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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]A SI of AI mobility was agreed in [1]. It’s expected to run simulation to evaluate the benefit of AI mobility solutions. In this contribution, we discuss the simulation and evaluation methodology.
Discussion
RLF prediction
We understand the RLF prediction can be modelled as: temporal predict RLF/T310 expiry based on historical information. Since the AI model is deployed at UE side, the model input may include any information collected by UE, e.g. historic measurements or UE location. It can be up to UE implementation to decide what information is used as model input.
The output shall provide RLF/T310 expiry indication at least. 
Proposal 1: RLF prediction use case: temporal predict RLF/T310 expiry.
· Model input includes historic information, e.g. measurement result, UE location....
· Model output includes RLF indication. 
We observed there is two prediction methods,
Direct prediction, AI directly predicts RLF occurrence.
Indirect prediction, AI predicts the SINR and UE determines RLF based on the predicted SINR.
However, since the AI model is deployed at UE side, it may not be that important to differentiate which prediction method is used. It can be left to each companies’ choice.
Proposal 2: Leave to companies to choose direct or indirect RLF prediction.
· Direct prediction, AI directly predicts RLF occurrence.
· Indirect prediction, AI predicts the SINR and UE determines RLF based on the predicted SINR.
If the prediction is performed before T310 running, UE can report the prediction result to NW. AI may also provide the RLF timing so that NW can perform appropriate handling, e.g. handover, before RLF occurs. If prediction is performed when T310 is running, there is no need to report the prediction result since UE is not able to receive the message from NW. AI may just predict whether the current running T310 would expire or not. In this case, a simple RLF indication is enough. UE can trigger early RLF to reduce the T310 running time.
Proposal 3: AI can provide RLF timing optionally if T310 is not running.
Proposal 4: RLF prediction can be used to reduce the interruption time by,
· 	Report predicted RLF to NW if T310 is not running
· 	Trigger early RLF if T310 is running
It’s important to evaluate the AI prediction accuracy before deploy the AI based solution. Based on the use case, the prediction can include RLF indication and timing info optionally. If only RLF indication is provided, we can check the accuracy based on whether failure actually occurs after prediction. F1 score may be used to evaluate the performance. If timing is provided, we can evaluate the accuracy based on the time difference from actual failure.
Proposal 5: The prediction accuracy can be evaluated by,
· Whether predicted RLF occurs,
· Time difference from actual failure, if RLF timing is predicted

HOF prediction
According to [2], HOF can be caused by handover too early or handover to wrong cell. The root reason is he in appropriate measurement report configuration. Although RRM prediction may reduce the handover delay, it can’t avoid HOF due to inappropriate configuration, e.g. due to handover to wrong cell or inappropriate measurement report event configuration. Therefore, HOF prediction is still beneficial to reduce the HOF and interruption.
Observation 1: RRM prediction can’t avoid HOF in all cases.
The handover is divided into three states in 36.839[2] as following,
	For purpose of modelling, the handover procedure is divided into 3 states as shown in Figure 5.2.1.3.1.
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


Since this SI focus on the case that handover decision is always made in network side, CHO is not considered. The three states modelling can be reused. Based on the states, handover failure was modelled as following,
	Definition 3: A handover failure is counted if a RLF occurs in state 2, or a PDCCH failure is detected in state 2 or state 3.
For calculating the handover failures for the two states:
-	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 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.
Definition 4: The handover failure rate is defined as: Handover failure rate = (number of handover failures) / (Total number of handover attempts).



In the spec, HOF is declared upon T304 expiry. T304 is started upon reception of HO command, i.e. reconfigurationwithsync. As can be seen, the state 1 and state 2 is before reception of HO command. The HOF defined in 2 is not aligned with spec. On the other hand, the RLF in state 2 can be handled by RLF prediction. It’s difficult for UE to predict when NW would send HO command. Therefore, we propose only HOF in state 3 shall be considered as HOF. 
Observation 2: Failures before handover command reception can be covered by RLF.
However, definition in state 3 only consider the downlink channel wideband CQI at the end of the handover execution time. However, according to the spec, UE can try access to target cell during the entire T304 running. The access to target cell is determined by both DL and UL radio channel. Therefore, we propose the target cell uplink and downlink channel during the T304 running should be considered to determine the HOF in state 3. The downlink channel quality can be determined based on wideband CQI less than –8 dB, similar as 36.839. The uplink channel quality may use similar criteria, i.e. UL SINR less than a threshold. The value of threshold can be further discussed.
Proposal 6: HOF is counted after reception of handover command reception if following criterion is met at the end of handover execution time:
· Target cell downlink channel wideband CQI is less than the Qout, or
· Target cell uplink channel is bad. FFS how to determine the uplink channel is bad.
The handover failure rate definition can be reused.
Proposal 7: The handover failure rate is defined as: Handover failure rate = (number of handover failures) / (Total number of handover attempts).
Many report events are defined to trigger the MR. A3 event can be used as baseline to trigger the measurement report and handover.
Proposal 8: A3 event can be used to trigger measurement report as baseline.
After measurement report, NW may need to prepare the target cell, which introduces certain delay. After reception of handover command, UE may need to apply the handover command and try to access the target cell, which also introduces delay. Such delay is non-neglectable. Because the radio channel quality may change and lead to HOF. The delay can be fixed to simplify the simulation.
Proposal 9: Fixed delay is introduced after measurement report to simulate the delay of target cell preparation and handover command execution.
Following parameters are used for the handover in [2],
	Table 5.2.4.1: 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

	measurement error modelling
	To obtain the 90% bound for +/- 2 dB, a normal distribution with deviation = 2 dB / (sqrt(2)*erfinv(0.9)) = 1.216 dB can be used (ref: TS36.133 [2]). The RSRP measurement error can be added before or after L1 filter as long as the error requirement mentioned above is met at the input of L3 filter.
For calibration purposes, there is no measurement error modelling with wideband CQI for radio link monitoring and HOF decision.

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms






Some parameters were discussed in RRM simulation. The assumptions discussed in the email discussion for RRM prediction can be reused, unless there is a collision with RLF modelling.
Proposal 10: Reuse the simulation assumption for RRM prediction unless there is collision with RLF modelling.
HOF specific parameters are highlighted in yellow. These can be reused.
Proposal 11: Following mobility specific parameter can be baseline,
	TimeToTrigger [ms]
	40, 80, 160, 480

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

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms



Number of HOF per UE per second is used to evaluate the HOF performance in [2]. We can reuse this metric.
Proposal 12: Number of HOF per UE per second is used to evaluate the HOF performance.
Another mobility performance metric related to HOF is the interruption time. This metric is not defined in [2]. It’s clear the communication is interrupted during T304 running. T304 is not implemented in the simulation. Therefore, we can set fixed interruption time for each handover to simplify the simulation. But failed handover shall count longer interruption time than successful handover.
Proposal 13: Fixed interruption time is set for successful and failed handover. Failed handover shall count longer interruption time than successful handover.
We understand the HOF prediction can be modelled as: temporal predict whether HO to a target cell would fail based on historic information. The prediction can be done per target cell. 
Since the AI model is deployed at UE side, the model input may include any information collected by UE, e.g. historic measurements or UE location. It can be up to UE implementation to decide what information is used as model input.
The output shall provide HO result at least, i.e. success or failure. 
Proposal 14: HOF prediction use case: temporal predict HOF to target cell based on historic information.
· Model input includes historic information, e.g. measurement result, UE location....
· Model output include HO result to target cell.
Since it’s up to NW to decide the target cell and handover timing, NW can provide the target cell and timing window for prediction, if prediction is performed before handover command reception. UE can report the prediction result to NW and NW can select the target cell taking into the prediction result. Furthermore, if there is only one target cell, AI can also provide the RLF timing info and NW can decide when to perform the handover to avoid HOF.
Proposal 15: NW can provide the target cell and handover timing window for prediction.
Proposal 16: Before the reception of handover command, UE reports the prediction result to NW. The prediction result may include the HOF timing optionally.
Even if NW doesn’t provide the target cell and handover timing in advance, HOF prediction can still be done after reception of handover command. In legacy, UE has to wait T304 expiry to trigger HOF and RRC reestablishment. During the T304 running, the communication is interrupted. However, if UE can predict the HOF would occur before T304 expiry, UE can trigger early HOF and reduce the interruption time. In the simulation, such early HOF shall count shorter interruption time than legacy HOF.
Proposal 17: After the reception of handover command, UE can trigger HOF based on HOF prediction before T304 expiry.
It’s important to evaluate the AI prediction accuracy before deploy the AI based solution. Based on the use case, the prediction can include failure result and timing info optionally. If only failure result is provided, we can check the accuracy based on whether failure actually occurs after prediction. F1 score can be used as evaluation method. If timing is provided, we can evaluate the accuracy based on the time difference from actual failure.
Proposal 18: The prediction accuracy can be evaluated by,
· Whether predicted HOF occurs
· Time difference from actual failure, if HOF timing is predicted
As studied in [2], the HOF performance is good in FR1 Macro deployment. In FR2, the HOF performance may be more challenging. RAN2 can evaluate HOF prediction in FR2. 
Proposal 19: RAN2 can evaluate HOF prediction in FR2. 
Handover can be intra or inter frequency. But inter frequency may use measurement report event other than A3, which may increase the simulation complexity. To simplify the simulation, we can focus on the intra frequency handover first.
Proposal 20: RAN2 can focus on the intra-frequency HOF prediction.
Conclusion
Based on the discussion in section 2, we have following proposals:
[bookmark: _In-sequence_SDU_delivery]RLF prediction:
Proposal 1: RLF prediction use case: temporal predict RLF/T310 expiry.
· Model input includes historic information, e.g. measurement result, UE location....
· Model output includes RLF indication. 
Proposal 2: Leave to companies to choose direct or indirect RLF prediction.
· Direct prediction, AI directly predicts RLF occurrence.
· Indirect prediction, AI predicts the SINR and UE determines RLF based on the predicted SINR.
Proposal 3: AI can provide RLF timing optionally if T310 is not running.
Proposal 4: RLF prediction can be used to reduce the interruption time by,
· 	Report predicted RLF to NW if T310 is not running
· 	Trigger early RLF if T310 is running
Proposal 5: The prediction accuracy can be evaluated by,
· Whether predicted RLF occurs,
· Time difference from actual failure, if RLF timing is predicted
HOF prediction:
Observation 1: RRM prediction can’t avoid HOF in all cases.
Observation 2: Failures before handover command reception can be covered by RLF.
Proposal 6: HOF is counted after reception of handover command reception if following criterion is met at the end of handover execution time:
· Target cell downlink channel wideband CQI is less than the Qout, or
· Target cell uplink channel is bad. FFS how to determine the uplink channel is bad.
Proposal 7: The handover failure rate is defined as: Handover failure rate = (number of handover failures) / (Total number of handover attempts).
Proposal 8: A3 event can be used to trigger measurement report as baseline.
Proposal 9: Fixed delay is introduced after measurement report to simulate the delay of target cell preparation and handover command execution.
Proposal 10: Reuse the simulation assumption for RRM prediction unless there is collision with RLF modelling.
Proposal 11: Following mobility specific parameter can be baseline,
Proposal 12: Number of HOF per UE per second is used to evaluate the HOF performance.
Proposal 13: Fixed interruption time is set for successful and failed handover. Failed handover shall count longer interruption time than successful handover.
Proposal 14: HOF prediction use case: temporal predict HOF to target cell based on historic information.
· Model input includes historic information, e.g. measurement result, UE location....
· Model output include HO result to target cell.
Proposal 15: NW can provide the target cell and handover timing window for prediction.
Proposal 16: Before the reception of handover command, UE reports the prediction result to NW. The prediction result may include the HOF timing optionally.
Proposal 17: After the reception of handover command, UE can trigger HOF based on HOF prediction before T304 expiry.
Proposal 18: The prediction accuracy can be evaluated by,
· Whether predicted HOF occurs
· Time difference from actual failure, if HOF timing is predicted
Proposal 19: RAN2 can evaluate HOF prediction in FR2. 
Proposal 20: RAN2 can focus on the intra-frequency HOF prediction.
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