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1. Introduction
In the last meeting, we analyzed HetNet deployment in RAN2 perspective and its impact on the current mobility mechanism. [1] It was shown that the same TTT configuration would be difficult to be shared for handover to a macro cell and handover to a pico cell. This contribution discusses more basic issues regarding mobility under pico cell deployment as follows:

1.  Need to support handover for the UE moving to pico cell

2.  If current mechanism (i.e., cell specific offset) is already enough to support the handover

2. Discussion 
2.1 Question1: Is handover needed or not?
As a typical pico cell might have small coverage, it is questionable if handover to the cell is really needed. The following figure 1 shows RSRP received from a macro eNB with radius(R) 410m and 3 pico cells located at 164m(0.4R), 246m(0.6R) and 328m(0.8R) apart from the center of the macro eNB respectively. It can be seen that the typical size of the pico cell is less than 60m in diameter depending on its locations.
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Figure 1 RSRP from macro cell and pico cells

Assmuning pico cells at 0.6R with 45m diameter and UE speed 30km/h, the UE connected to the macro eNB will pass through the center of the pico cells in less than 6s. During this period, the UE will suffer from excessive DL interference from the pico cell, hence finally result in RLF. The following figure shows how frequently RLF happends when handover is not supported for the macro UE with speed 30km/h, and where it happens in the pico cell.
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Figure 2 RLF detected by macro UE in pico cell coverage
As shown in the figure 1, it will take 3.15s on average till the UE completely exits pico cell coverage after RLF happens. During the period, data communication will be interrupted. This is not acceptable for the most of the interactive services.

Observation 1: Handover to pico cell is required to guarantee service continuity of interactive services.
2.2 Question2: Is current tool enough to support handover?
The contribution [1] showed that if the same TTT configuration were used for both macro to pico handover and normal macro handover, handover performance would be different for the two cases. In summary, long TTT may increase handover failure for the mid to high speed UEs moving to pico cells though it is well fit for macro handovers. Also, short TTT that is suitable for macro to pico handover may increase number of ping-pongs for the normal macro to macro handovers.

The following table shows handover failure probability and number of ping-pongs together for the 60km/s UEs and pico cell at 0.4R with selected TTT values, 320ms and 160ms, and offsets from 0dB to 3dB. It can be seen that handover failure to the pico cell is not acceptable with all the tested offsets. The same trend was monitored from the results for different UE speed, pico cell locations and TTT values. From the above observations, it can be noted that cell specific offset alone is not enough to support handover to pico cells.

Table 1 Handover performance for selected parameter configurations for 60km/h UE and pico cell@0.4R
	#
	HO parameters
	Macro to macro performance
	Macro to pico performance

	
	TTT (ms)
	HO Threshold
	Failure rate
	# of handover
	Failure rate
	# of handover

	1
	320
	3 dB
	0
	3.06
	43%
	1.0

	2
	320
	2 dB
	0
	3.55
	38.6%
	1.02

	3
	320
	1 dB
	0
	4.35
	35.0%
	1.05

	4
	320
	0 dB
	0
	5.68
	30.5%
	1.07

	5
	160
	3 dB
	0
	3.75
	25.2%
	1.04

	6
	160
	2 dB
	0
	4.75
	21.4%
	1.04

	7
	160
	1 dB
	0
	6.19
	18.1%
	1.06

	8
	160
	0 dB
	0
	8.57
	14.7%
	1.11


Observation 2: cell specific offset alone is not enough to support handover to pico cells.
3. Conclusion 
This contribution discusses basic issues regarding mobility support under pico cell deployment. The following two things were observed.
Observation 1: Handover to pico cell is required to guarantee service continuity of interactive services.

Observation 2: cell specific offset alone is not enough to support handover to pico cells.
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