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1	Introduction
This contribution provides our understanding and proposals on RLF/HOF prediction according to the following objective in SID [1].
	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]
· …
· HO failure/RLF prediction (UE sided model) [RAN2]
· …


2	Discussion
Based on contributions in the last meeting, companies have split understanding for RLF/HOF prediction on whether a separate AI/ML model is needed (Case 1) or the RRM prediction model can be reused (Case 2). Case 1 and Case 2 can be depicted as in Figure 1 and Figure 2, respectively.


Figure 1. A separate AI/ML model for RLF/HOF prediction



Figure 2. Reuse of RRM prediction model for RLF/HOF prediction

In both cases, actual RRM measurement results (e.g., RSRP/RSRQ/SINR) could be a common input parameter. We understand a separate AI/ML model (i.e., Case 1) in Figure 1 may be useful in that RLF/HOF specific inputs for the model can be considered. For example, for RLF/HOF prediction, RLF/HOF related RRC parameters like T304, T310, T312, N310, and N311 can be considered as the RLF/HOF prediction specific inputs. Besides, random access related MAC parameters for handover or RLC retransmission parameters can be also used as input of the model. However, there is an issue with Case 1 when it comes to performance evaluation in SI. We are not sure all the L2 layers and the related parameters can be implemented in simulations during SI. It would be highly time-consuming work and its effectiveness may not be guaranteed. 
Instead, we believe the RRM prediction model itself can be an effective tool to predict RLF or HOF event (i.e., Case 2), since RRM measurement results are highly correlated with RLF or handover performance. As shown in Figure 2, there could be the rule to derive RLF/HOF prediction results using RRM prediction results. For example, for RLF prediction, if the predicted RSRP for SpCell is worse than a threshold during the T310 period, we may assume RLF is predicted. In case of HOF, it can be assumed HOF is predicted, if the predicted RSRP for SpCell is worse than a threshold before the handover command or the predicted RSRP for the target cell is worse than a threshold after the handover command. We understand this is not a perfect way to model RLF/HOF prediction. Nevertheless, this can be implemented/evaluated in the simulation within a limited SI period, and we think it is enough to check the performance gain by introducing AI/ML. Hence, we propose to study both Case 1 and Case 2, but focus on Case 2) for performance evaluation. 
Proposal 1. For RLF/HOF prediction, prioritize Case 2) for performance evaluation among the following two cases.
· Case 1) A separate model is introduced 
· Case 2) RRM prediction model is reused
In SI, RAN2 can study what information can be used as input of the AI/ML model (i.e., a separate AI/ML model or RRM prediction model). The baseline input for RLF prediction could be the RRM measurement results of SpCell, and the one for HOF prediction could be the RRM measurement results of SpCell and neighboring cells. We think each company has different input values (other than RRM measurement results) in his/her mind. However, it is not important which input information can be used, because it can be left as UE implementation and any other input can be studied if companies want to evaluate.
Proposal 2. For RLF prediction, the baseline input is RRM measurement results of SpCell. No restriction on other inputs.
Proposal 3. For HOF prediction, the baseline input is RRM measurement results of SpCell and neighboring cells (i.e., candidate target cells). No restriction on other inputs.
More importantly, RAN2 should focus on what information is obtained in the end, which means “RLF/HOF prediction results” in Figure 1 and Figure 2. In our understanding, UE can report those RLF/HOF prediction results to NW, and NW can use them for handover decision. In general, when an AI/ML model predicts a certain event, the probability and/or the expected time of the event occurrence are obtained. Therefore, we propose to consider them as baseline for the RLF/HOF prediction results.
Proposal 4. The RLF/HOF prediction results (UE reports to NW) includes 1) the RLF/HOF probability and/or 2) the expected RLF/HOF time, as baseline.
Next, we would like to discuss on HOF prediction case. There are two options on the table depending on whether UE performs HOF prediction “before” the handover command (i.e., RRCReconfiguration with reconfigurationWithSync) or “after” the handover command. 


      Figure 3. Two options for HOF prediction timing
As the former case (i.e., Option 1), UE first receives HOF prediction configuration from NW. Then, UE performs HOF prediction (using either a separate AI/ML model or reusing RRM prediction model) per neighboring cell. UE reports the HOF prediction results (e.g., the HOF probability and/or the expected HOF time) per neighboring cell to NW. NW can select a target cell (e.g., with low HOF probability) based on the HOF prediction report and then sends the handover command to UE (e.g., before the expected HOF time). At last, UE performs handover to the target cell.
On the other hand, as Option 2, UE starts performing HOF prediction “after” the handover command. In this option, NW may first send the handover command with HOF prediction configuration (e.g., via RRCReconfiguration). Then, UE starts HOF prediction (e.g., the HOF probability) for the target cell indicated in the handover command. If HOF is not predicted for the target cell (e.g., low HOF probability), the UE may choose to perform handover. Otherwise (e.g., high HOF probability), UE may choose other behaviour (e.g., RRC re-establishment or sending the request for another handover command to gNB).
However, we have some concern on Option 2. Firstly, when NW decides a target cell for handover, there is no prediction information for NW to use. Thus, NW cannot make better handover decision than legacy handover. Meanwhile, in Option 1, UE reports the HOF prediction results before the handover command, so NW can leverage the predicted information to select the best neighboring cell. Furthermore, in Option 2, after receiving the handover command, UE may not choose to perform the handover. Rather, UE may choose other behaviours. For example, UE may perform RRC re-establishment or UE may request NW additional handover command to a different cell. In that sense, we understand Option 2 is still a reactive approach, which is not aligned with the justification described in SID [1] as follows.
	3	Justification
With existing L3 handover mechanism, handover is triggered and executed based on reported historical measurement result and/or measurement event(s) i.e., it is kind of reactive scheme by its nature. It may work well among macro cells when UE’s mobility is low for existing services. But it could be problematic when either UE’s mobility is high or among micro cells of high density or both for existing services or future services e.g. XR, where such reactive scheme may result in more unintended event e.g., handover failure, radio link failure, Ping-Pong phenomenon, throughput loss or too early/late handover etc. To improve handover robustness conditional handover is introduced in Rel-16. And to reduce interruption time of frequent handover among small cells LTM HO is introduced in Rel-18. However, these two mechanisms are not sufficient because they are still reactive scheme by design. On the other hand, mechanism based on AI/ML algorithm has the potential to enable proactive scheme.


Therefore, we do not see the benefit of Option 2 itself compared to the legacy handover. This option still may bring out redundant handover or RRC (re)establishment attempts. 
Proposal 5. For HOF prediction, UE performs HOF prediction “before” the handover command, as baseline.
3	Conclusion
Based on the discussion above, we propose:
Proposal 1. For RLF/HOF prediction, prioritize Case 2) for performance evaluation among the following two cases.
· Case 1) A separate model is introduced 
· Case 2) RRM prediction model is reused
Proposal 2. For RLF prediction, the baseline input is RRM measurement results of SpCell. No restriction on other inputs.
Proposal 3. For HOF prediction, the baseline input is RRM measurement results of SpCell and neighboring cells (i.e., candidate target cells). No restriction on other inputs.
Proposal 4. The RLF/HOF prediction results (UE reports to NW) includes 1) the RLF/HOF probability and/or 2) the expected RLF/HOF time, as baseline.
[bookmark: _GoBack]Proposal 5. For HOF prediction, UE performs HOF prediction “before” the handover command, as baseline.
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