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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. Among all proposed solutions, conditional handover (CHO) is selected as the candidate one in RAN2#104. The following is agreed during the discussion [2]:
Agreements
1	RAN2 will consider a conditional handover: This is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 
2	Usage of conditional handover is decided by network. UE evaluates when the condition is valid.
In this contribution, we discuss details of CHO and evaluate the impact of some parameters by simulation. 
2.	Discussion
[bookmark: _GoBack]2.1 Methodology
Handover failure (HOF) rate is one of the most important criteria to evaluate the mobility robustness. HOF occurs mainly due to the failure transmissions of measure reports (MR) and handover command. If those RRC message could be transmitted before radio link condition between UE and serving BS degrades too bad, the HOF would be avoided significantly. 
Compared with legacy HO procedure, CHO sets a low threshold to trigger the MR and sends CHO command when the radio link between UE and serving BS is still reliable. Thus HOF rate could be reduced significantly. However, there are some key parameters of CHO and it is important to investigate the impact of them. The low threshold determines the frequency of sending MRs from UE to serving BS for candidate target cell. Time-to-trigger (TTT) is used to avoid ping-pong effect while it introduces extra delay for sending CHO command. Considering multiple cells could meet the TTT at the same time, this paper assumes one CHO command can contain more than one cell configuration to reduce the RRC overhead.
The maximum number of candidate cells can also influence the performance of CHO. More candidate cells can give more choices for UE to select the target BS, which is benefit for the success of handover procedure. If the maximum number of candidate cells is reached, there are two choices for the serving cell to deal with a further CHO preparation request:
1) Reject the new cell to add into the candidate cell list.
2) Refresh the candidate cell list complying with some principles, such as replace the configured candidate cell with weakest RSRP by the new cell whose RSRP is stronger than that.
The first choice will reduce the X2 signalling overhead but may not choose the best target cell to execute handover procedure. The second choice can choose the proper target cell at the expense of X2 signalling overhead. The trade-off between performance and overhead should be investigated further.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 1: The low threshold to trigger MR, TTT and the maximum number of candidate cells are the important aspects for the simulation of CHO performance. 
2.2 Simulation results
In this section, simulation results for CHO focus on the impact of the low threshold, TTT and the maximum of candidate cells. The simulation is conducted under the high speed scenario with velocity of 120km/h. More detailed simulation assumptions and parameters can be found in the Annex. 
The simulation results of CHO with different low threshold and TTT are provided in Table 1. It can be observed that TTT has more obvious impact than low threshold with regard to HOF. When the TTT is configured from 160ms to 0ms, the HOF is reduced by more than 80% at the expense of about 18% increase of RRC and X2 signalling number. While the low threshold from 1dB to 0dB brings 18% decrease of HOF with 12% RRC and X2 signalling overhead increase when TTT is configured as 160ms and 2% decrease of HOF with 11% RRC and X2 signalling overhead increase when TTT is configured as 0ms. 
[bookmark: OLE_LINK14]Table 1: Handover perofrmance for CHO with different low thresholds and TTT
	[bookmark: OLE_LINK12][bookmark: OLE_LINK13]UE speed 120km/h
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK9]Conditional HO
Low Threshold = 0 dB
TTT=160ms
	Conditional HO
Low Threshold = 0 dB
TTT=0ms
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Conditional HO
Low Threshold = 1 dB
TTT=160ms
	Conditional HO
Low Threshold = 1 dB
TTT=0ms

	HO success number/ UE/second
	0.169089
	0.177508
	0.164421
	0.178245

	HO Failure rate
	2.231237%
	0.374089%
	2.719535%
	0.392080%

	MR number/UE/ second
	0.265411
	0.311903
	0.236269
	0.280681

	X2 message number/UE/second
	0.527213
	0.619946
	0.472538
	0.552802



[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Observation 2: TTT has more obvious impact of HOF compared with low threshold. When TTT is configured 0ms, the HOF decreases more significantly with the same level of signalling overhead compared with low threshold from 0dB to 1dB.
[bookmark: OLE_LINK15]The simulation results in Table 2 reveal the impact of the maximum number of candidate cells. Low threshold is set 0dB and TTT is 160ms. When the maximum number of candidate cells is met, the second choice mentioned above is used in this simulation. As the results show, the HOF rate decreases with 24.7% as the maximum number increases from 1 to 2. The X2 signalling increases with about 1%, which is acceptable for the network. We notice that MR number improves slightly with the maximum number increases from 1 to 2, which is mainly due to the cancelled candidate cell may trigger the MR event later.
Table 2: Handover perofrmance for CHO with different maximum number of candidate cells
	UE speed 120km/h
	[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18]Conditional HO
maximum number = 1
	Conditional HO
maximum number = 2

	HO success number/ UE/second
	0.163722
	0.171895

	HO Failure rate
	3.354732%
	2.526358%

	MR number/UE/ second
	0.280435
	0.272612

	X2 message number/UE/second
	0.543400
	0.548662



Observation 3: Proper maximum number of candidate cells can reduce the HOF rate and the RRC and X2 signalling overhead is acceptable.
Proposal1: RAN2 is requested to investigate the trade-off between the maximum number of candidate cells and signalling overhead.
3.	Conclusion
In this paper, simulation methodology and results for conditional handover are provided, and we have the following observations and proposal:
Observation 1: The low threshold to trigger MR, TTT and the maximum number of candidate cells are the important aspects for the simulation of CHO performance.
Observation 2: TTT has more obvious impact of HOF compared with low threshold. When TTT is configured 0ms, the HOF decreases more significantly with the same level of signalling overhead compared with low threshold from 0dB to 1dB.
Observation 3: Proper maximum number of candidate cells can reduce the HOF rate and the RRC and X2 signalling overhead is acceptable.
Proposal1: RAN2 is requested to investigate the trade-off between the maximum number of candidate cells and signalling overhead.
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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 for HO execution
	160ms

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