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1 Introduction
In the RAN1#66-bis meeting, the following have been agreed for further RAN1 work:

· Further RAN1 work (evaluations and design/solutions) is to be done for

· 6 through 12 dB bias

· Zero and reduced power ABS
· Receiver-based solutions 

· PDSCH muting as described in R1-113573
· Relation with PDCCH is studied.
· Impact on overhead should be studied.
This contribution focuses on the performance of RSRP-based handover between macro and pico cells when cell range expansion (CRE) bias value is set to 6-12 dB.
2 Performances of RSRP-based handover between macro and pico cells
In this section, we focus on the trigger condition for handover (HO), called the A3 condition in [1]. The A3 condition in [1] can be described as Eq. (1): 
M(j) + O(i, j) > M(i)                                             (1)

where M(i) and M(j) are the RSRP levels of serving cell i and HO target cell j (therefore also referred to as RSRP-based HO), respectively, and O(i, j) is cell individual offset (CIO), which is defined in [1]. 
 When cell range expansion (CRE) with CRE bias value x dB is applied to a pico cell, it is obvious that CIO should be defined as follows:
O(i, j) = x dB, if serving cell i is a macro cell and HO target cell j is a pico cell
O(i, j) = -x dB, if serving cell i is a pico cell and HO target cell j is a macro cell 
These CIO values, which are determined depending on the CRE bias value, have an influence on the performances of HO between macro and pico cells. Therefore in this section, we focus on HO performance between macro and pico cells. 
In this section, it is assumed that the interference from macro PDSCH is not considered in RSRP measurements at pico UEs, i.e., RSRP measurements of pico UEs are equivalent to measurements at ABS subframes. 
 A UE begins to transmit a measurement report to serving cell i when Eq. (1) remains satisfied for a duration identified by a timer named “Time-to-Trigger (TTT).” When the serving cell receives a measurement report from the UE, the cell initiates a HO message transaction with the HO target cell. In this section, the HO failure rate, which is defined as the ratio of the number of HO failure events to the number of all HO events, is used as the evaluation metrics. Note that HO failure events include too early HO, too late HO and HO to the wrong cell, which are defined in [2].
Details of simulation assumptions are summarized in the APPENDIX.
The HO failure rates of RSRP-based HO are summarized in Figure 1.
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Figure 1 HO failure rates
From Figure 1, the following observations can be summarized:

Observation 1: HO failure becomes worse when CRE bias values increase.
Observation 2: When CRE bias values are less than 10 dB, the HO failure rates are less than 1%. 

Conclusion: When the CRE bias value is less than 10 dB, it seems that mobility enhancement is not an issue. However, when the CRE bias value is larger than 10 dB, mobility enhancement seems necessary. Further evaluations should be held by RAN4. 
3 Conclusions
This contribution summarized the HO failure rate of RSRP-based handover between macro and pico cells when cell range expansion (CRE) bias value is set to 6-12 dB.
Observation 1: HO failure becomes worse when CRE bias values increase.

Observation 2: When CRE bias values are less than 10 dB, the HO failure rates are less than 1%. 

Conclusion: When the CRE bias value is less than 10 dB, it seems that mobility enhancement is not an issue. However, when the CRE bias value is larger than 10 dB, mobility enhancement seems necessary. Further evaluations should be held by RAN4.
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APPENDIX
Table A: Simulation assumptions
	Parameter
	MeNB
	LPN (Low Power Node)
	UE

	Carrier frequency / System bandwidth
	2.0 GHz / 10 MHz (Macro and LPN carriers are located in the co-channel)

	Duplex method
	FDD

	Cellular layout
	- Macro: 7 tri-sectored hexagonal cells, ISD: 500 m

- LPN and UE: configuration 1
- Number of LPNs per macro cell area: 2
- Number of UEs per macro cell area: 30 

	Path loss, shadowing loss, and penetration loss
	3GPP model 1: Standard deviation in shadowing loss is 10 dB. Penetration loss is 0 dB. Path loss is given by the following equations (d in meter).

· macro to UE: L= 15.3 + 37.6 log10(d) [dB]
· LPN to UE: L= 30.6 + 36.7log10(d) [dB]

	Fading model
	1-path Rayleigh fading, UE velocity of 3 km/h

	TTS [ms]
	256

	A3 offset [dB]
	-1.5

	Hysteresis [dB] 
	1.5

	Cell Individual Offset [dB]
	When  CRE bias is x dB, the following CIO values are set: 
Macro cell to Pico cell: x dB

Pico cell to Macro cell: -x dB

Macro cell to Macro cell: -1 dB

Pico cell to Pico cell: -1 dB

	Layer 3 filter parameter K
	4

	RLF Related parameters
	T310: 1[s]
N310: 1

N311: 1

	Mobility model 
	3 km/h Random Walk

	Maximum TX-power
	46 dBm
	30 dBm
	23 dBm

	Antenna height
	32 m
	10 m
	1.5 m

	Antenna gain with cable loss
	14 dBi
	5 dBi
	0 dBi

	Antenna pattern
	- Macro: A(, ) = - min{- [AH() + AV()], Am}

- Horizontal: AH() = - min[12 ( / 3dB)2, Am], 3dB = 70 deg., Am = 25 dB
- Vertical: AV() = - min[12 {( - etilt) / 3dB)}2, SLAv], 3dB = 10 deg., SLAv = 20 dB, etilt = 15 deg.

- LPN and UE: Omni

	Noise figure
	5 dB
	5 dB
	9 dB

	Minimum distance between UE and MeNB
	>= 35 m
	>= 10 m
	N/A

	Antenna bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
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	N/A
	N/A

	Handover preparation delay[ms]
	60

	Handover execution time[ms]
	130
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