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1. Introduction
This contribution suggests initial starting points of the SI to setup a harmonized direction of the study on cell-level measurement, as tasked by the SID below
	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 [RAN2] (UE sided and NW sided model)
· HO failure/RLF prediction [RAN2] (UE sided model)
· Measurement events prediction [RAN2] (UE sided model)
· Study the need/benefits of any other UE assistance information for the network side model.
 
· 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
· 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]
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




2. Discussion 
2.1 UE sided model based cell-level measurement prediction
For connected mode, RRC layer derive cell quality of a cell by measuring relevant reference signals belonging to the cell, and consolidating the measured quality of the reference signals and thus derives a representative cell quality. 
The prediction of cell measurement results is also based on measurement of reference signals. For Rel-19 study, it is reasonable to assume that the reference signal which UE measures for prediction is periodically transmitted. 
Proposal 1: To focus on cell measurement prediction based on measurements of periodically transmitted reference signals (SSB and periodic CSI-RS)

We also need to define a scope of the prediction of the cell level measurement use case. There are two prediction domain RAN2 can consider: time-domain prediction and frequency domain prediction. In the time domain prediction, UE predicts the future cell-level measurement result based on the current measurements and history of past measurement results. In the frequency domain prediction, UE predicts, for the current time, the cell-level measurement results of a target frequency based on the current measurements of other frequencies and history of past measurement results. 
In our view, time domain prediction should be our study focus, since time domain prediction can be used as base functionality for many other type predictions such as measurement event prediction or HOF prediction. Furthermore, inter-frequency cell measurement prediction may not be directly related to mobility enhancement that is the primary justification of this SI. Instead, inter-frequency cell measurement prediction seems to aim at reducing UE power consumption required for inter-frequency or reducing interruption due to the inter-frequency measurements using measurement gap. 
Proposal 2: To focus on time domain prediction use cases, where UE predicts the future cell-level measurement result based on the current measurements and history of past measurement results. De-prioritize frequency domain prediction use case, where UE predicts the current cell-level measurement results of a target frequency based on the current measurements of other frequencies and history of past measurement results.  
For UE-sided prediction model, two model provisioning methods can be considered:
· NW-provisioned UE-sided prediction model: 3GPP network provides UE with the inference model to be used for the prediction. 
· UE proprietary UE-sided prediction model: 3GPP network (RAN or CN node) does not know the details of the inference model used by the UE for the prediction. RAN may know some basic parameters or UE capabilities related to the model or the model’s capabilities.  
Whether NW can provide UE with the inference model is highly dependent of the progress of R19 AIML air-interface WI. At least for now, it is hard to say that such NW provisioning is definitely feasible. Then, it seems better to study UE proprietary UE-sided prediction model first, and NW-provisioned model can be considered/ studied later, if concluded to be feasible.
Proposal 3: For UE-sided prediction model, UE proprietary model is prioritized and 3GPP NW-provisioned model is considered later if concluded as feasible.  

As per the details of the UE-sided prediction model, there are numerous ways of implementing the UE-sided prediction models, as a number of different AIML algorithms can be employed and different algorithms may have different model architecture, different input, different training strategy with different pre- and post-processing, etc. Therefore, it is impossible to assume a single, fixed, and concrete model description for our study. Nevertheless, in order to facilitate progress of our study, it would be good if RAN2 can have a high-level common understanding on how the model would work. For this ambition, we attempt to classify possible UE-sided models into two categories.
· Category1 – Cell quality prediction based on iterative intermediate RS quality predictions: At t, future cell-level measurement result for t+T is derived based on current cell-level measurement result, past RS measurement results, intermediate predicted RS measurement results, and L3-filtering of the predicted RS measurement results. 
· Category2 – Cell quality prediction based on iterative intermediate cell quality predictions: At t, future cell-level measurement result for t+T is derived based on current cell-level measurement result, past cell-level measurement results, intermediately predicted cell-level measurement results. 

We provide examples of the Category1 scheme and Category2 scheme, for each of which model input, model output, and pseudo-algorithm are briefly presented: 
Category1 scheme: 
· Prediction model input: 
· Look-ahead time for prediction, denoted by  indicating that the predicted time horizon is -ahead from the current time 
· Model-independent input: Current cell-level measurement, denoted by , and past RS-level measurement time series until t (not including t), denoted by 
· Running updates of predicted RS-level measurements time series until  (not including , i.e. the predictive cell-level measurements for each time in {, denoted by    
· Model-dependent input, denoted by : UE mobility trajectory/direction at current time, UE current location, UE mobility, environmental factors …
· Prediction model output for , denoted by  
· Predicted measurement result of RS, denoted by 
· For a given inference function , we have the following relation


Table 1: Pseudo-algorithm of category1 scheme to yield Prediction of cell level measurement at current time t for future time t+T
	· To yield estimate of  at time t, do following: 
· Set: 
· Given:  
· For k=1 to K
· Predict 
· Calculate  by 
, 
· After the above iterations, we have 
· 
· Thus,  is estimated as 




Category2 scheme: 
· Prediction model input at time t: 
· Look-ahead time for prediction, denoted by  indicating that the predicted time horizon is -ahead from the current time 
· Model-independent input: Current cell-level measurement, denoted by , and past cell-level measurement time series until t (not including t), denoted by 
· Running updates of predicted cell-level measurements time series until  (not including , i.e. the predictive cell-level measurements for each time in {, denoted by     
· Model-dependent input, denoted by : UE mobility trajectory/direction at current time, UE current location, environmental factors …
· Prediction model output for , denoted by  
· For a given inference function , we have the following relation:


Table 2: Pseudo-algorithm of category2 scheme to yield prediction of cell level measurement at current time t for future time t+T
	· To yield estimate of  at time t, do following: 
· Set: Current time=t, 
· Given: null vector
· For k=1 to K
· Calculate  by 
If k<K: 
update   
· After the above iterations, we have 
where  
· Thus   is estimated as  



Proposal 4: RAN2 to consider two categories of UE-sided prediction models: 
· Category1 – Cell quality prediction based on iterative intermediate RS quality predictions: At t, future cell-level measurement result for t+T is derived based on current cell-level measurement result, past RS measurement results, intermediately predicted RS measurement results, and L3-filtering of the predicted RS measurement results. 
· Category2 – Cell quality prediction based on iterative intermediate cell quality predictions: At t, future cell-level measurement result for t+T is derived based on current cell-level measurement result, past cell-level measurement results, intermediately predicted cell-level measurement results. 
For UE-sided prediction, we can assume that the model is pre-trained, and how the model is trained depends on the details of the model type and model architecture. For online inference based on the pre-trained model, the main source of the model input would be UE’s real-time measurements, which is always feasible by default, and other proprietary factors such as UE movement status can be considered as model input, if those were used for model training. Since all information required for inference based on the pre-trained model is already available at UE, RAN2 study need not consider enhancements for data collection at UE side for model training or for online inference.   
Proposal 5: Enhancement for data collection at UE side to assist model training or inference are not studied  

2.2 NW sided model based cell-level measurement prediction
Data collection for training NW-sided model/ 	Network should train its inference model to enable NW-sided prediction. Model training requires extensive training data, and different models would require different data for model training. For cell-level measurement prediction, RS level measurement history and/or cell level measurement history would be required, and they can be obtained via L1/L3 measurement reporting from UEs. For some advanced models, model training may benefit if UE specific information such as UE physical mobility is also provided as input. But it is quite unclear if network can train its model based on existing procedure of L1/L3 measurement reporting or some enhancements are needed or beneficial. So, RAN2 needs to understand what information is needed by network for training of NW-sided model and what are common and necessary information that can be provided by UE as assistance information to assist the training.  
Proposal 6: To study if network can train NW-sided model based on collecting training data via existing L1/L3 measurements reporting or some enhancements such as UE assistance information/UE’s data collection and reporting to network are beneficial/necessary.   
Data collection for NW-sided inference/	To enable network to perform online prediction of cell-level measurement results, it would be a common understanding that the prediction model requires up-to-date history of RS-level measurement results and/or history of cell-level measurement results, and measurement results of RS and/or cell-level measurement result of the current time as necessary input to the inference model. Network can collect the RS-level measurement history as well as cell-level measurement results if it configures UE with periodic measurement reporting for L1 measurement reporting as well as for L3 (cell-level measurement reporting with existing mechanisms. Although this periodic reporting based data collection may be singling-intensive, existing CSI reporting and L3 measurement reporting procedure can serve such data collection purpose. Therefore, we think enhancements for data collection for NW-sided online inference are not essential. 
Proposal 7: No enhancements to assist NW-sided online inference are needed.  
If UE’s physical movement information such as velocity, heading direction, rotation, planned trajectory is known to network, network side prediction performance of cell-level measurement can be enhanced. There may be other assistance information only available at UE side now that, however, could enhance network side prediction performance, if also available at network side via UE assistance information.    
Proposal 8: To study UE assistance information for network to better predict cell-level measurement prediction. The study includes 1) which information is useful for network side prediction, and 2) required information transfer requirement in terms of latency, 3) information delivery procedure, 4) privacy issue.

2.3 Validation of predicted cell-level measurements
It is important to validate if the predicted cell measurement result is sufficiently accurate. For the validation, online monitoring of prediction performance is required. If the prediction performance is sufficient, the prediction based on the current inference model needs to be aborted and switching to another inference model that is more accurate or fall back to legacy cell measurements is needed. 
In case of UE-sided prediction, UE should be able to validate its prediction performance. Since the UE already performs measurements for prediction, the validation is relatively easier; once UE derives predicted cell measurement result of a cell for a certain future time, UE needs to store the predicted value, and after that, if UE has derived measurement result of the cell via legacy measurements, it can compare the stored predicted result and the actual measurement-based result for validation. If the validation yields that the prediction is sufficiently accurate, UE can keep applying the prediction, but if not, some actions need to be taken. RAN2 needs to study how UE validates prediction accuracy, when/how UE informs network of the accuracy status, and what UE should do if prediction accuracy is insufficient.
Proposal 9: RAN2 to study a procedure for UE-sided monitoring of UE-sided prediction performance, considering a) how UE should validate prediction accuracy, b) when/how UE informs network of the accuracy status, and what the required UE behaviours are if prediction accuracy is insufficient. 
In case of NW-sided prediction, network should be able to validate its prediction performance. To monitor if its predicted measurement results are sufficiently close to the legacy measurement results, network needs to collect measurement results from UE. For the collection of measurement results, network can rely existing measurement reporting procedure such as periodic measurement reporting. RAN2 can study if existing measurement reporting procedure is sufficient for NW-sided performance monitoring or if enhancements are beneficial.  
Proposal 10: To study if existing L3 measurement reporting procedure is sufficient for NW-sided monitoring of NW-sided cell measurement prediction or enhancements are beneficial. 
For evaluation of the prediction performance, KPI should be defined. We can take the legacy cell measurement results as ground-truth value and compare the predicted cell measurement results with the ground truth. For instance, given M is the vector of ground truth values and M* is the vector of the predicted values, we can use   as KPI to minimize.  
Proposal 11. To consider the following KPI for evaluation of the prediction performance (FFS detailed KPI metric)
· KPI: L3-RSRP/RSRQ difference between predicted cell measurement results and legacy cell measurement results

3. Conclusion 
UE sided model based cell-level measurement prediction
Proposal 1: To focus on cell measurement prediction based on measurements of periodically transmitted reference signals (SSB and periodic CSI-RS)
Proposal 2: To prioritize time domain prediction use cases over frequency domain use cases
· In the time domain prediction use cases, UE predicts the future cell-level measurement result based on the current measurements and history of past measurement results,
· In the frequency domain prediction use cases, UE predicts the current cell-level measurement results of a target frequency based on the current measurements of other frequencies and history of past measurement results.  
Proposal 3: For UE-sided prediction model, UE proprietary model is prioritized and 3GPP NW-provisioned model is considered later if concluded as feasible.  
Proposal 4: RAN2 to consider two categories of UE-sided prediction models: 
· Category1 – Cell quality prediction based on iterative intermediate RS quality predictions: At t, future cell-level measurement result for t+T is derived based on current cell-level measurement result, past RS measurement results, intermediately predicted RS measurement results, and L3-filtering of the predicted RS measurement results. 
· Category2 – Cell quality prediction based on iterative intermediate cell quality predictions: At t, future cell-level measurement result for t+T is derived based on current cell-level measurement result, past cell-level measurement results, intermediately predicted cell-level measurement results. 
NW sided model based cell-level measurement prediction
Proposal 5: Enhancement for data collection at UE side to assist model training or inference are not studied  
Proposal 6: To study if network can train NW-sided model based on collecting training data via existing L1/L3 measurements reporting or some enhancements such as UE assistance information/UE’s data collection and reporting to network are beneficial/necessary.   
Proposal 7: No enhancements to assist NW-sided online inference are needed.  
Proposal 8: To study UE assistance information for network to better predict cell-level measurement prediction. The study includes 1) which information is useful for network side prediction, and 2) required information transfer requirement in terms of latency, 3) information delivery procedure, 4) privacy issue 
Validation of predicted cell-level measurements 
Proposal 9: RAN2 to study a procedure for UE-sided monitoring of UE-sided prediction performance, considering a) how UE should validate prediction accuracy, b) when/how UE informs network of the accuracy status, and what the required UE behaviours are if prediction accuracy is insufficient. 
Proposal 10: To study if existing L3 measurement reporting procedure is sufficient for NW-sided monitoring of NW-sided cell measurement prediction or enhancements are beneficial. 
Proposal 11. To consider the following KPI for evaluation of the prediction performance (FFS detailed KPI metric)
· KPI: L3-RSRP/RSRQ difference between predicted cell measurement results and legacy cell measurement results
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