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1      Introduction
One key topic for HetNet mobility SI [1] is to improve the mobility robustness in HetNet deployments. There were various contributions submitted to RAN2#75bis meeting on this topic (e.g. [3]). The agreement in RAN2#75bis meeting is “This is one area where further studies can/should be done but conclusions on problem areas and the need for improvements should primarily be drawn from simulation results”. After RAN2#77 meeting, email discussion [77#33] was setup to discuss the need for mobility state estimation enhancements.
This contribution provides simulation results to evaluate mobility performance in HetNet deployments.
2      Discussion
In [4], it was proposed that for high speed UEs, handovers to pico cells should be avoided unless the pico cells are placed at the coverage holes of macro cells. In [3], it was proposed that for handovers to pico cells, some optimizations could be made, e.g. by reducing TTT or A3 offset. During simulation calibration [5], it was observed that pico-to-macro HOF is dominating. In this contribution, we investigate both optimizations: macro-to-pico handover and pico-to-macro handover.
It should be noted that unlike TTT, cell specific A3 offset can be supported by current standards. Event A3 entering condition is 
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, where Ocn is the cell specific offset of the neighbour cell and Off is A3 offset. Cell specific A3 offset can be implemented by signaling Ocn explicitly. In this contribution, both cell specific A3 offset and cell specific TTT are simulated to study the gain of cell specific TTT.
Large scale system level simulation is conducted for evaluation. Simulation assumptions are aligned with those captured in TR 36.839 [2] and are listed in Annex A.

2.1     Optimization of macro-to-pico handover
In this section, we investigate whether macro-to-pico optimizations are needed or not. Simulations are run for 30 km/h UE speed, and four cases are compared. Parameters for handover from macro to picos are shown below; for other handovers, TTT is 160 ms and A3 offset is 2 dB:
· TTT is 160 ms, A3 offset is 2 dB

· TTT is 40 ms, A3 offset is 2 dB

· TTT is 160 ms, A3 offset is -1 dB

· TTT is 40 ms, A3 offset is -1 dB
When optimizing the parameters for handover from macro to pico, UEs have more chances to stay in pico cells. So there are more short stays, as shown in Figure 1 below. 
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Figure 1: Short ToS for macro-to-pico handover optimizations
Results in Figure 2 and Figure 3 show that the best combination to minimize RLF and HOF is (40 ms TTT, 2 dB A3 offset). Note that reducing A3 offset effectively increases the pico cell coverage, which may not be desirable since UEs passing by pico cells’ boundaries may also handover to pico cells due to the expanded range.
[image: image3.png]RLF/UE/s

3.00E-03

2.50E-03

2.00E-03

1.50E-03

1.00E-03

5.00E-04

0.00E+00

1 m State 2_HOF
mState 2_Normal
State 1

TTT=160ms,A3 TTT=40ms,A3 TTT=160ms,A3 TTT=40ms,A3
offset=2dB offset=2dB offset=-1dB offset=-1dB

tions

Macro-pico optimi:





Figure 2: RLF for macro-to-pico handover optimizations
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Figure 3: Overall HOF for macro-to-pico handover optimizations

Above simulation results show that, when cell-specific A3 offset is used, there is no significant gain of using cell-specific TTT for macro-to-pico handover.

Proposal 1: for macro-to-pico handover, when cell-specific A3 offset is used, there is no significant gain using cell-specific TTT.
2.2     Optimization of pico-to-macro handover
In this section, we investigate whether pico-to-macro optimizations are needed or not. Simulations are run for 30 km/h UE speed, and four cases are compared. Parameters for handover from pico to macro are shown below; for other handovers, TTT is 160 ms and A3 offset is 2 dB:
· TTT is 160 ms, A3 offset is 2 dB

· TTT is 40 ms, A3 offset is 2 dB

· TTT is 160 ms, A3 offset is -1 dB

· TTT is 40 ms, A3 offset is -1 dB

When optimizing the parameters for handover from pico to macro, UEs have more chances to move out of pico cells quickly. So there are more short stays, as shown in Figure 4 below. 
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Figure 4: Short ToS for pico-to-macro handover optimizations
Results in Figure 5 and Figure 6 show that reducing TTT and/or A3 offset can decrease RLF and HOF significantly. For example, Figure 6 shows that HOF in case of pico-to-macro can be reduced dramatically when TTT and/or A3 offset are reduced. Different from macro-to-pico case, reducing A3 offset in pico-to-macro case is beneficial since UEs will move to macro cells eventually. Results also show that, when cell-specific A3 offset is used, there is no significant gain of using cell-specific TTT for pico-to-macro handover.
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Figure 5: RLF for pico-to-macro handover optimizations
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Figure 6: Overall HOF for pico-to-macro handover optimizations

Proposal 2: for pico-to-macro handover, when cell-specific A3 offset is used, there is no significant gain of using cell-specific TTT for pico-to-macro handover.
2.3      Discussion on short ToS rate
Short ToS is one metric for HetNet mobility performance evaluation. It seems that the larger the short ToS rate, the worse the system performance. However this aspect needs some discussion. Higher short ToS rate does not imply worse performance. The most important relevant metric seems to be the overall handover rate, which can be defined as 


Overall handover rate = Total number of handover failures per UE per second 







   + Total number of successful handovers per UE per second
Overall handover rate can reflect how frequently handover is performed. More frequent handover means that there are more signaling overhead both in RAN and CN, more radio resources wasted due to the handover transition. With same overall handover rate, larger short ToS rate does not have obvious drawback. 
For example, for pico-to-macro handover optimizations, overall handover rate is plotted in Figure 7 below. Compared with short ToS results in Figure 4, it is clear that there is only slight increase for overall handover rate when there is significant increase of short ToS. If the types of handovers are categorized, it can be seen that the handover rate of pico-to-macro are increased considerably due to the optimization.
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Figure 7: Overall handover rate for pico-to-macro handover optimizations
Proposal 3: RAN2 to discuss on the usefulness of short ToS rate and to consider metrics like overall handover rate.
3      Conclusion
In this contribution, we provide simulation results to investigate mobility performance, and propose the following:
Proposal 1: for macro-to-pico handover, when cell-specific A3 offset is used, there is no significant gain using cell-specific TTT.
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Proposal 2: for pico-to-macro handover, when cell-specific A3 offset is used, there is no significant gain of using cell-specific TTT for pico-to-macro handover.
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Proposal 3: RAN2 to discuss on the usefulness of short ToS rate and to consider metrics like overall handover rate.
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Annex A Simulation assumptions
Large scale simulation uses bouncing circle model.

Table A-1: Radio configurations for macro and pico cells
	Items 
	Macro cell 
	Pico cell

	ISD
	500m
	

	Distance-dependent path loss 
	TR 36.814 [4] Macro-cell model 1
	TR 36.814 [4] Pico cell model 1

	Number of sites/sectors
	19/57
	1

	BS Antenna gain including Cable loss 
	15dB
	5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 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
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern
	The same 3D pattern as is specified in TR 36.814,  Table A.2.1.1-2 [4]
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 [4]

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10MHz 
	2.0Ghz/ 10MHz 

	BS Total TX power 
	46 dBm 
	30dBm 

	Penetration Loss
	20dB
	20dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	The same requirements as specified in TR 36.814 [4].


Table A-2: RRM/RLM configurations
	Items
	Description

	Pico cell placement
	Fixed location(s) as shown in Figure 5.4.5.1-2 of TR [2]

	Cell loading 
	100%

	UE speed 
	30 km/h

	Channel model 
	TU (fast fading included)

	TimeToTrigger  [ms]
	160, 40

	A3-offset [dB]
	2, -1

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

	Layer3 Filter Parameter K
	1

	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])

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms
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