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1 Introduction

Simulations have been performed according to the methodology and assumptions agreed in [1] to evaluate HetNet mobility performance in large area scenario. Simulation results are presented and analyzed from the aspects of radio link failures (RLF), handover failures, and short time of stay (TOS). Based on the simulation results and by comparing performances between mobility in HetNet deployment and in legacy macro deployment, some preliminary observations are discussed to help further studies. 
2 Simulation configurations
Wrap-around model with ISD of 500 m is used in the simulation as specified in [1]. There are 19*3 macro cells within the simulation area, and there is one pico placed between two macro cells at 0.5 ISD on the boresight direction of the macro cells. UEs are dropped randomly and uniformly within the simulation area, with a speed of 30 km/h. The configuration parameter set 3 is used, where TTT = 160 ms and A3 offset = 2 dB.
In addition, legacy macro deployment is also simulated for comparison, with the same wrap-around configuration and mobility parameters, but having pico cells removed.
3 Simulation results and discussions
3.1 Radio link failure
The RLF performances for HetNet scenario and legacy macro only deployment are shown in Table1 and Table 2, including both state 1 and state 2 statistics.
Table 1: RLF rate in HetNet deployment
	Average number of RLFs/UE/second in HetNet deployment

	State 1
	State 2_Normal
	State 2_HOF
	Overall

	1.75E-05
	0
	4.21E-03
	4.23E-03


Table 2: RLF rate in legacy macro deployment
	Average number of RLFs/UE/second in legacy macro deployment 

	State 1
	State 2_Normal
	State 2_HOF
	Overall

	1.75E-05
	0
	1.63E-03
	1.65E-03


For both HetNet and macro only deployment, the results indicate that RLF rarely happened in the state 1. In state 2, RLF are mainly caused by HO failure in both HetNet and macro only deployment. Therefore, with the selected simulation configuration, mobility performance is the key factor impacting the RLF rate in both HetNet and legacy macro deployment. Furthermore, RLF caused by HO failure increases in HetNet deployment, where pico cells are mixed with macro cells.
Observation 1: RLFs are caused mainly by handover failure, and the number of RLF increases in HetNet deployment when pico cells are mixed with macro cells.
3.2 Handover failure
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	Figure 1: Handover failure rate from Pico to Macro
	Figure 2: Handover failure rate from Macro to Pico


Figures 1 and 2 show the HO failure rates for handovers from pico to macro and from macro to pico, respectively. HO failures are presented separately for state 2 and state 3. It is found that HO failure rate is higher when UEs’ PDCCH is served by pico cell in handover process. For example, when UEs switch from pico to macro, the HO failure rate in state 2 is higher than in state 3 in Figrure 1, as in state 2 UEs need to receive HO commands from pico cells’ PDCCH transmissions. Similarly, when UEs switch from macro to pico, the HO failure rate in state 3 is higher than in state 2 in Figure 2, as in state 3 UEs need to receive random access response messages from pico cells’ PDCCH transmissions. 
The overall handover failure rate is lower in macro to pico handover than in pico to macro handover, which has also been observed in [2]. This may be due to the fact that handover failure occurs more easily in state 2 with the selection of A3 offset of 2 dB in the simulation, and that this impacts more the pico to macro scenario, as pico signal strength fades rapidly when UE moves towards macro at a speed of 30 km/h. 
Observation 2: HO failure rate is higher when PDCCH is served by pico cells in handover process.

Proposal 1: Addressing PDCCH reception issues in pico cells should be given higher priority in HetNet mobility enhancement.
Figure 3 shows the comparison of handover failure rates in the macro to macro scenario between HetNet deployment and legacy macro-only deployment. It can be observed that HO failure rate in both state 2 and state 3, hence the total HO failure rate, are higher in the HetNet deployment than in the legacy macro only deployment. This may be due to the additional interference caused by pico cells to macro cells.
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Figure 3: Handover failure rate in Macro to Macro handover
Observation 3: Handover failure rate is higher in the HetNet deployment than in the macro only deployment.
3.3 Short TOS 
Statistics of short time of stay (TOS) are collected according to the specifications in [1]. Macro/Pico results count any cell stay that involves a pico cell. That is, for a cell stay caused by cell changes from cells A to B and to C as A-B-C, anyone of A, B or C can be pico cell. Macro/Macro results only count cell stays caused by cell changes within macros, as macro-macro-macro. Short time of stay statistics include both ping-pong and short handover cases. The macro/macro is used to compare with cell stay statistics in macro only deployment. macro/pico results capture short TOS involved pico cells, and the statistics show the impact of mixed pico and macro deployment.
Table 3: Statistics of short time of stay (with MTS of 1s)
	
	HetNet Deployment
	Legacy macro only system

	ToS metrics
	Macro/Pico 
	Macro/Macro
	Overall
	Macro/Macro

	Short ToS/UE/s
	0.02056
	0.02639
	0.04695
	0.04249

	Short ToS rate [%]
	39.55
	29.74
	33.37
	30.71


Short TOS occur more frequently (in higher percentage) in the cell changes involving pico cells. Compared to macro only deployment, similar short TOS statistics are obtained in macro/macro scenario. The introduction of pico cells seems to have little impact on the short TOS for handovers between macro cells. Hence, further studies should be more focused on the short stays involving cell changes between macro and pico cells.
Observation 4: Short TOS occur more frequently (in higher percentage) in cell changes between macro and pico.

Observation 5: In HetNet deployment, short TOS statistics of cell changes involving only macros are similar to those in the macro only deployment.

Proposal 2: Further studies should be more focused on the short stays involving cell changes between macro and pico cells.
4 Conclusion

In this contribution, we analyse the results from large area HetNet mobility simulations and have the following observations:
Observation 1: RLFs are caused mainly by handover failure, and the number of RLF increases in HetNet deployment when pico cells are mixed with macro cells.
Observation 2: HO failure rate is higher when PDCCH is served by pico cells in handover process.
Observation 3: Handover failure rate is higher in the HetNet deployment than in the macro only deployment.
Observation 4: Short TOS occur more frequently (in higher percentage) in cell changes between macro and pico.
Observation 5: In HetNet deployment, short TOS statistics of cell changes involving only macros are similar to those in the macro only deployment.
Based on the above observations and discussions, we make the following proposals:
Proposal 1: Addressing PDCCH reception issues in pico cells should be given higher priority in HetNet mobility enhancement.
Proposal 2: Further studies should be more focused on the short stays involving cell changes between macro and pico cells.
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Appendix A: Simulation assumptions
Table 4: The parameters for RLF simulation.
	Items 
	Description 

	Qout
	-8 dB

	Qin
	-6 dB

	T310
	1 sec (the default value currently defined in standards)

	N310
	1

	T311
	Unused (RLF recovery was not simulated in this study)

	N311 
	1


Table 5: Basic radio configurations for hotspot simulations.
	Items 
	Macro cell 
	Pico cell

	ISD (NOTE 1)
	1.732 km, 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(NOTE 2)
	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
	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].
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