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1. Introduction
The three major use case in AI/ML for Mobility and related objective [1] are as follows:
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]

In RAN2#125bis meeting, RAN2 discussed AI/ML for Mobility but not discussed “HO failure/RLF prediction” due to lack of time [2].
In this contribution, we discuss definition of handover failure and RLF prediction, use cases/scenarios and prioritization, and relevant performance metrics/KPIs to evaluate.
2. Discussion
2.1 Definition of HO failure/RLF prediction
As for the definition of HO failure/RLF prediction, it literally means HO failure/RLF occurrence can be predicted in advance by the UE. However, the definition of HO failure/RLF is somewhat ambiguous and not clearly distinguished in the specification.
With regard to the definition of HO failure, according to TS 38.331, it says that:
[bookmark: _Toc60776784][bookmark: _Toc156129722]5.3.5.8.3	T304 expiry (Reconfiguration with sync Failure) or T420 expiry (Path switch failure)
The UE shall:
1>	if T304 of the MCG expires; or
…
NOTE 2:	In this clause, the term 'handover failure' has been used to refer to 'reconfiguration with sync failure'.
According to TS 36.331, it says that:
[bookmark: _Toc20486801][bookmark: _Toc29342093][bookmark: _Toc29343232][bookmark: _Toc36566483][bookmark: _Toc36809892][bookmark: _Toc36846256][bookmark: _Toc36938909][bookmark: _Toc37081888][bookmark: _Toc46480514][bookmark: _Toc46481748][bookmark: _Toc46482982][bookmark: _Toc162830954]5.3.5.6	T304 expiry (handover failure)
If T304 expires (handover failure), the UE shall:
…
With regard to the definition of RLF, according to TS 38.331, it says that:
[bookmark: _Toc60776825][bookmark: _Toc156129804]5.3.10.3	Detection of radio link failure
The UE shall:
…
1>	else:
2>	during a DAPS handover: the following only applies for the target PCell;
2>	upon T310 expiry in PCell; or
2>	upon T312 expiry in PCell; or
2>	upon random access problem indication from MCG MAC while neither T300, T301, T304, T311 nor T319 are running and SDT procedure is not ongoing; or
2>	upon indication from MCG RLC that the maximum number of retransmissions has been reached while SDT procedure is not ongoing; or
2>	if connected as an IAB-node, upon BH RLF indication received on BAP entity from the MCG; or
2>	upon consistent uplink LBT failure indication from MCG MAC while T304 is not running:
3>	if the indication is from MCG RLC and CA duplication is configured and activated for MCG, and for the corresponding logical channel allowedServingCells only includes SCell(s):
4>	initiate the failure information procedure as specified in 5.7.5 to report RLC failure.
3>	else:
4>	consider radio link failure to be detected for the MCG, i.e. MCG RLF;
… 
According to TS 36.331, it says that:
[bookmark: _Toc20486868][bookmark: _Toc29342160][bookmark: _Toc29343299][bookmark: _Toc36566550][bookmark: _Toc36809964][bookmark: _Toc36846328][bookmark: _Toc36938981][bookmark: _Toc37081961][bookmark: _Toc46480588][bookmark: _Toc46481822][bookmark: _Toc46483056][bookmark: _Toc162831031]5.3.11.3	Detection of radio link failure
The UE shall:
1>	in case any DAPS bearer is configured, only the target PCell is considered in the following;
1>	upon T310 expiry; or
1>	upon T312 expiry; or
1>	upon T318 expiry and SystemInformationBlockType31 (SystemInformationBlockType31-NB in NB-IoT) not acquired; or
1>	upon reaching t-Service if t-Service is broadcast; or
1>	upon random access problem indication from MCG MAC while neither T300, T301, T304 nor T311 is running; or
1>	upon indication from MCG RLC, which is allowed to be send on PCell, that the maximum number of retransmissions has been reached for an SRB or DRB:
2>	consider radio link failure to be detected for the MCG i.e. RLF;
…
On the other hand, according to TR 36.839, it says that:
[bookmark: _Toc344077728]5.2.1	Handover Failure Modelling
For the purpose of HetNet mobility performance evaluations, the Radio Link Failure (RLF) criterion and procedures are employed to determine the handover failure and the following definitions apply:
[bookmark: _Toc344077729]5.2.1.1	Definition of Handover states
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
[bookmark: _Toc344077730]5.2.1.2	RLF modelling and definition of RLF states
…
Optionally, the RLFs logged in state 1 maybe further differentiated as true RLF events (due to shadowing or UE out of radio coverage) or handover failure events. RLFs in state 1 under conditions that other suitable cell(s) is available (signal strength (i.e., SINR) stronger than -8dB) may be accounted as a handover failure.
…
[bookmark: _Toc344077731]5.2.1.3	Handover/PDCCH failure modelling
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.
Observation 1: the definition of HO failure/RLF is somewhat ambiguous and not clearly distinguished in the specification. 
To clarify the definition, we can consider two options:
Option 1: HO failure/RLF are not distinguished separately, but HO failure/RLF are separated HO failure/RLF in source PCell or target PCell.
Option 2: HO failure/RLF are distinguished separately:
- RLF: true RLF events (due to shadowing or UE out of radio coverage) which RLF in state 1 in TR 36.839 under conditions that other suitable cell(s) is not available (signal strength (i.e., SINR) stronger than -8dB)
- HO failure: T304 expiry, all RLF events except the above-mentioned true RLF event, or a PDCCH failure is detected in state 2 or state 3 in TR 36.839
Proposal 1: RAN2 to consider two options to clarify the definition of HO failure/RLF:
Option 1: HO failure/RLF are not distinguished separately, but HO failure/RLF are separated HO failure/RLF in source PCell or target PCell.
Option 2: HO failure/RLF are distinguished separately:
- RLF: true RLF events (due to shadowing or UE out of radio coverage) which RLF in state 1 in TR 36.839 under conditions that other suitable cell(s) is not available (signal strength (i.e., SINR) stronger than -8dB)
- HO failure: T304 expiry, all RLF events except the above-mentioned true RLF event, or a PDCCH failure is detected in state 2 or state 3 in TR 36.839
2.2 HO failure/RLF prediction use cases/scenarios 
With consideration of AI/ML model, we think Option 1 looks better than Option 2 because main input of AI/ML model may be different as measurement results of source PCell or target PCell. Even if we adopt Option 2, we may use different AI/ML model for source PCell or target PCell. Therefore, we can think separate HO failure/RLF in source PCell or target PCell prediction sub use cases.
Observation 2: separate HO failure/RLF in source PCell or target PCell prediction sub use cases can be considered.
Based on lessons learned from the output of the Study Item on HetNet mobility improvements for LTE, the major cause of HO failures is an RLF or a PDCCH failure in source PCell which can result in a transmission failure of a measurement report or a handover command. Therefore, we can prioritize HO failure/RLF in source PCell prediction sub use case.
Observation 3: the major cause of HO failures is an RLF or a PDCCH failure in source PCell.
Proposal 2: RAN2 to prioritize HO failure/RLF in source PCell prediction sub use case. HO failure/RLF in target PCell prediction sub use case can be studied later.
As stated above, the UE can consider RLF to be detected upon following causes:
- upon T310 expiry in PCell
- upon T312 expiry in PCell
- upon random access problem indication from MCG MAC 
- upon indication from MCG RLC that the maximum number of retransmissions has been reached 
- if connected as an IAB-node, upon BH RLF indication received on BAP entity from the MCG
- upon consistent uplink LBT failure indication from MCG MAC
The last two can be excluded because they are not applicable to normal UE. T312 expiry can be modelled as a special case of T310 expiry. Therefore, we can consider T310 expiry, random access problem, RLC protocol error sub use cases.
Observation 4: T310 expiry, random access problem, RLC protocol error sub use cases can be considered.
Figure 1 shows the RLF declaration upon T310 expiry. We can consider HO failure/RLF prediction based on radio link monitoring and/or RRM measurement prediction result. In our opinion, an AI/ML model for HO failure/RLF prediction can be very similar to the model for measurement event prediction. In addition, the major cause of RLF is T310 expiry. Therefore, we can prioritize T310 expiry sub use case.
Observation 5: the major cause of RLF is T310 expiry and an AI/ML model for HO failure/RLF prediction can be very similar to the model for measurement event prediction.
Proposal 3: RAN2 to prioritize T310 expiry sub use case.
[image: ]
Figure 1 RLF declaration based on detection of physical layer problems [3] 
With regard to random access problem and RLC protocol error sub use cases, in our opinion, it may be quite difficult to train AI/ML model because the trend of an error is not regular and it may be hard to collect datasets that it is a rare occurrence.    
Observation 6: With regard to random access problem and RLC protocol error sub use cases, it may be quite difficult to train AI/ML model.
Proposal 4: RAN2 to deprioritize random access problem and RLC protocol error sub use cases.
2.3 Performance metrics/KPIs
The type of machine learning on HO failure/RLF prediction is a binary classification where a model predicts whether a failure occurs or not. Therefore, with regard to the intermediate metrics/KPIs, we can adopt the typical ML classification metrics such as accuracy, precision, recall or F1-score.
Observation 7: The type of machine learning on HO failure/RLF prediction is a binary classification where a model predicts whether a failure occurs or not.
Proposal 5: The following intermediate metrics/KPIs are considered to evaluate the performance of HO failure/RLF prediction: 
- accuracy, precision, recall, or F1-score.
The benefits of HO failure/RLF prediction include handover performance improvements avoiding unintended events such as too early handover, too late handover, handover to wrong cell. Therefore, to evaluate the system performance of HO failure/RLF prediction, we can reuse the existing handover performance metrics/KPIs defined in TR 36.839 such as handover failure rate, ping-pong rate, short time of stay rate, etc. In addition, HO failure/RLF prediction can bring the benefits to user plane performance improvements, for example, decreasing the interruption time or reducing the outage rate. RAN2 can further discuss the exact definition of the interruption time and the outage rate. The definitions of “outage time”, “interruption time”, and “overall service interruption time” in [4] or “total interruption time” in [5] can be considered as a reference. Furthermore, the evaluation of user plane performance requires more works. So, we can consider user plane performance metrics/KPIs such as interruption time, outage rate, etc. after more discussions.
Observation 8: The benefits of HO failure/RLF prediction include handover performance improvements avoiding unintended events and user plane performance improvements.
Proposal 6: The following metrics/KPIs are considered to evaluate the performance of HO failure/RLF prediction: 
- handover performance metrics/KPIs defined in TR 36.839 such as handover failure rate, ping-pong rate, short time of stay rate, etc.
- FFS on user plane performance metrics/KPIs such as interruption time, outage rate, etc. 
3. Conclusion
Observation 1: the definition of HO failure/RLF is somewhat ambiguous and not clearly distinguished in the specification.
Observation 2: separate HO failure/RLF in source PCell or target PCell prediction sub use cases can be considered.
Observation 3: the major cause of HO failures is an RLF or a PDCCH failure in source PCell.
Observation 4: T310 expiry, random access problem, RLC protocol error sub use cases can be considered.
Observation 5: the major cause of RLF is T310 expiry and an AI/ML model for HO failure/RLF prediction can be very similar to the model for measurement event prediction.
Observation 6: With regard to random access problem and RLC protocol error sub use cases, it may be quite difficult to train AI/ML model.
Observation 7: The type of machine learning on HO failure/RLF prediction is a binary classification where a model predicts whether a failure occurs or not.
Observation 8: The benefits of HO failure/RLF prediction include handover performance improvements avoiding unintended events and user plane performance improvements.
Based on the discussion in Section 2, we propose the following:
Proposal 1: RAN2 to consider two options to clarify the definition of HO failure/RLF:
Option 1: HO failure/RLF are not distinguished separately, but HO failure/RLF are separated HO failure/RLF in source PCell or target PCell.
Option 2: HO failure/RLF are distinguished separately:
- RLF: true RLF events (due to shadowing or UE out of radio coverage) which RLF in state 1 in TR 36.839 under conditions that other suitable cell(s) is not available (signal strength (i.e., SINR) stronger than -8dB)
- HO failure: T304 expiry, all RLF events except the above-mentioned true RLF event, or a PDCCH failure is detected in state 2 or state 3 in TR 36.839
Proposal 2: RAN2 to prioritize HO failure/RLF in source PCell prediction sub use case. HO failure/RLF in target PCell prediction sub use case can be studied later.
Proposal 3: RAN2 to prioritize T310 expiry sub use case.
Proposal 4: RAN2 to deprioritize random access problem and RLC protocol error sub use cases.
Proposal 5: The following intermediate metrics/KPIs are considered to evaluate the performance of HO failure/RLF prediction: 
- accuracy, precision, recall, or F1-score.
Proposal 6: The following metrics/KPIs are considered to evaluate the performance of HO failure/RLF prediction: 
- handover performance metrics/KPIs defined in TR 36.839 such as handover failure rate, ping-pong rate, short time of stay rate, etc.
- FFS on user plane performance metrics/KPIs such as interruption time, outage rate, etc. 
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