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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 simulation assumptions and evaluation methodology for RLF prediction.
2. Discussion
2.1 Simulation assumptions
In the email discussion [POST125bis][021][AIML mobility] Simulation assumptions and methodology (OPPO) [2], the general parameters to acquire the dataset for RRM prediction are discussed. In addition, the rapporteur suggested identifying the common simulation assumption for all use cases as much as possible. Then it would save time to re-open the discussion on simulation assumptions for other use cases. 
We share the same view with the rapporteur and would further discuss the common and delta parts of simulation assumptions for RLF prediction.
RRM measurement prediction considers two frequency ranges (i.e., FR1 and FR2) for different purposes. Among them, the mobility performance of FR1 is already quite good, thus the main purpose of the simulation on FR1 is measurement reduction. In contrast, the mobility performance of the FR2 is greatly affected by environment changes and UE mobility, so the main purpose of the simulation on FR2 is to enhance mobility performance. Our understanding is that the main purpose of RLF prediction is enhancing mobility performance as well, therefore, the RLF prediction should also focus on FR2. Furthermore, RLF prediction only needs to consider intra-frequency scenarios.
Proposal 1: For the RLF prediction, the simulation evaluation should focus on FR2 and intra-frequency scenarios.
However, our initial simulation shows no RLF occurs with the simulation assumptions in [2] (for UE speed in 30 km/h and 120 km/h). Note that the initial simulation is based on the other parameters in section 2.2. 
Below we show the geometry SINR using the the simulation assumptions in [2]. We can see that there is no UE with SINR lower than the Qout value, e.g., -8dB after initial access, which means that the coverage is very good in this scenario.
[bookmark: _GoBack][image: ]
Figure 1: CDF of SINR with simulation assumptions for RRM measurement prediction
Observation 1: If reusing the simulation assumptions for RRM measurement prediction without changes, no RLF occurs in the initial simulation result.
From our understanding, with the simulation assumptions for RRM measurement prediction, the network is in a good status of coverage. With a good coverage range and normal handover strategy, no RLF will be triggered. 
To acquire the dataset for RLF prediction, RAN2 should further discuss the simulation assumptions. From our understanding, there are two options:
- Option 1: Adjust the parameters for RRM prediction that have impacts on the coverage, or adjust the RLM and handover-related parameters to make RLF appear relatively frequently.
- Option 2: Do not model handover in the simulation. Specifically., the UE will not handover to neighbour cells, and the trajectory of UE should be terminated upon RLF occurs.
From our understanding, Option 2 cannot reflect the real mobility performance of the network, thus we prefer Option 1. However, we are open to further discussion.
Proposal 2: To acquire the dataset for RLF prediction, RAN2 should further discuss the simulation assumptions. The following two options can be considered:
- Option 1: Adjust the simulation parameters for RRM prediction that have impacts on the coverage or handover.
- Option 2: Do not consider handover in the simulation, and the trajectory of UE will be terminated until RLF occurs.
The other simulation assumptions of RRM prediction that have no impact on the coverage, such as UE trajectories, UE distribution, and channel modeling, can be reused for RLF prediction.
Proposal 3: The simulation assumptions of UE trajectories, UE distribution, and channel modeling for RRM prediction can be reused for RLF prediction.
2.2 Other parameters for simulation
From our analysis above, we think that RAN2 should align on the RLF and handover parameters. The parameters in TR 36.839 can be taken as a baseline.
2.2.1 RLF related parameters
In addition to the general simulation parameters email discussion [POST125bis][021][AIML mobility], the RLF related parameters also needed to be discussed and aligned for simulation.
The RLF modeling-related parameters are detailed in the table below [3]. Additionally, Qout is monitored using a 200ms window, and Qin is monitored using a 100ms window.
Table 2.2-1: The parameters for determining the RLFs and the PDCCH failures.
	Items
	Description 

	Qout
	-8 dB

	Qin
	-6 dB

	T310
	1s (the default value in 36.331)

	N310
	1

	N311 
	1


We believe that the parameters can be reused. Therefore, we propose:
Proposal 4: Reuse the RLF modeling-related parameters in TR 36.839 for for RLF prediction:
	Parameter
	Value

	Qout
	-8 dB

	Qin
	-6 dB

	Qin sliding window length
	100ms

	Qout sliding window length
	200ms

	T310
	1s

	N310
	1

	N311 
	1


2.2.2 Mobility specific parameters
The following tables capture the additional recommended HetNet mobility specific parameters in [3]:
Table 2.2-2: HetNet mobility specific parameters
	Items
	Description

	Pico cell placement
	At fixed location(s) e.g., at 0.5 ISD, 0.3 ISD on the boresight direction. Or randomly placed.

	Cell loading (NOTE 1) 
	100%, 50%

	UE speed 
	3 km/h, 120km/h, 30km/h, 60km/h 

	Channel model 
	Either one of the models, TU or ITU, could be used. (fast fading included)

	TimeToTrigger [ms]
	40, 80, 160, 480

	a3-offset [dB]
	-1, 0, 1, 2, 3 

	TMeasurement_Period, Intra, L1 filtering time in TS36.133 [2]
	200ms (other values could be added later)

	Layer3 Filter Parameter K
	 4, 1, 0

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms



Table 2.2-3: Summary of Mobility related simulation parameters for the MSE
	HO Parameter
	Value

	Time To Trigger (TTT)
	Dynamic, 480 ms in normal Mobility

	TTT Scaling factors
	Sf_medium = 0.5, sf_high = 0.25

	N_CRMedium, limit to enter medium state for macro only scenario
	7

	N_CRHigh, limit to enter high state for macro only scenario
	13

	N_CRMedium, limit to enter medium state for HetNet scenario
	10

	N_CRHigh, limit to enter high state for HetNet scenario
	16

	T_CRmaxHyst, hysteresis back to normal state
	0s   (demonstrate the immediate impact of enhanced MSE)

	A3 Offset
	3 dB Macro and Pico

	Ping-Pong-Time
	1 s

	Measurements Rate
	0.2 s

	HO Execution Time (including Preparation)
	0.15 s

	RSRP error – zero mean Gaussian
	1 dB std

	Filtering Factor K
	4

	RLF: Qout Threshold
	- 8 dB

	RLF: Qin Threshold
	- 6 dB


We think that most of the parameters can be reused in AI-based mobility simulation. 
Proposal 5: Take the mobility-specific simulation parameters of HetNet in TR 36.839 as the baseline for system-level performance evaluation of RLF prediction:
	Parameter
	Value

	L1 measurement period
	40ms

	Filtering Factor K
	4

	A3 Offset
	3 dB 

	TimeToTrigger
	480 ms

	Ping-Pong-Time/short time of stay
	1 s

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms


2.2.1 Performance metrics/KPIs
Since the AI model output of RLF prediction is a flag about whether RLF 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 6: Consider the following intermediate KPIs to evaluate the accuracy of RLF 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 [4] 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 7: Ping-pong HO rate, short ToS rate, HOF rate, RLF frequency, handover interruption should be evaluated for RLF prediction to show the system performance gains.
3. Conclusion
Based on the above analysis, we make the following observations and proposals regarding simulation assumptions of RLF prediction:
Observation 1: If reusing the simulation assumptions for RRM measurement prediction without changes, no RLF occurs in the initial simulation result.
Simulation assumptions
Proposal 1: For the RLF prediction, the simulation evaluation should focus on FR2 and intra-frequency scenarios.
Proposal 2: To acquire the dataset for RLF prediction, RAN2 should further discuss the simulation assumptions. The following two options can be considered:
- Option 1: Adjust the simulation parameters for RRM prediction that have impacts on the coverage or handover.
- Option 2: Do not consider handover in the simulation, and the trajectory of UE will be terminated until RLF occurs.
Proposal 3: The simulation assumptions of UE trajectories, UE distribution, and channel modeling for RRM prediction can be reused for RLF prediction.
Other parameters for simulation
Proposal 4: Reuse the RLF modeling-related parameters in TR 36.839 for RLF prediction:
	Parameter
	Value

	Qout
	-8 dB

	Qin
	-6 dB

	Qin sliding window length
	100ms

	Qout sliding window length
	200ms

	T310
	1s

	N310
	1

	N311 
	1


Proposal 5: Take the mobility-specific simulation parameters of HetNet in TR 36.839 as the baseline for system-level performance evaluation of RLF prediction:
	Parameter
	Value

	L1 measurement period
	40ms

	Filtering Factor K
	4

	A3 Offset
	3 dB 

	TimeToTrigger
	480 ms

	Ping-Pong-Time/short time of stay
	1 s

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms


Performance metrics/KPIs
Proposal 6: Consider the following intermediate KPIs to evaluate the accuracy of RLF prediction: accuracy, precision, recall and F1 score.
Proposal 7: Ping-pong HO rate, short ToS rate, HOF rate, RLF frequency, handover interruption should be evaluated for RLF prediction to show the system performance gains.
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