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1 Introduction 
In the SI stage of HetNet Mobility enhancements, it is observed that the UE speed has obvious impacts on handover performance. Noting that, it is not necessary to improve the mobility performance for the low speed UE [1]. In this contribution, we would discuss the solutions for improving the mobility performance of the medium and high speed UEs.
More specifically, our discussions focus on the following aspects:
1). Solution for improving the mobility performance of the high speed UE.
2). ABS for reducing the HOF rate of the medium speed UE in state 2.
2 Discussions
2.1  Solution for improving the mobility performance of high speed UE

Handover performance problems for the medium and high speed UEs (i.e., speed >= 30km/hr) has been identified in SI stage, especially for the high speed UE. Assuming that a UE is moving with speed of 120km/hr, it only needs about 1.2s to cross a Pico cell with typical 40m ISD. The ToS (Time of Stay) is so close to the recommended MTS (Minimum-time-of-stay, 1s) threshold [1] which implies short ToS is very likely to happen. Therefore, it may be desirable to reduce or avoid inbound handover the high speed UE to Pico cell in terms of high speed UE. 

However, it is not desirable to simply maintain the RRC connection between macro cell and the moving UE without any enhancement when it is approaching to Pico cell, because the UE may suffer RLF due to the strong interference from the Pico cell. Then, the service interruption is inevitable.
Note that such situation is similar to the case that a MUE is close to a CSG cell. Thus, one possible enhancement is that Pico cell offers ABS to MUE to mitigate/eliminate the interference from itself. From qualitative analysis aspect, such operation can improve the UE’s radio link quality and consequently reduce the RLF rate. The Marco cell can use such opportunity to improve connection robustness, service continuity and traffic QoS.
Furthermore, we develop simulation for quantitative analysis. The multiple picocell deployments and corresponding parameters defined in [1] are adopted for simulation unless otherwise specified. Four simulation scenarios listed in Table.1 are chosen for evaluation. UE’s speed is assumed to be roughly estimated by the system and classified to three levels (i.e. normal/medium/high). For the high speed UEs, inbound HO from Marco cell to Pico cell is forbidden. The ABS pattern is assumed to be ideal where one ABS subframe per radio frame is provided by Pico cell for assist.
Table.1 Simulation scenarios for high speed UE
	Scenario #
	Network Topology
	w/ Pico ABS
	Forbid Pico HO

	1
	HomoNet
	N/A
	N/A

	2
	HetNet
	w/o
	N

	3
	HetNet
	w/o
	Y

	4
	HetNet
	w/
	Y


The simulation results of overall HOF rate are captured in Fig. 1.
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Fig. 1: HOF rate under 4 scenarios with the speed of 120 km/h in 2 & 4-picos
From the simulation results, the following observations can be attained with respect to the proposed solution, i.e. scenario#4, where Pico cell offers ABS to MUE and inbound handover is forbidden.
1). The solution achieves the best performance regarding the high speed UE’s HOF rate. 
2). The performance of this solution is independent of the density of the Pico cells. 
3). In light of this solution, the HOF rate for the high speed UE in HetNet is comparable to the case of HomoNet.
Proposal 1: The inbound handover in the HetNet may consider to be forbidden for the high speed UE.
Proposal 2: Pico cell’s ABS may be considered to assist in improving the high speed UE’s HOF rate with the inbound handover forbidden solution.

2.2 ABS for reducing the HOF rate of the medium speed UE in state 2
Among the handover failure types, “Pico to Macro handover performance showed the worst performance” [1]. More specifically, as analysed in [2] and [3], “Handover failure rate in state 2 is the dominant factor degrading mobility performance in HetNet deployment”. Note that the root cause of the state-2 HOF is that the “HO command” or the “PDCCH UL grant” message the UE received from the serving Pico cell is corrupted by the strong interference from the Marco cell [4]. In other words, if the interference from the Marco cell is mitigated, the handover performance can be improved. Therefore, we propose that the existing ABS method can be applied for this purpose. This solution can also work for the legacy UE.
To verify such tentative solution, corresponding simulation research is performed. Multiple picocell deployment scenarios are adopted for the simulation. The multiple picocell simulation parameters and assumptions in [1] are followed unless otherwise specified. The Marco cell in the HetNet was assigned to provide ABS to Pico cell so that the Pico cell can send outbound handover messages correctly. The ABS pattern is assumed to be ideal where one ABS subframe per radio frame is provided by Macro cell.
On the other hand, the state 2 HOF also impairs the inbound HO from Macro cell to Pico cell. Naturally, we assume that the inbound HO performance may be improved if the Pico cell provides ABS to Macro cell in order to protect the inbound handover messages to MUE. Based on this assumption, simulation research is performed with the similar setting that the ABS pattern is assumed to be ideal where one ABS subframe per radio frame is provided by Pico cell. In general, network can decide to enable one kind of ABS or both based on network situation.
Simulation results for Marco cell providing ABS is shown in Fig. 2 and simulation results for Pico cell providing ABS is captured in Fig. 3. Further simulation results can be found in Table. 2 in Appendix A. 
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Fig. 2: HOF rate of HetNet w/ the ABS from Marco cell and speed of 30km/h
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Fig. 3: HOF rate in state 2 of HetNet w/ the ABS from Pico cell and speed of 30km/hr
From the simulation results, the following observations can be observed:
1) As it can be expected, the ABS provided by Pico cell can reduce the inbound stage2 HOF greatly. Similarly, the ABS provided by Marco cell almost eliminated the outbound stage2 HOF rate.
2) The improvement for inbound and outbound HOF in state 2 will not degrade when more Pico cell are deployed.

Proposal 3: RAN2 is kindly suggested to use Marco/Pico’s ABS to protect the HO procedure related message in state 2. 
3 Conclusions
In this contribution, we discussed the solutions on improving the mobility performance regarding the medium/high speed UE, and have following proposals:
Proposal 1: The inbound handover in the HetNet may consider to be forbidden for the high speed UE.
Proposal 2: Pico cell’s ABS may be considered to assist in improving the high speed UE’s HOF rate with the inbound handover forbidden solution.

Proposal 3: RAN2 is kindly suggested to use Marco/Pico’s ABS to protect the HO procedure related message in state 2.
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Appendix A: Simulation results of handover failure rate
In this section, the other simulation results of handover failure rate for medium speed UE with the Marco/Pico cell’s ABS is represented.

Table. 2 Other HOF Metrics w/ Marco/Pico cell’s ABS of UE speed 30km/hr
	HO Type
	Metrics
	2 Pico
	4 Pico

	
	
	no ABS
	Pico ABS
	Marco ABS
	no ABS
	Pico ABS
	Marco ABS

	Overall
	HOF_rate_overall
	14.14%
	10.30%
	8.02%
	21.09%
	15.46%
	10.51%

	
	HOF_overall/UE/s
	0.01031
	0.007456
	0.005789
	0.01886
	0.01384
	0.009496

	
	stage2 HOF/UE/s
	0.01029
	0.007434
	0.005768
	0.01866
	0.01371
	0.009474

	Inbound
	HOF_rate_overall
	9.17%
	0.45%
	7.93%
	12.11%
	1.33%
	13.19%

	
	HOF_overall/UE/s
	0.001382
	6.579E-05
	0.001184
	0.00303
	0.0003289
	0.003399

	
	stage2 HOF/UE/s
	0.00136
	6.579E-05
	0.001184
	0.00292
	0.0001974
	0.003399

	Outbound
	HOF_rate_overall
	25.56%
	26.14%
	0.74%
	34.95%
	33.50%
	1.75%

	
	HOF_overall/UE/s
	0.003991
	0.004145
	0.0001096
	0.00899
	0.00886
	0.0004386

	
	stage2 HOF/UE/s
	0.003991
	0.004145
	0.00008772
	0.00895
	0.00886
	0.0004386


The simulation parameters, which are different with the definition in [1], are listed below.

	Items
	Marco cell/Pico cell

	ISD[m]
	500/40

	Shadowing correlation between cells/sectors
	0.5

	Shadowing correlation distance[m]
	50

	TTT [ms]
	120

	A3 offset [dB]
	3

	L1 to L3 period [ms]
	1

	ABS Pattern
	Ideal, 1 subframe/Radio Frame

	CRE [dB]
	3
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