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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
HOF definition
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.
Proposal 1: HOF defined in state 2 in 36.839 is not considered as HOF.
Furthermore, 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 2: HOF is counted after reception of Reconfigurationwithsync if following criterion is met at the end of handover execution time:
· Target cell downlink channel wideband CQI is less than the Qout 
· Target cell uplink channel is bad. FFS how to determine the uplink channel is bad.
The handover failure rate definition can be reused.
Proposal 3: The handover failure rate is defined as: Handover failure rate = (number of handover failures) / (Total number of handover attempts).
RLF is modelled in [1] as following,
	Definition 1: The occurrence of RLF can be categorized into two distinctive states: state 1 and state 2 of the handover process.
Definition 2: The RLF performance metric is defined as: the average number of RLF occurrences per UE per second.


Note the RLF is categorized by state 1 and 2, due to HOF definition in state 2. If only HOF in state 3 is considered according to proposal 1, there is no need to categorize RLF by state 1 and 2. The RLF performance metric can be reused. Note the value of N310 and N311 is 1 in 36.839. However, we understand this may be too small.
Proposal 4: RLF is counted upon T310 expiry. No need to categorize by state 1 and 2.
Proposal 5: The RLF performance metric is defined as: the average number of RLF occurrences per UE per second.
Ping-pong handover is modelled in [1] as following,
	[bookmark: OLE_LINK1]Definition 5: A handover from cell B to cell A then handover back to cell B is defined as a ping-pong if the time-of-stay connected in cell A is less than a pre-determined MTS.
[bookmark: _Hlk163166451]Definition 6: Ping-pong rate is defined as (number of ping-pongs)/(total number of successful handovers excl. handover failures).
Recommended MTS value to be used for the simulation is 1 second.



The definition of ping-pong handover and ping-pong rate is still valid and can be reused in this study. However, the scenario in [1] is FR1, macro only and Hetnet. If the scenario is FR2 or micro only, MTS value should be allowed to be less than 1 second, considering TOS in FR2 micro cell may be much less.
Proposal 6: A handover from cell B to cell A then handover back to cell B is defined as a ping-pong if the time-of-stay connected in cell A is less than a pre-determined MTS. MTS value can be less than 1 second.
Proposal 7: Ping-pong rate is defined as (number of ping-pongs)/(total number of successful handovers excl. handover failures).
One of performance KPI is interruption time. However, this KPI is not counted in [1]. We understand the interruption time shall include the time when T310 and T304 running. Because during these two timers running, UE is unable to communicate with NW. T310 running can be calculated by the Qout. It’s too complex to simulate RACH during T304 running. HOF shall count longer interruption than successful handover. We can set fixed T304 running time for HOF and successful HO.
Proposal 8: Interruption time includes following time,
· T310 running
· T304 running time. T304 running time for HOF is longer than successful HO.
Note some features may have impact on the mobility performance, e.g. DRX, early HOF. These features shall be disabled during simulation.
Proposal 9: Additional features, e.g. DRX, early HOF, are not enabled during simulation.
The target mobility performance includes Ping-pong HO, HOF/RLF, Time of stay, Handover interruption, prediction accuracy, and measurement reduction, according to [1].
For the ping-pong HO, HOF/RLF, time of stay, interruption, the performance is already very good in FR1 macro only scenario according to the study in [1]. To show the benefit of AI mobility, it’s better to simulate other deployment. FR2 or micro only scenario can be considered.
Proposal 10: FR2/Micro scenario can be considered for failure, interruption and ping pong reduction evaluation.
[bookmark: _GoBack]For the measurement reduction, UE can predict the RRM measurement result and reduce measurement in both FR1 and FR2. The gain is remarkable in any scenario. Companies can pick one of the scenarios to evaluate the measurement reduction performance.
Proposal 11: Any scenario can be considered for measurement reduction as long as the gain is remarkable.
Conclusion
Based on the discussion in section 2, we have following proposals:
[bookmark: _In-sequence_SDU_delivery]Proposal 1: HOF defined in state 2 in 36.839 is not considered as HOF.
Proposal 2: HOF is counted after reception of Reconfigurationwithsync if following criterion is met at the end of handover execution time:
· Target cell downlink channel wideband CQI is less than the Qout 
· Target cell uplink channel is bad. FFS how to determine the uplink channel is bad.
Proposal 3: The handover failure rate is defined as: Handover failure rate = (number of handover failures) / (Total number of handover attempts).
Proposal 4: RLF is counted upon T310 expiry. No need to categorize by state 1 and 2.
Proposal 5: The RLF performance metric is defined as: the average number of RLF occurrences per UE per second.
Proposal 6: A handover from cell B to cell A then handover back to cell B is defined as a ping-pong if the time-of-stay connected in cell A is less than a pre-determined MTS. MTS value can be less than 1 second.
Proposal 7: Ping-pong rate is defined as (number of ping-pongs)/(total number of successful handovers excl. handover failures).
Proposal 8: Interruption time includes following time,
· T310 running
· T304 running time. T304 running time for HOF is longer than successful HO.
Proposal 9: Additional features, e.g. DRX, early HOF, are not enabled during simulation.
Proposal 10: FR2/Micro scenario can be considered for failure, interruption and ping pong reduction evaluation.
Proposal 11: Any scenario can be considered for measurement reduction as long as the gain is remarkable.
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