[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG-RAN WG2 Meeting #125-bis	R2-2402561
Changsha, China, April 15th – April 19th, 2024
                         
Source:	vivo
[bookmark: Title]Title:	Discussion on RLF/HOF prediction
[bookmark: Source]Agenda Item:	8.3.4
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. Introduction
The SID on AI/ML for mobility in NR [1] was approved for Rel-19. There are 3 use cases as 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 (UE sided and NW sided model) [RAN2]
· HO failure/RLF prediction (UE sided model) [RAN2]
· Measurement events prediction (UE sided model) [RAN2]


[bookmark: _Hlk161928446]In this contribution, we will share our opinions on HOF/RLF prediction use case.
2. Discussion
2.1 Potential sub-use cases
In terms of RLF, the TS 38.331 [4] captures various RLF causes. According the scope of SID, the special RLF causes in deployment scenarios of IAB, NR-U can be excluded. The left RLF causes include:
1) PHY layer continuous indication on “out-of-sync” which is not been recovered by continuous “in-sync” (i.e., T310 expiry); 
2) reaching RLC maximum re-transmission number; 
3) random access failure; 
4) failure of HO_CMD reception (i.e., T312 expiry).
As for RLF prediction, since the model only resides at UE side, the input for model inference is more likely to be obtained from the UE side, e.g., downlink measurements. Moreover, RLC failure and random access failure are hard to predict due to irregular environments and individual differences. Therefore, we prefer to clarify that the definition of RLF in this case should only consider the one of T310 expiry, which is easy to demonstrate in simulation. And when specified, the data collected for model training should also consider those labeled with t310-Expiry.
Proposal 1: For RLF prediction, at least consider the case of failure due to DL out-of-sync, i.e., T310 expiry. FFS other cases.
In terms of HOF, there can be two use cases. In reference to the specification, HOF is defined as T304 expiry after receiving the HO command. In addition, HOF is also possible to be defined as no reception of HO_CMD due to the poor DL quality. In this understanding, we think the prediction of HOF should take both cases into account.
Proposal 2: For HOF prediction, the following two cases should be considered:
· T304 expiry after receiving HO command;
· No reception of HO command due to poor DL quality.
2.2 [bookmark: _GoBack]RLF/HOF modeling
The modeling of radio link failure and handover failure can refer to TR 36.839 [2]. In the TR, the simulation is assumed in the scenario that, NW determines the handover procedure according to Event A3 triggered measurement report. From the perspective of UE, three states are separated in the time domain by the entry condition of EventA3 and handover command respectively:
· State 1: Before the event A3 entering condition is satisfied;
· State 2: After the event A3 entering condition is satisfied, but before the handover command is successfully received by the UE;
· State 3: After the handover command is received by the UE, but before the handover complete is successfully sent by the UE.
The modeling of RLF is categorized into RLF occurrences in state 1 and state 2, since for these two states the actual handover command has not been issued.
For the modelling of HOF, the counting is calculated by RLF in state 2 and PDCCH failure in both state 2 (HO_CMD is not received during or upon T310 running) and state 3 (Random access cannot be performed successfully by UE). The related parameters are defined as well. In this sense, it is rational to follow the definition in HetNet mobility simulation to further study on AI enhanced mobility. We give the following figures to clearly depict the HOF modelling as well.
	

Figure 5.2.1.3.1: A handover failure is declared when the criterion 1) is met in state 2.



	

Figure 5.2.1.3.2: A handover failure is declared when the criterion 2) is met in state 2.


To be specific, the data collected for the AI/ML model training should be labeled following [2]’s simulation assumption.
Proposal 3: Adopt RLF/HOF modelling in TR 36.839 to label the data collected for simulation.
2.3 Relationship to RRM measurement prediction
For the RLF/HOF prediction, we consider there can be two approaches to the prediction result. One straightforward approach is that the output of AI/ML model inference is the direct prediction of whether RLF/HOF will happen. A timing or period of RLF/HOF occurrence is possibly provided as well. Besides, there is another option that UE exploits AI/ML model to predict RRM measurements, and further derive the failure prediction based on the predicted RRM measurements. 
In our point of view, the differentiation is mainly about the model output, i.e. direct prediction on RLF/HOF or prediction on specific RRM measurements. RAN2 may discuss the above two options for measurement event prediction, and down-select one option to reduce simulation effort.
Proposal 4: RAN2 to discuss the potential approaches for RLF/HOF prediction:
· Option#1: Direct failure occurrence prediction;
· Option#2: Failure occurrence prediction based on measurement prediction.
2.4 Potential Scenarios
Regarding the potential scenarios for RLF prediction, one possible case is that UE can foresee that the quality of serving cell will decrease and RLF may occur at a specific time or duration. In this case, the UE may trigger a report to the network. Upon receiving the report, the network can handover the UE to another cell.
In addition, if a UE figures out there will be RLF occurrence in the future, UE could proceed with the connection re-establishment procedure directly rather than waiting for the T310 expiry. In this way, UE saves more time based on its current status to make sensible operations accordingly, rather than operating based on a unified timer.
Proposal 5: The potential scenarios of RLF prediction include:
a) UE sends the RLF prediction to the network to trigger HO;
b) UE may perform fast re-establishment based on RLF prediction.
As for HOF prediction, the handover usually is based on previously triggered measurement reports. In this understanding, UE may report the possibility of HOF towards the cells that are likely to be target cells in the measurement report. NW can determine the target cell based on such prediction.
Upon receiving the handover command, UE can also optimize from the HOF prediction at target cell. To be specific, during the attempt to sync with the target cell, once UE predicts that the handover would fail towards the target cell, UE could proceed with the connection re-establishment procedure directly rather than waiting for T304 expiry. In this way, UE saves time and shortens the service interruption.
Proposal 6: The potential scenarios of HOF prediction include:
a) UE sends the HOF prediction within the measurement report to the network to assist HO decision.
b) After receiving the HO command, UE may perform fast re-establishment based on HOF prediction.
2.5 Performance metrics/KPIs
Since the direct or indirect (e.g., derived from RRM measurements result) AI model output of RLF/HOF prediction is a flag about whether RLF/HOF will happen, we can use KPIs for binary classification problems as intermediate KPIs to evaluate the AI model performance. For example, the accuracy, precision, recall and F1 score could be provided to show the prediction accuracy and model performance.
Proposal 7: Consider the following intermediate KPIs to evaluate the accuracy of RLF/HOF prediction: accuracy, precision, recall and F1 score.
In addition to the intermediate KPI, KPIs such as ping-pong HO rate, short ToS rate, HOF rate, RLF frequency, and handover interruption as we discussed in [5] should also be provided to show the system-level performance gain. 
Besides, different ways to use predicted results may result in different system performance. Therefore, companies are suggested to clarify how the RLF or the HOF prediction results are used in their simulation.
Proposal 8: Ping-pong HO rate, short ToS rate, HOF rate, RLF frequency, handover interruption should be evaluated for RLF/HOF prediction to show the system performance gains.
3. Conclusion
On the basis of above analysis, we make the following proposals regarding RLF/HOF prediction with UE-sided model:
Potential sub-use cases
Proposal 1: For RLF prediction, at least consider the case of failure due to DL out-of-sync, i.e., T310 expiry. FFS other cases.
Proposal 2: For HOF prediction, the following two cases should be considered:
· T304 expiry after receiving HO command;
· No reception of HO command due to T310 is running.
RLF/HOF modeling
Proposal 3: Adopt RLF/HOF modelling in TR 36.839 to label the data collected for simulation.
Relationship to RRM measurement prediction
Proposal 4: RAN2 to discuss the potential approaches for RLF/HOF prediction:
· Option#1: Direct failure occurrence prediction;
· Option#2: Failure occurrence prediction based on measurement prediction.
Potential Scenarios
Proposal 5: The potential scenarios of RLF prediction include:
a) UE sends the RLF prediction to the network to trigger HO;
b) UE may perform fast re-establishment based on RLF prediction.
Proposal 6: The potential scenarios of HOF prediction include:
a) UE sends the HOF prediction within the measurement report to the network to assist HO decision.
b) After receiving the HO command, UE may perform fast re-establishment based on HOF prediction.
Performance metrics/KPIs
Proposal 7: Consider the following intermediate KPIs to evaluate the accuracy of RLF/HOF prediction: accuracy, precision, recall and F1 score.
Proposal 8: Ping-pong HO rate, short ToS rate, HOF rate, RLF frequency, handover interruption should be evaluated for RLF/HOF prediction to show the system performance gains.
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