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1   Introduction
According to the RAN plenary #103 meeting, the study on AI/ML for mobility in NR is approved [1] with objectives listed as follows:
	[bookmark: _Hlk162445187]The study will focus on mobility enhancement in RRC_CONNECTED mode over air interface by following existing mobility framework, i.e., handover decision is always made in network side. Mobility use cases focus on standalone NR PCell change. UE-side and network-side AI/ML model can be both considered, respectively.

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]

· The evaluation of the AI/ML aided mobility benefits should consider HO performance KPIs (e.g., Ping-pong HO, HOF/RLF, Time of stay, Handover interruption, prediction accuracy, and measurement reduction) etc.) and complexity tradeoffs [RAN2]
· NOTE: Simulation assumption and methodology can leverage TR 38.901, 38.843 and 36.839. And leave the detail discussion to RAN2
· Potential AI mobility specific enhancement should be based on the Rel19 AI/ML-air interface WID general framework (e.g. LCM, performance monitoring etc) [RAN2]  
· NOTE: This would only be treated after sufficient progress is made in the Rel-19 AI/ML air interface WID 
· Potential specification impacts of AI/ML aided mobility [RAN2]
· [bookmark: _Hlk153472406]Evaluate testability, interoperability, and impacts on RRM requirements and performance [RAN4]

· NOTE 1: RAN1/3 work can be triggered via LS
· NOTE 2: RAN4 scope/work can be defined and confirmed by RAN#105 after some RAN2 discussions (within the RAN4 pre-allocated TUs)
NOTE 3: To avoid duplicate study with “AI/ML for NG-RAN” led by RAN3
NOTE 4: Two-sided model is not included



In this paper, we will discuss HOF and RLF prediction.
2   Discussion
2.1 HOF and RLF modelling
Firstly, we can have a look on the definition of HOF and RLF. 
Various definitions were used in the past for HOF. For example, in TR 36.839, the handover procedure is divided into 3 states:
· 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
Handover failure was deduced based on RLF event happening or PDCCH failure in different stages of the handover procedure, including before and after the UE received HO command. 
· Case 1: in state 2, Timer T310 has been triggered or is running when the HO_CMD is received by the UE (indicating PDCCH failure)
· Case 2: RLF is declared in the state 2
· Case 3: in state 3, target cell downlink filtered average (the filtering/averaging here is the 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
Case 1 and case 2 are presented in Figure 1 and Figure 2 respectively (both excerpted from TR 36.839).


[bookmark: _Ref292943305][bookmark: _Hlk165970010]Figure 1: A handover failure is declared for case 1.


Figure 2: A handover failure is declared for case 2.

Observation 1: In TR 36.839, a handover failure is counted if an RLF occurs in state 2, or a PDCCH failure is detected in state 2 or state 3.
In TS 38.331 on the other hand, the handover failure is usually assumed to happen when T304 expires which is then referred as 'reconfiguration with sync failure'.
Observation 2: In TS 38.331, a handover failure is counted when T304 expires.
For HOF declared in state 3, the UE may need to predict NW behaviour related to HO decision (e.g. when the NW will send the HO command), it may be an extremely difficult task for UE. Therefore, it is suggested that RAN2 start the simulations of HOF prediction with a simple modelling, i.e. assuming HOF to happen if an RLF occurs in state 2.
Proposal 1: In the simulations, start with a simple modelling, i.e. handover failure is assumed to happen if an RLF occurs in state 2 as defined in TR 36.839.
For RLF, the UE can declare RLF based on multiple criteria, as captured in TS 38.300:
· Expiry of a radio problem timer (i.e., T310) started after indication of radio problems from the physical layer (if radio problems are recovered before the timer is expired, the UE stops the timer); or
· Expiry of a timer started upon triggering a measurement report for a measurement identity for which the timer has been configured while another radio problem timer is running; or
· Random access procedure failure; or
· RLC failure; or
· Detection of consistent uplink LBT failures for operation with shared spectrum channel access as described in 5.6.1; or
· For IAB-MT, the reception of a BH RLF indication received from its parent node.
The last two bullets are for special use cases, which could be de-prioritized for this study item. In order to simplify the simulations effort, we propose to utilize the most common cause of RLFs in the network, i.e. focus on RLF in case T310 expires. Furthermore, in TR 36.839, the RLF is declared when the T310 expires where the UE should start T310 when CQI<Qout. Therefore, the triggering condition to start T310 in TR 36.839 and TS 38.331 is different (i.e., one is upon receiving N310 consecutive out-of-sync indications from lower layers, and another one is CQI<Qout). In order to have a simple simulation modelling first, it is suggested to use the trigger condition to start T310 based on the condition as described in TR 36.839.
Proposal 2: In the simulations, RLF is assumed to happen in case T310 expires, where T310 is started when CQI<Qout.
2.2 Relationship with measurement prediction
As can be seen above, HOF/RLF happens due to bad radio conditions in the cell and is often deduced based on radio measurements. Therefore, we can envisage two potential ways to predict HOF/RLF events using an AIML model:
· Joint mode: the measurement prediction is used to further to predict HOF/RLF, i.e. the measurement prediction is an input for the HOF/RLF prediction AI model
· Independent mode: the historical HOF/RLF and other parameters other than measurement results are collected and they are further used to train the AI model. 
Joint mode has an advantage of offering more data samples for training the AIML model. On the other hand, since the current SID limits the HOF/RLF to UE-sided model, the UE may not have enough HOF/RLF events to train the AI model for independent mode, which may not be able to guarantee the performance of HOF/RLF prediction. In any case, we believe RAN2 can study both modes and compare their performance, but joint mode can be used as a baseline as RAN2 can reuse the work done for measurements prediction for this purpose.
Proposal 3: For HOF/RLF prediction, RAN2 should study the feasibility and benefits for joint mode and independent mode, where the modes are defined as follows:
· Joint mode: the measurement prediction is used to predict HOF/RLF, i.e. the measurement prediction can be used as inputs for the HOF/RLF prediction
· Independent mode: the historical HOF/RLF and other parameters other than measurement results are collected and they can be used for HOF/RLF prediction
Proposal 4: For HOF/RLF prediction, RAN2 can start to evaluate the simulations using joint mode as a baseline.
2.3 Benefits of HOF/RLF prediction via UE sided model
Current SID limits the HOF/RLF prediction to be performed with the UE sided model, while the handover decision is always made at the network side. In our understanding, if the UE can be able to predict HOF/RLF for the serving cell and neighbour cells, then the UE could report HOF/RLF probability of these cells to NW. With the information, the NW could try to avoid a potential HOF/RLF. For example, if the UE is connected to cell 1 (serving cell) and cell 2 and cell 3 are neighbour cells. In state 2 (mentioned in P1), according to NW configurations, the UE could report HOF/RLF probability of cell 1 or all of cell 1/2/3 to NW after the UE has done the HOF/RLF prediction. If HOF/RLF probability of cell 1 and cell 2 is high, but HOF/RLF probability of cell 3 is low, then NW may decide to perform a HO to cell 3 to guarantee a successful HO. 
Since the HOF/RLF predictions are performed at the UE, another aspect which needs to be discussed is when the HOF/RLF prediction results should be sent to the network. For example, if HOF/RLF predictions were sent together with measurement report, then the HOF/RLF prediction can be used together with measurement results to help the network to determine the proper HO decision. 
Therefore, it is suggested that RAN2 studies how the HOF/RLF prediction can be used to improve the HO performance.
Proposal 5: RAN2 to study how the HOF/RLF prediction can be used to improve the HO performance considering that the handover decision is made at the network side.
Proposal 6: RAN2 to study how and when the HOF/RLF prediction should be sent from the UE to the NW, e.g. whether HOF/RLF prediction can be sent together with measurement report.
Proposal 7: RAN2 to study the following cases for predicting HOF/RLF:
· predict HOF/RLF probability only for the serving cell, and report the prediction results to NW
· predict HOF/RLF probability for both the serving cell and neighbour cells, and report the prediction results to NW
2.4 KPIs for performance evaluation
Regarding the KPI for the HOF/RLF prediction, there can be two kinds of KPI:
· Intermediate KPIs:
· accuracy of HOF/RLF prediction: e.g., false alarm probability, the false dismissal probability, or the successful prediction probability
· Timing difference between the predicted HOF/RLF and the real HOF/RLF
· System KPIs:
· HOF rate/RLF performance metric: we can reuse the definition from TR 36.839 where the RLF performance metric is defined as the average number of RLF occurrences per UE per second and the HOF rate is defined as (number of handover failures) / (Total number of handover attempts)
· Data interruption time: there is no definition for this metric in TR 36.839 and RAN2 should further discuss how to define it exactly
In our thinking, similar to the handling of RRM measurement prediction, RAN2 can start to evaluate HOF/RLF prediction using intermediate KPIs, e.g., accuracy of HOF/RLF prediction, timing difference between the predicted HOF/RLF and the real HOF/RLF.
Regarding the benchmark for these KPIs, as the SID assumes that handover decision is always made at the network side, it is suggested to use network triggered L3-based handover as a benchmark to evaluate the KPI.
Proposal 8: For HOF and RLF prediction, RAN2 can focus on intermediate KPI (e.g. accuracy of HOF/RLF prediction, timing difference between the predicted HOF/RLF and the real HOF/RLF) as a first step.
Proposal 9: Network triggered L3-based handover is used as a benchmark to evaluate the KPIs.
3   Conclusion
In this paper, we discuss HOF/RLF prediction with following observations and proposals:

[bookmark: _GoBack]HOF and RLF modelling
Observation 1: In TR 36.839, a handover failure is counted if an RLF occurs in state 2, or a PDCCH failure is detected in state 2 or state 3.
Observation 2: In TS 38.331, a handover failure is counted when T304 expires.
Proposal 1: In the simulations, start with a simple modelling, i.e. handover failure is assumed to happen if an RLF occurs in state 2 as defined in TR 36.839.
Proposal 2: In the simulations, RLF is assumed to happen in case T310 expires, where T310 is started when CQI<Qout.

Relationship with measurement prediction
Proposal 3: For HOF/RLF prediction, RAN2 should study the feasibility and benefits for joint mode and independent mode, where the modes are defined as follows:
· Joint mode: the measurement prediction is used to predict HOF/RLF, i.e. the measurement prediction can be used as inputs for the HOF/RLF prediction
· Independent mode: the historical HOF/RLF and other parameters other than measurement results are collected and they can be used for HOF/RLF prediction
Proposal 4: For HOF/RLF prediction, RAN2 can start to evaluate the simulations using joint mode as a baseline.

Benefits of HOF/RLF prediction via UE sided model
Proposal 5: RAN2 to study how the HOF/RLF prediction can be used to improve the HO performance considering that the handover decision is made at the network side.
Proposal 6: RAN2 to study how and when the HOF/RLF prediction should be sent from the UE to the NW, e.g. whether HOF/RLF prediction can be sent together with measurement report.
Proposal 7: RAN2 to study the following cases for predicting HOF/RLF:
· predict HOF/RLF probability only for the serving cell, and report the prediction results to NW
· predict HOF/RLF probability for both the serving cell and neighbour cells, and report the prediction results to NW

KPIs for performance evaluation
Proposal 8: For HOF and RLF prediction, RAN2 can focus on intermediate KPI (e.g. accuracy of HOF/RLF prediction, timing difference between the predicted HOF/RLF and the real HOF/RLF) as a first step.
Proposal 9: Network triggered L3-based handover is used as a benchmark to evaluate the KPIs.
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