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1 Introduction
AI-enabled mobility attracts lots of attention as it provides a prospect that handover can be designed more robust than traditional ways and reduces related measurement overhead. With these expectation, AI mobility is introduced in Rel-19 [1], including the following parts of objectives:
	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]
· Study the need/benefits of any other UE assistance information for the network side model [RAN2]
· 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.


In this paper, we will discuss sub use cases and scenarios for RRM measurement prediction and discuss the performance metrics.

2 Discussion
2.1 Sub use cases and scenarios for RRM measurement prediction
As instructed by WID scope, RAN2 should consider cell-level and beam-level measurement prediction respectively. Thus, we will discuss those two cases separately.

2.1.1 Cell-level measurement prediction
In our views, there are generally two categories that cell measurement prediction belongs. The one is intra-cell measurement prediction, another is inter-cell measurement prediction.

· Case 1: intra-cell measurement prediction;
· Case 2: inter-cell measurement prediction;
Be more specifically, the Case 1 intra-cell measurement prediction means per cell time-domain cell-level measurement, i.e., using cell history and current measurement to predict the cell measurement in future time. The intra-cell measurement prediction can be used to predict RSRP/RSRQ of serving cell/neighboring cells in future time which is beneficial for UE to report measurement report in advance and save time like reduce HO completion time.
The Case 2 inter-cell measurement prediction means using one cell/part of cells to predict another cell/other part of cells measurement. It can reduce RRM measurement overhead and reduce service interruption time due to measurement gap.
The Case 2 can consist of two usages: one is using history and current measurement of one cell/part of cells to predict the measurement of another cell/other part of cells measurement at the same time; another is using history and current measurement of one cell/part of cells to predict the measurement of another cell/other part of cells measurement in future time.
Besides, in our views, according to whether the measured cells and the predicted cells are on the same frequency, The Case 2 includes the following two sub-scenarios:
· Case 2: inter-cell measurement prediction;
· Case 2-1: The measured cells and the predicted cells are on the same frequency (i.e., intra-frequency scenario).
· Case 2-2: The measured cells and the predicted cells are not on the same frequency (i.e., inter-frequency scenario).
Proposal 1: As for cell-level RRM measurement prediction, the following sub use cases can be further studied:
· Case 1: intra-cell measurement prediction, i.e., using cell history and current measurement to predict the cell measurement in future time.
· Case 2: inter-cell measurement prediction, i.e., using one cell/part of cells to predict another cell/other part of cells measurement.
· Case 2-1: The measured cells and the predicted cells are on the same frequency (i.e., intra-frequency scenario).

· Case 2-2: The measured cells and the predicted cells are not on the same frequency (i.e., inter-frequency scenario).
2.1.2 Beam-level measurement prediction

As the WID scope of AI mobility described, RAN2 should focus on inter-cell Beam-level measurement prediction, i.e., using the measured Beam-level measurement in one cell to predict Beam-level measurement in another cell. 
Meanwhile, beam management had been studied in Rel-18 RAN1 group. The similar scenarios can be considered in RAN2. 
	-
BM-Case1: Spatial-domain Downlink beam prediction for Set A of beams based on measurement results of Set B of beams

-
BM-Case2: Temporal Downlink beam prediction for Set A of beams based on the historic measurement results of Set B of beams
Set B is a set of beams whose measurements are taken as inputs of the AI/ML model. 

Note: Beams in Set A and Set B can be in the same Frequency Range.


Thus, for Beam-level measurement prediction, RAN2 can consider the following sub use cases:
· Case 3: inter-cell Beam-level measurement prediction, where Set A and Set B belong to different cells.
· Case 3-1: Spatial-domain Downlink beam prediction for Set A of beams based on measurement results of Set B of beams.
· Case 3-2: Temporal Downlink beam prediction for Set A of beams based on the historic measurement results of Set B of beams.
Proposal 2: As for Beam-level measurement prediction, the following sub use cases can be further studied:
· Case 3: inter-cell Beam-level measurement prediction, where Set A and Set B belong to different cells.

· Case 3-1: Spatial-domain Downlink beam prediction for Set A of beams based on measurement results of Set B of beams.

· Case 3-2: Temporal Downlink beam prediction for Set A of beams based on the historic measurement results of Set B of beams.

2.2 Performance metrics for RRM measurement prediction
How to evaluate the RRM measurement prediction use cases is important for subsequent normalization work. As WID indicated, RAN2 can consider the listed as candidate metrics:
	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.


We divide the above listed metrics into three categories:
· Measurement related metrics: including prediction accuracy and measurement reduction. It is related to measurement prediction directly.

· Handover performance related metrics: including Ping-pong HO, HOF/RLF, Time of stay and Handover interruption. This is because RRM measurement prediction serves for mobility. Whether mobility performance is affected or got benefit from the prediction operation can be referred.

· Model complexity: including model size, computation requirement etc. Model complexity means high cost. It should to be considered combining with performance gain.
In our views, all the three categories metrics can be considered. However, RRM measurement prediction is related measurement directly, thus Measurement related metrics and Model complexity should be considered firstly. For Measurement related metrics, we think RSRP differences between the predicted measurement and actually measured measurement can be considered. Besides, the reduction of measurement time and/or measurement objectives can also be considered. More detailed metrics still need further study.

Proposal 3: It is suggested that RRM measurement prediction should be evaluated via Measurement related metrics and Model complexity. The detailed metrics need further study.
As for Handover performance related metrics, it should be optional rather than mandatory to evaluate RRM measurement prediction. Firstly, RRM measurement prediction may not always be used for handover, e.g., be used for SCell addition/modification and SCG addition/modification. Secondly, Handover performance is not only relay on RRM measurement accuracy but also relay on the gNB handover algorithm which is implementation dependent. Thus, our view is that Handover performance related metrics are not used for RRM measurement prediction evaluation.
Proposal 4: Handover performance related metrics are not used for RRM measurement prediction evaluation.

2.3 Measurement Configuration
As for RRM measurement prediction, no matter model inference is executed at UE or at gNB, the measurement configuration needs to align with what input is needed for model inference.
For UE-sided RRM measurement, NW needs to configure appropriate measurement configuration to UE according to the functionality/model currently used by UE. Then UE can measure the objective and use the measurement result to perform measurement prediction accordingly.
For NW-sided RRM measurement, because UE is unaware of which model the NW uses. Thus, UE needs to be configured with suitable measurement configuration for the purpose of aligning with what NW-sided model is needed for model inference.
Proposal 5: Measurement configuration should match with UE-sided RRM measurement prediction model and NW-sided RRM measurement prediction model.
According to the above consideration, in order to get an appropriate measurement configuration for UE-sided model, some assistance information may be needed to be indicated to NW.
Because UE is in mobility state, the surrounding cells/beams will change frequently. For purpose of good prediction performance, which cell(s)/beam(s) should be measured and how long should be measured may be dynamic and decided by UE considering some factors, e.g., UE used model, available computation capacity, locations etc. 
Thus, from our perspective, some UE assistance information including recommended measurement configuration and/or currently UE used model/functionality should be indicated to NW for subsequent measurement configuration. 
Proposal 6: UE assistance information including recommended measurement configuration and/or used model/functionality may need to be indicated to NW.
2.4 Life cycle management for RRM measurement prediction
RAN2 should study life cycle management for RRM measurement prediction to enable the functionality works normally in network. RAN2 should follow the general functional framework agreed in SI phase.
As summarized in TR 38.843 [2], LCM purposes including:
	The following aspects, including the definition of components (if needed) and necessity, are studied in LCM:

-
Data collection

-
Note: This also includes associated assistance information, if applicable.

-
Model training

-
Functionality/model identification 

-
Model delivery/transfer

-
Model inference operation

-
Functionality/model selection, activation, deactivation, switching, and fallback operation.

-
Including: Decision by the network (either network initiated or UE-initiated and requested to the network), decision by the UE (event-triggered as configured by the network, UE’s decision reported to the network, or UE-autonomous either with UE’s decision reported to the network or without it)

-
Functionality/model monitoring

-
Model update

-
UE capability

Note: Some aspects in the list may not have specification impact. 


Among all the above LCM purposes, RAN2 may focus on data collection, Functionality/model identification, management (monitoring and related management instructions), and UE capability.
Considering both cell-level and beam-level RRM measurement prediction is considered as well as NW-sided model and UE-sided model, it is suggested that RAN2 should study different LCM purposes including data collection (for training, inference and monitoring), identification, management, and UE capability case by case.
Proposal 7: RAN2 should study different LCM purposes at least including data collection, identification, management, and UE capability sub use case by sub use case.
3 Conclusion

In this contribution we discussed sub use cases and scenarios for RRM measurement prediction and discussed the performance metrics:
Proposal 1: As for cell-level RRM measurement prediction, the following sub use cases can be further studied:
· Case 1: intra-cell measurement prediction, i.e., using cell history and current measurement to predict the cell measurement in future time.
· Case 2: inter-cell measurement prediction, i.e., using one cell/part of cells to predict another cell/other part of cells measurement.

· Case 2-1: The measured cells and the predicted cells are on the same frequency (i.e., intra-frequency scenario).

· Case 2-2: The measured cells and the predicted cells are not on the same frequency (i.e., inter-frequency scenario).
Proposal 2: As for Beam-level measurement prediction, the following sub use cases can be further studied:
· Case 3: inter-cell Beam-level measurement prediction, where Set A and Set B belong to different cells.

· Case 3-1: Spatial-domain Downlink beam prediction for Set A of beams based on measurement results of Set B of beams.

· Case 3-2: Temporal Downlink beam prediction for Set A of beams based on the historic measurement results of Set B of beams.

Proposal 3: It is suggested that RRM measurement prediction should be evaluated via Measurement related metrics and Model complexity. The detailed metrics need further study.
Proposal 4: Handover performance related metrics are not used for RRM measurement prediction evaluation.

Proposal 5: Measurement configuration should match with UE-sided RRM measurement prediction model and NW-sided RRM measurement prediction model.
Proposal 6: UE assistance information including recommended measurement configuration and/or used model/functionality may need to be indicated to NW.
Proposal 7: RAN2 should study different LCM purposes at least including data collection, identification, management, and UE capability sub use case by sub use case.
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