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1. [bookmark: _Ref521334010]Introduction
In RAN#102 meeting, a new study item on AI/ML in RAN2 was approved [1], to facilitate the support of AI/ML for mobility in NR. 
The study will focus on mobility enhancement in RRC_CONNECTED mode over air interface by following existing mobility framework, i.e., handover decision is always made in network side. Mobility use cases focus on standalone NR PCell change.
The objective of the SID includes:
	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]


In this contribution, we investigate and study the potential sub-use cases of the first use case - Cell-level measurement prediction including intra and inter-frequency, and the performance metrics/KPIs and specification impact per sub-use case are also provided. In this use case, either the UE-side or NW-side model inference can be performed. 
2. [bookmark: _GoBack]Potential sub-use cases
· Potential sub use cases
From the SID, some principles are provided for this use case:
· One sided model only, could be UE sided model or NW sided model;
· May include intra and inter-frequency;
· May include inter-cell Beam-level measurement prediction for L3 Mobility.
For the Cell-level measurement prediction, two potential sub-use cases could be considered from our perspective [2]:
· [bookmark: OLE_LINK26][bookmark: OLE_LINK27]Sub-use case 1: To predict the time-domain RSRP trend of cells, both UE and network could perform inference based on the measurement results;
· Sub-use case 2: To predict the frequency-domain cell level RSRP measurement, e.g., using intra-frequency measurement results to forecast the RRM measurement of inter-frequency/inter-RAT cells;
For potential sub-use case 1 (time-domain prediction)
We consider time-domain cell-level measurement prediction is one of the most significant and basic use case in AI/ML for mobility SI.
In [2], we have preliminarily proven AI/ML could achieve high prediction accuracy regarding the candidate/target cells’ RSRP prediction in L3-based mobility. With RRM prediction, UE can derive predictive measurement results of serving cell and neighbour cells for a period of time in the near future based on previous measurements and report the measurement earlier, so that the HO decision could be made in advance based on multiple predicted results, which can increase the HO robustness and lengthen Time of Stay. The inefficient HOs are reduced due to short-sighted decisions to improve UE throughput and quality of service. Therefore, based on the predictive RRM, the subsequent unintended handover failures or unnecessary handovers can be avoided as much as possible. 
Observation 1: Time-domain cell-level RRM measurement prediction may enable earlier measurement report and make handover decision more reliable.
For potential sub-use case 2 (frequency-domain prediction)
For frequency-domain, some companies also mentioned to predict the cell level RRM measurement, e.g., using intra-frequency RSRP results to forecast the RSRP results of inter-frequency/inter-RAT cells. Based on the frequency-domain measurement prediction, the UE battery power could be largely saved because the measurement on inter-frequency/inter-RAT could be reduced, and the measurement gap can also be saved which may increase the throughput since the time originally used for inter-frequency measurement can be used for data transmission.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Observation 2: Frequency-domain cell-level RRM measurement prediction may reduce measurement gaps and increase the data throughput.
Therefore, the R19 study on cell-level measurement prediction could focus on these 2 aspects analyzed above. And the above analysis and opinions are equally applicable to the beam-level RRM prediction for L3 Mobility.
Proposal 1: Cell-level measurement prediction using network-sided or UE-sided model could be studied from the aspects of:
· Time-domain measurement prediction, to predict the cell/beam level measurement result in the future;
· Frequency-domain measurement prediction, to predict the cell/beam level measurement result of inter-frequency/RAT.
· Performance metrics/KPIs
For potential sub-use case 1 (time-domain prediction)
For time-domain RRM measurement prediction, the aspects below could be considered for performance metrics/KPIs:
· RSRP difference. RSRP difference is the most intuitive KPI for judging the effectiveness of AI model. The difference between the predicted RSRP and the measured RSRP should be as small as possible;
· Prediction accuracy (best serving cell). Whether the predicted best serving cell is accurate can also provide an intuitive perspective on the performance of the model.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Proposal 2: RSRP difference and prediction accuracy of best serving cell can be considered as the intuitive performance metrics/KPIs for time-domain cell-level RRM measurement prediction sub-use case.
For potential sub-use case 2 (frequency-domain prediction)
For frequency-domain RRM measurement prediction, the aspects below could be considered for performance metrics/KPIs:
· RSRP difference. RSRP difference is the most intuitive KPI for judging the effectiveness of AI model. The difference between the predicted RSRP and the measured RSRP should be as small as possible;
· Prediction accuracy (best neighbor cell of inter-frequency). Whether the predicted best neighbor cell is accurate can also provide an intuitive perspective on the performance of the model;
· [bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]Gap saving / Data throughput. Since no gap is needed for the predict inter-frequency RRM measurement, the gap could be saved. Due to less of gap use, the data throughput can be increased.
Proposal 3: RSRP difference, prediction accuracy of best neighbor cell, and gap saving/data throughput can be considered as the performance metrics/KPIs for frequency-domain cell-level RRM measurement prediction sub-use case.
3. Specification  impact
For potential sub-use case 1 (time-domain prediction)
The model input may include:
· The current real measurement results, e.g. Sample-based cell/beam level measurement result of the serving/neighboring cell(s);
· The measurement could be performed based on the reference signal of SSB or CSI-RS;
· The measurement quantity could be RSRP,RSRQ or SINR;
· UE assistance information, e.g. UE speed.
The model output may include:
· The predicted measurement results, e.g. Cell/beam level measurement result of the serving/neighboring cell(s);
· May also with time information. E.g. Entries of measurement with time point for each entry;
· The measurement quantity should be the same with the input ones;
For potential sub-use case 2 (frequency-domain prediction)
The model input may include:
· Cell/beam level measurement results of the serving/neighbouring frequency(s);
· UE assistance information, e.g. UE location.
The model output may include:
· The predicted cell/beam level measurement results of other frequency(s);
For both sub-use cases, the model inference can be performed at UE side or at NW side:
· For UE-sided model, the model output could be utilized by UE or reported to the NW for subsequent calculation;
· For NW-sided model, the measurement and assistance information (if any) could be reported to the NW as model input.
Since the specification impact should be considered in the later phase of the SI, the potential benefits of the use case(s) should be evaluated first.
Proposal 4: The specification impact of the model input/output transmission could be discussed based on the common understanding of representative sub-use cases. For general:
· For UE-sided model, the model output could be utilized by UE or reported to the NW for subsequent calculation;
· [bookmark: OLE_LINK19][bookmark: OLE_LINK20]For NW-sided model, the measurement and assistance information (if any) could be reported to the NW as model input.
4. Conclusion
In this contribution, we provide our views on the first use case of AI/ML for mobility and the observations and proposals are summarized as follows:
Observation 1: Time-domain cell-level RRM measurement prediction may enable earlier measurement report and make handover decision more reliable.
Observation 2: Frequency-domain cell-level RRM measurement prediction may reduce measurement gaps and increase the data throughput.
Proposal 1: Cell-level measurement prediction using network-sided or UE-sided model could be studied from the aspects of:
· Time-domain measurement prediction, to predict the cell/beam level measurement result in the future;
· Frequency-domain measurement prediction, to predict the cell/beam level measurement result of inter-frequency/RAT.
Proposal 2: RSRP difference and prediction accuracy of best serving cell can be considered as the intuitive performance metrics/KPIs for time-domain cell-level RRM measurement prediction sub-use case.
Proposal 3: RSRP difference, prediction accuracy of best neighbor cell, and gap saving/data throughput can be considered as the performance metrics/KPIs for frequency-domain cell-level RRM measurement prediction sub-use case.
Proposal 4: The specification impact of the model input/output transmission could be discussed based on the common understanding of representative sub-use cases. For general:
· For UE-sided model, the model output could be utilized by UE or reported to the NW for subsequent calculation;
· For NW-sided model, the measurement and assistance information (if any) could be reported to the NW as model input.
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