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1.	Introduction
Rel-16 LTE mobility enhancement work item [1] was approved at RAN#80, one of the objectives is to increase handover reliability.
During previous meeting, mobility robustness in LTE is roughly discussed, and the only agreement made was to evaluate new solutions compared to LTE Re-15 mechanisms. Currently, the mentioned-most solution for reliability is conditional handover, in this paper, the simulation methodology and results for conditional handover are provided.
2.	Discussion
2.1 Methodology
For legacy handover, failures mainly happen due to unsuccessful HO command transmission or failing to access to the target cell. The occasion of HO command transmission mainly depends on measurement report configuration, e.g. TTT, event triggering threshold. However, it is hard to achieve desired performance by just adjusting these parameters, for instance shorten TTT may lead to Ping-Pong issue, and adjusting Event triggering threshold means trade-off between failure of HO command transmission and accessing to the target cell.
[bookmark: _GoBack]Conditional handover improves the mobility by sending conditional HO command when the channel condition between source eNB and UE is still under good situation, and UE can perform autonomous connection with target cell when the condition is met. Therefore, one new lower threshold is configured by eNB for UE to report candidate target cells. Usually, multiple candidated target cells were triggered, and multiple conditional HO command can be sent to UE. For legacy handover simulation, failing transmission of HO command is considered as HO failure. However, for Conditional Handover, failing transmission of one conditional HO command doesn’t mean HO failure, as UE can still perform HO excution based on conditonal HO cammand received previously.
In TR 36.839, the modelling of handover failure in state 2 is:
	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



To evaluate the performance of condition handover, since conditional HO command transmission failure does not necessarily lead to handover failure, the criteria for handover failure in state2 should only consist of RLF declaration. Figure 1 shows an example of the triggering of the handover failures for conditional handover.
The modelling of handover failure in state 3 for conditional handover are aligned with legacy handover.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 1: For the simulation of conditional handover, timer T310 has been triggered or is running when the conditional HO_CMD is received by the UE is not considered as criteria of HO failure.



Figure 1. A handover failure is declared in state 2 for conditional handover

2.2 Simulation results
In this section, some simulation results for conditional handover and legacy handover are provided. As the UE speed has a significant impact on the HO performance, high speed UEs with velocity of 120km/h are evaluated. Besides, to investigate on the impact of low threshold scaling on handover performance, two configuration e.g. 0 dB and 1 dB are applied. More detailed simulation assumptions and parameters can be found in the Annex. 
The simulation results of conditional handover and legacy handover are given in Table 1. The simulation results show that when the low Even A3 threshold is configured as 0 dB, HO failure rate decrease from about 7% to 2%, with 50% increase on the RRC and X2 signalling number. Besides, it is also observed that the higher of the low threshold is, the higher of HO failure rate, and the lower of RRC and X2 signalling.
Table 1: Handover perofrmance for conditional handover and legacy handove
	UE speed 120km/h
	Legacy HO
	Conditional HO
Low Threshold = 0 dB
	Conditional HO
Low Threshold = 1 dB

	HO success number/ UE/second
	0.161474
	0.168
	0.164421

	HO Failure rate
	7.255139%
	2.305652%
	2.719535%

	MR number/UE/ second
	0.173369
	0.262474
	0.236269

	X2 message number/UE/second
	0.346738
	0.524948
	0.472538



[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Observation 2: HOF rate can be reduced by conditional HO, but at the cost of RRC and X2 signalling increase. 
Proposal: RAN2 is request to take the above simulation results into consideration when evaluate the impact brought by conditional handover
3.	Conclusion
In this paper, simulation methodology and results for conditional handover are provided, and we have the following observations and proposal:
Observation 1: For the simulation of conditional handover, timer T310 has been triggered or is running when the conditional HO_CMD is received by the UE is not considered as criteria of HO failure.
Observation 2: HOF rate can be reduced by conditional HO, but at the cost of RRC and X2 signalling increase. 
Proposal: RAN2 is request to take the above simulation results into consideration when evaluate the impact brought by conditional handover
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Annex A. Simulation Parameters
	Items
	Description

	ISD
	500m

	Number of sites/sectors
	19/57

	BS Antenna gain including Cable loss 
	15dB

	MS Antenna gain 
	0 dBi

	Shadowing standard deviation 
	8 dB 

	 Correlation distance of Shadowing
NOTE: this is the distance where correlation is 0.5 (not 1/e as defined in TR 36.814 B.1.2.1.1)
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10Mhz 

	Cell loading  
	100%

	UE speed 
	120km/h 

	Channel model
	ITU (fast fading included)

	TimeToTrigger 
	160ms

	a3-offset 
	Conditional HO: 
lower threshold = 0dB, 1dB 
higher threshold = 3dB 

Legacy HO: 3dB

	TMeasurement_Period, Intra, L1 filtering time in TS36.133 
	200ms 

	Layer3 Filter Parameter K
	 4

	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
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