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1 Introduction

In Rel-10, there are two Inter-Cell Interference Coordination (ICIC) techniques, CA-based ICIC and non-CA-based ICIC. CA-based ICIC employs multiple Component Carriers (CCs) and mitigates the inter-cell interference in the frequency domain, whereas non-CA-based ICIC divides all subframes into two subsets and mitigates the inter-cell interference in the time domain. The reduced power transmission can be realized in CA-based ICIC by defining a lower macro eNB transmission power in one CC. 

In this contribution, we give an evaluation performance result of reduced power transmission in CA-based ICIC and propose to discuss on supporting reduced power transmission in non-CA-based ICIC. 
2 Performance of reduced power transmission in CA-based ICIC

The simulation conditions and parameters are shown in Appendix. The configuration #4b with 30 UEs in macro cell area [1] is assumed.  Two pico eNBs in each macro cell area are assumed. Both macro and pico eNBs are assumed to have two CCs, that means one CC can be configured for normal transmission with full power and another CC can be configured for mitigating interference. Cell Range Expansion (CRE) is considered in this evaluation and the bias value is assumed to 8 dB. 

In the mitigation interference CC, there are two transmission schemes, no transmission and reduced power transmission schemes. The characteristics of these two schemes are concluded as follows:

· no transmission scheme
· Cell-specific Reference Signal (CRS) transmission is not permitted.
· The PDSCH transmission is not permitted. 
· Scheduling policy in macro eNB: macro eNB assigns the Resource Blocks (RBs) of the CC with full power transmission to the UEs attached to the macro eNB. 
· Scheduling policy in pico eNB: pico eNB assigns the RBs of the normal transmission CC in macro eNB to non-CRE-UEs, whereas pico eNB assigns the RBs of the mitigation interference CC in macro eNB to CRE-UEs. Here, non-CRE-UE means the attached base station is not dependent on CRE bias value; whereas CRE-UE means the attached base station changes from macro to pico eNB when CRE bias value of 8 dB is considered. 
· reduced power transmission

· CRS Energy Per Resource Element (EPRE): 0.33mW (Note that CRS EPRE in normal transmission is 133mW)

· The ratio of PDSCH EPRE to CRS EPRE is -3 dB. 
· Scheduling policy in macro eNB: the scheduling policy in the normal transmission CC is the same as that in no transmission scheme. Moreover, macro eNBs assigns RBs of the mitigation interference CC only to those UEs which have a better CQI feedback than a predefined threshold (MCS Index=10). 
· Scheduling policy in pico eNB: the same as in the no transmission scheme

Compared to no transmission scheme, the performance gains introduced by the reduced power transmission in terms of the macro cell area throughput and 5 % worst user throughput are shown in Table 1. Note that the CRS EPREs are different in two CCs.
Table 1 Performance gains introduced by the reduced power transmission
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3 Supporting reduced power transmission in non-CA-based ICIC

As stated in the previous section, reduced power transmission in CA-based ICIC can improve the macro cell area throughput while maintaining 5 % worst user throughput compared to no transmission scheme. It is expected that the almost same gains can be obtained via adopting reduced power transmission in non-CA-based ICIC. When reduced power transmission in Section 2 is supported in non-CA-based ICIC, that means different CRS transmission power should be supported for normal and ABS subframe. However, this may present some problems for measurements because the UE may assume that transmission power is constant across all subframes [2]. Therefore, we think it is difficult to support reduced power transmission in non-CA-based ICIC with the current specifications. 
Suggestion: Discuss on supporting reduced power transmission in non-CA-based ICIC. 
4 Conclusions


This contribution gave an evaluation performance result of reduced power transmission in CA-based ICIC and proposed to discuss on supporting reduced power transmission in non-CA-based ICIC. 
Suggestion: Discuss on supporting reduced power transmission in non-CA-based ICIC.
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Appendix:   Simulation conditions
Table 10:   3GPP Case 1 (Macro cell) system simulation baseline parameters

	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 7 cell sites, 3 sectors per site

	Inter-site distance
	500 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	AH() = - min[12 ( / 3dB)2, Am]

3dB = 70 degrees, Am = 25 dB

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
	AV() = - min[12 {( - etilt) / 3dB)}2, SLAv]
3dB = 10 degrees, SLAv = 20 dB, etilt = 15 degrees.

BS antenna height is set to 32 m.

	Combining method in 3D antenna pattern
	A(, ) = - min{- [AH() + AV(), Am}

	Channel model
	SCM (urban macro with angular spread of 8 deg.)

	Number of B
S TX antennas
	2

	Total BS TX power (Ptotal)
	46 dBm (normal transmission)
20 dBm (reduced power transmission)

	BS antenna gain after cable loss
	14 dBi

	Antenna bore-sight points toward flat side of cell
(for 3-sector sites with fixed antenna patterns)
	 SHAPE  \* MERGEFORMAT 




	Minimum distance between UE and MeNB
	>= 35 m


Table 11:   Heterogeneous system simulation baseline parameters

	Parameter
	Assumption

	Shadowing
correlation
	Between cells
	0.5

	
	Between sectors
	N/A

	Antenna pattern (horizontal)
	A() = 0 dB (omni-directional)

	Channel model
	SCM (urban macro with angular spread of 8 deg.)

	Total BS TX power (Ptotal)
	30 dBm

	Number of BS TX antennas
	2

	Antenna gain + connector loss
	5 dBi

	Minimum distance between PeNB and MeNB
	>= 75 m

	Minimum distance between UE and PeNB
	>= 10 m


Table 12:   Other simulation parameters

	Parameter
	Value

	Duplex method
	FDD

	Carrier frequency / System bandwidth
	2.0 GHz / 10 MHz

	Bandwidth configuration
between Macro cell and Pico cell
	Co-channel

	Distance-dependent path loss
	Model 1
- MeNB to UE: 7.0 + 37.6 log10(d) , d in m

- PeNB to UE: 21.4 + 39.8 log10(d), d in m

	Inter-cell interference modeling
	Mixed of the both explicit and implicit modelling as follows:

- Explicit modelling: top six interfering cells

- Implicit modelling: other interfering cells

	UE speeds of interest
	3 km/h

	Number of UE RX antennas
	2

	UE antenna gain
	0 dBi

	Traffic model
	Full-buffer traffic model

	Transmission scheme
	Open-loop spatial multiplexing

	Scheduling algorithm
	Proportional fairness 

	Receiver type
	MMSE

	HARQ scheme
	HARQ-IR, up to 5 re-transmission

	Link adaptation
	CQI/PMI/RI reports delay (*1): 4ms, scheduling delay (*2): 4ms, 1 ms period, CQI of all subbands are reported in every feedback period
*1: the delay from reception of CRS at UE until arrival of CQI at eNB

*2: the delay from arrival of CQI at eNB until transmission of the phy. packet using the corresponding CQI

	Control channel reception
	Ideal

	Channel estimation
	Ideal

	Number of symbols for PDCCH
	3

	Link to system mapping
	EESM

	Number of simulation drops
	1
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