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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 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 the simulation assumptions and evaluation methodology for RLF prediction. The detailed discussion is provided in Section 2, and followed by Section 3 that summarizes the contribution of this paper.
2. Discussion
2.1 RLF simulation and evaluation methodology
In this section, the definition for RLF is purely for the case that T310 expiry at UE side. Based on the current specification, when the UE RRC receives N310 consecutive "out-of-sync" indications for the SpCell from lower layers, the timer T310 for the corresponding SpCell will be started. Once T310 expires, the UE RRC will declare RLF. This procedure can be illustrated in Figure 1:


Figure 1: RLF detection procedure
This procedure has been simulated in TR 36.839 and the simulation assumptions for RLF from TR 36.839 are copied below:
	5.2.1.2	RLF modelling and definition of RLF states
/Omitted/
For the purpose of RLF monitoring, the basic L1 processing configurations in non-DRX mode should be: L1 sample rate is once every 10ms (i.e. radio frame), with the L1 samples filtered linearly over a sliding window of 200ms (i.e. 20 samples) for Qout and 100 ms (i.e. 10 samples) for Qin, respectively.

	5.2.1.3	Handover/PDCCH failure modelling
/Omitted/
When a UE tracks RLFs according to TS 36.300 [3], Qout is monitored with a 200ms window and Qin is monitored with a 100ms window (as specified in TS 36.133 [2]). Both windows are updated once per frame, i.e. once every 10 ms with the measured wideband CQI value.
The RLF and HO failure modelling related parameters are shown in the table 5.2.1.3.1 below:
Table 5.2.1.3.1: The parameters for determine the RLFs and the PDCCH failures.
	Items
	Description 

	Qout
	-8 dB

	Qin
	-6 dB

	T310
	1s (the default value in 36.331)

	N310
	1

	T311
	Not used for calibration (since RLF recovery is not simulated in the calibration)

	N311 
	1





For simplicity, we think the methodology in Hetnet for RLF can be reused for AI mobility simulation. But some of the simulation assumptions can be revised taking SSB factor into consideration.  For example, the L1 sample rate can be extended to 20ms*N, where N≥1, considering the SSB periodicity in NR.
The historical SINR can be used for the inputs of AI model. Regarding the output of the AI model, the predicated SINR can be used as starting point. One example of description of methodology is shown as following: SINR temporal domain prediction is done by SINR(s) predication in the prediction window based on the historical SINR(s) in observation window. And by comparing the SINR with Qout, it can be evaluated whether RLF happens or not. One example is shown below. 



Based on the analysis above, it is proposed that:
Proposal 1: For RLF evaluation in AI mobility:
· the evaluation methodology in TR 36.839 can be reused;
· the simulation assumptions in TR 36.839 can be reused and further revised according to NR, e.g., the L1 sample rate can be extended to 20ms*N, where N≥1;
· RLF prediction based on PCell SINR predication result can be the starting point.
2.2 HOF simulation and evaluation methodology
According to specification, when T304 of the MCG expires, HOF is declared. But there are many factors contributed to HOF. For instance, RACH failure happens when the UE tries to access the target cell, the transmission of UE measurement report and/or the handover command will fail due to the bad radio conditions and the UE triggers RLF which happens due to late handover actually. In order to figure out the impacts brought by different factors in handover procedure, the following methodology was agreed in TR 36.839 for LTE Hetnet mobility.
In TR 36.839, in order to model HO failure, the handover procedure is divided into three states, and the classification can also be adopted for AI mobility.
	State 1: Before the event A3 entering condition, as defined in [5], is satisfied;
State 2: After the event A3 entering condition, as defined in [5], is satisfied but before the handover command is successfully received by the UE; and
State 3: After the handover command is received by the UE, but before the handover complete is successfully sent by the UE


Proposal 2: the definition of handover states in TR 36.839 are reused for AI mobility study, i.e.,
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; and
State 3: After the handover command is received by the UE, but before the handover complete is successfully sent by the UE.

In order to simulate whether measurement report can be sent to serving cell successfully and whether the handover command can be delivered to the UE successfully, two kinds of HOF are defined in state 2:
	-	In state 2: when the UE is attached to the source cell, a handover failure is counted if one of the following criteria is met:
1)	Timer T310 has been triggered or is running when the HO_CMD is received by the UE (indicating PDCCH failure) or
2)	RLF is declared in the state 2.


In simulation, for the time of receiving handover command, if T310 is running, it is equivalent to that the channel conditions is bad. If RLF is declared in state 2, it also means the channel condition for sending handover command is not good enough. Hence, it is assumed that handover command can’t be received by the UE and a handover failure is declared.
In state 3, the UE may initiate RACH to the target cell. Hence, the RACH failure is modeled.
	-	In state 3: after the UE is attached to the target cell a handover failure is counted if the following criterion is met:
-	target cell downlink filtered average (the filtering/averaging here is same as that used for starting T310) wideband CQI is less than the threshold Qout (-8 dB) at the end of the handover execution time (Table 5.1.4.1) in state 3.


In TR 36.839, target cell DL filtered average wideband CQI less than -8 dB is used to present DL PDCCH failure occurring at the handover target cell. If it is the case, it means UE can not receive the DL RACH response messages after the receiving window is expired; hence, handover failure may occur.
The whole procedure is depicted in Figure 2 and Figure 3 which is copied from TR 36.839:
	

[bookmark: _Ref292943305]Figure 2: A handover failure is declared when the criterion 1) is met in state 2.



[bookmark: _Ref292943310]Figure 3: A handover failure is declared when the criterion 2) is met in state 2.


The evaluation methodology for HOF from Hetnet can reflect the details of handover procedure and which aspect contributes to the most for handover failure. Hence, it can be modelled as baseline for AI mobility as well.
The simulation assumptions for Hetnet mobility can be reused as starting point. But whether all the parameters are used/followed and whether new values should be introduced can be further studied. For example, whether the parameters are suitable for FR2 can be checked based on the discussion progress of overall simulation assumptions.
Proposal 3: For HOF evaluation in AI mobility:
· the evaluation methodology in TR 36.839 can be reused.
· the simulation assumption in TR 36.839 can be used as starting point with potential revision, e.g., FR2 could be further taken into account.

If Proposal 2 is agreed, the whole HOF procedure can be simply simulated based on measurement event triggering procedure together with RLF procedure and wideband CQI evaluation procedure.
In RAN2#125bis meeting [3], it was agreed that:
Agreements:
1. At least measurement event evaluation based on RRM measurement prediction result will be studied.   Direct measurement event prediction are is also allowed.   
2. Clarifications on what is being as input should be provided with results  
3. Start with A3 as a baseline.  
4. Measurement event prediction study can start after some further progress on RRM measurement prediction has been made
The same principle can be applied to the event trigger in HO procedure for HOF, i.e.
·  the event trigger can be simulated based on the RRM prediction measurement result as starting point for HOF;
· A3 event is used as baseline.
Regarding HOF in state 2, the RLF methodology in Proposal 1-3 can be applied, i.e., the HOF in state 2 is aligned the procedure defined in TR36.839 and based on PCell SINR predication result. For HOF in state 3, the windband CQI prediction result can be used as starting point.
Hence, we propose that:
Proposal 4: on top of proposal 2, the overall evaluation of HOF prediction can include:
·  the evaluation based on RRM measurement prediction result can be studied as start point for measurement event trigger in HOF evaluation;
· the HOF in state 2 can be evaluated based on RLF procedure in TR36.839 based on PCell SINR predication result;
· for the HOF in state 3, the windband CQI prediction result can be used as starting point.

3. Conclusion
In this contribution, we provide our views on the simulation assumptions and evaluation methodology for AI/ML based RLF and HOF prediction for mobility. The conclusion of this paper is summarized as follows:
Proposal 1: For RLF evaluation in AI mobility:
· the evaluation methodology in TR 36.839 can be reused;
· the simulation assumptions in TR 36.839 can be reused and further revised according to NR, e.g., the L1 sample rate can be extended to 20ms*N, where N≥1;
· RLF prediction based on PCell SINR predication result can be the starting point.
Proposal 2: the definition of handover states in TR 36.839 are reused for AI mobility study, i.e.,
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.
Proposal 3: For HOF evaluation in AI mobility:
· the evaluation methodology in TR 36.839 can be reused.
· the simulation assumption in TR 36.839 can be used as starting point with potential revision, e.g., FR2 could be further taken into account.
Proposal 4: on top of proposal 2, the overall evaluation of HOF prediction can include:
·  the evaluation based on RRM measurement prediction result can be studied as start point for measurement event trigger in HOF evaluation;
· the HOF in state 2 can be evaluated based on RLF procedure in TR36.839 based on PCell SINR predication result;
· for the HOF in state 3, the windband CQI prediction result can be used as starting point.
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