2: For RRM measurement prediction, besides Case1-3, a new sub use case (Case 4) is considered: To directly predict cell-level results and beam-level results of best K beams based on beam-level results and optional cell-level results.
In the legacy measurement model, there are the following multiple measurements (extracted from [2]):
-	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.
-	B: a measurement (i.e. cell quality) derived from beam-specific measurements reported to layer 3 after beam consolidation/selection.
-	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.
As known, wireless signals fluctuate greatly. In order to deal with the impact of such fluctuations on RRM measurement, multi-level smoothing is carried out in the measurement model, including layer 1 filtering, layer 3 filtering for cell quality and layer 3 beam filtering. For RRM measurement prediction, input and output should be relatively stable. Considering that the measurements in A point of measurement model (i.e., beam specific samples) are instantaneous measurements and are quite unstable and fluctuant, the measurements in A point are not suitable for input and output of RRM measurement prediction. Moreover, currently the measurements in A point are internal to the physical layer and are not delivered to Layer 3. If they are delivered to Layer 3 due to AI mobility, this will greatly increase the interlayer interaction. Therefore, we propose:
Proposal 3: For RRM measurement prediction, beam measurements without L1 filtering (measurements at point A of the measurement model) are not considered as model input or output.
The measurements at point A1 of the measurement model are L1-filtered beam measurements. The measurements at point E are L3-filtered beam measurements. The measurements at point B are cell measurements without L3 filtering. The measurements at point C are L3-filtered cell measurements. We think that the 4 types of measurements can be considered as input and output of RRM measurement prediction for further discussion. For the input, besides the 4 types of measurements, UE trajectory/position/moving speed/moving direction, scenario information, beam patterns and so on may be beneficial to RRM measurement prediction.
Proposal 4: For RRM measurement prediction, RAN2 to take the following potential input into account for further discussion:
· L1-filtered beam measurement of serving cell and/or intra-freq/inter-freq neighbor cell(s)
· L3-filtered beam measurement of serving cell and/or intra-freq/inter-freq neighbor cell(s)
· Cell measurement without L3 filtering of serving cell and/or intra-freq/inter-freq neighbor cell(s)
· L3-filtered cell measurement of serving cell and/or intra-freq/inter-freq neighbor cell(s)
· UE status information: UE trajectory/position/speed/direction
· Others: Scenario information, beam patterns.

Proposal 5: For RRM measurement prediction, RAN2 to take the following potential output into account for further discussion:
· L1-filtered beam-level prediction of serving cell and/or intra-freq/inter-freq neighbor cell(s)
· L3-filtered beam-level prediction of serving cell and/or intra-freq/inter-freq neighbor cell(s)
· Cell-level prediction without L3 filtering of serving cell and/or intra-freq/inter-freq neighbor cell(s)
· L3-filtered cell-level prediction of serving cell and/or intra-freq/inter-freq neighbor cell(s)
There are various combinations of input and output regarding L1-filtered/L3-filtered beam-level/cell-level qualities. We will try to further discuss the potential reasonable combinations. As known, L3-filtered qualities are the further filtered ones based on L1-filtered qualities. According to TS38.331 [3], the Layer 3 filtering formula is as below:
		Fn = (1 – a)*Fn-1 + a*Mn
	where
Mn is the latest received measurement result from the physical layer;
Fn is the updated filtered measurement result, that is used for evaluation of reporting criteria, for measurement reporting, for U2N/U2U Relay (re)selection evaluation or for evaluating the SyncRef UE;
Fn-1 is the old filtered measurement result, where F0 is set to M1 when the first measurement result from the physical layer is received; and for MeasObjectNR, a = 1/2(ki/4), where ki is the filterCoefficient for the corresponding measurement quantity of the i:th QuantityConfigNR in quantityConfigNR-List, and i is indicated by quantityConfigIndex in MeasObjectNR; for other measurements, a = 1/2(k/4), where k is the filterCoefficient for the corresponding measurement quantity received by the quantityConfig; for UTRA-FDD, a = 1/2(k/4), where k is the filterCoefficient for the corresponding measurement quantity received by quantityConfigUTRA-FDD in the QuantityConfig;


According to the Layer 3 filtering formula, the filtering configuration, i.e., filterCoefficient, will greatly impact the filtered measurement value.
Observation 2: The Layer 3 filtering configuration, i.e., filterCoefficient, will greatly impact the filtered measurement value.
Layer 1 filtering and Layer 3 are different level filterings. We think that input and output should be quantities with the same level of filtering to avoid adverse effects caused by different Layer 3 filtering configurations.
Proposal 6: For RRM measurement prediction, input and output should be with the same level of filtering, i.e., L1-filtering or L3-filtering:
· If the input are not L3-filtered measurements (i.e., L1-filtered beam measurements or Cell measurements without L3 filtering), the output should be not L3-filtered;
· If the input are L3-filtered measurements (i.e., L3-filtered beam measurements or L3-filtered cell measurements), the output should be L3-filtered.
In the following sections, we will discuss the potential various combinations of input and output separately for each sub use case.
2.1.2 Case 1
For “Case 1: To predict beam level results, then generate cell level results based on the predicted beam results”, since the predicted beam results are used to generate cell-level results, according to the measurement model the predicted beam results (output) can not be L3-filtered ones, but L1-filtered ones. Consequently, the input should be L1-filtered beam level measurements.
Proposal 7: For Case 1, the input and output are L1-filtered beam-level qualities.

2.1.3 Case 2
For “Case 2: To directly predict cell level results based on cell level results”, if Proposal 6 is agreed, we think that Case 2 can be further divided into the following two:
Case 2-1: input and output are cell-level qualities without L3 filtering;
Case 2-2: input and output are L3-filtered cell-level qualities.
Proposal 8: For Case 2, consider the following two sub-cases:
· Case 2-1: input and output are cell-level qualities without L3 filtering;
· Case 2-2: input and output are L3-filtered cell-level qualities.

2.1.4 Case 3
For “Case 3: To directly predict cell level results based on beam level results”, according to current specification, layer 3 filtering for cell quality and layer 3 beam filtering are different filtering schemes and they have separate filtering configurations. Layer 3 beam filtering is used for the beams which are reported to the network as beam measurement results. L3-filtered beam measurements can not be used for cell derivation because they have been contaminated by beam filtering parameters. Therefore, we think that the input should be L1-filtered beam measurements. Consequently, the output should be cell level qualities without L3 filtering.
Proposal 9: For Case 3, the input are L1-filtered beam measurements, and the output are cell-level qualities without L3 filtering.

2.1.5 Case 4
For the “Case 4: To directly predict cell level results and beam level results of best K beams based on beam level results and optional cell level results”, we think that Case 4 can be further divided into the following two:
Case 4-1: input are L1-filtered beam measurements, output include cell level qualities without L3 filtering and L1-filtered beam qualities;
Case 4-2: input include L3-filtered beam measurements and L3-filtered cell measurements, output include L3-filtered cell level qualities and L3-filtered beam qualities.
Proposal 10: For Case 4, consider the following two sub-cases:
· Case 4-1: input are L1-filtered beam measurements, output include cell level qualities without L3 filtering and L1-filtered beam qualities;
· Case 4-2: input include L3-filtered beam measurements and L3-filtered cell measurements, output include L3-filtered cell level qualities and L3-filtered beam qualities.

2.2 Others
For handover decision and target cell selection, we think that generally the network does not care about the exact predicted measurement results (e.g., predicted cell RSRP value) for the triggered (candidate target) cells for an event since the triggered cells fulfill the event threshold and are enough good, but really the signal change trend of the triggered cells. For example, Event A3 is triggered and the triggered cells include cell 1 and cell 2. Cell 1 is becoming better and cell 2 is becoming worse. Cell 1 may be the better choice as target cell than cell 2 even if the RSRP of cell 2 is higher than the one of cell 1. Therefore we think that the signal change trend of the triggered cells may be more useful than the exact predicted value in some scenarios.
Proposal 11: RAN2 to consider that the output of RRM measurement prediction can include the signal change trend of cells or beams.

At the latest RAN2 meeting, RAN2 had the conclusion of “We will consider intra-frequency intra and inter-cell spatial domain measurement predictions, for beam and cell level measurements”. However, the concept of intra-frequency prediction is unclear so far and there may be multiple different understandings. For example, there are the following assumptions:
cell 1: serving cell, frequency: f1
cell 2: neighbor cell, frequency: f1
cell 3: neighbor cell, frequency: f2
There may be the following different understandings:
· Understanding 1: the frequency of predicted cell(s) is same with serving frequency, e.g., input is cell 1 and output is cell 2.


Figure 1
· Understanding 2: the frequency of predicted cell(s) is same with the frequency of input cell(s), i.e., there is only one frequency, e.g., input is cell 3 and output is cell 3, or input is cell 1 and output is cell 2.


Figure 2
· Understanding 3: the frequency(ies) of predicted cell(s) are same with the frequency(ies) of input cell(s), i.e., there may be multiple frequencies, e.g., input are cell1 and cell 3, output are cell1, cell 2 and cell 3


Figure 3
· Understanding 4: the frequency(ies) of predicted cell(s) are same with or the subset of the frequency(ies) of input cell(s), e.g., input are cell1 and cell 3 and output are cell1


Figure 4
RAN2 should clarify the concept to align companies’s understanding before further discussion. 
Proposal 12: RAN2 to clarify the understanding of the concept of intra-frequency prediction:
· Understanding 1: the frequency of predicted cell(s) is the same with serving frequency;
· Understanding 2: the frequency of predicted cell(s) is the same with the frequency of input cell(s), i.e., there is only one frequency;
· Understanding 3: the frequency(ies) of predicted cell(s) are same with the frequency(ies) of input cell(s), i.e., there may be multiple frequencies;
· Understanding 4: the frequency(ies) of predicted cell(s) are the same with or the subset of the frequency(ies) of input cell(s).
The concern to inter-frequency prediction focuses on the different channel modeling of inter-frequency. However, inter-frequency prediction can at least be achieved with the fingerprint-like scheme. RAN2 should not exclude the fingerprint-like scheme and impose some restrictions on the UE implementation. Inter-frequency prediction is very beneficial to measurement (gap) reduction. Inter-frequency deployment is a typical deployment scenario and should be considered as possible. Therefore we propose:
Proposal 13: Inter-frequency prediction is considered at least for measurement (gap) reduction.
RRM measurement predictions can replace some measurements, and it does not matter whether the predictions are in the spatial-domain, time-domain or frequency-domain. We think that all of spatial-domain, frequency-domain and temporal-domain predictions should be supported for the purpose of measurement (gap) reduction.
Proposal 14: All of spatial-domain, frequency-domain and temporal-domain predictions are supported for measurement (gap) reduction.
For the network at a high frequency range, as the coverage of a single node decreases, the frequency for UE to handover between nodes becomes high, especially for high-mobility UE. At the cell edge, massive unintended events, e.g., RLF, HOF, ping-pong handover, and short time of stay, may happen due to UE mobility.
If the network can foresee the RRM status of UE, the above issue can be mitigated. Therefore, UE may report the predicted cell-/beam- level qualities to the network for the handover decision and/or target cell selection. The following scenarios can be considered:
· Short-term prediction to avoid RLF, e.g., if the quality of the serving cell turns unacceptable, HO can be triggered to avoid RLF.
· Short-term prediction to avoid HOF, e.g., if the quality of the candidate target cell turns unacceptable in a short time and UE may fail to perform RACH to the cell, HO to the candidate target cell should not be triggered to avoid HOF.
· Long-term prediction to avoid unintended events, e.g., if the quality of the target cell turns unacceptable after UE completes RACH to the cell, HO to the target cell should not be triggered to avoid short time of stay or ping-pong handover.
Proposal 15: To improve mobility robustness, UE may send the cell-level or beam-level measurement predictions to the network. The following scenarios can be considered:
· Short-term prediction to avoid RLF/HOF.
· Long-term prediction to avoid short time of stay/ping-pong handover.


7. Conclusion
In the contribution, we have the following observations and proposals:
Sub use cases (input, output and potential combinations)
Observation 1: For handover scenario, L3 beam-level measurements are useful for handover, e.g., L3 beam-level measurements can be utilized for dedicated RACH resource configuration.
Proposal 1: For RRM measurement prediction, besides predicted cell quality, the best K (K>= 1) beams of target cell need to be considered for the dedicated RACH resource configuration.
Proposal 2: For RRM measurement prediction, besides Case1-3, a new sub use case (Case 4) is considered: To directly predict cell-level results and beam-level results of best K beams based on beam-level results and optional cell-level results.
Proposal 3: For RRM measurement prediction, beam measurements without L1 filtering (measurements at point A of the measurement model) are not considered as model input or output.
Proposal 4: For RRM measurement prediction, RAN2 to take the following potential input into account for further discussion:
· L1-filtered beam measurement of serving cell and/or intra-freq/inter-freq neighbor cell(s)
· L3-filtered beam measurement of serving cell and/or intra-freq/inter-freq neighbor cell(s)
· Cell measurement without L3 filtering of serving cell and/or intra-freq/inter-freq neighbor cell(s)
· L3-filtered cell measurement of serving cell and/or intra-freq/inter-freq neighbor cell(s)
· UE status information: UE trajectory/position/speed/direction
· Others: Scenario information, beam patterns.

Proposal 5: For RRM measurement prediction, RAN2 to take the following potential output into account for further discussion:
· L1-filtered beam-level prediction of serving cell and/or intra-freq/inter-freq neighbor cell(s)
· L3-filtered beam-level prediction of serving cell and/or intra-freq/inter-freq neighbor cell(s)
· Cell-level prediction without L3 filtering of serving cell and/or intra-freq/inter-freq neighbor cell(s)
· L3-filtered cell-level prediction of serving cell and/or intra-freq/inter-freq neighbor cell(s)

Observation 2: The Layer 3 filtering configuration, i.e., filterCoefficient, will greately impact the filtered measurement value.
Proposal 6: For RRM measurement prediction, input and output should be with the same level of filtering, i.e., L1-filtering or L3-filtering:
· If the input are not L3-filtered measurements (i.e., L1-filtered beam measurements or Cell measurements without L3 filtering), the output should be not L3-filtered;
· If the input are L3-filtered measurements (i.e., L3-filtered beam measurements or L3-filtered cell measurements), the output should be L3-filtered.

Proposal 7: For Case 1, the input and output are L1-filtered beam-level qualities.
Proposal 8: For Case 2, consider the following two sub-cases:
· Case 2-1: input and output are cell-level qualities without L3 filtering;
· Case 2-2: input and output are L3-filtered cell-level qualities.

Proposal 9: For Case 3, the input are L1-filtered beam measurements, and the output are cell-level qualities without L3 filtering.
Proposal 10: For Case 4, consider the following two sub-cases:
· Case 4-1: input are L1-filtered beam measurements, output include cell level qualities without L3 filtering and L1-filtered beam qualities;
· Case 4-2: input include L3-filtered beam measurements and L3-filtered cell measurements, output include L3-filtered cell level qualities and L3-filtered beam qualities.

Others
Proposal 11: RAN2 to consider that the output of RRM measurement prediction can include the signal change trend of cells or beams.
Proposal 12: RAN2 to clarify the understanding of the concept of intra-frequency prediction:
· Understanding 1: the frequency of predicted cell(s) is the same with serving frequency;
· Understanding 2: the frequency of predicted cell(s) is the same with the frequency of input cell(s), i.e., there is only one frequency;
· Understanding 3: the frequency(ies) of predicted cell(s) are same with the frequency(ies) of input cell(s), i.e., there may be multiple frequencies;
· Understanding 4: the frequency(ies) of predicted cell(s) are the same with or the subset of the frequency(ies) of input cell(s).
Proposal 13: Inter-frequency prediction is considered at least for measurement (gap) reduction.
Proposal 14: All of spatial-domain, frequency-domain and temporal-domain predictions are supported for measurement (gap) reduction.
Proposal 15: To improve mobility robustness, UE may send the cell-level or beam-level measurement predictions to the network. The following scenarios can be considered:
· Short-term prediction to avoid RLF/HOF.
· Long-term prediction to avoid short time of stay/ping-pong handover.
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