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1. [bookmark: _Ref521334010]Introduction
In RAN#102 meeting, a new study item was approved [1] to facilitate the support of AI/ML for mobility in NR. 
The study will focus on mobility enhancement in RRC_CONNECTED mode over the air interface by following the existing mobility framework, i.e., handover decision is always made in the network side. Mobility use cases focus on standalone NR PCell change.
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 the RAN2 125bis meeting, the RLF and HO Failure Prediction was not discussed in RAN2 due to limited time. In this contribution, we investigate and study the potential sub-use cases of AI/ML based HO failure/RLF prediction with UE sided model. 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 prediction
Potential use case of RLF prediction
For the RLF prediction, the intention is to reduce the possibility for UE to suffer the potential bad channel quality in PCell. Regarding the potential use case of the RLF prediction, we can reuse some designs from TR 36.839 [2] for the purpose of HetNet mobility performance evaluations. 
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.
	[bookmark: _Toc344077729]5.2.1.1	Definition of Handover states
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]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


Proposal 0: the definition of handover states 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.
And based on the above three states, the RLF is further modeled by,
	[bookmark: _Toc344077730]5.2.1.2	RLF modelling and definition of RLF states
Definition 1: The occurrence of RLF can be categorized into two distinctive states: state 1 and state 2 of the handover process.
RLF occurrences in states 1 and 2 should be logged and labelled with the state identifier for studying the impact of the handover related parameter configurations on RLFs and for handover failure calculation. 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.


As described by the definition of the handover states, UE has not performed handover yet during state 1 or state 2, that means the RLF modeling only considers the potential RLF occurrences in the current PCell, which aligns with legacy RLF. Besides, the initial intention for RLF modeling in TR 36.839 is to serve the HO performance evaluation, i.e., to reduce the possibility of HO failure, as mentioned in above highlighted description.
Observation 1: The RLF modeling in TR 36.839 only considers the possible RLF occurrences in the current PCell. The intention for RLF modeling in TR 36.839 is to serve the HO performance evaluation.
When considering AI/ML based RLF prediction, we can take above considerations in HetNet mobility performance evaluations for reference. Firstly, the RLF prediction only considers the potential RLF occurrences in the PCell. Secondly, with the RLF prediction in the PCell, UE can know that the RLF may occur in the near future, and then report some assistance information to the gNB so that the gNB can hand over UE to the target cell in advance by sending the handover command before the predicted RLF. This may reduce the possibility of HO failure and also align with the intention of TR 36.839 for modeling of RLF.
Therefore, it is suggested that,
Proposal 1: For the AI/ML based RLF prediction, RAN2 to study the prediction of RLF in PCell to reduce the potential risk of HO failure.
Input/output of RLF prediction
The inference input may include:
· The real measurement results, e.g., historical reference signal measurement results of the PCell for radio link monitoring;
· The historical measurement could be based on the reference signal of SSB or CSI-RS;
· The measurement quantity could be RSRP,RSRQ or SINR;
· UE assistance information, e.g., UE location and/or UE speed.
For the inference output, it may differ by the following options:
Option 1 - Indirect prediction
The inference output may include:
· The predicted measurement results, e.g., the predicted reference signal measurement results of the PCell for radio link monitoring; 
· The predicted measurement quantity should be the same with the input ones;
· Need UE to further evaluate whether/when a potential RLF may occur in PCell.
Option 2 - Direct prediction
The inference output may include:
· The predicted timing information of RLF, e.g., the timing information when RLF may occur in the future.
[bookmark: OLE_LINK1]Proposal 2: RAN2 to discuss the following options for AI/ML based RLF prediction,
Option 1 – Indirect prediction, i.e., to predict reference signal measurement results of the PCell for radio link monitoring based on the historical measurement results, and then evaluate whether/when the potential RLF may occur in PCell;
Option 2 – Direct prediction, i.e., to predict the timing information of RLF in PCell based on the historical measurement results.
2.2 HO failure prediction
Potential use case of HO failure prediction
For the HO failure prediction, as modeled in TR 36.839, 
	[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.


From our perspective, the HO failure definition in TR 36.839 can be taken as baseline for further study of the AI/ML based HO failure prediction, that is to say, two potential sub-use cases could be considered by RAN2,
Sub-use case 1: To predict the radio link quality in the serving cell
In this sub-use case 1, two sub-scenarios can be considered. 
· The first one is to predict the radio link quality upon receiving the handover command while the timer T310 has been triggered or is running. In this sub-scenario, the PDCCH failure occurs if the predicted radio link quality upon receiving handover command is below than a certain threshold. For the time instance that may receive the handover command, it can take the TR 36.839 for reference, i.e., time instance for entering event A3 + TTT (timer to trigger) + 40 ms (handover preparation).
· The second one is to predict the RLF declared in the state 2 (Suggested use case for RLF prediction by Proposal 1).
With the radio link quality prediction in the serving cell, UE can know that the bad channel quality may be suffered, and then report some assistance information to the gNB so that the gNB can hand over UE to the target cell in advance by sending the handover command before the bad channel quality occurs. This will reduce the HO failure caused by the bad channel quality in the serving cell.
Observation 2: The prediction of radio link quality in the serving cell may reduce the risk of HO failure caused by the bad channel quality in the serving cell.
Sub-use case 2: To predict the radio link quality in the neighbor cell
In this sub-use case 2, we consider the AI/ML to predict the radio link quality in the potential neighbor cell, i.e., the radio link quality is below than a certain threshold at the end of the handover execution time in the state 3.
With the radio link quality prediction in the potential neighbor cell, UE can know that if it is handed over to a certain neighbor cell, it may suffer HO failure due to the fact that it cannot access to the target cell. Therefore, UE can report some assistance information to the gNB so that the gNB will not perform such kinds of cell switch. With this prediction, it can reduce the handover of UE to an unexpected cell caused by the bad channel quality in the potential neighbor cell.
Observation 3: The prediction of the radio link quality in the potential neighbor cell may reduce the handover of UE to an unexpected cell caused by the bad channel quality in the neighbor cell.
Therefore, it is suggested that,
Proposal 3: For the AI/ML based HO failure prediction, RAN2 to study the following sub-use cases,
· To predict the radio link quality in PCell to reduce the risk of HO failure caused by the bad channel quality:
· To predict the radio link quality upon receiving the handover command while the timer T310 has been triggered or is running;
· To predict the RLF declared in state 2;
· To predict the radio link quality in the potential target cell to reduce the handover of UE to an unexpected cell caused by the bad channel quality:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK10]To predict the radio link quality at the end of the handover execution time in the state 3.
Input/output of HO failure prediction
The inference input may include:
· The current real measurement results, e.g., historical reference signal measurement results of the serving cell for radio link monitor;
· The historical measurement could be based on the reference signal of SSB or CSI-RS;
· The measurement quantity could be RSRP,RSRQ or SINR;
· UE assistance information, e.g., UE location and/or UE speed.
Sub-use case 1 - To predict the radio link quality upon receiving the handover command while the timer T310 has been triggered or is running
The inference output may include:
· The predicted measurement results, e.g., the predicted reference signal measurement results of the serving cell for monitoring PDCCH failure; 
· The predicted measurement quantity should be the same with the input ones;
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Sub-use case 1 - To predict the RLF declared in state 2
For the inference output, it may differ by the following options:
Option 1 - Indirect prediction
The inference output may include:
· The predicted measurement results, e.g., the predicted reference signal measurement results of the serving cell for radio link monitor; 
· The predicted measurement quantity should be the same with the input ones;
· Need UE to calculate the potential RLF in the serving cell.
Option 2 - Direct prediction
The inference output may include:
· The predicted timing information of RLF, e.g., the timing information that may occur RLF in the future.
Sub-use case 2 - To predict the radio link quality at the end of the handover execution time in the state 3
For the inference output, it may differ by the following options:
Option 1 - Indirect prediction
The inference output may include:
· The predicted measurement results, e.g., the predicted reference signal measurement results of the neighbour cell for monitoring PDCCH failure; 
· The predicted measurement quantity should be the same with the input ones;
· Need UE to verify the potential neighbor cells that may suffer unsuccessful access.
Option 2 - Direct prediction
The inference output may include:
· The predicted neighbor cell information, e.g., the neighbour cells that may suffer unsuccessful access if selected as the target cell.
Proposal 4: RAN2 to discuss the following options for AI/ML based HO failure prediction,
To predict the (potential) RLF declared in state 2,
Option 1 – Indirect prediction, i.e., to predict reference signal measurement results of the PCell for radio link monitoring based on the historical measurement results, and then evaluate whether/when the potential RLF may occur in PCell;
Option 2 – Direct prediction, i.e., to predict the timing information of RLF in PCell based on the historical measurement results;
To predict the radio link quality at the end of the handover execution time in the state 3,
Option 1 – Indirect prediction, i.e., to predict reference signal measurement results of the neighbor cell for monitoring PDCCH failure at the end of the handover execution time based on the historical measurement results, and then evaluate whether the potential unsuccessful access may occur in the neighbor;
Option 2 – Direct prediction, i.e., to predict the neighbour cells that may suffer unsuccessful access if selected as the target cell based on the historical measurement results.
2.3 Performance metrics/KPIs of RLF/HO failure prediction
Regarding the KPIs for evaluation of the AI/ML based RLF/HO failure prediction, firstly, the false alarm probability, the false dismissal probability, or the success probability can be considered,
· False alarm probability
The false alarm probability is defined as (the number of instances that are wrongly predicted as RLF or HO failure)/(total number of instances).
· [bookmark: OLE_LINK6]False dismissal probability 
The false dismissal probability is defined as (the number of instances that RLF or HO failure occurs but not successfully predicted)/(total number of instances).
· Success probability
The success probability is defined as (the number of instances that are successfully predicted as RLF or HO failure)/(total number of instances).
Besides, depending on the potential sub-use case, e.g., to predict the RLF declared in state 2, the timing difference between the predicted RLF and the real RLF can also be considered for evaluation of the AI/ML based HO failure prediction.
Proposal 5: RAN2 to consider the false alarm probability, the false dismissal probability and the success probability as baseline KPIs to evaluate the performance of RLF/HO failure prediction.
· False alarm probability
The false alarm probability is defined as (the number of instances that are wrongly predicted as RLF or HO failure)/(total number of instances).
· False dismissal probability 
The false dismissal probability is defined as (the number of instances that RLF or HO failure occurs but not successfully predicted)/(total number of instances).
· Success probability
The success probability is defined as (the number of instances that are successfully predicted as RLF or HO failure)/(total number of instances).

3. Conclusion
In this contribution, we provide our views on the AI/ML based RLF and HO failure prediction for mobility. The conclusion of this paper is summarized as follows:
Observation 1: The RLF modeling in TR 36.839 only considers the possible RLF occurrences in the current PCell. The initial intention for RLF modeling in TR 36.839 is to serve the HO performance evaluation.
Observation 2: The prediction of radio link quality in the serving cell may reduce the risk of HO failure caused by the bad channel quality in the serving cell.
Observation 3: The prediction of the radio link quality in the potential neighbor cell may reduce the handover of UE to an unexpected cell caused by the bad channel quality in the neighbor cell.
General
Proposal 0: the definition of handover states are reused for AI mobility study, i.e.,
State 1: Before the event A3 entering conditionis satisfied;
[bookmark: _GoBack]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.
RLF prediction
Proposal 1: For the AI/ML based RLF prediction, RAN2 to study the prediction of RLF in PCell to reduce the potential risk of HO failure.
Proposal 2: RAN2 to discuss the following options for AI/ML based RLF prediction,
Option 1 – Indirect prediction, i.e., to predict reference signal measurement results of the PCell for radio link monitoring based on the historical measurement results, and then evaluate whether/when the potential RLF may occur in PCell;
Option 2 – Direct prediction, i.e., to predict the timing information of RLF in PCell based on the historical measurement results.
HO failure prediction
Proposal 3: For the AI/ML based HO failure prediction, RAN2 to study the following sub-use cases,
· To predict the radio link quality in PCell to reduce the risk of HO failure caused by the bad channel quality:
· To predict the radio link quality upon receiving the handover command while the timer T310 has been triggered or is running;
· To predict the RLF declared in state 2;
· To predict the radio link quality in the potential target cell to reduce the handover of UE to an unexpected cell caused by the bad channel quality:
· To predict the radio link quality at the end of the handover execution time in the state 3.
Proposal 4: RAN2 to discuss the following options for AI/ML based HO failure prediction,
To predict the (potential) RLF declared in state 2,
Option 1 – Indirect prediction, i.e., to predict reference signal measurement results of the PCell for radio link monitoring based on the historical measurement results, and then evaluate whether/when the potential RLF may occur in PCell;
Option 2 – Direct prediction, i.e., to predict the timing information of RLF in PCell based on the historical measurement results;
To predict the radio link quality at the end of the handover execution time in the state 3,
Option 1 – Indirect prediction, i.e., to predict reference signal measurement results of the neighbor cell for monitoring PDCCH failure at the end of the handover execution time based on the historical measurement results, and then evaluate whether the potential unsuccessful access may occur in the neighbor;
Option 2 – Direct prediction, i.e., to predict the neighbour cells that may suffer unsuccessful access if selected as the target cell based on the historical measurement results.
Performance metrics/KPIs of RLF/HO failure prediction
Proposal 5: RAN2 to consider the false alarm probability, the false dismissal probability and the success probability as baseline KPIs to evaluate the performance of RLF/HO failure prediction.
· False alarm probability
The false alarm probability is defined as (the number of instances that are wrongly predicted as RLF or HO failure)/(total number of instances).
· False dismissal probability 
The false dismissal probability is defined as (the number of instances that RLF or HO failure occurs but not successfully predicted)/(total number of instances).
· Success probability
The success probability is defined as (the number of instances that are successfully predicted as RLF or HO failure)/(total number of instances).
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